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Abstract

Objective: To explore the mediating effects of sleep quality and physical fitness on the relationship
between physical activity and cognitive function in primary school students. Method: Survey methods
were used to collect physical measurement data of the research subjects; the Youth Physical Activity
Questionnaire (PAQ-A), Pittsburgh Sleep Quality Index (PSQI), and Raven’s Progressive Matrices
(SPM) were used to conduct a questionnaire survey among students from a primary school in Shan-
grao, Jiangxi Province, collecting a total of 699 valid samples. Results: Correlation analysis showed
that physical activity, cognitive function, sleep quality, and physical fitness were significantly cor-
related with each other; cognitive function significantly positively predicted physical activity; sleep
quality played a partial mediating role in this relationship; physical fitness also played a mediating
role; meanwhile, sleep quality and physical fitness had a chain mediating effect on the relationship
between physical activity and cognitive function. Conclusion: Physical activity not only directly affects
cognitive function in primary school students but also enhances physical fitness by improving sleep
quality, thereby promoting the development of cognitive function.

Keywords

Primary School Students, Physical Activity, Cognitive Function, Sleep Quality, Physical Health

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

AT REFR Xt /N2 A O B B AN L R I RO B E . O EDLE R BT (2021))
NI E(Cognitive function) & XN AN AR FHE BTN N, AAEFMIE HI O )1, BFEER
F35 8 PATDhEECTHRI S FREIEE ) 2 L S RE 1 S R AR, s ST R i N SR A
TE R HIAFN R BRI AR Nz Ak T BAR IS B B (Piaget, 1952)0 X — B i) JLE AT DA <5
E o), RS EAES, N SEYP g TR EE, (RN AR S, A Rehg
AT ARG, IR AR AE BRI U RN R DA 2 R ZIAR Mt 38~ KU T AN BE i 3E . (R, R et E
INFIThRE R R IS, B EE ISR .

RITES SINVDIRe A B E VMK Rt TAHZ(WHO)YRAA /13 3 (Physical activity) & XA HH & #$ UL
WREAT AT 75 I FERE R I S RIS 8l AR NEsh R A i3, B HEE PR IR (] L AT B 1 i) 52 3 U
ITHAE), BUE AN N TAEBIK BE TG B — iR i3l BRFFER M, )& shn]did 2 Fh A BEAI 2 AL
B /N E AN EN D R, AnsE s sh 2 nT Bk, A4 00 B AR 2 A R 4 4 425 5% Rl T~ (BDNF) ) 434
BDNF SCHFH£8 ToAE KA A ol 3%, JCHAE WG S AR AN FT A 5 2 OB IC I AN BAT T RE X 380) b 2 I S5
#(Donnelly et al., 2016); A%z HYINIMG RS, $&EMIIEDhEe, R4 KA A FE IR, M
H5E A IR I (Chaddock-Heyman et al., 2016). 2=, ABFAFEHARNK 1: A& J73E 30T LLIE B T N2
A A EN T RE .

HE R 5T 5 (Sleep Quality)s — N2 4L MR, F8 AT BERR 1) 3= W0 430 A2 UL A SRR AR IR 25 5 1T
i, CIEMEARAE ., M, IR H RIDIRe2 5. WFFCR M, BEAR DT & n RefE/R J1iE3h S5 I
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Die Rk & E H /A 1EH . Brand %5 A (2010)M— T X =g 3K T 5 H /D E R AR, SaETTER
IR R L), S REERIR IR B (N3 BB, HET Y sRICAZIRE, KIARIZNE 35 T/ AR Y BRI A o 3 )
RE R IEAHDS, 183N 7K PRI 53 M R ARH 2% 369 0 0 B Ty Re A% 22 () XU (Brand et al., 2010). 5Tk, ASHf
FAR R 2. BEAR BT EAE ARSI AN D RE R % R b s EH .

CH AR T AR ) (LA EB, 2014 FAZIT)IEAR 5 i 2 (Physical fitness)E SN AARTE Ja K ist
R G FIRTF A RIS AABThEE. B3R IO ENE M RE ST IR REs . S AR
ZU(WHO) KA (2020 A8 BN FIAAKAT 4R ) 5 5~17 1) LE T D4 Nz AE R 2 /0 60 43
PR R LIS, FELRA RIS AE E B A R0 NAZIER 3 RIGBIZIN A EIEE), LAY
WL B BIE8)), L BRI A NZBR i A AR 8], 00 2 76 B BT (088 SR IS [B] o A& 075 Bl e
J A e W) Tz —, Lee Ml Yau (2020) & B2 20 v] DLFEACAE B AN R & 2 BT RS, /D PP 20E,
TRAP I S AR (Lee & Yau, 2020)0 R4 #-Co il 3 (A5 & . VO max) W] DL Ik B2, (2 1 A
FOTG K12 B8 2 (Chaddock-Heyman et al., 2016). 3&ET b, BRI HAERG 3: AR 153
INHIDIRE R R R EH

HEE IR G 2 R 24 i A A 3% s AL N DI e 119 9 5% v BT AT f b 38 S b o A P s ] R 21 Kb A
RN o AR DT B 5 A o A R 2 [B) OAF AR AR SR I A GV, (R 8 G T 6 44 030 B R HT D) e 1) 4 v
IAE L TG — 2 9T — TN DR 2 A B AR 0T B IR 5 4 S fi e AR OC OB T 3 B, DR AR R R AR VO
A N, 31.14% 1) R A A MR o &2 v R, BRI 0 6 5 DR 2 A PR AR o A R /K 7 SR B O (i, EH %,
2012). Donnelly 5 N (2016)MIBF FH- H T “ 183 — MEAR — 4 5T — A K7 AR, 30 UF MERR AR 5 O i
TEREFI YRR A BN (Donnelly et al., 2016). & T tt, AW H AR 4. FHEART & F04 0T {d FE 724 00
AN AT RE ) K & s X /AR .

AHETE LA INFA TR B, ARG B BAR R, INRIDIRE R AS &, HEERR5T & A4 5T 4 FRE Dy b
e, RICNF AR IESIKE RN DI RE LA (1) 58 2R, 0t 9 B AR o7 B 044 52 i RS /N2 AR AR D7 15 3))
XPANFN D RERI s R EE R A ER o IWNEAE I IESIA R A EE R, RETIem /N EEAR IS TT
%8, Ntk — AR N S A R T IR DT i R K P AR AR . B D A T H R TSR T R D RE AN i
AT R FE A 15 B s

2. ik
2.1. ARFR

BBV FRH RN E R — RN FERF RSN R, #ES BE T S AARR B
FEEATH, DMAGEESMUMRE, R 756 dUR A, B 756 43, BT ME 570, W45
HREN 92.46%

TR bR ARRIR R RES INIE S IR B3 . BAERE . B ERGARE 2 5 00 i
FER . PR MRS NS .

AU A SLWEER A4S 699 1y, BFEFNBORAEAITL, —F% 100 N: =G 121 N =4FH 129
N PUSEZE 124 N FLED 109 ASNFEH 173 N Bk ERAE NS L T4, B4 392 N & 307

fuui|

Ao
22. fiIRIE
2.2.1. EAEE

PRI RN A I S A A A R RR (2014 AFEAEIT)) (BARTRIFR ChrE) B0 EER, X0
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(/N AR (AR R DL REAT I &, B AR, FiE R, S0 OKAEH . ARAZAARTIE . —2rphkag Aiar
SEBGITSE . MR AEFE, WPEEEEAT — M ENER AL . SLEBRE . FI4KTE L 1000 K BR800 K EESE
T It AR FE SR RV E A, B AU T A SRR RS . 2, BHRRZTINZRN)
SR TAE N G4 S SO R s N A5 A SR X A8

22.2. BOEEAERNEIEPAQ-A)

H /D AR S35 3) 17 4 (Physical Activity Questionnaire for Adolescents, PAQ-A)s& — ) 72 N+ 74k
/DA B ATE ) K (1 E PF LB (Telford etal., 2004). [ ILEE 8 ASTH4 @A | AMRER, RA 4 Ht
(1= “JUTERAES” & 4= “GEEER” ), BN FAET E-HRNRRES). ez, P
SRS 2 R J1iE SO, LG T HAR IR SR B . RIS MR J1iEsh R 73 A=A E S K
HRFE(PAQ <2). HHRAL(2 <PAQ <3)MIFEBRE(PAQ >3). ARWFFRH A H 55 N (2015B1T 3R PAQ-
A, A TERE R W 12 0 a5 1) 3l b, 2456 i EH A RS SR ST T AR AR, B R
ERBE(AH5E, 2015).

2.2.3. LZREBRREBIEBEREPSQI

VG 2% L2 W IR J5 2 F6 #i = % (Pittsburgh Sleep Quality Index, PSQI)/& WAl MAREIR R & HE L . Bl
LM T H, W Buysse %5 AT 1989 “Fgmiil, Ja&x)WtESE5I N EIEA 4B, BA RIFIIE
ROBE, A2 A E A ANBE F RGO B A, 1996). ABFFR TS PSQI, 454 /INEAE 1 50 KB
RSO A 2% B RIR AT T @GR R, DR v s PP A I AR D BEARR B . PSQI HEELE 7 ANEAR A
T EARHEEART . ONBERS R BEAREG . BEARRCE . BEARFEAS . (EARZGY 8 AT H (W DhReREng, Aete it
i S 52 5 25— A BOBERR ST . AN E T4% 0~3 20314, BTSN 0~21 43, 43 Bk 2 W AR
JREERZE . WRARIGRE FARHE, &5y > 7 o3& R EEREIR 5T & 0] B(Buysse et al., 1989).

2.2.4. ER3CHEERMLE (SPM)

Bty SCRRAEHEFE LG (Raven’s Standard Progressive Matrices, SPM) /& H Z[E .o FE 225K J.C. Raven T 1938
SRR AEE TR S TR, B ROt MR R 1K, B2 BN TIPS AN HERR BE ) A
xnThee, HEAEGEREEMRE(Raven, 2000). ARFFRAH SPM AE /N AN M RER N E TR, JF
FR 208 B L2 0 B8R R R O it il 7 =G AT T 4% . SPM L& 60 &/ H, 474 AL B, C.
D. E i RF, & 12 8, ML, A K5 WEMEHAGET); B R WEKFEERET: C
20 WIALLEHERRE ) D BRI BLEKRRMHEEET): E R KT R ARG

2.3. BIRabiE

7] 5 IWOF IR MR G fS, RS & B3R P brdEfS BRI 70 R B R AR EE o A5 200 546
el 474 7F Microsoft Excel 71, #NZH5 4 . K4 4347 it T 28 H] TBM SPSS Statistics 19, K] Harman
ST RSV MBI AT SIREAS ¢ BB B AMHT AT R A SR B, B ki
BN p<0.05, HREMKTHNp<0.01.

3. fIRGER
3.1. ERFZEREKE

N3EE Gt T b AT 2 SRR AR, SREX Harman 50 PR 56 565 060 BE A B4 04T 36 R 75 72
i ZE K06, xof B A DB I H AT R R 700 . T8 R EOR, HAN R TR T ZE HE N 27.03%,
KT 40% bR HE BRAEL, & W ACHIE 70 1A i R 52 217 2 (10 3 ) 77 3 i 22 RO R Lo
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3.2. BLEBHEMAMFR ENER

MG Z T RE, 3 1 BRI s Z R irg RER, B4Em=392)5 % (n = 307) 754k 175 3)
KV LA R ZE R (= 1.99, p < 0.05), BAKKITESNE73(2.99 + 0.49)8% 5T 4(2.91 + 0.54); i fE
WEIThRE . BEARTTE . A ERAERE b, BB 2 R ARIA B Gt % WK B 008 1.24,
0.96. —0.83,p > 0.05). TEFHZERITIM, 2 KB ITENTFERZE RIS REW, NEFEHFAEERT)
B WHITIEE . BEARSTE . PR R DY RS R S (F {5 3N 17.08. 52.75.
47.85. 25.99, ¥Jp<0.001). FIU1, PRIJESIEFHTE ZHFH(3.29 £ 0.39)FI7SHEL(3.03 + 0.56)F % 8 i »
MM VUAEZR(2.78 + 0.46) A1 FLAEGL(2.79 + 0.46) 13 73 A% AN ThREAS 43 W) L BLBE Lt =i b iass, oS
FERAFIT(42.22 + 5.11) B E & TARE R (W 2% 35.78 + 3.84).

Table 1. Analysis of gender differences in physical activity
= 1L R ESERIE R DT

ZH5|(M £ SD)
t
F(n=392) Z(n=307)
SAREFS | 2.99 +0.49 2.91+0.54 1.99%*
NEIThRE 39.47+2.76 38.93 +5.55 1.24
REEHIR 7 = 3.69 £ 1.67 3.56+1.87 0.96
Ao g 84.44 +3.82 84.67 £3.21 -0.83
e *p<0.05, *p<0.01, ***p<0.001. T,
Table 2. Analysis of grade differences in physical activity
=2 BNEINERER SR
ZHI(M + SD)
—ELR T R VY2 TR INE F
(n=85) (n=107) (n=107) (n=107) (n=107) (n=107)
e 2.84+ 329+ 2.96 + 278 + 2.79 + 3.03 + o
LA 0.48 0.39 0.51 0.46 0.46 0.56 17.08
, - 3578 + 36.26 + 39.07 + 39.79 + 39.81 + 4222+ .
KT 3.84 3.72 5.96 6.43 5.33 5.11 3275
- 228+ 228+ 3.62+ 4.63 + 437+ 4,05+ s
PAEARG i it 1.61 1.20 1.51 1.65 1.72 1.64 47.85
82.01 = 87.77 + 84.86 + 84.36 + 86.01 + 82.75 + .
PRI e 5.11 3.46 2.90 1.48 1.62 2.96 25.99

3.3. INEEEFEIR

Gt D AR IS 0 S (PAQ-AWER AR 5, 15 tH: 255 v o B A =y 5 BEAK 7 35 Bl 1 2 5 N H50M
M, FREREE L 48.35% (338 N), RN L 47.78% (334 N), KSR INEENACE 5 LB, DAYER)
N AR B, SR TIEEN A BORAT ISR A t K5, 3 p=0.047<0.05, UHATEAR &SI b, 5
MR Z MAFER SN ZER . DS, g BOy RS = 3T B 35 ANOVA £, 15
p=0.000<0.05, WHIARFERELSS ERAREEER . RIEE S EHE —EREN o, LibhHEA
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FERAT > HIEAIL .
3.4. NFEIAATNEETIR

ARG 699 N, HA 54392 N, %4307 Ao BAEINGE S F5915 7> 39.47+£5.762 47,
HEINARE 140455 38.93 + 5.552 4. LA AR R, SHAKITHERE 0 BOMAT IS FEAR ¢ 1656, 13
Hop=0214 > 005 WHELNMBENKSES L, BEMLAEZ AAGFERENER . UWEZANRTF, A
AIhRe o ECR AR BT A 3R ANOVA K5, f5H p = 0.000 < 0.05, ULEHAFRFEHRIE D) FEA BE
PEZE S INENThREAR A AN — R BN FEHR R LFHES, NELAF 5w, BN AERIARIRE )2
W 0% 1D v T v 11 o

3.5, IZNFEEEBRREIR

TE 0k DG 24 £2 B AR o7 B 5 B B AR (PSQD A 70 40 B, AT 0/ A PSQI REERI 0T & 5 70~ F 21BN 3.64 +
1.756 (AR N 0 435 B /A 11 45)e K2 HUNFAE R RARBER R & A7 T _FoKSF, 1 HARATTR 2 fe i
JEHERE IR REEAIR o K, AR A0 8 245 470 >R (1 i IR o 368 3 0T A [0 44 ) 27 A4 P B RGO i PP 70 SE SRR A ¢ A
5, 34 p=0.340 > 0.05, ULHATEREART &S0 F, BAERMLEZ BAFERENER. BAREIRE
BTN 3.69 £ 1.665 43, AREHRE BT 3.56 +£ 1.886 7. K5 AN [F) 4 25 O R HIR S 5 5 20 3047 8
K25 ANOVA fi5, 3t p=0.000 <0.05, ULPAANFFEHRELD S FRAREEZE R, BEIRR 259 21E
VORIt id, — AR M — 30 #OR AR, Wil — TR GAERR BT R s, VUSRS AR T
7%,

3.6. INEEEREBRITRK

s CEZ LR U BEAR (2014 SFAET)) AR B 2B AR B 15 th 2 2B A BB oy . IR 4
PRATINASE R R AR SRR KPR B, P8R PT A LRG0 90.13%. £EXT /NS4 A4 Jot il e St
170 G KRB, AR S AR5 N B 3.15%, MR 400 KAs I ANELY 9.9%, KEZHHE
(IR i AR A R AT, (HR U ERAINBOR D, IR/ 2 AR A A R A i AT B A A

MSTFEA t A3 RY, 5 LN AR R B RIS ST A B ZE R (p > 0.05), TR fiE
FEFY93 0 84.44 +3.82 73, L EARITUE RT3 04 84.67 +3.21 4o K AN A ARG AR B I et 73 kAT R
K2 ANOVA a8, KRIAFEFERA L EHARENER, NNERS, —HERHE AR E RN
G R, RANER T LRGSR, W SN R R A

3.7 NFEENFERKE EREE. FRER. IARTEERIEX S

AW 5T 38 i1 B IBM SPSS Statistics 19, KA /R 2H 0T, 533 3. WL 3 Pl blE KT
WD INEITHRE . RSR R . ERR T B 2 (R AEAE B A .

Table 3. Correlation analysis of variables

=3 BLEWEXSH

A BT A B AR o7 5 IS WA BE
R o £ R 1.000
I 5T 2 —0.108** 1.000
(ARG 0.253%* —0.130%* 1.000
INFITRE 0.033%* —0.134%* 0.297%* 1.000
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3.8. RIS

3.8.1. ERRENP NV

R FAGS, EH] SPSS B PROCESS #fi {1 i AR AL 4 7341, £E 5000 X E R HlREEL Al i 55
95% B A XIA], 4 AT BEEAR U3 B E A4 D7 W& S AN BN D 2 I B R A AE BT R R 3y 8 Y2 3 1 [ T 4 7
TEBN(B = 0.283, p < 0.001), 5| NBEARFT EX N HALEE, INADRETIIR 22 E I TE /&3 =
0.291, p < 0.001). A& 7735 2h .2 6 7] TN BEAR 5T 2(B = —0.377, p < 0.05). HEAR 5 & 0 2 6 e F A &n o)
E(P =—0.230, p < 0.05).

H2 4 R A RON A T s AT, SNAE A 3.200, I RFRM[2.481, 3.920], ANELE 0, EEHERL
R BELEERUNAE N 3.113, B RERN[2.390,3.837], AEE 0, Ui BIERN B AR BN
790.087, FTFBRJ¥[0.036,0.228], AELE 0, AR RN B2 .

Table 4. Bootstrap test of the mediating effect of sleep quality between physical activity and cognitive function
4. BERFREBERIIES SINFThEE Z BHY /M3 89 Bootstrap #4238

95% B 15 X7

Effect SE
BootLLCI BootULCI
RSV IA 3.200 0.367 2.481 3.920
B 3.113 0.369 2.390 3.837
[EIEE 2 0.087 0.067 0.036 0.228

g5 b, ATRIEIR S RAE A IS B SN T RE L (AU ER 2 FR A RN, %A R R e, MR T AR 1A
JiEE SN FI DR Z 1Al th /AR o BERR ST REAE A 030 B0 AR D RE R S B AR 3] 1 s

1{ HIEFI 5 N

—0.377* —0.230*

yd AN

KN —0.291%%* ——> | KIThHE

Figure 1. Path diagram of sleep quality mediating the relationship
between physical activity and cognitive function

E 1. ERREAEKNESNSINAIER N EREREZEE

3.8.2. FRERAP NV

W TG, A SPSS #H1¥) PROCESS #i {1 i AR AL 4 7341, 1E 5000 X E R fRE LAl i 55
95%EAF XIA],  Z A A4 o A BEAE AR )& B A KN B J 2 [ B R A AR, o] R i D e 5 35 1 1) Tt 4 )
ESNB = 0.291, p < 0.001), A5 NEFUEFEX AR AT ST, INFIDIREI SR &2 1E A T A /& sh( =
0.278, p<0.001). 44 735 5h 5 25 1E [7) TRIAA B A RE(B = 0.254, p <0.001). 445 i B S5 25 1F [ T 20 Th g
(B=0.782, p <0.001).

% 5 IR AR g TR, BRENAE N 3.200, EFERA[2.481, 3.920], A& 0, HERK
83, BERUNE N 3.063, ERIRN[2.319,3.807], AE 0, UiBIELIERON BE, AR BNAE
90.138, _EFBR5[0.030,0.318], A5 0, AT M) RN B3.
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Table 5. Bootstrap test of the mediating effect of physical fitness on the relationship between physical activity and cognitive
function

5. KB RAEFNIEEN SINFThEE Z [BHY /M3 89 Bootstrap #38

95% B 15 X [A]

Effect SE
BootLLCI BootULCI
SRR 3.200 0.367 2.481 3.920
BB 3.063 0.379 2.319 3.807
V] 28K 8 0.138 0.089 0.030 0.318

g5 b, RIS R BRAE AR T3S B SN T RE L 1R ER 2 FR A RN, %4 SRR IR e A o g FEAE 4 7
EBN SN R Th 1R o R BT BRAE A G BRI DI RE RS BR AR A P 2 T o

y AT i R N

0.254%%% —(.782%%

yd AN

R AES) ——— 0.278%¥* ——> \HITHE

Figure 2. Path diagram of the mediating role of physical fitness in
physical activity and cognitive function

E 2. KRIEREKDEDSINAIIETNERREZEE

3.83. EBRREBSHRERNEX P

RIEWR T, WA T A REAE AR 1B B RN RN g 1 2 IR s 1B, 38 SPSS ##F/) PROCESS
AT 200 2 EIA 50T, DRSS B R, DOARIThRE AN AR &, MRAR 5 &5 1A BR B b oAy
AR, R 6, 16 5000 YR S HMRERERE BT 50 95% BAE X 1A, R i) B MR 5 52 M40 55 (e e 764 035 3
HINFIThRe 2 M B /8. 455 WA 6.

Table 6. Regression analysis of the mediating effect of sleep quality and physical health in the model
Fo. BERRE. FRERAREEPNYROEIEFSHT

EVEpp EPREE D EVEES eSS

Gl THRAS & R R2 F B t
NI BE 0.481 0.231 104.612

(ARG 0.291 8.732% %
e o 0.420 0.177 74.601

(ARG -0.377 —3.213%*
A I A 0.284 0.081 20.343

ARG 0.251 6.841%%*

e o -0.057 -0.705
INAIThRE 0.487 0.237 53.995

(VARC2al] 0.271 7.841 %%

RIEAR 0T & -0.225 -1.907*

R e 0.075 1.370
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t R AT AR 35 2 IE [ FRIEA RN ZHAE(R = 0.291, p < 0.001). 5| N BERR 5 A5 {1 HE 5 A
AR B R, AR S 3 R T BERR R (B =—0.377, p<0.01), K73 5h 53 1 17 0 44 5 i e (B =
0.251,p<0.001), 45 {8 5 2 3 1E [ 52 M A RN THAE(B = 0.271, p < 0.001),  HHERIR 5T & 43 505 3 47 m) T LA 00
IhEE(B = —0.225, p < 0.05).

2 7 AT%0, BENAERN 3.200, ERFRA[2.481, 3.920], ANMUE 0, BEHLEAN B, ERIIAH
AR B WA T IE XA N D RE I RN B2 . BRI 2.983, EFERMN[2.236, 3.730], AEE 0,
YOITE R P AR, AR TSSO FI DD R I B RN B3 . SRR RN M 0.217, - FER>9[0.008,
0.446], ANEE 0, ULHLEEERASIE . PAEH R =& B, BINE s o BEIR N &
—INENThBE, TRRERNAE N 0.133, _ERERA[0.031, 0.319], A 0, 2 HIBEIRF &K h A 1F 82,
B WIES R AR ThRe, FLREESNAE Y 0.080, 1 FERA[-0.032,0.223], 75 0, K
R AR P ERAN R E: 5=, R 3—BEIR R BT RN EIhEE, [ENAE N 0.005,
FRFR9[0.006, 0.026], AELE 0, 7 B REERR JIT R0 A4 Jof £k B AE A4 3% B AIA KN Th R IR 0% & 2 [l e 5 = h
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Table 7. Bootstrap test of the mediating effect of sleep quality and physical health in the model
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Figure 3. The chain mediating effect of sleep quality and physical health be-
tween physical activity and cognitive function
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