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Bulletin of Educational Research
September, 2013, Vol. 59 No. 3 pp. 101-139

The Effect of the Sufficiency and Timing of
Physical Exercise on High School Students’
Physical Fitness, Creative Thinking, and
Mathematics Achievement

Pin-Chun Wu Ya-Ting Carolyn Yang Yi-Ching Yang
Abstract

This paper explores the impact of the sufficiency and timing of physical exercise
on physical fitness, creative thinking, and mathematics achievement. A pretest-
posttest quasi-experimental design involved 113 tenth grade students from three senior
high school classes in the Taipei metropolitan area to investigate the effects of three
instructional strategies-traditional physical education (comparison group), sufficient
exercise earlier in the day (experimental group 1), and sufficient exercise immediately
before mathematics class (experimental group 2). The collected data were analyzed
by ANCOVA and MANCOVA to evaluate any differences among total and sub-scale
scores for the three research groups. Our findings demonstrate: (1) Total physical
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fitness scores were higher for both experimental groups than for the comparison
group. Both experimental groups’ subscales scores for muscular endurance, power,
and cardiorespiratory endurance outperformed those of the comparison group. (2)
Total creative thinking scores for experimental group 2 were higher than those of
experimental group 1 and the comparison group. Both experimental groups’ subscale
scores for fluency, abstractness of titles, elaboration and resistance to premature
closure were higher than those of the comparison group. (3) Math achievement
scores, including the lower level cognitive domain subscales of knowledge and
comprehension, were higher for experimental group 2 than experimental group 1 and
the comparison group. However, no differences were found among the three groups for
higher level cognitive domain subscales, including analysis and synthesis. Based these
findings, suggestions for further implementation of educational policies and research
are proposed.

Keywords: sufficient exercise, timing of physical exercise, physical fitness,
creative thinking, mathematics achievement
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PP i 11 RS R N B R BRI RRE - R NEs e A V(B - K
WFZEAIRR A #4702 AR ER RSy Shi a0 & B G B E BIE T 2B HRR
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A B TE 2 BB BB RS R A [ B g2 ~ 1E2EFE R FZE Y192
R bahlll L FHE BB T I9E
HIFHRL B — 8.10 4.10 8.27
B 11.76 3.12 11.71
Fa il 7.88 3.67 7.80
PR Bt — 9.90 391 9.82
HhgH— 13.14 2.71 13.19
HHEAH 9.74 3.93 9.78
JEMA1 Bt — 19.45 7.18 19.94
HhaH— 19.02 8.03 19.02
Faichi| 18.13 8.32 17.75
FrRel B — 14.03 8.98 14.41
Bt 14.62 8.87 14.67
Eagiehi 16.00 9.18 15.66
431 HEpH— 7.10 476 7.25
B 8.24 4.96 8.36
FHHEAH 8.13 4.29 7.88
HIF%2 B — 10.71 4.00 10.91
B 13.64 2.64 13.53
HHEAH 9.55 5.01 9.51
HfE2 Bt — 5.84 4.28 5.99
i 12.67 2.07 12.60
Fa bl 4.15 4.26 4.10
JEMH2 Bt — 5.77 457 5.98
HhaH— 452 4.87 4.45
A 5.05 4.38 4.97
a2 Bl — 8.65 4,57 8.85
- 8.79 4.98 8.77
Eafi=fiil 8.45 413 8.31
53Hr2 B — 7.84 7.69 8.03
HEHT 6.93 6.32 7.11
Fapishic] 5.43 5.21 5.09

(ETH)
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fREE #E51 198 EAEE HEIL T HE
HIF%3 i — 8.68 3.71 8.79
HhH— 13.40 2.31 13.40
Eapistic| 7.60 4.33 7.52
HfE3 B — 7.77 3.40 7.86
HEiH— 13.05 2.39 13.09
HHHEAH 7.15 453 7.04
JEMA3 Bt — 7.48 5.96 7.66
HhigH— 8.31 5.29 8.55
Fa it 8.75 5.51 8.37
e Bl — 10.74 3.81 10.78
Bt — 9.31 3.92 9.40
Fa bl 9.35 3.73 9.22
5373 HEH— 3.42 3.85 3.50
EEH 4.29 473 4.34
HHHEAH 2.77 2.97 2.65

H#ETMANCOVAZTHT - AWFFE e e &R T B R BEE M (F
=.22°p=.09) - SHHMAEREE (Wilk's A =71 p=.90) KHEERHRAR
F50 (Wilk’s A = .66 ° p = .00) %5 ZIHEEAEE » SR RL RS A1 77 17 &
MANCOVAH] {5 » Wilk’s A =.22 * p=.00 * n* = .53 » S} FEUR » TEAGLE
BEER > HEmENIRE - For BEE = R 2 — (B3 E R
VBEAEEANR - E— PSRRI FE - A1R14 - BEIEENFHL (F
=15.05°p=.00"n°=.22) -~ Bfi#1 (F=1237 p=.00"n"=.20) - %&l#2 (F
=11.19°p=.00"n=.19) - Hf#2 (F=6281'p=.00"n"=.56) - %13%3 (F
=31.71°p=.00"7n"=.39) - Bfi#3 (F=34.66"p=.00"1" =.40) AHEHH
EER > DESEIURE -

HE—FHE{TLSDIER R ILHFETR - fEA13%1 ~ BIARL « JIEk2 - F13%3 - EhRiH —
EEERERH— - MERE IR AR 25 fErig2 - B3
o B B E N ER o mERH B EN G - BAEE AR
BIEH - 1R (T R ESEBATE B i N AR AR -

e
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RFEH) BB I M2 & b A MR Al BEAET
Rowdy ~ BIE B R S AR +ﬁx wtz%% %129
%M
A BITE 2B ER B R Al B o R E T R BELBIE
R F P n EBLEE
HIFkL 15.05 .00** 22 E2>El=C
L 12.37 .00%** 20 E2>El=C
M1 1.00 37 .01 El1=E2=C
el 0.23 79 .00 El1=E2=C
Tl 0.59 56 01 El1=E2=C
FF%2 11.19 .00%** 19 E2>El=C
HfE2 62.81 .00** 56 E2>E1>C
JEFH2 1.04 36 .02 El1=E2=C
FrRe2 0.17 85 .00 El1=E2=C
532 2.46 .09 .04 El=E2=C
HIF%3 31.71 .00%** .39 E2>El=C
A3 34.66 .00** 40 E2>E1>C
[ 3 0.33 72 .00 El1=E2=C
FrRET3 1.71 19 .03 El1=E2=C
313 1.89 .16 .03 El1=E2=C
**p < .01

fh ~ WEek RS G

— EREFRHINRET SRR EEREEERE

AWHIEREE - B R E R R E AR RE RS R I B S N (A B F AR IR
A > HEEERCRE 5 M EEAE ) 7 PR i AR = M ARE R 2 )
Hepro BEgE7 ~ WU D0 B LR D SF = (B s =R > HEPESE I
R o wR - REESILERETRER NS AERERENRRIT - RN E
EL5ERE (1998) A2 Menetn fEd i G A R — 2 -

AW FERS FUCHAMPsys®T TEI IR #kdn - AJMEMEMH B E2 2R A B R T Eh ol
FEEEEE - ARG E R IS - e B R RRE R T FE DL B RSB
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FEERE o MR ST T 2 PR A AR I R R R 5 7 SO B A E B FaAE - &
WF5E PR FHUCHAMPsys®Ty A= B EGR - (AT 15 DAE RIS SR A EB HUE - SR IL15
F1 - B EA DR ERE IR E T EIREE B IE - MR WIVTRENRIR - SEERL
MCERSERERES] - BIAN - AW FE T A atAUBBOREEERERTE - B2 A AP B BEBR 58
ek Flk T BT o AT RS AR BE R T AL T - e fmda i ithiy
FEREfE T - RIS BEAL AL - SRR SRR T T T
2077 8N B SRR O IS IR - ERFEEATFIRE - QIEZ2M
FE R - E RS EIARE ST R I - AL TEy o AL R
FERNBRERAZAT S AR TT ~ WL 7 R Lol 77 - AT RE DAl GAE B AE SR 8k L 7 T
e BEB B A IS BRI R R

- EEEREAEEHSEREHAEEZENARERR
BREREFEEE

R FERG R - =/ 2 Bl Bl R REE) I RS - BEEELEEERE )2
HERT - fEELER BRI TH - Bl —E N EipH I - mE
Bl — B AR R REE 2 52 - B S E B G HAE BB RE T N2 S s
2 (BfERE REEERHET R SEE) - H AR EEEEIREBERTUR -

B R EEHHANS BERR BRI - @AMTTETE - (e
#15043-8# (Steinberg et al., 1997 ) FEFFEFIAZE/GE (MEFEE > 2006 5 FEEtzn
% > 2009) HYR[FEIRFFE R AGEEHRERE - HELS EHZRINHRIEE S g EE
RITRCR - Al - AW Fe it am e EE B SN2 H IR B A B F e TR
% AN FERF RS - B E SR AEER SR -

HE— FETTLSDER LG R » bR T BACICAIN - HEREE EF R I T
&5y AR B g SR S N B ] — B (203R10) - HRBEATED - EER
EBR R ET I - WEALS RE R ITHRIEE IR SR R R B - I
s S I 3t 2 SRR S Bl 1 S R 8 R e R R B3 0 B BV SRR R g A T B 7
HIEER TSR (Blanchette et al., 2005; Lambourne & Tomporowski, 2010 ) ° #£%¢H:
JR A AT RE Ry BN AL AT RE 2 A R REBR Y - R AT RE L REHERT — IR [ {5 K
%5 » MAG SR FESCHIERAIZE (FAERREE » 2009) FRAETE T arRaiRERIFRT - FREE

7

It
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A EATATIN RETE S - DUEEEE R -

FH—TE - DIESERE - B (EEEE) HBEERAGEEE) 7
TG~ RN~ RS DT~ BLEERVERE RN E B
{EE Bl — B E B — RO T AR A B 2252 - BT R R IR
FHIEAREIES - AL - AR E R 2 EE) (B B EEH—) MEELKA
B - thpEFRISHETRE EGR - RTBAIT - EER AR ZE rT S S LB B (&
BHETTEE AERET - (eI 1 ahS (v A & b - 2 E5EE) B IR EEE AR
HEH R B FEE AR - (e B8 H SR EE B (T
Il EEE AR - HERFERBE RN - RN EESR TSR - Bl
BRI RS (R RVERE - AR & B EE) H B2 ERAEEN A (o EHE 1% - B
EATRIE B E b - HOEB)7E AR B B A A AR H BRI AR B RN R
WF7Et AT+ LR IE IVE SR E P ARYERET -

HE—D S ALE EE T F A R ME BB am B SO T R - fEFa R RS
BEWEG - WG IENR A EEEERENEPBE - REBERZS
HIS s o I ERIMIFE A (2006) MBirkzisgE A (2009) BIRFICAESRE
HER LRI R I SRR BRI B D RS - (EAERIE B E R eiiiG e EUB A 1 %
WA EEEES - bR T A SCRPTTE R EEIFIEE B E BB oL - iF5eE IR
TR B A TR AGE BE R ERIIE eI 23R - BB AT 1S HETR E B GRR AR 8
T S E B EIE R ERE JTRE A R - RN AR K Se B T e
A B EERIEE - BAZRRFEEEY - B4R TR e S e 22 Bl i e 5
FIE MR T - B E S E e E REERE - Al REEEE 1 EEE
Ff o

= BB EERNHHPENANMTENRE  BEENFRAE
BEELERANEE

I E A R » FEERR A XL ~ 2~ 3llEs - Higill & e E Rt —
AR - (EAEARERANE RIS E » B Bkl — B IR SR 2 3 - AL - )
R R BB R R E A E R - (B ERReES) A& BHEREA
EREAIERZE - M - AL > FERIFRL ~ 2~ 3HIBREBE L ~ 2 - 3]
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Be o Ehaf SR E A B A - T E A — B IR A e R (K
bt AR R B B S I B R R ) B AR R (B ERR AT EE A
R AR AR S AT - Btk - HHEE AR MR SR -

R BAERES(E AN E EEEE - HEERERIBAI B ERR
(AN K RO BT A P i - A SRR UG S AERATZE - B S B
HE R R R 2 E AT (Chomitz et al., 2009; Field et al., 2001) - #R7f
BRI AR ETSE - tWEbERR - B S EE R R B n R B ]
RENGIE—BR AT 2% - HESRTE L RAVIERIA B IR E R -

S—HH - DIREDEE R R E - SRAT R S E e B E) H IR
SEENHAE R A R - AR+ (ARG KA FE B 5 g REE A0 P & 1Y 3 AT B AR
B HEEREAAREER LR - SRR REEA L (HEREEEE ) AEF
BEER AR SRR ES FHERER AR - 7 H HIES R AT RERY
fEfER > TRIFHEHEEREITAGELETE - B REBSUR - BAETEH
BERMEER - JBH - 2 HRESERERIER R EMBERT R AHIE
Fic s % 3 R B R (ZE R ER - 2000 : Yang, 2008; Yang & Chou, 2008; Yang,
Newby, & Bill, 2008 ) - [ FFAGH i N @GR (G fE B & SR h S Bl e 2 2 -

HARE AR » MESRANIIT 9% 28 B 8 B s Bl B[R] S B I [ B S B BB B 3 R
AR (FNESEEEfg ) AR - (BT - B AR EARTE SN
BEN -~ BREEDIEHD - B G EEE M EARE AT SRR SR AE X
HIPmEFIEE (Tobias, 1994) - [ E R EE#ZE 2 T EEWR I [ 2R -

RE ~ i i LA ik

AWHFEREE - EEEh N [FE BN R 2R R © BIE S RE T B
BEREREME XA IERATEED - DUT sH RiE b e aestE — 20 SRIEAI T AR AT
RAAEF R L2 JHE R -

— BT BERRNRE
TR SR P19 5 - B3 ) B T R B At R
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Bl - B - BEAR - [F#% (Chaddock et al., 2012; Diamond & Lee, 2011;
Flaherty, 2005) ° ZFR{EARKHIRFFEH » ] DUESTEBNEL (R - REAREEME AR
B E— DR A YRR R 2 -

~  SEBFERAVEIZ AT

R E B & EE A FE I R R E BT - BN 4IRS
EERESEEY) - HAEBERERER AR A R AT - MAEER
e K R B BER B B E PR A B 25 - Tobias (1994) fEHI - FEFVEEE
ARPHERAE - EISEBNE SR - ARSI KAV (B
o~ KRG o (BN ATRE R 2 IR RCR o ARAWEFE R DL R B BT Y
RefE] (A0—E24E) - bR 7] IR BIE AT Se B0 SAERIN - E Al DLE— 0 3R
af e ESEE A E R KRB GRS RET)) 2 E -

=~ BE B 1T Ao R

KBHFETR B B i A RN A B BT B R - PR R B TR R RS
FHARE - HREEE A H 2 BRI o - A BT ZEREE A 2 B -
BEAh - STEAREF AT R R R B G i = - Bl ¢ it & AGw (Bandura, 1986 ) F1
SRR Z0 (Prochaska, DiClemente, Velicer, Ginpil, & Norcross, 1985 ) Z 5@
TEET R T A - CHEHEGEAERHZIBE - AEEmE S
AmAEHE - BERT G M T AR ELE HE G RN H G Z BhREEES - LR - EEEAITE
HIREREAT ey o BUIEEE Ry - R YR8 7 A AP B SR NS GERR T Ry e AR D08 - i
REEREZ EEEESIEE - EMAERNET R - BNINFZLAER TR -
&R EHE R N IE BRI T R EA Bt (EEFFE - 2006 ; 5RIEE -
2003 ; ZIff|%F - 2010 ; Matthews, Whittaker, Moran, & Yuen, 2011) ° AZHFFER]
M E G BT RO R IS BT B fRie B a2 » At E LG A N FIRYEER K
2 o

N

2P RBHTHIEB RA L E B et Eor Ay (4 3ENSC100-2514-
S006-001) A ¥ % § E,@A&%k%%ﬁﬁn%ﬁ%(£%%%~
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MAC000298-1) » 3k % & #it 3t & [ R AT A IR 2 5 28 0 22 2 &1 4%
7 2 ) % LI B -

DOI: 10.3966/102887082013095903004

225 30K

Ratey, J. J., & Hagerman, E. (2009) - ZEB)BGEKXHES : EQRIIQAES BIRAHE (AR
i) o =i s A - (JFE L2008 )

[Ratey, J. J., & Hagerman, E. (2009). Exercise redevelops brains: Key points for EQ and 1Q
develpoiment (W. L. Hsieh, Trans.). Taipei, Taiwan: Ye Ren Book.]

REEE (2002) - ABENRERSNE (—f) - 20 08 -

[Yu, M.-N. (2002). Educational assessment and instructional evaluation (2nd ed.). Taipei,
Taiwan: Psychological.]

FZH (2006) - PRIBETRISRSMEBREAR (51 - 2k - L3 -

[Li, 1.-M. (2006). Torrance tests of creative thinking graphics version (E. P. Torrance, Rev.).
Taipei, Taiwan; Psychological.]

P (2004) o RISHUBITINEE - BAEBEZT) » 90 1-7 ¢

[Lee, H.-Y. (2004). Executive functions of brains. Special Education Quarterly, 90, 1-7.]

FRHE - JjEE (1998) - BIHERA B RS E) R HEESEEMHAR RN - RESR
25+ 139-148 -

[Lee, C.-W., & Fang, C.-L. (1998). A study of physical activity level and its affecting factors of
junior students in Taipei City. Physical Education Journal, 25, 139-148.]

FRAfE (2005) - HEEE - 2t - B

[Lin, S.-C. (2005). Sociology of education. Taipei, Taiwan: Ju Liu Book.]

FREF - EFE - W3R - BEEEE (2006) - RUEETEEEOT ARREREBEPEAEEEZ
s o JLREERER » 14 0 24-35 ¢

[Lin, C., Wang, Y.-H., Huang, M.-Y., & Chen, C.-L. (2006). Using of initiative game activities
into physical education on creativity of middle school students. Taipei Physical Education
College Press, 14, 24-35.]

HEFE (2006) - SBEEERTRANTANRR : BRBEFEIN (RHERZIEL®R
) o BIIZEEATEARLE - 2L -
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[Wu, J.-H. (2006). Study of exercise behavior intervention among the vocational high school
students: Application of the transtheoretical model (Unpublished master’s thesis). National
Taiwan Normal University, Taipei, Taiwan.]

BT E AEE B E L (2010) - 9FEESRBRBLEBEHSRIEER
& - 2 - BEA -

[Research and Development Center of Physical Education. (2010). Report of students’
participation of exercise in all levels of schools in 2010. Taipei, Taiwan: Ministry of
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ZEE (2007) - HUEETE - 2 - (FE -

[Ministry of Education. (2007). Merry Plan. Taipei, Taiwan: Author.]
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B35 - 570 68-78 ¢

[Chen, H.-J., Wu, H.-C., Liu, J., & Huang, Y.-K. (2009). Creativity of children affected by the
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