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PURPOSE This study conducted a longitudinal analysis of physical activity levels
and characteristics of middle-school boys and girls over a three-year period
before and after the COVID-19 pandemic. METHODS This study used a sequential
mixed-methods research design. In the quantitative study; three-dimensional
accelerometers were used to measure weekly physical activity and sedentary time
over three years (2019, 2020, and 2021) among 33 middle-school boys and girls,
and the data were analyzed using repeated measures analysis of variance. In the
qualitative study, data were collected and analyzed through focus group interviews
with five participants. RESULTS The quantitative study indicated a significant increase
in sedentary behavior and significant decrease in low-intensity activity and MVPA
during the first year of the COVID-19 pandemic. In the second year of the pandemic,
no significant difference was observed in sedentary behavior, low-intensity activity,
and MVPA compared to the data collected in the first year. During the pandemic’s first
year, qualitative study identified the following physical activity problems: “lockdowns,”
“sedentarization of leisure,” and “reduced structured physical activity.’ The following
reasons were identified for the lack of improvement in physical activity during the
second year: “intensified sedentary lifestyle habits,”“weak social networks,”and “lack of
energy to exercise.” CONCLUSIONS The COVID-19 pandemic has led to a significant
decrease in physical activity and a significant increase in sedentary behavior among
middle-school students in South Korea, and even as the environments for physical
activity have recovered, the physical activity problems of the early stages of the
pandemic have not improved.
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AAEE2 A9 AA A, gA1A A7 ofy g, Q1] Wdo]
1} st A% 5ofl 7lodgtH(Janssen & LeBlanc, 2010; Strong et
al., 2005). ¥, #4152 vlgh, ¥ 59 Ao}, led A4
A5t 5 obst AW A7ol £4 2 A 2 HMitchell
& Byun, 2014). W&oll, AlA B4 7|75 HAg 2t=e] B g=
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A 8 22E FSEA EAE HFEI QltkAubert et al.,
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Neville et al. (2022)°]] W2, o] A]7] AA|&E H 20% 4

= ZAskeith —ral‘)rﬂ'% %‘i‘ A2 GA| oo Hsh F
o 15589] A &%5o] 4t Ao 2 LEFGTHCSPEP, 2020). ©]
L 3 ALS A AR 2 Qg YAl H#(shut down)} ©Hd
(refinement) 53 Z& FZ2Y195 AA 5= 480 AlgtESo] &
o7 2] WEA, S7RE A7 A AATE Bet ot 2
A9l AAEEo] HHHW R 7] dEo|tH(Castaieda-Babarro et al.,
2020). o]# HollA, Z2-19 Md|9] 27| AASE E4 gt
T

Had AASE AgE B4 AdFE2 "oy 7] Yepd A
Ags 2AE dEolu IF, d¥, A9 5ol w2t AAEs =&
7} 8 59] EAL o5t A}t &5ty tH(Neville et al., 2022)

Tt olF ATE 5 S7 AT W FHOIA e 2L
A4S ek e

2, o A7) B4 AAGHE Aok RAT ATE RS A
7h 71999 AEAE 289 AAgs 52 S0t AERA
Tttt ko] 240 folstA|et, 7HQ1e] 7]<def o&s Al
ALs S wotolr] WiZo] ZAagho] EAgsith= £A47F Sl
th(Rainham et al., 2012). AAZ, AT EX= AA&5

2FQ oF 20% o)Al WF A5 BAE EOIEI-(Garriguet et al.,
2015). W&oll, Bt} F&sty AFH2 vlo|HE gE 6] Al
= A8H AASs 53 =48 E% F S (Welk, 2002). 32+
A 7MEEA = 379 Fo& Izt P ASH Ao &
AA LS A HSE S35 *]iﬂ%}o S ETEN HE A
ALs 54 ZHESA S)ol vls) gt A= 5 Y= 5%
e Al ZecH(Lee, 2012; Tudor-Locke et al., 2011). ©] ?_ o]
A, 3 THEEAE S8 Boh ASHo|n A AAEs
AaE £ a7 Aok
A, ARAF= FE P £4F AlEste] Z21-19 W]
Z27] AA LGS FFolU B4, BA 52 7I&stAY gt 5
F3f grk(Neville et al., 2022). A B4 EF ARIS 4L
2 dojuh= AAIEH §iskE ool d dA7E Ak (Park et al.,
2010). BH4, & A4ts 7130 A4 A s B 4 24
ot A WO R, Aol FYE & H]83} AlZto] Hol Evte &
Aol QAEE £ oyt Aol dojd At A AIALEH H
3} 5ol gt Bt Fget JEE AT 29 o2 (Park et al.,
2010), A=olvt shd Fofl whet AL} 959 WSyt & obsat 3
29 AAEE EA4Z olslish] HdiAe ¢ £4S BT AlA
47 B0l F23ltHLau et al., 2017). 3], Z21-19 Wd o]
o2 AA D E Aol it FHH 42 v]Egt Aot (Neville
et al., 2022). o] HollA|, Z=2-19 W9 FAH AAEE
E4E oldfsly] sl $7 A7 BRsH, o], & AFolA=
2 2ot JuPH(S0] d, ZZE Ao s Kot AZEZ 9l
AT A3g AlFshs e A+ (panel study)(Kim et al., 2006)°]
w2t Wed] 271 AR Es 542 SHH 2R olsfistaAt gt
AAZ s EAE Wy 27191 2020490 AS5E Ak HoY 2
| 2491 20219 E0], Z2U-19 Hpo|H A9 B2 AEY, ¥
AHE )T A HHE A7, vkAF 2G50 e AEE
oJs7t oAl aL, WAl JFEol =otAleh olof wef, AAEES
219 Aol =" A FzojA Hloju, g4 IEZ AT =
go] EAA 07 A% AHThe Korean Nursing Association
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News, 2022). 3] stg7] 44 AAEE0] JFE vA= st
48 20214 25H7] Eo] AW S —,—%](ChosunBIZ, 2021)%} s+
WAS &5 FASHMinistry of Education, 2021; Seoul News,
2021) 5 & HE7F YR olof, & AFolA= 202082 A%
3k 3 720199, 20209, 20219)9] AAES Aa2s -8 =
219 W9 A7) 44 AASs EAE AwE A g

Alsex)> AALF9 HHZHQ #igloz dutyg o=z Folg2
oSt T} o @o] &Zoj1 g golgls S EQITHCPPSE,
2013). 1=v, F9 £4 AE0] wE2W, ZEU-19 9] A

7] AR 4E —PO](‘ED“D% o|¥} FYstAgL, W9 o]
A3} v dabal o] AXSE 7Fadko] ot ETE 2 Ao U}
Bt th(Lee, 2022; Lee & Yang, 2021). ESH 53t shg7] A4
|2 W3tots @40 3T = U= 5ol dFoR ot
(Compas et al., 1995). o]0l whe}, F=21}-19 Mo} -2 AL3]
A Bzt & A719] 55 H R AR 1 7hsAgo] At o]
o, B dyoAt Zslw e shAo] AAEE EHS Zrikom
S IS TR ]

ShH, Z 219 Mo FA 02 Uehte S84 A9 4
AL5E ZTA ALolA olsfistE= A HA] w]Zgk A%
28 A4 ‘ﬂ:rL(sequennal mixed study)= %4 JF=Z 3ol
Ztolo] Al <l Y AHA+ 7M=& ntotsf A3
oA EA9] HJAS O]OHO]' SFAT dgolH, Hlw A & gEA
A g2 AF FAE MUY FEH AAE AR =2 9 7851
(Creswell & Clark, 2007). o]of|, & A oA&= Z24 19 A,
FEHH At Aol A YERd Aol AR1E Y i1 Al
7Asto] Arw E A} gk}

2 AfoAE A A By wet Z2u-19 WeE A
T 3220199, 20209, 20219) "“—1 ZA 9 AALE (&4
&5, ABE 5, -1 &5 2 B4 THHe=2 £4
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A& 98] SE K S0k 19k o4 420) A4EE Besdct
20198MA % ZHof Holst 42111,] 4 2 A3t 27} o )=o)
EHAT A7) 28 59 692 A9l 3692 20208HAE AAF
3 SR 415t 20219 ROl ofF 5 3HEH AT
1, A7 0159 $)S AT 338L 53 YA HF AT
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Table 1. Characteristics of the subjects of the quantitative study
N height(cm) weight(kg) BMI
2019 2020 2021 2019 2020 2021 2019 2020 2021
male 18 159.3 170.5 173.5 49.6 66.9 69.5 19.4 22.9 23.0
female 15 159.8 162.3 164.3 522 53.6 53.9 20.3 21.7 21.6
total 33 159.5 166.8 169.3 50.8 50.8 62.4 19.8 21.7 21.6

0 & Zogh AFtdAte] 542 (Table 1)l A|A=] o] et
AASE 542 st oy I, A 5o TS A
skab7] el wid 22 A17]1(20198HA = 9¥ &, 20208Hd = 9¥
o, 202189 % 99 ol o]Foj Tt 7 Al719] EAES AHEY,
20198t = Zt2&= WoY] o d Al7|Z 2HEskyich Z2u-19 W
o Hafl 202089 9 T2 & 39A ASE AgFr7F A
HFH0g AAH A7t o] Al7] K $8ue 35 99QF 51,
15 -5 PSS SH5EE §49ith st oA 9] EZ
QI FA QoY &5 WS gto] PAgh ALS| A A F7]o] wet
BAEA. StuA S 52 A & o ASFdH Furm=
=Y 5% 295, o E sHIEL2 ntAa s d4Hog
225 E 2 A AT 20218 % 238H7] £, PSS HAHE
3 282 A-gstE|glon, s
1] & Polf 5ol thist B4 FA] L5t Qict §5], Stz
& &52 F214-19 W9 o] HF} Zo] HFHOE 2PE7] A
g U-19 oY) o] 1A FASkE A
7199 W)= s KA 5] A
W] 27191 202084 &4 A

otk
=

= =

2. 33 = 9y

2 do AL ActigraphAte] 33+ 71 A BE GTIXE =
g =32 8519k GT3XE 7IZAE & 3em F&o 272 &
Q] AAE WSt AAZs 54 Ttolth 35(HE, 2%, Ao
WFor FAUS 545t 2425 (Sedentary/ Seden)T A7
T &%5(Light Physical Activity/ LPA, Moderate-to-Vigorous
Physical Activity/ MVPA)2] A7t} H]5 520 AR E A|l&3lc}.

ZF &7 Al7]0] o]FolX &4 AAE AW EH T Ak 57

[

A SHYEY 719 BFA FEE 717]00 et o 54 VIS o
FAR AH(set-up)stAtt. SHYER AT 7|78 HHE 1 7]
719 2-& AA(EE Fo)et FREER A7) sj2of gA Zo] =
A5, 34 FAANRGEI A g3 71 S 2, AR Al 2
71718 @A 59 Ad A7 S, 7171 e w¥E BUA 5
= At olek A ofd, AY &= A 2-go] tiek SNS &
Ao gt 595 Fotelal, wid 24 7A] 3083 2% 104
302 71719] 283} o] it by wAIAE Byl 4542
9] 540l =4 A% 7171 sttt

249 A=E Actiliferre] AAEE 4 2 I8 (Actilife
v6.11.9)0l AFel #2153 AALE(LPA, MVPA) A7+ &
stlct. old, 717] 4 2Hg A 9 A, AE AR B (wear
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time/ non-wear time), At% 2°F F7|(epoch), AAEF F=
(Count per minute: CPM) 7|&& th-&3} o] H-&s13ict.

AR, 7~15419] AT £ = AAEs A7 F3 71 H4
49 o]Ato Z(Janz et al., 1995; Migueles et al., 2017), ¥4 =
A 28 A7FS 1041702 B E T Qltk(Lee, 2011; Migueles et
al., 2017). olol] £ AollA= L 10417 o4, 49 o4 7384
A5g B4 o= Aokt B4, 45 A5 14 & 7HE55A 2
&/ v2HE AI7F B L Troiano et al. (2008)9] ¥112]Z(Count
Per Minute(CPM)©| 002 GOE ol A& % 7]7] v]-&-89o
2 21, cpmo] 100 7|9, 28 w9k 49 2o 2 719)S &8
StitH(Lee et al., 2018). AA, obsolv AW 9] P& wfel- uf
27 Wgtely] gito] 7S EA Q] Am 89 F715 X aslefof st
H(Migueles et al., 2017), Lee(2011)= F7]& 15% o|st2 @4
3t} oo, B AFoAE Ak7 Q9F F7]E 1022 AFsHA W
A, Fd AAEE B7F 7152 Trost et al. 2011)°] Jsf 4
H7] B AAEs g vt £ A0 2 391H Evenson et al.
(2008)9] 7|15 &84 AAEES 1% E5(=2006 counts),
Z7r% &%(1149-2005 counts), A4 E 5(51-1148 counts),
FHA8=(<50 counts)O.B EF35}Th SPSS 27.0 T2 WS 3
|oto] 4 A71E AASE AR et e 54 EAEAS
Aloklar, Z A7)0 wE AMS 32 Bonferroni #4& -85}
ot BAE FYeE2 052 AAsHATHWelk, 2002).

30w o

a5 47

1. 44 a7 Folz
3749 H4 A 2ol Holst 8 B WA 2303 59 o4
(F5H4 37, olohy 2%)e A4 A7 Foldw At o4
A

2. 4w AT A

g 4 A6 Ao AAE Yo R xAA OF A
(Focus Group Interview: FGD< 23] AA|st T} FGI 8 A&
< 20208 2219 WHY 7|7 AAEEol FAastal FHAEE
S7het ol FOARIZEY, “20219 22119 We|glo] B4 o]
ol Zagt AAZ 5T ST FAgE0] 3 E55HA] X3 olF
ARA7F?" At AFA= ARl T 7HA] AR AT o] 4
oA L 2 1S A9 B 2 FGIo] Holsh= S skt
B3 Aol & HEE R gAY A FZHE AT A3t Dol
Q2] kS F9 ARIE Hol QL& 51T

A2 FGIONA AHS S o sty Eo] A 29 B7ts gdst
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Table 2. Information of Qualitative Research Participants

name gender Characteristics

He has a sociable personality, actively
participates in physical education classes, has
good PAPS scores, and participates in various
sports activities.

Yang  male

He regularly attends a tackwondo academy
after school, joins the school's soccer club
and plays soccer during lunchtime, and has
excellent PAPs score.

Yim male

He likes badminton, but doexn't like other
team sports. He participates diligently in
physical education classes and has a moderate
PAPs score.

Jee male

She is considered a nice and sociable student
by her peers, but her participation in physical
education classes is moderate, and her PAPs
scores are low.

Kim female

She has excellent physical abilities and PAPs
Cho female score. Demonstrate excellent ability in most
sports conducted in physical education classes.

S8 AR GAE B4 7] vet A4, 59, gujst g
2 BAHo gAES wE Ao gor 3219 479 e
U AAEE Aok BAE F402 TS, o] 24 w0
A o] B¢ WA BYS F2 8FE £ mshgr,
FGI W82 1% 243 the, 819 SHL M LAHAS 92 g
wge AW 20 WE HE-2 Myl v 8o ohs
olelt EA) e BEolt PA| SHLY AL AT AS
9 3 5 ALY gulo] Wag Fio|git ol4e] By Fo 1
A AT HAES AYAGOH, 14 AT HAES QoA 27}

3. A7 ey

A79] SIS o] 98] 3919] HEI WRHAEZLS
7k ASES AR AARE AEDS TN A7 WeL 4
Eugieh A% 3ol A4 A7) B2Ql FA A7) Zolo| o
3 olf B0 24 WA EY, AT A4 AT HaE
of thel 5 o] Py WAPNA HEMOR APAr] BRH o)
4 59 BA7L A Blstelr,

D
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%
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Table 3. Result of repeated measured ANOVA of sedentary according

to sex
year M (SD) F(df) P Bonferroni
209 (10%6)

2o D TR w0
01 ()
2019 ?452169.5527)

e g SO 0
0 s
201

oy 20 oy G 7 <o
2021 ?59526(?.6051)

ok

p<.001, p<.05

o7 2
¥4 AT 27

1. FAEE

g5 vHE &7 BAREAY A= (Table 3)°l AlAE 0] QL
on, g A0 Ard o] EALS o2y Ut

g$ohg o] FAgE AI7HS 202149 (M=9057,63, SD=125.12),
20209 (M=8934.76, SD=97.25), 20199 (M=8390.40, SD=
100.96) =02 =4 Yyt 54 dro] o2 eyl 4
&5 A BAAHCE o3t AfolE B UTHF(1.351)=22.393,
p<.001). AFFEA A3}, 201949] 4S5 AlZte] T2 & &4
Ao vl&f S-9J5HA W Ao & YetH((Figure 1) ).

oA 9] FAls A7 20209 (M=8876.60, SD=465.30),
2021d(M=8754.86, SD=559.05), 2019d(M=8519.57, SD=
426,32) =02 &7 Yedth &4 Axof nE ofstayo] g
B A BAAH SR 3k Zpols B THF(2)=4.063, p<.05). At
FEA AF 2019499 FAEE Azl 20209 k0] H]g) F-2Jst
A E2 Ao 2 YepGTH((Figure 2) FX).

9y AA g9 HAgE A7 20219(M=8920.01, SD=
556.65), 20209 (M=8908.32, SD=431.31), 2019W(M=8449.11,
SD=425.74) 2.2 =7 Uyt &% Ao uet g
5 A BAHORE §3t 2tolE B ATHF(1.532)=19.991,
p<.0001). AHEEA A3}l 201999 F4|E A|7to] T = &4
Ao vl&f S-9J5HA W Ao & YetH(Figure 3) ).
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Table 4. Result of repeated measured ANOVA of light activity according to
sex

Table 5. Result of repeated measured ANOVA of MVAP according to
sex

year M (SD) F(df) )4 Bonferroni year M (SD) F(df) P Bonferroni
09 ot 09 iy 28

5 2 Gose aam 7 e oy 20 G07s) 8y 2000200
o o G0
o 8 o Z0 e

o 9 3 e Mg e e 29
o e o 28w
s 0 o 2% o

total 2020 (222;7‘) (212.639161) 000 232(1),9;;;1 total 2020 (29()46.179()) (31(?419308) 000" 25%,9 2021
2021 (029 o 2% (oo

*

"p<.001, “p<.01, p<.05

2. A= &5

AGE 5ol et vhE &4 BAHEA Avk= (Table 4)0f A4
=o] 9lo, T SAY9] Al Fo] EAL th 3t Lt

G A= 25 A7 20199 (M=1302.19, SD=329.82),
2020¥(M=924.31, SD=330.86), 20219 (M=788.30, SD=400.82)
£02 A Yepgth 34 Akl 2 Jehyo] AT 5 Agt
2 BARLE 393t Atolg HATHF(1.413)=17.514, p<.001). Ak
FEA A3 201999 ARE S5 AlZko] OHE F &4 Ao §)
o o5t 2 Ao & YEtdth(Figure 4 #X).

ofshgo] AP s A7 2019E(M=1262.44, SD=331.42),
20219 (M=1012.46, SD=358.47), 20209 (M=1000.93, SD=
412.65) &£02 =A Uetgth &% Axo] ©E ofshi A
g5 ARES BAFCOZ {8t A}o]E B THH(2)=6.432, p{.01).
AR A3} 201999 AFE B A7ko] 20219 =0 vls) &
9letA &2 2 0 & Ve TH(Figure 5) FX).

gy AA sty 9 AR E A7H 20199 (M=1284.13,
S§D=325.96), 20208 (M=959.14, SD=366.27), 20219 (}=890.19,
S§D=392.96) <02 EA Yethth 54 dxd wt AR &
T AR BARHCE 93t AfolE B PO M(F(1.696)=22.311,
p<.001), AR A3t 2019499 ARE &5 At o2 & =
A Aol vlsf F-oJoHAl w2 A 02 e tH(Figure 6) F®).

3. MVPA

MVPA®] thgt ¥k &% EAREA Z3He (Table 5)00 A4 = o]
lom, g shge] A o] B2 v Zrt

@S] MVPA A7+ 20199(M=381.57, SD=137.11), 2021
W(M=233.07, SD=144.71), 20204(M=215.10, SD=102.75) &=2.
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*

“p<.001, "p<.01, p<.05

2 274 YEtdth &4 dxo) 0 g o] A4S Al BA
Ao GoJ5t Aol= K YTHF(1.343)=24.833, p<.001). ALEEA]
A3}, 201999 MVPA AlZto] o2 &= 274 Ao vls] f-2J5tA
=2 Ao 2 YEPFTH(Figure 7) IX).

o545 9] MVPA A7k 20199(M=292,16, SD=147.79), 2021
W(M=226.22, SD=125.95), 20204 (M=196.63, SD=85.21) &=0.&
A vebgth &% Az i ofshge] MVPA A7 BA AL
2 G031 ZJo|E B ATHF(2)=8.223, p{.01). ALZEA A3} 2019
9] MVPA AJ7to] 2020 =) H]s] F-9JotA] =2 A= Ueht
tH((Figure 8) Zx).

@ AA 9] MVPA AlZE 20199 (M=340.93, SD=146.93),
202149(M=229.96, SD=134.45), 20203(M=206.70, SD=94.19)
+0 2 =7 YEstth MVPA Al7H2 &3 Az met BAHo=
8915t Aol = B O H(F(1.490)=30,138, p{.001), AFZEA] Az}
201999 MVPA Al7to] o2 & &7 Awol 8] §25tA &4
el th<Figure 9) ZH%).

45 a7 43

¥4 A7 A3k, WA A 2020959] LPASH MVPAL F7}
S, ANREL FEetdch. v, 202097 HRY o, T2
19 =) A17] Ak8lA AR 57]o] A shel Agslso] Bast
202199 AT #4185 BE Zol7h LEbA] glore
oleie ka1 A3to) AL ¥ 99) E AT 2
e kgt gt
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