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Abstract 

Background There are few studies that focus on the impact of online physical education teaching on college stu-
dents during the coronavirus disease 2019 (COVID-19) pandemic. This research focuses on the impact of online physi-
cal education among medical school students in China by comparing physical fitness test results for three consecu-
tive years from 2019 to 2021.

Method This study is a longitudinal survey. The subjects of the experiments were students enrolled in a medical 
school who completed a physical fitness test for three consecutive years from 2019 to 2021. The student subjects 
were divided into two groups, namely, male and female. The test indices included body mass index (BMI), vital capac-
ity (VC), 50-metre run, sit-and-reach, standing long jump, pull-up (male), 1000-metre run (male), sit-ups (female) 
and 800-metre run (female). Repeated measures ANOVA method was used in physical fitness test indices at three 
consecutive time points ranging from 2019 to 2021. The Greenhouse-Geisser correction was applied when Mauch-
ly’s hypothesis test did not meet the assumption of sphericity, and the Bonferroni method was used for pairwise 
comparisons.

Results A total of 3360 students (1490 males and 1870 females) completed physical fitness tests in three consecutive 
years from 2019 to 2021. The proportion of overweight and obesity in male students was significantly higher than 
that in female students (28.0% vs. 12.7%). For all subjects, in 2020, the BMI and VC indexes improved, while the 800-
/1000-metre running indexes declined. In 2021, all indexes except sit-and-reach increased.

Conclusion The pairwise comparisons of physical fitness test results from 2019 to 2021 show that online physical 
education is effective in improving all items except long-distance running. Future research needs to involve a larger 
and geographically more dispersed sample to further analyse the effectiveness of online physical education.
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Background
The outbreak of coronavirus disease 2019 (COVID-
19) at the end of 2019 disrupted conventional teaching 
worldwide [1]. In 2020, to meet government require-
ments that students and teachers should be isolated at 
home, colleges and universities suspended in-person 
teaching and adopted various forms of online teaching 
[2]. Although isolation effectively controlled the spread 
of COVID-19, it decreased daily physical activity and 
increased sedentary behaviour, which resulted in a 
decline in physical health [3, 4]. Studies [5, 6] have sug-
gested that moderate physical activity is beneficial for 
alleviating the symptoms of COVID-19, reducing sed-
entary time, and improving physical health.

Online physical education (PE) has two advantages. 
First, there are rich teaching resources, including vid-
eos, slides and documents, available to support online 
PE. Second, online teaching transcends the limitations 
of region, time and space and makes physical education 
more visual, as students can watch videos repeatedly. 
However, regarding physical education teaching, orally 
communicating or watching videos is not enough; 
teachers need to guide students through body move-
ments individually, which is difficult to do online [7]. 
Moreover, it is difficult for teachers to supervise stu-
dents during online instruction [8].

To the best of our knowledge, there are few studies 
that focus on the impact of online physical education 
teaching on college students during the COVID-19 
pandemic.The aim of our research is to provide insight 
into the impact of online physical education on the 
physical development of college students by compara-
tively analysing the physical fitness test results of stu-
dents enrolled at Wannan Medical College for three 
consecutive years from 2019 to 2021, corresponding 
to the early (2019), middle (2020) and late (2021) peri-
ods of the pandemic; another aim is to further provide 
directions and suggestions for the future of physical 
education teaching.

Method
The subjects of the experiment were 3360 college stu-
dents at Wannan medical college (i.e., 1490 male students 
and 1870 female students) enrolled in 2019, with an age 
range from 17 to 22. Most of the students were from 
Anhui Province. The experiments were approved by the 
Research Ethics Review Committee of Wannan Medical 
College (Ref No:2022-093), and the students consent was 
obtained before the experiments. Physical fitness tests 
of all subjects were conducted from 2019 to 2021 and 
included indexes such as body mass index (BMI), vital 
capacity (VC), 50-metre run, sit and reach, standing long 

jump, pull-ups (male), 1000-metre run (male), sit-ups 
(female) and 800-metre run (female).

The status quo of physical education at Wannan Medical 
College
In 2019, in-person physical education classes were held 
once a week for one and a half hours each time. The dura-
tion of each class included a 15-minute warm-up, 1-hour 
exercise and 15-minute cool-down. The outbreak of the 
pandemic at the end of 2019 prompted the launch of 
online physical education classes in 2020. During the two 
semesters that occurred in 2020,1-hour online physical 
education classes were carried out once a week with mul-
tiple options, including basketball, volleyball, football, 
tennis, handball, badminton, table tennis, aerobics, yoga, 
taekwondo and Chinese martial arts. In 2021, in-person 
physical education resumed.

Measurement of physical fitness data
In China, students’ physical fitness is measured by an 
annual physical fitness test. In our experiments, to ensure 
fairness, the physical fitness tests were conducted by the 
same group of physical education teachers from Wannan 
Medical College. All tests were conducted from 8:00 am 
to 12:00 am and from 2:00 pm to 5:00 pm in December 
from 2019 to 2021. The following are items included in 
the annual physical fitness test.

BMI
BMI is calculated as the ratio of the weight in kilometres 
to the square of the height in metres. Height is measured 
by taking the length of students from the highest point of 
their head to their heel when they stand up straight after 
taking off their shoes. Weight is measured when stu-
dents are wearing their usual clothing. According to the 
standards set by the World Health Organization (WHO), 
students are generally divided into four groups by BMI 
values, e.g., underweight (BMI<18.5 kg/m2 ), normal 
(18.5<BMI<23.9 kg/m2 ), overweight (24≤BMI<27.9 kg/
m2 ), and obese (BMI≥ 28 kg/m2).

VC
VC, as an important cardiorespiratory function estima-
tor, uses a specialized spirometry tester to record the 
maximum volume of exhaled air after maximum volume 
of inhalation air.

50‑metre run
This index evaluates the speed and acceleration of stu-
dents in seconds in a single 50-metre sprint.
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Sit‑and‑reach
This index aims to assess flexibility. During the test 
process, students remain in a seated position with legs 
straight and hands stretched forwards as far as pos-
sible. By how much students’ hands exceed their feet is 
recorded in centimetres as the index value.

Standing long jump
The aim of this index is to assess explosive power by 
recording the length in centimetres when students try to 
jump as far as possible from a starting line.

Sit‑up (female)
This index evaluates muscular endurance by recording 
the number of sit-ups completed within 60 seconds. Dur-
ing each sit-up, a female student holds her head, bends 
her legs from a supine position, and sits up as high as 
possible.

Pull‑up (male)
To assess muscular endurance, this index records the 
number of pull-ups completed in 60 seconds. During 
each pull-up, a male student suspends from the horizon-
tal bar with his hands, pulls himself up until his chin is 
above the horizontal bar, and then comes back down with 
his arms as straight as possible.

800‑metre run (female)/1000‑metre run (male)
To assess muscular endurance, this index records the 
time in seconds it takes students to run 800/1000 metres 
on a standard track.

Data analysis
Physical fitness test data was analysed by SPSS 27.0 (SPSS 
Inc.). The mean and standard deviation were used to 
quantify the quantitative variables, while the frequency 
and percentage were used to describe qualitative vari-
ables. Repeated measures ANOVA method was used 
in physical fitness test indices at three consecutive time 
points from 2019 to 2021. The Greenhouse-Geisser cor-
rection was applied when Mauchly’s hypothesis test did 
not meet the assumption of sphericity, and the Bonfer-
roni method was used for pairwise comparisons.

Results
A total of 3360 students (1490 males and 1870 females) 
completed physical fitness tests from 2019 to 2021.The 
statistics of the subjects are grouped by the test years 
(2019, 2020 and 2021) and shown in Table 1, which shows 
that for the three-year average, the overweight and obe-
sity of male students was significantly higher than that 
of female students (28.0% vs. 12.7%), the normal weight 
of male students was lower than that of female students 
(60.9% vs. 72.9%), and the underweight of female stu-
dents was higher than that of male students (23.0% vs. 
11.1%).

The results show that for males, from 2019 to 2021, 
the proportions of underweight, overweight and obese 
students decreased, while the proportion of normal-
weight students increased. For females, the propor-
tions of normal-weight, overweight and obese students 
decreased during 2020 and then remained stable in 

Table 1 The basic characteristics of student subjects grouped by gender

P1, P2 and P3 mean the P-values of Post-hoc between 2019-2020, 2019-2021 and 2020-2021

Variables Total Male Female

2019 2020 2021 2019 2020 2021 2019 2020 2021

(n = 3360) (n = 1490) (n = 1870)

Age (years)[n(%)]

≤17 300(8.93) 25(0.74) 4(0.12) 115(7.71)) 8(0.54) 0(0.00) 185(9.89) 17(0.91) 4(0.21)

18 1676(49.89) 275(8.18) 21(0.63) 727(48.79) 107(7.18) 8(0.54) 949(50.75) 168(8.98) 13(0.70)

19 1054(31.37) 1676(49.89) 275(8.18) 494(33.15) 727(48.79) 107(7.18) 560(29.95) 949(50.75) 168(8.98)

20 266(7.92) 1054(31.37) 1676(49.89) 124(8.32) 494(33.15) 727(48.79) 142(7.59) 560(29.95) 949(50.75)

21 52(1.55) 266(7.92) 1054(31.37) 26(1.74) 124(8.32) 494(33.15) 26(1.39) 142(7.59) 560(29.95)

≥22 12(0.36) 64(1.90) 330(9.82) 4(0.27) 30(2.01) 154(10.34) 8(0.43) 34(1.82) 176(9.41)

Weight status [n(%)]

Underweight 561(16.70) 607(18.07) 524(15.60) 194(13.02) 171(11.48) 132(8.86) 367(19.63) 436(23.32) 392(20.96)

Normal 2102(62.56) 2139(63.66) 2248(66.90) 851(57.11) 901(60.47) 968(64.97) 1251(83.96) 1238(66.20) 1280(68.45)

Overweight 496(14.76) 432(12.86) 428(12.74) 315(21.14) 291(19.53) 282(18.93) 181(12.15) 141(7.54) 146(7.81)

Obesity 201(5.98) 182(5.42) 160(4.76) 130(8.72) 127(8.52) 108(7.25) 71(4.77) 55(2.94) 52(2.78)

Post-hoc P1<0.001;P2=0.001;P3=0.526 P1=1.000,P2=1.000,P3=1.000 P1<0.001,P2<0.001,P3=0.065
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2021. The proportion of underweight individuals 
increased in 2020 and then rebounded in 2021.

Tables 2 and 3 compare the results of the physical fit-
ness tests of male and female students over three con-
secutive years from 2019 to 2021. The two tables show 
remarkable similarities in male and female students. 
First, there were significant differences (P  < 0.05) in 
the scores of male and female students in various tests 
in 2019 compared to 2020 and 2021. Second, com-
pared with 2021, male and female students had sig-
nificant differences in all test scores except those for 
sit-ups (P = 1.000) in 2020.

Figures  1 and 2 show the average and 95% CI of 
items of the physical fitness tests on male and female 
students from 2019 to 2021. Compared with 2020, in 
2019, for male students, the lung capacity increased by 
282 ml, the sit-and-reach increased by 0.9 cm, and the 
1000-metre run decreased by 6 seconds. For female 
students, the vital capacity increased by 292 millilit-
ers, the sit-and-reach increased by 1.7 cm, and the 
800-metre run dropped by 7 seconds. Compared with 
2021, in 2020, for male students, the mean vital capac-
ity increased by 66 ml, the mean standing long jump 
increased by 4 cm, and the mean time of 1000-metre 
run increased by 4 seconds. For female students, the 
mean time of 50-metre run increased by 0.1 seconds, 
and the mean time of 800-metre run increased by 4 
seconds.

Discussion
The purpose of this study is to provide deep insight into 
the impact of online physical education on the physical 
fitness of college students during the pandemic. Physi-
cal fitness tests were conducted on students enrolled at 
a university in Anhui Province in China during Decem-
ber of 2019, 2020 and 2021. We found that the number 
of overweight and obese female students has declined 
since the COVID-19 outbreak in 2019, which is worthy 
of attention. The resulting analysis also shows that for 
all student subjects, lung capacity has increased signifi-
cantly, while the performances in the 800/1000-metre 
runs have decreased sharply; these results are consist-
ent with the results of the XIA study [9]. This study fills 
a gap in the research on the impact of the pandemic on 
physical education. The results show that online physical 
education teaching is effective in improving the physical 
fitness of college students.

Since college students are still growing adolescents, 
male and female subjects showed development in terms 
of body composition indices (height and weight). First, 
existing studies have shown that the pandemic has led 
to a reduction in students physical activities [10], an 
increase in their sedentary time, and changes in their eat-
ing habits, all of which affect the BMI of students [11, 12]. 
Our study shows that for male students, the trend of BMI 
being normal increased from 2020 to 2021. This phenom-
enon indicates that in-person physical education is more 
effective than online sports education in normalizing the 

Table 2 The multiple comparative analysis of the three-year physical fitness tests on male students

Items Post Hoc Multiple Comparison

2019(1) 2020(2) 2021(3) 1-2 1-3 2-3

Vital Capacity 4189(790) 4471(762) 4537(716) <0.001 <0.001 <0.001

50-m sprint 7.5(0.5) 7.5(0.5) 7.4(0.5) <0.001 <0.001 <0.001

Sit-and-reach 15.7(6.3) 16.6(6.5) 16.7(6.2) <0.001 <0.001 1.000

Standing long jump 227(20) 229(20) 233(20) <0.001 <0.001 <0.001

1000-m run 243(25) 249(26) 245(28) 0.001 <0.001 <0.001

Table 3 The multiple comparative analysis of the three-year physical fitness tests on female students

Items Post Hoc Multiple Comparison

2019(1) 2020(2) 2021(3) 1-2 1-3 2-3

Vital Capacity 2733(519) 3025(517) 3087(509) <0.001 <0.001 <0.001

50-m sprint 9.3(0.7) 9.2(0.6) 9.1(0.6) <0.001 <0.001 <0.001

Sit-and-reach 18.9(5.5) 20.6(5.6) 20.6(5.3) <0.001 <0.001 1.000

Standing long jump 172(16) 175(15) 178(16) <0.001 <0.001 <0.001

800-m run 229(22) 236(22) 232(23) <0.001 <0.001 <0.001

Bent-leg sit-up 33(8) 35(7) 37(7) <0.001 <0.001 <0.001
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BMI index. Compared with male students, the number 
of overweight and obese female students remained stable 
in 2021. Overall, the BMI of male students continued to 
improve from 2020 to 2021, which is consistent with the 
results reported by Hallal [13] that males are more active 
in sports than females.

Studies have found that the lung capacity of all subjects 
improved significantly in 2020. However, some studies 
suggest that during the pandemic, less exercise may have 
led to lower lung capacity, making people susceptible to 
cardiometabolic diseases and other adverse outcomes 
[14]. This may indicate that online physical education 
helps college students either maintain or increase their 
physical activity level, thereby increasing their lung 
capacity. In 2021, lung capacity continued to improve, 
but at a lower rate than in 2020.

In our study, except for the 800-/1000-m run, there was 
a significant improvement in the scores of the 50-m run, 
sit-ups, standing long jump, pull-ups (males), and sit-
and-reach (females) in 2020. The reason is that under the 
condition of isolation, these exercises can be conducted 
conveniently, which is consistent with the results indi-
cated in Fearnbach [15]. This outcome may also indicate 
that online physical education is effective in improving 

the performance of these items. In 2021, when in-per-
son physical education resumed, all items except for the 
sit-and-reach improved significantly, which not only 
indicates that online physical education is effective in 
improving students’ flexibility, but also suggests a lack of 
flexibility training in offline physical education.

We also found that the indices of the 1000-metre run 
(male) and 800-metre run (female) tests dropped sig-
nificantly in 2020 and then increased sharply when in-
person PE resumed in 2021. Especially for females, the 
800-metre index returned to the level seen in 2019. This 
result implies that online physical education is unbenefi-
cial in improving students’ muscular endurance quality. 
The main reasons for this result may be as follows. First, 
the limitations of the venues available during the pan-
demic made conventional endurance training methods 
such as long-distance aerobic running and slow running 
difficult to carry out. Second, students have little knowl-
edge of home-based endurance training methods, and 
online physical education has not yet focused on these 
methods. Finally, for most students, the habit of self-
exercise at home has not been developed .

Overall, the replacement of in-person physical edu-
cation with its online counterpart in 2020 had negative 

Fig. 1 The average and 95% CI of items of the physical fitness tests on male students from 2019 to 2021



Page 6 of 7Sun et al. BMC Public Health          (2023) 23:742 

effects on pull-ups and 800-/1000-metre runs but had 
significantly positive effects on other items; these findings 
are consistent with the XIA research report [9]. The rea-
son is that the three aforementioned items are strongly 
related to the outdoor training environment. We sug-
gest that online physical education should choose more 
convenient and practical home exercises to improve stu-
dents’ muscular endurance, such as TikTok dancing, 
sprinting in place and shuttle running [16].

This study summarizes the practical experience of 
online physical education teaching adopted by a univer-
sity during the epidemic, which is important for improv-
ing the theoretical system of higher education. At the 
same time, online teaching is of great practical signifi-
cance to completing high-quality teaching tasks during 
public health incidents [7].

This study has two main strengths. First, the study 
had a sample size of 3360 student subjects (1490 males 
and 1870 females), which was larger than most previ-
ous studies in the field and allowed for greater statisti-
cal power and more reliable results. Second, the study 
reviewed physical fitness tests of the same students over 
a period of three years, which provided a more compre-
hensive understanding of the phenomenon under study. 

The longitudinal design allowed for the identification of 
trends and patterns in the data that may not have been 
apparent with a cross-sectional design. However, we 
admit that this study still has limitations. First, the sub-
jects in this study were not sufficient in regard to quantity 
and regional dispersity. Second, the confounding factors 
of the subjects, such as their choice of physical educa-
tion courses, the completion of their physical homework, 
their living standards and living styles, their mental state, 
etc., were not controlled in our experiments.

Conclusion
This study focuses on a comparative analysis of the 
changes in physical fitness tests from 2019 to 2021 as a 
result of online physical education teaching interven-
tion in 2020. Online physical education teaching played 
a significant role in improving the physical fitness of col-
lege students during the COVID-19 epidemic. However, 
this approach has limitations in regard to developing 
students’ muscular endurance due to site-specific con-
straints. In the future, the combination of online and 
offline teaching, which can make the most of both teach-
ing modes, is worth studying in regard to PE instruction.

Fig. 2 The average and 95% CI of items of the physical fitness tests on female students from 2019 to 2021



Page 7 of 7Sun et al. BMC Public Health          (2023) 23:742  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

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

•
  

gold Open Access which fosters wider collaboration and increased citations 

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

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

Acknowledgements
We sincerely express our gratitude to all participants.

Authors’ contributions
SJ and CJ participated in the data collection and manuscript drafting. ZEG 
and SXG participated in the data collection. TY participated in the data pre-
processing. CXH, TY and CJ participated in the design and statistical analysis of 
the study. All the authors agreed on the final manuscript.

Funding
This research was supported by the Major Project of Humanities and Social 
Sciences of Anhui Universities (Grant Number:SK2017ZD17). Youth Founda-
tion for Humanities and Social Science Research of the Ministry of Education, 
(Grant Number:21YJC890052). Teaching Reform Project of Wannan Medical 
College (Grant Number:2022jbgs01). The funding bodies had no role in the 
design of the study, collection, analysis, and interpretation of data or in writing 
the manuscript.

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

Declarations

Ethics approval and consent to participate
Ethical approval and consent to participate in this study were approved by the 
Ethics Committee of Wannan Medical College and collected written informed 
consent from either students or their parents or guardians respectively. The 
study was conducted in accordance with approved national guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 December 2022   Accepted: 4 April 2023

References
 1. Sun K, Huan CD, Ren HT, Yan SZ, Ji CG, Zhang Z, et al. Crisis and response: 

Chinese Sports Narrative under COVID-19 pandemic. J Shanghai Univ 
Sport. 2020;44(05):1–15+46.

 2. Jalal SM, Beth MRM, Al-Hassan HJM, Alshealah NMJ. Body mass index, 
practice of physical activity and lifestyle of students during COVID-19 
lockdown. J Multidiscip Healthc. 2021;14:1901–10.

 3. Zhang DB, Qin CB, Zhang H, Zeng XS. Implementation and thoughts of 
online teaching of physical education in colleges and Universities Under 
COVID-19 Epidemic. J Shenyang Sport Univ. 2020;39(03):10–7.

 4. Pinho CS, Caria ACI, Aras Junior R, Pitanga FJG. The effects of the 
COVID-19 pandemic on levels of physical fitness. Rev Assoc Med Bras. 
2020;66(Suppl 2):34–7.

 5. Ghozy S, Abdelaal A, Shah J, Parker KE, Islam SMS. COVID-19 and physical 
inactivity: teetering on the edge of a deadlier pandemic? J Glob Health. 
2021;11:03031.

 6. Bortz WM. The disuse syndrome. 2nd. West J Med. 1984;141(5):691–4.
 7. Yuan S, Wang C, Zhao Y. On the development of web-based distance 

physical education. SHS Web Conf. 2015;19:0200.
 8. Jiang YH. On online teaching mechanism of physical education courses 

in University in Context of Emergent Public Health Events. J Southwest 
China Normal Univ (Nat Sci Ed). 2020;45(06):141–6.

 9. Xia W, Huang CH, Guo Y, Guo MG, Hu M, Dai J, et al. The physical fitness 
level of college students before and after web-based physical education 
during the COVID-19 pandemic. Front Pediatr. 2021;9:726712.

 10. Tavolacci MP, Wouters E, de Velde SV, Buffel V, Dechelotte P, Hal GV, et al. 
The impact of COVID-19 lockdown on health behaviors among students 
of a French University. Int J Environ Res Public Health. 2021;18(8):4346.

 11. Touyz S, Lacey H, Hay P. Eating disorders in the time of COVID-19. J Eat 
Disord. 2020;8:19.

 12. Kerkadi A, Sadig AH, Bawadi H, Thani AAMA, Chetachi WA, Akram H, et al. 
The relationship between lifestyle factors and obesity indices among 
adolescents in Qatar. Int J Environ Res Public Health. 2019;16(22):4428.

 13. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, et al. 
Global physical activity levels: surveillance progress, pitfalls, and pros-
pects. Lancet. 2012;380(9838):247–57.

 14. Filgueiras A, Stults-Kolehmainen. Global physical activity levels: Surveil-
lance progress, pitfalls, and prospects. Lancet. 2022;380(9838):247–57.

 15. Fearnbach SN, Flanagan EW, Hochsmann C, Beyl RA, Altazan AD, Martin 
CK, et al. Factors protecting against a decline in physical activity during 
the COVID-19 pandemic. Med Sci Sports Exerc. 2021;53(7):1391–9.

 16. Chen X, Cui J, Zhang Y, Peng W. The association between BMI and 
health-related physical fitness among Chinese college students: a cross-
sectional study. BMC Public Health. 2020;20(1):444.

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


	Comparative research on the development of college students’ physical fitness based on online physical education during the COVID-19 pandemic
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Background
	Method
	The status quo of physical education at Wannan Medical College
	Measurement of physical fitness data
	BMI
	VC
	50-metre run
	Sit-and-reach
	Standing long jump
	Sit-up (female)
	Pull-up (male)
	800-metre run (female)1000-metre run (male)


	Data analysis
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


