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Abstract

The purposes of this research were: 1) to develop a Krabi-Krabong teaching model based on cooperative
active learning with an efficiency of 80/80; 2) to compare academic achievement between the experimental and
control groups; 3) to compare agility levels within the experimental group (pre-test and post-test) and between the
experimental and control groups; and 4) to examine students’ satisfaction with the developed teaching model. This
study utilized a quasi-experimental design, specifically a pre-test/post-test control group design. The sample
consisted of 80 Grade 7 students at Sriboonyanon School, obtained through cluster random sampling and divided
into an experimental group (n=40) and a control group (n=40) . Research instruments included eight lesson plans,
an academic achievement test with validated reliability and discrimination power, an agility test, and a satisfaction
questionnaire . Data were analyzed using mean, standard deviation, and t-test statistics. The findings indicated
that: 1) the developed teaching model reached an efficiency (E1/E2) of 82.67/84.63, exceeding the 80/80 criterion.
2) The average post-test academic achievement score of the experimental group (16.95) was significantly higher
than that of the control group (16.63) at the .05 level. 3) Regarding agility, the experimental group achieved a
significantly better post-test time (12.27 seconds) compared to the control group (12.95 seconds). Within the
experimental group, post-test agility significantly improved from the pre-test score (13.16 seconds) at the .05 level
. 4) Students expressed an overall high level of satisfaction with the teaching model. In conclusion, the developed

cooperative active learning model effectively enhances both academic skills and physical agility simultaneously.

Keywords: Krabi Krabong Learning Model, Cooperative Active Learning, Agility



SOUSRAL OF IELETY OF (0P MOAL EDUCATION ) 3
Wekpree 59 | Nurvtw 1 [ wwary © e G ~E
UNANMNIIY

- a { v o v a ' ' o P~ ' ' '
mswwmgﬂ uuunmsawImnzsiinizy ENI@ Ul‘ﬁﬂ'ﬁﬁ](ﬂﬂ'ﬁﬁﬂuEL’NEﬂLL‘]JUi'JEJﬁaLLE‘KNEWI aNaammﬁmqmsﬁﬂmazmmﬂa aILARIID \‘lvl’J

o o & o 2 P
maaumswﬂjumwaﬂmﬁw 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

VN
v A Aa o o a & ° v &
luﬂaﬁ;uumsmasmmaamomﬂIuTawmmwuawmnm*’uuaqwa‘ﬂﬂ.wmmmumwmaoﬂszmﬂ
a a o A A ' A < o @ o A o o & a . v v 2 o A &
Fnzlunsfalnsdnyidena answuinduansnuniiuas ltaesdodulndny Jau1SaostinuiiwiLtiang
gasnaninaaauudinuazw bl vl lildiefewlwinemeasiundunsaiiodalng sswadamsaigidulanss
walnmy liduldeusssumavasudszis vlwnsdsznavfanssuludiedsedindslaidvinnass ddgmle
massuiinnzlimusaanugumniuazanwalldnulimsiefenlniveshmodulle g liddszinnmw
= 1 a > =S L3 =S > 1 v A = a U
WIUMIANHIUAITIA W.a. 2542 11AT1 22 MIIANIANEIFIdananIFiTuwNNAUTANNAINIIDTIUIUAE
WalwIAwLa9 e LLa:ﬁai'l;‘JTL'%'ﬂuﬁﬂ'améﬂﬁ‘zyﬁq@ ﬂizmumﬁ@miﬁm:nﬁaamm’%ﬂﬁ;ﬂ%ﬂummsnw”wmmw
FITINTIARRLANANNANININ NTENTIANVITATIANENIDIITY WadANEN :hl,flumidaLa’%w‘?ﬁmu’tﬁﬁﬁwmms
U 1 a 6 o a o lﬂl 1 lﬂ' v A £ lﬂl o v Aa A v
Mu9ne 3ala asuol aaﬂml,a:a@lﬂrgrgﬂ@ﬂmmimaauvl,wmamﬂ‘ﬂvl,ﬂLaanmmmLfluaamlmﬂ@ﬂ'mmug
WNRUIBVBIN IS UWNRAN BT W TNAWIBAZRILRSNLAN AT FINIINTUAINTINNIMEY NTBBNTNRINBLRZLA
A a v o g o & X o '
A maﬂi:wiaaﬁﬂwﬁﬁmﬂﬂnmu@Lﬁammi:"l,ﬂwangmmiﬁﬂmmuﬁugm WNTANIT 2551 1mqwm:z:ms
SoujguAnmuszwadnm i 3 MILARDWIAI NN3BBNMAIRINIY NITRWLNY LAZNITLEWART INBLazANIRING
A A o a A o a a = a o o o ) a Iy
Fanveinszuasaaiduim noUsziannie msamminﬂuj’lmmwaﬂﬂmLLa:ﬂaﬂ:ﬂamummsmumiaaLmafl‘m
BN IRV IUNNTISoUa LG NN ND AL AAWAIWINITTOUA Y ﬂ”@ﬁmadﬁmwujﬂﬂﬁ"nWﬂﬁLLa:ﬂ”ﬂmL%d
A wa A Aa a vd o oA o o . a 1%
UJUa Samnfisaussnnwnemend masouifiudisouduidny (Student-centered leaming) WazmIlTowu;
WUUIINT e (Cooperative Learning) ﬁaLﬂuLmedﬁﬁﬂszﬁw%nww;gﬂumm%mamwan‘?auﬁdamﬁwmiﬁ
P> A o @ o o 9 o a a A A
Ujsunus, nmauaniddouainag, LRZNIINA W NN IFInN IUwSaunn IuuSunvasionyeinseuas dodn
ﬁaﬂ:ms@ia;ﬁﬂi:?ﬁﬂmaﬁﬁmma%m"'zym\‘lﬂi:'j“@mﬁ@‘ﬁm:f@uuﬁﬁu ANFAMITSIWNIRAUN DU T ANTNIWI 91
QI o 4 U dal < 1 A e 1 Qs 1 a v 1 &/ >
gesnduwwalddmiduuinnimsdjudnismenin wddsidunissssiuanudileagrsdndgslunannisuas

Qm@hmaﬁmﬁﬂéﬁﬂ

ada

a = & a =S A& a a = a v o o ° '
’J‘]j'mizllﬂizlla\‘iLﬂu’s‘li’m’]dwaﬂﬂﬂ'lmﬂ%ﬂw*]vlﬂSl‘]ju@mu\‘iLﬂuﬂﬂﬂ:ﬂ’ﬁ@]agﬂadﬂu@nﬂizﬁl’m’]@muﬂnmﬂ

q

FININIMENIWULAL TR BT I 3’5']ﬂi:ﬁﬂs:uaaL‘fluﬁaﬂ:mam‘miﬁwmizmwmmaﬁﬂaaﬁuﬁaﬁﬁqmmuaz

L2

o v o v <l a 1 a l& L3 v
mmsﬂiﬂm’ﬁﬂ%nugﬁwaLuﬂﬂizmimunanimmawaﬁﬂ‘mamaﬁmﬂ fna;dLaumaa’l,"zj“nﬂml,l,a:aminwmn'm
& o ) ' a a o a v o :3 o &
mmLﬂumimama@ﬂaﬂ:minwmi:mmmaavlmsﬂ%numeuam:l,flumiﬂgﬂE'Iaﬂ'smmuml,mzﬂ's'mmuﬂ
ludzi@emaafvasm@lng anuiinndyananideurswy i ldinmauwindulnglidsanumunauazn
. . v A A v v o a 1 6 A A
W11y (Chawisuttigul, 1995) aLsﬂunszum:uamaﬂmmwmmy@aammmwmomwmmamﬂsznamwam:
gatgsumstaunszintzuadliiyssdnTnan (Apiwongngam, 2018) lagianizatn9dinNNAsaILARITBI 1
- A {o o o o i ) . 4 { A
(Agility) FUIURNITONNNMIMBNFUNBSALNN 1Y (Skill-Related Physical Fitness) wWaltlumsiasufiane ms
ARAURAN LLazmiLﬁwﬁaﬁlﬁamaiﬂwﬁu AMINA WAL TRABIDANTTUIBANINIITEUUYTLRINFINITHAZANT
aad1uuumaafenlnafiuaingr (Samahito, 2013) na1dn ausIAMWNWMBAIFURREILYINSE WuauITanw
mammﬁﬁmimlumsaﬁum*ulﬁﬁm:éfnmmmmmLLa:ﬂ”ﬂmlumiLLamaaﬂmmmimﬁauvlm LRSNITLEH
a a a a & A o Ao o o A v &
nwmﬂi:a‘msmwmnmu%maﬂmm:ﬂi:ﬂaummammmwmammauwuﬁ‘nuqmmwm 1owa auwd w39
YBINFINLIED AINNAANUVAINAINLHDANNBOUAIANNDANUYBITEULRA LU et  sulRaauazasnlsznausad

F19NBLE7



4 B oUW O FARIINY OF SYVICAL COUCATION
(/B Voiore 29| Nurvte { | ey - Jure 5033

UNANNIVY
£ a q L2 v v a 0 1 . ﬂf 1 ' g
maawzlunumssawinnizinszuaslasldmdanisisouiidonuuunaiowsznadanadugninmmasouiazanuadasuadiia

o A & o = P
‘Dad%ﬂLSU%’EuﬂJﬁUNﬂﬂH’]ﬂﬂ 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

fadsznausieaussanwmemelusudalditde anuss masvesnduite anuesesuaariash mnsee
nmﬂg’jﬁ%mLLa:msﬁﬁmuﬁﬂs:muﬁu s'fiaQL’%UmzﬁaaﬁammmWﬂwmﬂ vamssuanuudusswainduiie
wnuaziie AnuudausiuazanuaanuasnduLitavdatiios 5-10 wifi ewsauda anwuasiadasissh A
aanuwUaITzULalauaz Inaliowifan @‘i’affuaminmwmamﬂﬁaﬁmwuﬁﬂﬂ“ty@ianm,dum:ﬁmwaa ASEVEREY
mansouaadldaiaduiidaitasminmasussomwmemeadia

asna bsfianu msﬁ'@]miﬁﬂuﬁmmzﬁmzuaﬂuﬂa}ﬁgﬁuﬁ'ﬂmﬁ@gﬂLLmJ@%@LﬁuﬁtﬁunﬁmimULLazmﬁm
mnagdunan ilidniSounensfisuiiugdgnuazaneusigida wwimelunsunidymaindidaniai
WANMIIANTIBULTIIN (Active Learning) NIHEUNENWALNTLIHULULTINAD (Cooperative Learning) Fordud
Uau%’uﬁ'uazhamﬁumwﬂmmﬁ'{i’mmaﬁmmiﬁﬂM'jwmmsmh;;lLﬁ'umiﬁﬁm‘i'suLLa:mLa?smaﬁ'Wﬁ‘msﬁﬂquéf
Wuaened miyﬁm’mﬁumﬁ@mahf:ﬁ]z‘*ﬁ';ﬂai’ngﬂLmumsﬁﬁumsaauﬁﬁﬂs:ﬁﬂ%mwfﬁdﬂ'jﬁ%mmuuLﬁu
Phungsai and Kaewjarasvilai (2014) n&12731 ﬂ’]iL%tlquLUUﬁd’Jui’m (Participatory Learning) tiwn3zuawnis
L?ﬂujﬁmmmsl'ﬁw”@umadﬁmmj 1aad uazwganssuinisowlaiduaneg LﬁaomﬂLﬂumﬁ'@mﬁﬁmuj’lmmﬁ
fedszaumstiussAnammiusesinisouudazauaanuagn i ﬁanlﬁtﬁ@qmmw@am‘sﬁ'@miﬁﬂujﬁﬁifu
#97 Promboon (1997) n&1131 aiusaIM IS suuuuidiuian AemsliinFouiidiwianediuiala ns
Iesudsrsumnifsunninudiasse lesumidnduineediacingg MIUFWHIAMNG NMIAA NMIIANTANNG
miugadaan migianuilng wazmavhou vnsznsvawdungy madalamalddSouldiiouidomaa
ﬁaﬂg’ju"’ﬁa’mﬁamiwﬁﬁmﬂmwLﬁiaaﬁ”wmmfasi’mﬁmm%mﬂﬁwmmaa fmveAUnousnilfouanudain
wazuAdywiuan maFouiuuuiinida (Cooperative Leaming) Lﬁ‘flumﬁ@ﬂ'ﬁﬁﬂuiﬁl,maﬁﬂL'%ﬂuaamfluﬂa;aJ
1an 9 LLGiﬂf‘.:ﬂﬁéil‘]Ji:ﬂaUﬁ’JEl‘fﬁ‘lL%Uuﬁﬁﬂ?l’lllﬁ'm‘ﬁﬂLL@ﬂ@iﬂdﬁuLLﬂzﬁUﬂUﬂﬂﬁﬁﬂ‘ﬁl%ﬂ’]iﬁ']ﬁﬁmﬁuE]Ei’lx‘iL‘Yi’]l,ﬁtlll
i ﬁammmiﬁmug’ﬁﬂﬁé’uw“’uf%aﬁ’uua:ﬁ'u finseAvny matiowmiedeiuuaziu LLanLﬂﬁﬁummfi:wmﬁ'u
LLa:ﬁmW%‘ué?mjamf’suﬁ’usl,umsﬁﬁuj’l,l,um"auﬁaf: Fasandvasisznouns 5 Uszns ledun 1) msiewnondads
NwlazN® (Positive Interdependence) am%niungiu@Taaﬁﬁmm'wﬁ'mﬁalﬁmsqLﬂ'mmﬂLﬁsaﬁu ARV
ﬂuwﬁuﬁammﬁﬂﬁwamﬂﬂu 2) madjsunusnuadnslnada (Promotive Interaction) instaiumae lwrasle
LLa:LLaﬂLﬂﬁyuﬂmuji:mwam%ﬂlumjuaimsl,ﬂé’%@ 3) miﬁmw%'uﬁmaumuyﬂﬂa (Individual Accountability):
suSnudazaudassuAaTauludInvaIalles Lﬁialﬁudula]dmﬂﬂuvlﬁﬁwf4) mMadivineznviinungu (Social
Skills): sunFnilvinwenisdianfisndu 11w n1yess mauidywl wazmsidugiin 5) malinszuaunsnga
(Group Processing): ﬁmiﬂumuua:ﬂ‘s:Lﬁuwamsv‘hmmadmg'u Lﬁ§J‘ﬂ%’llﬂ?dﬂ’]‘iﬁ’]{l?%lﬁﬁﬂi:§‘Yl§ﬂ’1W1J’m°ﬁru
luassse'll) (Phromma and Tingsabhat, 2023) mﬁ@msﬁ'wfl,muiauﬁaLflml,mmamiaauﬁlﬁgﬁ'mﬁwm
Swnuiungudas TosfuhnansiewamineeLazANUmMUNITTaLs % NIluduimIuasinuedia HiSon
LL@ia:ﬂusl,uﬂ@;uﬁmm?uﬁma‘uiauﬁ'u’l,umil,%'wgﬁmrﬁaﬂmﬁa%dﬁ'w,mzﬁ'u (Chunhahotianan and Yamngamruea,
2022) naspuuuunindatinduaiuldfiTouiamrinsenmadiauuaznaln 1w mM3fess mruwduiy
LLafzmmau%'ummﬁmﬁmaaqﬁu uanmnftﬂ'aLﬂumiﬂﬂlﬁgﬁﬂu{uﬁmamﬁamn’%wfmammaa LRZHIRINNTD
ihldyszandldlumsSouniswednmidagnidivszintam ileiaurineziauasrinue mad foaliungizeu
Tuwiang nn

msidenfnedulinnuasassuasiiosh Wududsealunnuisei ﬁv{ugmmmnmwﬁmsmuqm

N3LARDW A7 Lm:msl,'%uuiﬁﬂmnavln LABIIINANNATBILATITDI IFALD UFNITDNNWNIINENFUWUIALN N e



SOUSRAL OF IELETY OF (0P MOAL EDUCATION )
okemie 50 | a1 [ dwwaary « A 0N ~E 5
UNANNIVY
a a { @ a v a 1 " . Ar ' " 1
maanzlusumssesimnzinszuaslaslimdamaSouiifenuuuhuiausznadenadugnimmaiouiszanuadasuasaiadh
YasnniSuuTuasandnsdf 1

DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

= Y A a Y Ao o & o g > a
F9UTENOUAILNTZUIBNNIINNFITINYILALIZVUUTLIINRINITN DU T U Y]\Tﬂ']iil]?ﬂaﬁa ﬂ']i@]ﬂﬁul% LLRZNII

o '

aavanaadinaln luannwasaunidfsuudasasnemasi lwusunvesitnsednszue inseainandany

Fndunatn9ds Lﬁaamm‘iﬁﬁ'ﬂuﬁaa 21AENIIAN N NURIUNANIT NMITRAVURAN WASNITINRBFNAIBNALNNT

u

Urmuwnurasrzuudszanuazndaiioadnaauna msdemaiauiifenuuuiinda Inalnddglumsiam
anuadasuasiadliduasdlsznay 2 sunan 6t 1. nalnanmateufiden mladayesmateuiisn

A v yva ' ' =} a wa Aa é aa 1 lal lil v v a e
ﬂaﬂ’ﬁl‘ﬁﬁdLiﬂ%ﬁﬁ’l%i’)NLLE‘IZE‘N&J@‘UQ‘U@]%?G mlummawaﬁnmmmwumwmm:mmmwmaam‘sﬁﬂﬂgm

A v [l

miﬁﬁnL'%'ﬂuvl,@i”mﬁ'au‘lmi’mmsasham?:?iasammuﬁammﬁé’%ﬁﬂaamm‘u ATFINA MALAANITUTUAINIITZUL

Uszan LLa:mnm‘h;ﬁﬂLmumimﬁauvlm Lﬁasi’l,%'ﬂu"lﬁﬂnnJEiﬂuﬁﬂmaLLa:mquqﬂquﬁmwaﬁ'wmusﬁw6] Tu

a ' o Y g o A o A& a & o @
FOUNIBI39 ﬁ]Z”E’JEJ‘W%J%’Iﬂ?ﬂ&lﬁ’]&l’liﬂl%ﬂ’ﬁﬂﬁmﬂuﬂa’]1]LﬁaLLaZﬂﬁiﬂﬁd’I%ﬂﬂSZﬁ’luﬂ% TGLﬂ%ﬁ%ﬁ’]%a’lﬂmﬂJﬂG

2

' v ) ' = o o Ac o A
ANNARAILARITEI 2. ﬂavl,ﬂmﬂmiﬁwgl,t,ummﬁa 89AUITNAVUVBINIRINIBNABNK WazNIU JRUNUDLE
9N Lﬂuﬁaﬁ'ﬂﬂizﬁumﬁ@%mﬁmwa@iaammmwmamﬂ Iuamwn'ﬁﬁﬂujl,l,uumjmiaﬂ ﬁfﬂl,%ﬂua:vlﬁ%'m]"aga

I 4 o o 4 A o o [ v
TaunaUINNLNOBLATNNTHABLULINANTFILNALNDY TIAUNOBHNITOUINIIFIAY nsFananas lasu
o o lﬂl s = Qs ) v A 04 a Qs v lﬂl A £ 3 1 Gl
muu:mmmwamm@mﬂm:mﬂ‘maLssmﬂiuﬂ'gumﬂuﬂmiamnmw WRZMILARAUN LAIIALSINIINITRNLNE S
fW9 nanannit mw%’uﬁ@“ﬁamavﬂ'mmmlaumjwﬁdmmﬁmmgﬂﬁ]mﬂu ﬁﬂﬁﬁfm%ijmmmwmmﬂu
nsdjidfansnfifianueindinie sawaldszuoienmeldionimszguluszdufiidisinadanisnam
FNUITDNINNINMFIUANARDILAEITDI I Mol MIgTanmMmAemateuiiiniuiun sl juading

= % ' =1 ai v a o o 6 s =3 I Add? = > ' a a
masouuuuiafiuiul jaunuinesinu Fodunuwanendaugiunengusassuadstaaulunmssnszay

1 1 1 v A ' = 1 1 (%) QQII
mmﬂaamﬂmaaﬂ’mauaﬁ'w FaIunnIMIRNNNBENINBINLI0819LA 87 LALDWANITNAIWININITZUIWANT
%’uj’uazﬂ'ﬁmauauawaﬁ"mﬂ'lzlasi'mflmzuu @Twl,mﬁ ;d”’”sﬁ‘ﬂ%“musl,aﬁa:ﬁﬁmﬁﬁbLﬁaw‘”@umgﬂLLuumifﬁ‘@ms

YA . & . e oA ; i . e e e
L’%'yuglmgmmmmﬁa Julasanizdniuivinednizued N aILESUNAFNONIN NI UULALENITONIN

‘vmmU@Tmmmmiaamedaavhmaaﬁﬁm

[

anuszaed
1. Lﬁaw”wmgﬂLmummau‘imﬂi:ﬁm:ua\‘f[(ﬂUI‘*ﬁgﬂLLUUﬂﬁL’%'ﬂqu%aEﬂLLumfmﬁamauﬁfﬂﬁ'ﬂmzﬁwﬁgu

Wsandnm i 1

2. LﬁaLﬂ'%'muLﬁuuNaé’qu%irmﬂwﬁ'ﬂuﬂi:ﬁﬂiwaﬂ,@ﬂ%gﬂLLUUmiﬁ'ﬂujﬁa;mmuﬁuﬁammﬁfﬂﬁ'ﬂu
SeeUTwITNANEN T 1 sxmhaﬂag'umaaaﬁﬁ'wﬁaﬂgﬂLLuumiaauﬁW@nmﬂfu ﬁ'umjumuquﬁﬁﬂuﬁmmsaau
LuulUn®

3. LﬁaLiﬁsmLﬁﬂm:@”ummﬂ5iaame’jaavl,'maaﬁfﬂL’%Uuriaul,l,awﬁ'dmﬂ%gﬂm.mn’m’%ﬂuﬁmmzﬁ
ﬂs:uaﬂ@]ﬂfgﬂl,l,uumsﬁﬂufl,%a;ﬂme'mﬁamaaﬁfﬂL’%fﬂm:@]”ufuﬁﬁﬂuﬁﬂmﬂﬁ 1
4. LﬁaﬁﬂmmmﬁawalwaaffﬂL’%ﬂu‘ﬁ'ﬁ@iagﬂLLuumiﬁmj‘imns:ﬁm:uaﬂ@ﬂl%gmmun']sﬁﬂufl,%a?n

. A o o o & o = A
LLU'IU?'J;J3Ja“ﬂaﬂ%ﬂlﬁﬂuiz@ﬂ”ﬂu“ﬁﬁmﬂﬂﬂ&nﬁﬂ 1



6 J B oUW O FARIINY OF SYVICAL COUCATION
(/B Voiore 29| Nurvte { | ey - Jure 5033

UNANNIVY
£ a q L2 v v a 0 1 . ﬂf 1 ' g
maawzlunumssawinnizinszuaslasldmdanisisouiidonuuunaiowsznadanadugninmmasouiazanuadasuadiia

o A & o = P
‘Dad%ﬂLSU%’EuﬂJﬁUNﬂﬂH’]ﬂﬂ 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

A5 HRN1TIY

UWULUARBNIE

My3sns s duns3suIEimanasi wisnanas (Quasi-Experimental Research) laglduuuunwnsmnanas
LLUUﬂEj&JmuquﬁﬁmW@aauﬁauuawéﬁmiﬂmad (Pretest-Posttest Control Group Design)

dszznsuaznanmadng

1. Usznnsfilflumyisua s duinsouswisondnwnia 1 Iiaﬁﬂuﬂ?qmmuuﬁ WnTauunyI ma
Boudt 1 IMsAnw 2567 $1an 12 Wadi3on SIuNIAN 448 An

o '

2. naq'u@?”aaﬂ'wﬁslﬂuﬂ'lﬁﬁ' ﬂﬂ%‘uﬁ;ﬁﬁ’ﬂﬁmu@mm@mjmﬁashﬂ@ﬂiﬁﬁaaL’%ﬂul,ﬂwmsqﬂfmjmmasm 2

o
¥ = £

#aalFuu 1 80 Aw leanlasmIguuuungy (Cluster Random Sampling) lasldvasFomduniingu antugdiauls
ad o A ' . ' o a o A o & . Y
APMIIuaMNINBULINGY NFNNARaY 1 a9 (n=40) Ui utUUUMIRUNWANTU UALNFNAILAN 1 %84 (n=40)
L%Elu@hElﬂ'liiT@lﬂ’liL%El%iLL‘Ll‘Uﬂﬂa
o & @ . A A a A o A o a ) o A
Toyaiugiu: niudmoisiiongiady 13.05 1 Inawameauasnarddusaswi inatfeani I@]U%ﬂlﬁﬁ%ﬂlﬂ
aug liedUssrumsnimasowimnssdnsrussunnonluszautulszondne

MNAANLATARSEN

e A

Fo o o A Aa = = ° = ' A waa A
1. inawsieawin sneundgunwudins "l,uﬂiﬂﬂszmm‘nLﬂuqﬂfﬁiﬂ(ﬂamiﬂgummﬂiwmzuaa WAz
WSuR s I1TaLa: 80 VOINANSUUNIRNA
2. inwiamsan wniseud lesuualiuznintimmesasanlimansadjuavinueld nIaunisounvedie
FONUANEN I TERIN9NNTIR8
awlsdase fa gﬂLmummauﬁmﬂi:ﬁm:ua\ﬂ,@Ul%ﬂﬁaﬁ'@ﬂ’rn%ﬂujﬁa'gﬂLLuuiawﬁama{lﬁﬂﬁ'wﬁu
NTaNAnwIN 1
o o =5 a A
guwdsau e 1. wasNgnInImMIseunszdnszuas
2. @uAEaILARITaI N
4‘ -~ /A o
139N N1
o A a [y A o o a v A ' A o &
1. LLNuﬂ’lifﬂ(ﬂﬂ"ﬂﬂii&lﬂﬂiLiﬂuE’J’ﬁ’]ﬂ’i:UﬂixUE]OI@Ul‘ﬁﬂﬂi‘ﬂ@]ﬂ’]‘iL‘iﬂugL“NEﬂLL‘U'US’]QJﬁE] ANWWURONY
UL Sun 8 wn
@ o =5 a A
2. WUUNARILIANAFUONININSIswnIzdnszuad
3. WUUNARAURNTIDN NN IMBNIAIFINITRINY Sz (ICSPFT) 391w (Shuttle Run) Livanagay
ANNLAFIANDITI I
=< Aa o A a o
4. Lmuaaumwmmwawalammamsa@nammmimmg
Y = A = ~
N1IAIILATDINDUALHIATNTNLATDIND
1. LLNuﬂ’]i"ﬁ’@m’liLéEluﬁ’ﬁ’mi:ﬁﬂizuE]GI@]Ell"ﬁgﬂLLUUﬂ’]iL%U%ﬁL‘EGEﬂLLUUi?MﬁﬂmﬂdﬁﬂL%ﬂui:ﬂyufu
a = d' o s 6 Yo a v 1 9»::' d' a a
NFuNANHIN 1 319U 8 UNw 8 FUAA "L@]ml,mumsmwgmuamagmmmytwawmsmﬂs:mumwmm:au
> a L) 1 :i v 1 U 1 a 2 = = L ' a
POILHBMITTAMIITIUT 1920 3 ¥inu 39 leun ATHFAUNFUINIEMNITIUITVAN UL NN @d1 10C wihnu
& 1 1 [l a a L U { v v
1.00 §3861 10C >>0.67 DainHuinmm ﬂsza‘nﬁmwma\‘mmﬂﬂ']iL’%ﬂug'smﬂi:ﬁns:uaﬂmhgmmumsﬁwg
A ' I v & o { A A . @ A A A '
L°ﬁ<1§nmemﬁamaaum’%wnmumumwﬁﬂmﬂﬁ 1 §U3eANTAWIYNNL 82.67/84.63 mﬁﬂs:ammwgm’n
LN b 80/80



SOUSRAL OF IELETY OF (0P MOAL EDUCATION )
okemie 50 | a1 [ dwwaary « A 0N ~E 7
UNAIINITY

- a { v o v a ' ' o P~ ' ' '
mswwmgﬂ uuunmsawImnzsiinizy ENI@ Ul‘ﬁﬂ'ﬁﬁ](ﬂﬂ'ﬁﬁﬂuEL’NEﬂLL‘]JUi'JEJﬁaLLE‘KNEWI aNaammﬁmqmsﬁﬂmazmmﬂa aILARIID \‘lvl’J

o o & o 2 P
maaumswﬂjumwaﬂmﬁw 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

o @ =5 o a A o a v A ' A
2. LL'U‘]J‘YI@]ﬁa‘.IJ’J@lNaﬁllf]ﬂﬁﬂ’]‘iﬁ)@]ﬂ’]iﬁau’l‘mﬂ‘i:‘].lﬂiz‘u?NI@]Ell‘ﬁz'ﬂLLUUﬂWiLiU%EL‘Nﬁ;ﬂLL‘]J‘]Ji’J&I&IéJ‘lIéJ\‘i
wniSeuszauTuIToNANININ 1 wazilauedadiionng 3 vivu tNaNIITINATIINAUNIANDNGBIAN
v tﬂq’ tﬂl a 4 -1 lé o a 0 Qs v
FOAANDIVDIHEWT uazAMIBINZEY LN TzilugmnInzadaTadile Suhunlansidiarianurenadas
(1oc) léf13zn319 0.67-1.00 Iﬁgm KR-20 MM TLLULNA&EU A1A21081N918 (p) 321#319 0.20-0.80 Laziian
. . g, ¥
SIU BN (1) AU 0.20 Ul
3. Lmuaaumummﬁawalwaaﬁfm’i‘muﬁﬁ@iagﬂLLuum‘saau%ﬂm:ﬁm:uaaIml‘ﬁgﬂLmumil,%'ﬂufl,%d
' A % a % uqJ £ =3 dl = a 1 .
INUUUTINTBYBIRNITURIEAUTUI TN AN W T 1 Wunuusauanuanunswalanuunnasdsziiudn (Rating
Scale) WUU Likert 5 32aU tnasin13Usz18u 520U 5 BRUNED9 ﬁawalamnﬁqw LU 4 BUwHI Nawalanin ey
2 K o 2 R o o 2 = @ A
3 RNND9 WINalat e 52AU 2 Buneds Nawalawey Jau 1 RN mmwawahuamqﬂ WUUFAUDN
ﬂi:ﬂauvlﬂﬁasJ@Tﬁuﬁaﬂimm‘iﬁﬂuﬁ”ﬁmﬂggaau LLa:@me”@uu'm'ﬁm'iﬁﬂujmauﬁfm?;;lu FINTIWIU 24 T WA
Wiauadadiisdmny 3 i INeRITUIATIIROUMIANNDNGDS ANUFEAARDITBIUBNT LAZANULAINLEN LD
A 4 A o A @ A &% . .
Usziilugmninzadiaiadie FarhundenedaaulseanTueaniuradnsanuna (Cronbach’s Alpha Coefficient)
wazANATANNFAAGI (10C) laFTe1iing 0.67-1.00
« a
msmus’msmﬁagmmmLﬂi’l:ﬁwa
1. Vmaauﬂs:ﬁ'ﬂ%mwmaagﬂLLuumiaau’?mm:ﬁmzuaﬂ@yl%gﬂuuum‘sﬁﬂujﬁagﬂLmuimﬁamm
NN YUTEAUTWI T NAN BTN 1 @1’3ﬂmi@‘hLﬁum?ﬂ@aaﬂ*’ﬁuwumiaau%wm:ﬁmzua\ﬂ:@UiigﬂLLuum‘iSﬂué’
L‘TjagﬂLmuiwﬁa“ﬂa\ﬂIﬂL%'ﬂmm”u"ﬁ'uﬁ'ﬁwﬁﬂmﬂﬁ 1 NURBNSRTWNTUNANEATN 1 sl,umjm”aasmmamzmnm
MITEU; I@ﬂﬂg@j’aamﬁ“@wﬁﬁ]ﬂﬁumiﬁ'ﬂumiaaumuLquﬁw?umVL'i’LLa:LﬁuifagaszmnL’%'Uu, (E1) 3NNASULL
mﬁmlaoLmuﬁﬂﬁw%aﬁaﬂﬁmzijL’%'ﬂ%ﬁﬂﬂ%’dLLa:LﬁU“‘ﬁagaﬁéﬁﬁw (E2) IMNALLUULULNARAURRITEU lag
ﬁm*imﬁmﬂmﬂizaﬂﬁmwmaaLqum'sﬁ'ﬂmn’%'wja'mm'ﬁmﬁ:ﬁ E1/E2
= = Qs Q{ dl U = v A 1 = =)
2. LﬂmummJwaauqmmammaum:umwauI@sﬂfngﬂLmuminuugma;ﬂmewﬁamaauﬂmm,
> Qq: o 4 1 Al U ¥ o a s o Qs Qs A; a §
JeAUTUNTENANEN TN 1 ﬂauLiul’ﬁEﬂLLUUﬂ’liﬁﬂug guiinmIrariuuunagauIaNasN NN MIREwITINIEd
m:‘uaﬂ@]ﬂlﬁgﬂuuumiﬁﬂuf@ﬁﬂLmuimﬁaﬂnaaﬁnﬁsm:é’ufuﬂﬁwﬁnmﬁﬁ 1 HUNNTATIIROLANUATILES
& o A | ) | Aa o o A o . @ . A '
1$an" (10C) I@m;dmmm'glw 3 YN uaznagay Try-out nunqmmnﬁmﬂﬂmﬂsaﬂUﬂqmaaﬂmwamﬂ'lﬂ’sm
A Lo < v A @ ' o ' a ' a a
ol (Reliability) mnuui%umwunqumamom LUUNAFOUNaWIEW (Pre-test) NaMINNTITUUAULHY LAE
° o A Py o o AN o A ¢ 1A A ¥ aa
UM AFOUWAILTLH (Post-test) LiloFwgANIIFEH waazuuA lauiasiilsouiisulasltania ttest
dependent LNBATIIFOLANNULANAVDIALARL O UUAZARIILY
3. NAFOUFNIIDNNNIINYFIRANNAFDILAGITBI IS swlas I TuUUNAFo UFNIIDAINNIINNY
WAIPUIENIY NG (ICSPFT) 394w (Shuttle Run) WNanasauAMNLASIAREIIBI 1 lasyinnmasay 2
& A ' AaA ' & a A
A%Y uazliendaINaNge (mhoduiwn)
4. m@hmﬁmmwﬁdwai’«mmﬁfﬂﬁ'ﬂu@iagﬂLLuumsaau‘immzﬁm:uaﬂmﬂfﬁgﬂLLuumﬁJL'%'ﬂufm?dEﬂLLuu
0 0VBINNSIUTEAUTUNTUNAN BTN 1 I@ﬂfﬁ'w‘hLLuuaaumumwﬁawalwiagﬂLLuumiaauﬁmﬂi:ﬁm:uaa
I@zﬂ%g‘ﬂLLUUﬂﬁL'%'quL%ﬁqﬂLm'uiwﬁamaaﬁfﬂL'%'ﬂmm”wﬁ'uu”ﬁmﬁﬂmﬂﬁ 1 $91U32NBUMIY 3 A% bALA Aawn 1

magam"l,ﬂmm;ﬂ’mmmuaaumu aawh 2 TadnuuIaNFIBUIZTNIMAT 5 32U (Likert scale) ATBLARNGH

v
A a

Va1 ﬂﬂﬂii&lﬂ’]ﬂ%ﬂui miaﬁ'@msﬁ'ﬂumsaaumamg msﬁmuimmaa;JL%'ﬂuLLa:ﬂizIMﬁﬁvlﬁ%'u Aaun 3

TOLRWOUUSLNULAULUUROUDNAINENIHIUNITATIARELANNA LT TN (10C) %ﬁ'\amﬂﬁuq@mﬁ@mﬂ%wg”



8 ) Bl oUW O FAGINY OF VYIRCAL COUCATION
(/B Viiore 23| Wurvte | | desary - Jure F023

UNANNIVY
£ a q L2 v v a 0 1 . ﬂr 1 ' g
maawzlunumssawinnizinszuaslasldmdanisisouiidonuuunaiowsznadanadugninmmasouiazanuadasuadiia

o A & o = P
Tad%ﬂLSU%’EuﬂJﬁU&IﬂﬂH’]ﬂﬂ 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

IiiniSounguaetimnauneauuuusauniuauinala LLﬁmﬁ‘*ﬁagawﬁmmzﬁmmLaﬁ'ﬂ (Mean) Laz&Ih
Lﬁmmummgm (Standard Deviation) Lﬁaa‘gﬂi:ﬁummﬁowala ;d”ﬁﬁ‘i'mvl,ﬂ“’lfﬁlmﬂﬁﬂa‘s”ﬁamummi'waaﬁl,ﬁf?w
(Likert Scale) lapfinouat nslanzuunaanidu 5 szau laun mnﬁqﬂ N thwnans tae ﬁaﬂﬁqﬂ 5 AzUL QD
Lﬁu@i”wagﬂmzé'umﬂﬁq@ 4 azuuu AaAudagluazduann 3 azuuu Aatiudisagluazaulunats 2 azuu
AaAudasagluszauias 1 azuun ﬁmﬁu@‘fwagjslmzﬁuﬁasﬁq@

msRrnEanTnauaa0gn

q
v o

Ao < A o Yo A a o a @ ' v A Aa v [
luﬂﬁiﬁﬂﬂﬂidﬁ m?ﬂUqﬂﬂqLu%ﬂ?iWYﬁﬁ;ﬁﬂﬁﬂﬂdﬂQNﬂ?ﬂﬂ?d@ﬁwﬂaﬂﬂiﬂﬁﬁiwﬂqi?%UI%N}Q&&I@ﬂqﬂ

o
s o

é/ a [ a KA v a o ye oA U et '
Fuariaglizasd Tuaaumsduinnu uazlelopifie ldsuannnuidsldiniEouuazgnaseslaiunuedng
TALIU JHA98 laddLAnn1I78ANEULEY (Informed Consent) lasaiaslaneuisunisnaaad annainnITne
v v ' Aa o A v 6 a ] & A v
anuaurasayadInyana lapnonunamyislunmmuieldslomimedmmariinu ieldiduldenw
aIUaTEETINIT ENAzuazM ATt luTWEEU uazaanInnaue laynilie
aa A a &Y
ananlzlunmsimnzidoys
' a
1. fLafe
2. S dBaunIa g%

3. ansaae

4. t-test)
BULULHWAIINAADS
mj&l Pre-test Treatment Post-test
nguNaasy (E) T, X T,
nguAIuAN (C) T, - T,
UN NFUNANBI (Experimental Group)

C unu N§NAIVAN (Control Group)

T, UN% NMINAFLNaWILW (Pre-test)

X UWNH NITL38UE ﬂgﬂLmumsaauﬁmmzﬁmzuaﬂﬂ ﬂl*‘ﬁgﬂLmumiﬁﬂujﬁa;mmu

' A
RIPE\END)

T, LN NINATOUNRILILW (Post-test)



SOUSRAL OF IELETY OF (0P MOAL EDUCATION ) 9
Vokemee 540 | Narvbe 1 Lavnary « e SN ~E
UNANNIVY
a a { @ a v a 1 " . Ar ' " 1
maanzlusumssesimnzinszuaslaslimdamaSouiifenuuuhuiausznadenadugnimmaiouiszanuadasuasaiadh
YasnniSuuTuasandnsdf 1

DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

WNAN13398

¥
v a A

ToyaanBULAUFIUVDININAIDEN

U

A13799 1 ﬁ‘hmuuaz%“aﬂaz"uaamjm”’aas_mai’n,mﬂmmwmazmq

W@ NEANANDI (n=40) NENAILAN (n=40) 593 (N=80)

igld] 20 18 38

TN 20 22 42
agiady (D) 13.03 13.08 13.05

MNAITNN 1 wudinguaeinanssasngulansusAugiudwnauazargfilndidninu lapiniSouany
4 A o Ao o o o R o o
@8 13.05 T 4o uip N asiwanININIeaIhINNELAERUITDNIWNIINENFIATY
1. mﬁﬁ'ﬂmiw”@umgﬂLmummau’imm:ﬁﬂi:uaﬂ@ﬂslﬂ?gﬂLmumsﬁﬂujﬁ%agﬂLmuhuﬁamaaﬁfﬂﬁﬂu
v & o =2 A
JrAUTUWNTINANENTN 1
A A A o a v A A o a v a ' A
A13199 2 UseANTAINVDIUNBNTIANITITOUS 'J°mmz‘um:'uaaI@ﬂl“ﬁgﬂLmuminﬂugwu‘gnmemuamaa

o A v & o = P
uﬂLiUuﬁ:@]Uﬂjuuﬁﬂuﬂﬂiﬂ"]ﬂﬂ 1

o a a @ ¢
I (AK)  USTANSAINAWATELINNST (E,)  UTEENSANAMHAaNS (E,) E,/E,

40 82.67 84.63 82.67/84.63

NNANTNN 2 WudszEnSawaasuawMITaNMITou3 ﬁmmzﬁﬂizuaﬂ@ﬂlﬁgﬂl,l,uunm,’%ﬁuj’l,%qgn
1 % = Qq: ™ { a a 1 e l& a a 1 {
LUUIINN DV IRNLTIUITLAUTUNTENAN TN 1 FUTeENTAWNNL 82.67/84.63 mﬁﬂizammwgaﬂ'suﬂmsﬁﬁ
fwua Ly 80/80
a a o P~ a A o A v A . A o o
2. L‘l_]iEIfIJL‘YlEJ‘.LINaﬁuﬂﬂﬁ%’ldﬂ’]iLiﬂuﬂiszJﬂi?.:UENI@]EJI‘EE]JLLUUﬂ’]SLSEJ%EL“N?ﬂLL‘LJ‘]JTJ&I&JE]?IEI(]%T]L?EJ%

v & o =< A
JLAUTUNTINANENTN 1

: - - o o . - o & .
3197 3 A1LeAY FIWDBIUUINAIPIUNRFNINTNNIM IS ERIaWI BUN Iz ONTTUaIVBINNITIUNT 2 naal

naa n X SD HAAITAIARAY t df  Sig 1 tailed

q

(A) (AzLLbib)

ﬂ&j&mmaa 40 13.53 1.72 0.40 1.055 78 147
ﬂajumqu 40 13.13 1.67

{ ] o a° : & )
ﬁ]"lﬂ@l'ﬁ']\?ﬁ 3 WU ﬂ"li“fl(ﬂﬁau@nqﬂLL@]ﬂ(ﬂ']\‘l"llaGﬂ']LﬂﬁﬂNﬂﬁ&lf]“ﬂ'ﬁ'ﬂ']\‘iﬂ'ﬁgﬁ%ﬂa%gﬂ%ﬂﬁﬁﬂdﬂ@];ﬂ]aﬂ
v a ' A a @ ' A A P @ A a = v A
ELi&luﬂquﬂmadwmmaﬂm’mu 13.53 Azl ﬂqumquummaﬂm’mu 13.13 Azl IatdIsuinauLald
Qs ] Qs Qs Qq// aa 1 ' § Qs Af ' v
AULLANGANUNINY 0.40 ALY AIUL IINNITINARDURNA t WL ﬂ']L%ﬁﬂwﬂNuﬂﬂﬁﬂ']\‘]ﬂ'ﬁsﬂuizﬁ')']\‘]EL‘%U%

naunanadnuNguAILgu lduandiuagedisdaymiafiafiszey .05



10 7 Ml LIV OF FARIINY O $YNICAL COUCATION
(/B Voiore 29| Nurvte { | ey - Jure 5033
UNANAIY

a a § v a v a : ' o nr ' ' :
ﬂ'ﬁWG&I%’]EﬂLLLIUﬂ’ﬁﬁﬂu’l’ﬁ’mi:ﬁﬂizuﬂdiﬂ?ﬂ’ﬁﬂ’]‘iﬁ]@m’]ﬂ%ﬂu?fﬂ(ﬁ;ﬂLLLILI‘S’J&IﬁﬂLLNZNNV}’]ENE\]ﬁ&l{]“{]‘ﬁ“{]’]dﬂ’]iL‘%UuLLNZﬂ’J’l&Jﬂﬂﬂ\‘lLLﬂaT}ﬂ\‘ivL’J
o A & o = P
PostnisuuTHITENANINTIN 1

DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

1 lil 1 d‘ . n“‘ a { o A o a 09; 1
A1919% 4 FLadeY ﬁ’J%L‘UElx‘iLU%NW@]?@W%NE\lﬁ&lf]‘Y]ﬁ‘Y]’Nﬂ’]‘iLiﬂuﬂizﬁﬂizﬂad%adLiﬂ%‘ﬂad%miﬂ%‘ﬂ{l 2 naal

naw n X SD NAAITDIANRAY t df  Sig 1 tailed

9

(A) (AL W)

nﬁjwmaad 40 16.95 0.64 0.32 1.829* 78 .036
mjumuqu 40 16.63 0.93

A ] . . A o =~ a o & ,
INNANTINN 4 WU ﬂ’]iﬂ@lﬁauﬂ’nmmﬂﬂ’wﬁladﬂﬁLaaUwaﬁwﬂﬂﬁ‘ﬂwﬂﬁﬂiﬂu%mL%F;Ju‘llad“n\‘iaa\‘iﬂf\gw

@ A : a a @ ' a a V@ o = a 1Y
?]ad;dlﬁﬂu ﬂquﬂ@aaﬂuﬂ’]LﬂaﬂLﬂ’]ﬂU 16.95 ALLbib ﬂaqwﬂ’luquwﬂ’“ﬁaﬁl:wflﬂu 16.63 AZLL LN@LI]?U‘ULV]U‘ULLE‘YJ

@ @ o & aa ' : { o =~ :
FAUUANEINNWLYIINL 0.32 AZULUL AI%YL INNNITNARAUFNG t WL mLaﬁﬂwaaquwwmn’%ﬂmzmn

©

A

SoungunesasgininauauguatiusdnynananIzey .05

e

3. 1WSHUMEUTEAUAINNARBILAEITBS VDI NIT I WA ULAL HAINITIAN IS WIS U LN IRaWITINIZ T
uau

nyzuadlaglsnisas @miﬁﬂujl,%agﬂ RUUTINN AR RIUNNISIUIEAUTWITUNANEN TN 1

@1319% 5 ammmwmdmU@T’lummadaumd’s'jaavb%é’al,'%ﬂmaaﬁfnL%Uunﬁjumaaaﬁ‘unﬁjmmuqu

naa n X SD HAA9YBIARAY t df  Sig 1 tailed
(ﬂ%) (%'Hﬂﬁ)

mjumam 40 12.27 0.44 0.68 -2.869 46 .003
mjum‘qu 40 12.95 1.43

1NA1319N 5 WU mimaaumwLL@m@hwaammﬁm:@”um']mdamﬂdﬁaqiwé’aﬁ'uuﬁmaamju

v A Q a dl ] Qs a = 1 a dl ] Qs a = Ai =4 = v A
28351304 naunaaaIdanaluinAL 12.27 JwN nduauguidaduriing 12.95 Juwi Wanlssunguuaid
ANNLANGIINWLYINNL 0.68 FUNT A9% IINNIINARALENG t WU ALaALIZTAUANNARILAFITES T2 H9

o A o o a

HiSoungunasasdninnguauauatwiindngyneaianizey .05

M13197 6 ammmwmamw‘ﬁummﬂa'aaLma"s'jaavl,'maaffnL’%‘ﬁumjumuquﬁammmé’aL’%ﬂu Awf)

NANAIUAN n X SD HARAIVDIANRAY T Sig 1 tailed

(@aw)  (wih)

NawSyn 40 14.05 0.70 -1.10 -4.06 .0001
PRIIOU 40 12.95 1.43

1NA1319N 6 WU mimaa'umwLmn@hwa\m’ﬂmﬁﬂsxﬁummﬂdmmedaavhmaa;gﬁ'ﬂu naa
AuANauIEBIAARLYIIAY 14.05 A1 nadToulA LAY 12.95 Twi WallSsunguuaiaig
LANGAIINWLYINAL -1.10 FUNT @914 INNNNTNARBUFDA t WU mmﬁm:ﬁumwmaumdﬁaﬂwaamjumuqu

wasEuANIINewIEna IR AAYNIIRDIANIZAL .05



SOUSRAL OF IELETY OF (0P MOAL EDUCATION )
Wekprie 59 | NurTlm 1 [ wwary © e 00 ~E 11
UNAIINITY

- a { v o v a ' ' o P~ ' ' '
mswwmgﬂ uuunmsawImnzsiinizy ENI@ Ul‘ﬁﬂ'ﬁﬁ](ﬂﬂ'ﬁﬁﬂuEL’NEﬂLL‘]JUi'JEJﬁaLLE‘KNEWI aNaammﬁmqmsﬁﬂmazmmﬂa aILARIID \‘lvl’J

o o & o 2 P
maaumswﬂjumwaﬂmﬁw 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

A13190 7 ammmwmqmUéﬁummﬂsiaaLmﬁi’a'jadvl'madﬁfﬂL’%ﬂumju‘nmadﬂ'ammz%é’aﬁﬂu Gwf)

NaNNARDY n X SD HARAITAIA R T df  Sig 1 tailed

(An) (wn)

AOULTHY 40 13.16 1.22 0.89 -4.84 .0001
RRILILU 40 12.27 0.44

ANANTNN 7 WU mi‘n@maumwLmn@iwuaa@i%aﬁm:é’umwmdaaLm&hiaa"bmaapgﬁ'ﬂu nﬁjumaaa
' a A A > a a o A A A | a a A = a v A ' o
NOBLIIVUIANRRULYINAY 13.16 IWIN ARILTUWAALRRLLYINNY 12.27 41N WWaLUTPUNYULRINAINUULANGINN

WiNAL 0.89 U1 @91 INNNNTNARBLFNA t WU @hmﬁm:ﬁumwﬂdaal,l,ﬂﬁi's'jaa"l’maamjmmaawé‘aﬁsm

ninawFenadlnsANIEianIzay .05

o))}

4. Naﬂawﬁawa‘twaaﬁnﬁsu@iagﬂLmumiaau%mi:ﬁmwaﬂ@sl%gﬂuuumn’%mfuuuiwﬁa
iwﬁ’umﬂﬁﬂmﬁ@ﬂﬁL’%uﬁL%ﬁ;waaﬁfﬂL%Umm”uﬁ'uﬁﬁwﬁnmﬂﬁ 1

o = v a da, @ a [P a @ a %
M1379N 8 Naﬂ’liaaUﬂ’luﬂ’ﬂ&IW\‘iWaifﬂﬂla\mmi&lu‘ﬂuﬂaﬂ’liﬁ]@m’l‘SLiﬂuE’J’mﬂizi_]ﬂizuaGIﬂUI’ﬁEULLﬁJuﬂ’I‘JLi&IuE

me"a:uﬁaiwﬁ'uLﬂﬂﬁﬂﬂﬁaﬁ'@ﬂﬁﬁﬂ%jﬁd;ﬂm AINNITUUITZAUTWITUNANEN TN 1

HANITILAIIZHA
ﬁ ansnilaziain X sD wilawa
v a = v
1. AWNINTINNIILILU]
A [y ' ° @ a o ;3
1.1 nammmsﬁmuguuunqumlvxunL%ﬁuag,nﬂurml,%‘wmﬂmu 4.18 0.96 17N
1.2 wnionlassadfufedauszilomausasanuaaninlueninobon  4.28 072  wnfiga
1.3 ﬁammﬁﬁﬂunéuﬁmmﬁwmsJLLa:ﬁﬂﬁﬁnL%Uuﬁmﬁm:u”mzfaﬁ's 4.33 0.86 mnﬁq@
1.4 miGswiuuuiheliinteudilalslomteinseandamalda 4.15 0.83 k)
Y
Uu
v a = v d'
FTINAMNINTINMITEU]  4.23 064  aINNgA
% a1 [ a o %] 4
2. AN aIRIINNAsU)ANNKD
2.1 ﬁfﬂL’%'mu"l,ﬁuaﬂLﬂﬁﬂumwﬁ@Lﬁuﬁ'ULﬁaquﬂejuaﬂwaﬁas: 4.18 0.84 10
I . @ o P ' P23 '
22 unL’%U%iﬁn’nmLadﬁum'mmmyLLazLﬂumu%mmaanqw 4.05 0.96 17N
o 1 1 v v &/
2.3 msmmuﬂ@mmal%um’%uufﬁnﬂmmeaaﬂmnmu 4.03 1.00 17N
2.4  wnsnlatiowifoinankasinaniT ATy 4.28 0.82 mﬂﬁq@
AN IINNAzUYINNUS 413 0.77 T
3. ABNITNAHWIENIIANINNIINY
3.1 mm’%'wmmauﬁmﬂlﬁﬁfﬂL%'ﬂu;;?ﬁﬂiﬁwmﬂLLﬁaLLiaLLa:wummm 4.30 0.82 mﬂﬁq@
. & &
nauLaNIND®

a ei o 09/’ a 1 v s = = ' ' J
3.2 ﬂﬂﬂiﬁll“/l'ﬂ’]l%“ﬁ%ﬁﬂ%“ﬁ’)Ui%uﬂﬁﬂ%&lﬂ’ﬂuﬂﬂﬂdLLﬂﬂ’]ﬂJ’Wﬂ‘Hu 410 0.84 yn




12 7 B oUW O FARIINY OF SYVICAL COUCATION
(/B Voiore 29| Nurvte { | ey - Jure 5033

UNANNIVY

a a § v a v a : ' o nr ' ' :
ﬂ'ﬁWG&I%’]Eﬂ LIJ_IUﬂ’ﬁﬁﬂu’l’ﬂ’]ﬂi:ﬁﬂizuﬂ\‘lIﬂﬂi’ﬁﬂ’]‘iﬁ]@m’ﬁsﬂu?’ﬂ{ﬁ;ﬂ LIJ_Ill‘i’l3JﬁﬂLLNZNNVr’]ﬂNE\]ﬁ&l{]“{]‘ﬁ“{]’]dﬂ’]ﬂ%ﬂuuﬂ:ﬂ’ﬂ&Jﬂﬂﬂ\‘lLLﬂaT} 2l \‘ivl,’!

o A & o = P
‘Dad%ﬂLSU%’EuﬂJﬁUNﬂﬂH’]ﬂﬂ 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

HANITIAIIZHA
~ A A —
n s1anmsndssan X SD wlawna
a A A A & o o Aaaa A
3.3 madswimnszinszuasidelomidiwmsnawljisoneausues 4.33 076  wnfiga
2YPII9NY
34 w”mmﬂ”ﬂmmimﬁauvl,mihamﬂﬁiﬁizuuﬂszaWﬂﬂququﬂﬁwuLﬁaLLaz 4.38 0.77 mﬂﬁq@
qﬂmzﬁ
FINAMNITNAHWIENIIONNNIMEY  4.28 0.67  aNNgn
v v
4. AMNASHEDW
uu
4.1 ﬂgﬁmim%wmmau 4.48 0.68 mﬂﬁq@
42 a3lileamaviniSougnnouilym 4.28 0.85  anfiga
4.3 ﬂgsl,ﬁmwaulalLLﬁﬁfﬂL’%ﬂuamaﬁﬁﬁwmmau 4.25 0.78 mﬂﬁq@
4.4 ﬂgLﬂ@IamalﬁﬁfﬂL‘%ﬂuﬁﬁauiwlumiﬂizLﬁuwamiﬁﬁu 4.65 0.58 mﬂﬁq@
swﬁmﬂgpjaau 4.41 0.63 mﬂﬁq@
v VA
5. AMRHITE®
51  wnisouiaauinlunssouegissaiaue 4.43 0.78 mﬂﬁq@
52  wNSuRIANNNTEAoTaTuAIle NS uuRazNSHNTaN 4.20 0.79 37N
5.3 ﬁfm’%'amm%ﬁﬂuﬁaﬁﬂgaauvlﬁ 4.15 0.80 41N
5.4 ﬁfﬂL%'mul,ﬁuqmmma\‘lmiﬁ'ﬂuﬁmﬂi:ﬁmzum 4.20 0.79 41N
*s’;mi”mﬁﬁ'ﬂu 4.24 0.65 mﬂﬁq@
v
6. AmLuuuNIFa®
6.1  WALSEUTAUNTSIDWMIFAULULUANINNILLUUNG 3.98 0.95 41N
= d‘yo v =4 = =y dl J
6.2 MISUULUURN RTINS IR INISUIT NI TN TZUaININTY 3.78 1.17 37N
6.3  wniSpufahzuuumassuiiuniiarshllenuimauy das 3.83 0.98 3N
6.4 ﬁfﬂL’%'mujﬁﬂﬁawahﬁ'umsﬁ'mu%wm:ﬁﬂizuaumuﬁmﬂ 4.08 0.86 37N
MuduzdusumIzen  3.91 0.89 1N
PREY 4.20 0.62 yn

AMNATIN 8 Namiﬂ‘mﬁummﬁaw E]l’fﬂ"ll 29%NLIL UG E]Eﬂ WUUNIRaBITINTZINIZY ?J\‘]I@ ﬂl“ﬁé'ﬂ LUUNIT

L%'qul,muiwﬁai'wﬁ'umﬂﬁﬂmiﬁ'@mﬂ%wjﬁogﬂmmﬁfﬂL%'mui:é'ufuﬁﬁwﬁnmﬂﬁ 1 WU AURRLANVNS

walizasmstaniaissunsseulasianinuaagluszauuin (X = 4.20£0.62) sufansumuiouiagluszay

ANNFa (X = 4.230.64) AUNMINAWFNTINNNININMLIZALNNAFA (X = 4.28+0.67) duagnaauluszauuin

7139 (X = 4.410.63) dugTouluszauannign (x = 4.24:0.65) sumidaruiiuuazdjaunusogluszduan

(X = 4.13+0.77) @Tﬁug'ﬂLLuumiaau’Lm:ﬁumﬂ (X = 3.91+0.89)



SOUSRAL OF IELETY OF (0P MOAL EDUCATION ) 3
okemie 50 | a1 [ dwwaary « A 0N ~E 1
UNAIINITY

- a { v o v a ' ' o P~ ' ' '
mswwmgﬂ uuunmsawImnzsiinizy ENI@ Ul‘ﬁﬂ'ﬁﬁ](ﬂﬂ'ﬁﬁﬂuEL’NEﬂLL‘]JUi'JEJﬁaLLE‘KNEWI aNaammﬁmqmsﬁﬂmazmmﬂa aILARIID \‘lvl’J

o o & o 2 P
maaumswﬂjumwaﬂmﬁw 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

asduazenlaamna

msw”mmgﬂLLuumsaauﬁmmzﬁmzuaaI@ﬂl*’ﬁﬂﬁﬁ?’ﬂnwsl,‘éyuft,%a;ﬂmef’mﬁa wuiwgﬂuuumsaauﬁ
wanduidssinniwriniy 82.67/84.63 %agm'jwmmsﬁ 80/80 gﬂLLUU‘TI&Nwalﬁwaé’wqwﬁin’mﬂ’ﬁﬁﬂwa:maj:u
maaagamﬁmjumuquamaﬁﬁfﬂﬁwﬁ'@maaﬁﬁﬁx@m .05 Sﬂvﬁﬁqﬁmw‘"wmmmﬂﬁiaaLLﬂmiadvhmaaﬂq'u
°n@1aaalﬁﬁ‘*ﬁuniwriaw,'%'ﬂw,l,a:gandﬁmjumuquaﬂ'nﬁﬁfﬂﬁm@mmﬁaﬁizﬁu .05 lagnnisaudanuisnwalada

\ o A 2 o & o a A o a [ ¢
E‘L]LLU‘LIﬂ'ﬁﬁﬂ%SL%ﬂ’]Wi’HJB%l%‘i:ﬂ‘uw'm‘ﬂﬁi(ﬂ ‘ﬁdﬁJﬂiZLﬂ%ﬁﬁﬂiﬂuﬂﬂ’J‘iuﬁﬁJ"laﬂﬂiﬁﬂ(ﬂ\‘iﬁ

ar a { Y o v Aa ' ' o Qf
1. Nﬂﬂ']iW@N%’lE‘].]LLiJUﬂ’]iﬁﬂu'J"ﬁ'miZﬁﬂiZ‘U a\‘lI@] Ul”ﬁﬂ’liﬁ]@ﬂ’]iL%EluEL?NEﬂLL‘]J‘]_IT'J&IﬁSﬁﬁ(ﬂﬂNﬁE‘TSJf]‘ﬂﬁ

™ > Qq; = § = a a 1 L é a a 1 {
NI UUVBINNSLUTTAUTUNTENANENTN 1 FUSLENTAWYINALY 82.67/84.63 TN UT:ANTNIWRINILNTUAN

U

o % < g A a A e o & % a ) A
ﬂ’]%u@vlf.l 80/80 ‘Yl«fl“l«l,a’]ﬁ]Lua\‘i&l’]i]’m;illLL‘]J‘]Jﬂ’]iaﬂu’J‘ﬁ'mi:‘jJﬂi:lladﬁ](ﬂ‘ﬂ’mum’m‘ﬁaﬂﬂﬂiﬁladﬂ’liLiﬁuLLuUi’J&ma‘ﬂ

D

v a v Qs { 1 a IA Qs Qs < 1 a Q- Qs 1 3 L
wiunsfid fauwusnsaaiudanuuaznn matnidunoyans myhwfansswdunuslungadn 9 masiousgsl
Aa & v A wa v v Yo A & . a @

78 srulAU e nsusasaan nsligduuuy msldiniFoullnlusniunisalang g Smudimenunanazns
Walamaldmundniauaanudaln 9 theuanidsuluisnmanzauiga snifewlaionflnnadudiin ns

Tindlagau nsdadula mawddyw massudunusnw madulagauuazsuAaseudsdoralinisiomaiou

' A =)

' A A ' = v o A . a ' o
LL‘].I‘].IﬂL"A&Ii'JZJlIﬂNﬂiZﬁﬂﬁﬂﬁngﬂﬁl’lmm‘ﬁ TINDAANDINULWIAAVDY Srisamut et al. (2014) m:q’nmsa@ma

]
v @

Boudnidufi3owdudAn (Student-centered learing) WazN313u%3UWUUIINL (Cooperative Learning) L%

U

dld a a v v A ' a = a o Qs 6 s a d‘v
LL‘W]‘Y]’N‘Y]Nﬂizaﬂﬁﬂﬁwg’(dluﬂﬂ‘iﬁi’m amwLL'maaw‘ﬂadLa‘mmiuﬂQauwumm:mmwmwnmgﬂ wuuhlszay

anuduTalunIyItnInanMIEauiEIN (Active Learning) NdaiaIunafiduiinuaznsasidad juidas

o

s Q‘ Q 1 § 1 1 ] a s
2. NEﬂﬁ&lf]“(]‘ﬁ“f]’]\‘iﬂ’]’ﬂ%ﬂuﬁadL%U%ﬂladﬂq&lﬂﬂﬂadLﬂaﬂ (16.95) fﬁx‘]ﬂ’l’]ﬂiﬂq&lﬂ’)ﬂ@!&l (16.63) HeREYIL A 3!

v o
a o o A wa

nIsfianIzay .05 Natenaliiasunannguaivauiiannmydiuidsuunumedisouwan d3u aniw fUjua

Do

' a

28190ua7 laganizlutuindalanalain L'%ﬂ%"L@TLLaﬂLﬂﬁwﬁaﬁaﬂauﬂé’uﬁ‘uq% WAZEILATUNITLIUMINGN

Do

g 6 1

WaaTIETIAYINT nzuIunIiTIgaadainnare I IR ULULAIANNLERINTUTINBLAZENTAINAZINEIN N
a ° v a a v A &K o ' Av o ¢ [ = o o ' o
mmml%ummumﬂmmwﬂaLmanlwnnw:ﬂavl,ﬂmuﬂgauwuﬁmammlLLazmi‘wawwmﬂﬂﬂusl,uﬂqu 17338
o = dl o v a dq‘ 1 = a U ~ U 1 & 1 4 1}
fag N ldnanisiseiinandrsannsseuwtuulng ﬁamﬂmminﬂuguummﬁa Fezroaaanudaniiolu
NSANTIVAINNBENRANEN msﬁﬁfﬂL‘%'qul,éﬁ'uﬁagaﬂauné’umﬂLﬁauua:m‘ié'am@ﬁmmumimﬁauvlmﬁgﬂﬁm
nniaulunguaungedmasouinesiautisliinisouminsndivdinafiansianariuaznmsse o

(%

¥ 4 . - o . e ;
305301 TILANGANIINNNNTROWLLUUNG ﬂ’ﬁﬁuﬂL%U‘H,ﬂQ&I‘ﬂ(ﬂaadﬁNaﬁNQﬂﬁﬂﬂ\‘iL%U%Lﬂaﬂﬁd 16.95 AW

'
a

waasliiininisldasdod judeTuaztromienulundudes (duddvidgftisldifeanudilagdn
§OAAS8IRLIWITLUE9 Dyson and Grineski (2001) waz Aphichittrakul, et al. (2020) AifuguitnsSouuuuinde
°1hUmmm‘"uNaé’wqwﬂu?mwaﬁﬂmvl,ﬁﬁﬂdﬂmﬂﬁuﬂgﬂuguﬁﬂm\‘l LRZRAAAABINUIIKITBVY Thongmak and
Khamthoon (2023) ﬁvl,@i”ﬁﬂmwamaqmiﬁ'ﬂmiﬁ'ﬂujwaﬁﬂwﬂ@ ml‘ﬁmsﬁwjuuuiwﬁaﬁﬁwa@iawaé’qu%?mms
BouieiTieaadueaasinEousrauTwiseuAn A 3 Nan133SENLIN 1) HATINALRALVIAZULUINNT
NARDUYINBLIBALNIUOATBINFUNANEI NAINITNARDIFINTITOUNIINARDS ansfitbindynsafianay .05 2)
HATINAARTBINLUUMINARE LNz 8 TUDR WRINNINARDITTRIWNFUNARDILAZNFNAILAN NFUNARDY
FININFUAILAY amaﬁﬁfm%ﬁﬁ'rymmﬁﬁﬁs:ﬁu .05 UAZ3) ANLBRUUDIAZLUUNARNONINIINITISIH HEINT
ﬂ@ma\‘maanaﬁ'umaaagaﬂ’hnajumuquazi'mﬁﬁfﬁém”tywmaﬁaﬁi:ﬁu .05 715\1f:Lﬂaamnmiﬁ'@msﬁﬂufwaﬁm:n

v oA '

wuuwilefimidafianswlessusiulidiToudiaiusliod jiduazauanudainavesdisou Jevilddana

u



14 7 B oUW O FARIINY OF SYVICAL COUCATION
(/B Voiore 29| Nurvte { | ey - Jure 5033

UNANNIVY
£ a q L2 v v a 0 1 . ﬂf 1 ' g
maawzlunumssawinnizinszuaslasldmdanisisouiidonuuunaiowsznadanadugninmmasouiazanuadasuadiia

o A & o = P
‘Dad%ﬂLSU%’EuﬂJﬁUNﬂﬂH’]ﬂﬂ 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

[l “4. uﬂ; 1 a 4 a o v v A q, a v U I
&4011%6]015] ﬂs’j&l‘ﬂ@]aaﬂﬁdmﬂﬂﬁﬂﬂﬁﬂuuﬂadLLG:%JWGJJ%WT]’]?V]’N@]’]%Q’J’]&IE Tdﬂ’]iﬂ(ﬂﬂ’]iLiﬂ%gLLUUi’]&lﬁ?JL‘.L]%
a o oa & o va ' . o o =5 a P S %
El] LLU‘UV]L%%EL?H%LU%@’]Q@J I@ Ul“ﬁﬂﬁlﬂii&lﬂq&lLLa:ﬁ\‘iNal‘ﬁNaﬁmfmﬁ“n’]dﬂ’]ilﬁf;lugﬂ‘lluvlﬂygﬂﬂ’sF;l

a A '

3. uANAsaILAEIBI 1 wuimﬁiﬂﬁﬂumjmmaa (12.27) 3w ummmaaLLﬂmﬁﬂimq'umqu

o '

(12.95 3wfl) uazillaSouifisumulungunanss woanuiswulssndanylundunases lasddamains

v q

4 A o o a

ASBILARITIBIIAAAIN 13.16 TuTl (AawiTow) tdw 12.27 A adSuw) Sﬁamﬁfﬂmﬂtymaanﬁﬁizﬁu .05
ﬂz\‘iﬁmmﬁaamamgﬂLLuumﬁﬂﬂﬁL%'wg”L%a‘gﬂLLuuiwﬁaﬁa’ﬁﬁﬂw“@umﬁu ﬁﬁﬁmsmﬁm:@jumimﬁaﬂmLLmJ
SunSuaUsTINTI VeI T INTe DU 1w miﬁ"mﬁ']L?TﬁﬁLLa:mﬂmﬁ‘mawﬁn‘tumgumumsﬂﬂ@; Fauanana
nnmMaseskuudy Auiunsiusadunsn mi‘ﬁ'ﬁfﬂS'ﬂuvl,@i”ﬂﬁﬁa%ﬂuuﬁmmﬂmmﬂaﬂ’mmumjuimﬁa 39
RN D8I UUY s maI N Iuaznd e lddnin auassunsriashfivinduilsenndasiu
anudainIaimnizinizuas ﬁ’fial,fluﬁaﬂ:mwiag‘?’ﬁgmuﬁaaﬁﬂﬁﬁ’%mmauauaaﬁm@L%’J miﬁmjumaaﬂ%
NARaaIRRe 12.27 Iuf azﬁauﬁamiﬁ’@umamsnmwﬁl,flugﬂﬁm ROAAABINLINUILVES Apiwongngam
(2018) ﬁwudwmﬂ'ﬁgﬂLmumiﬁﬂﬁmm:aue'mwaeiaammmwmammjmg\;TL?ﬂu’?"n'm's:ﬁm:uadaﬂ'wﬁﬁfﬂﬁwﬁty
4. wamsﬂsnﬁummﬁawalwaaﬁfm‘%ﬂmiagﬂLmum‘mau?mmzﬁm:ua\ﬂ@ﬂl"ﬁgﬂuuumsﬁyujuuu
s";uﬁas’wﬁ'umﬂﬁﬂmﬁ@miﬁﬂuiﬁagﬂmauﬁfm’%ws:ﬁufuﬂ'ﬁwﬁﬂmﬂﬁ 1 wuin dadsenuisnelaresns
5’@ﬂ’m'§ﬂummaﬂﬂmmvﬂ%mayﬂm:ﬁumﬂ @‘T’mﬁamﬁumsﬁﬂufayjiui:@”umﬂﬁ'q@ ANWNTITWAI WO
ammmwmammm”umﬂﬁqﬂ @Tmﬂg;gaauslmm”umﬂﬁq@ @Tm;jﬁyulm:ﬁumnﬁq@ AWM TREIBIINUES
Ufduwusagluszauann dugtuuumsesluszavann seauldiduwiimdamaiteufidensionszguussgala
wazanwaunawInlunTTon miﬁ'ﬁfﬂL’%'UmﬁuqmmluwmﬂﬂfﬁﬁmammaqmUlumjmhua%ﬁmﬁwﬁmmx
ANNTUAATALGEMINNT N SIHA UNIToUTANNNTTABIDTUIUANTWAUIAWLBININATILTTINAN TS HULLD
Uné #aaARBINUIIWITLVEY Thongmak and Khamthoon (2023) L’%"a{lwama\amiﬁ‘i'@ﬁaﬂ'imm'iﬁyuj’waﬁﬂmlu
5'1s"‘sﬁmmzfiﬂi:uaaﬁﬁ@iam’magl,namumauﬁfﬂL%Umm”uﬂi:nuﬁnm‘lungamwumum HAMTITWLI 1) naa
maaaﬁ@hmuuumﬁﬂmwuagﬂaumganimq’wmuquasmﬁﬁfsém”mumaaﬁﬁﬁi:ﬁu .01 2) an3Usztiuainy
sunsuulumaisuvesinGoulasndanunszdedaiulumatou uazianuaynauulunaioud \lagan
MIBENUULAINTINMITIBIANUIININNITAMITBUFITITNAANURAINAAY ADUFUBIAINABINITVDY
HiTeu LLazﬁmiﬁﬂmﬂIuIaﬁmﬂs:qn@sﬁlﬁﬂuéamiﬁwf %\1Lfluwasl,ﬁ;‘dl”ﬁsw,ﬁ@ﬂﬁﬁwj’l,ugﬂLLuuﬁ%mn%ms f
ANNABNAWIH ﬂi:@juﬂaﬁuauiﬁ]aﬂ'ﬂa@ial,ﬁaa n'ﬁﬁTﬂﬂ'ﬁL’%waLuuimﬁaﬁ'sslﬁgﬁﬂuﬁﬂﬁé'uﬁufﬁ'uLﬁiaumﬂi‘}(u
fnszuawmadauiidungy Rawranduriu ﬁ'ﬂﬁm‘mamusl,umsﬁymm:miﬂﬁﬁﬁmnifu WATRAAARDINLIIUIIY
284 Phungsai and Kaewjarasvilai (2014) ﬁvl,@Tﬁﬂmwamaaﬂ’liﬁi'@ﬂ']sl,’%mft,l,uuﬁﬁhm";uﬁﬁ@iam@mmumsﬁwwa
AnwnaasiniSuntwisENAnIN IR 5 nansIsuwun 1) nanssantsieuiuuudduhnildintoudiaaadle
masouwadnmagluzaugs uazwgdniswvestinGouagluszaud 2) Wnouiiinandnounasnaimsaniaiiow
uanenar aafivpind iy 05
IadNNAVBINTITIVY
1. mysvasinanamzinSeutuisoudnmndn 1 lulssdowaon (Ii{lﬁ'ﬂuﬂ%'qmmuuﬁ)

Namﬁfﬁ'ﬂﬁumaaﬁiafa"ﬂﬁ'@‘lumiagﬂﬁnﬁﬂﬂﬂ'w%uwiiaL’%'sluﬁﬁmmwéfammﬂ@hﬁ'u



SOUSRAL OF IELETY OF (0P MOAL EDUCATION )
Wekprie 59 | NurTlm 1 [ wwary © e 00 ~E 15
UNAIINITY

- a { v o v a ' ' o P~ ' ' '
mswwmgﬂ uuunmsawImnzsiinizy ENI@ Ul‘ﬁﬂ'ﬁﬁ](ﬂﬂ'ﬁﬁﬂuEL’NEﬂLL‘]JUi'JEJﬁaLLE‘KNEWI aNaammﬁmqmsﬁﬂmazmmﬂa aILARIID \‘lvl’J

o o & o 2 P
maaumswﬂjumwaﬂmﬁw 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

a J ] v 1 1 ' ] = 1 = é
2. \‘nmawwuumaaumwmaumanm"l,ammmumaau ICSPFT Shuttle Run tNg9a8n9Lae7 09
ﬂ“’avl,aimamquadﬁﬂi:nauammmwmamﬂéﬁuﬁuﬁ?ﬁwLﬂu@iaﬁwmizﬁm:uaa V% ANNAANUVBINAINLENID

AN BAUG?

DaLEWUWE
1. Targuwaunzlunmainansiae luld
dl U s J o a dl a =
1.1 stuvunsseunsanandumanni lWdszgndldlunssewizindinszusmianadinmn
Uinniimdedaus neuntymidisounaussgslale
1.2 agemauarTianudmdyiunseanuuuanunsnt Illanuwanuaoiianssduaussnnums
mMuvadKiTouatdaiias

1.3 m‘syimmimﬂﬁwﬁam‘iw%a%a

'
a ' (3 A

Aad A voa o o Aa o o Al
a@mmm’mmmwal‘m;JLmuaﬂmwnmmmmmumaﬂﬂ@
o X
IRETIS

2. TolanauuwedanIuMIuaIIsa

2.1 PPYTZHLIAINTIVEY Lﬁﬁ]ﬁﬂﬁfﬂwaﬂi:‘ﬂu"ﬂE]\‘igﬂLLUUﬂ’]‘iL%EJ%jL%\‘]‘EﬂLL‘U‘LI‘E"JSJﬁE]ﬁﬁ@iE] FANIIDNIN

mMameluasnlsznoudn g (1T% ANULTILTITEINTIULHD, ANUNUMUTBINTINLHED, ANNBDUA, LAZAN
% lé AI o ﬂ/ 1 ] 4 U U s
numuvasszuunalanas lnaiouifen) Sadunisdendenmsaunszinizuss wazonadadldiianlumsnam
=1 =4 =4 L =Y = U 0 =1 ﬁl ﬁl U dl dl o @ A

2.2 Anwipuiisunumnafiamaiouiiuuudady 9 iledunzUuuuimnsaungadminIm
nszdnszuad

2.3 g3 anTINNT s M IR EN TN MasRaMNNARadLaaTad e lFIunuMIIaNII ST

nIRak

1@N&1391999

Apiwongngam, R. (2018). The use of Krabi-Krabong club hitting exercises on the physical fitness of Chiang Mai
University students [Master's thesis, Chiang Mai Physical Education Institute].

Aphichittrakul, T., Wiratsetthasin, K., & Muangsiritham, P. (2020). Effects of cooperative physical education
learning management on unity and academic achievement of lower secondary school students. Journal of
Educational Measurement, 37(101), 60.

Chawisuttigul, A. (1995). 7 major principles of self-defense: Document No. 2 Science and Art of Krabi-Krabong.
Chiang Mai Physical Education Institute.

Chunhahotianan, S., & Yamngamruea, W. (2022). Cooperative learning management in physical education to
enhance life skills for Grade 6 students at Pibuloppatham School. Journal of Health, Physical Education,
and Recreation, 48(1).

Dyson, B., & Grineski, S. (2001). Using cooperative learning structures in physical education. Journal of Physical

Education, Recreation & Dance, 72(2), 28-31.



16 J B oUW O FARIINY OF SYVICAL COUCATION
(/B Viiore 23| Wurvte | | desary - Jure F023

UNANNIVY
£ a q L2 v v a 0 1 . ﬂf 1 ' g
maawzlunumssawinnizinszuaslasldmdanisisouiidonuuunaiowsznadanadugninmmasouiazanuadasuadiia

o A & o = P
‘Dad%ﬂLSU%’EuﬂJﬁUNﬂﬂH’]ﬂﬂ 1
DEVELOPMENT OF A KRABI KRABONG TEACHING MODEL USING COOPERATIVE ACTIVE LEARNING AND ITS EFFECTS ON ACADEMIC ACHIEVEMENT AND
AGILITY IN GRADE 7 STUDENTS

Phromma, P., & Tingsabhat, S. (2023). Effects of cooperative physical education learning management with TAI
technique on the development of football skills and sportsmanship of upper secondary school students.
Journal of Health, Physical Education, and Recreation, 49(3).

Phungsai, A., & Kaewjarasvilai, T. (2014). Effects of participatory learning management on attitudes towards
learning physical education of Grade 11 students. Silpakorn Educational Research Journal, 6(1).

Promboon, S. (1997). Theory of participatory learning. ldea Square Press.

Samahito, S. (2013). Physical fitness tests and norms for Thai people aged 19-59 years. Bureau of Sports
Science, Department of Physical Education, Ministry of Tourism and Sports.

Srisamut, W., Prasantree, T., & Anantarak, M. (2014). A comparison of academic achievement in physical
education on basic football skills and emotional control of Grade 6 students between cooperative
learning with JIGSAW technique and traditional learning. Journal of Nakhon Phanom University, 4(3).

Thongmak, S., & Khamthoon, P. (2023). Effects of physical education learning management using cooperative

learning on academic achievement in volleyball course of Grade 9 students. Rajapark Journal, 17(54),

252-266.



IMPACT OF COVID-19 PANDEMIC ON MUNICIPAL SOLID WASTE IN BANGKOK,
2019-2024: AN INTERRUPTED TIME SERIES ANALYSIS

Jitjira Chaiyarit*
Department of Statistics, Faculty of Science, Khon Kaen University, Khon Kaen, Thailand
Corresponding author

E-mail address: jitjira@kku.ac.th
Received: March 21, 2026
Revised: May 5, 2026
Accepted: May 6, 2026

Abstract

The COVID-19 pandemic altered consumption behavior and waste generation patterns in major cities
worldwide. Quantitative studies in Bangkok remain limited. This study aimed to assess the impact of COVID-19 on
per-capita waste generation in Bangkok using Interrupted Time Series (ITS) analysis, comparing pre-, during-, and
post-pandemic periods. Monthly waste data from 50 Bangkok districts (October 2010—September 2024, n = 168
months) were analyzed using segmented linear regression with Newey-West HAC standard errors (maxlags = 12).
Three intervention points were specified: plastic bag ban (January 2020), COVID-19 onset (February 2020), and
4-plastic ban (January 2022). Analysis was performed in Python 3.12. Mean per-capita waste declined from 1.657
kg/person/day pre-COVID to 1.529 kg/person/day during the pandemic (-7.8%), before a partial recovery to 1.610
kg/person/day in the post-COVID period. ITS analysis indicated that the plastic bag ban was associated with a
significant immediate reduction of -0.288 kg/person/day (p < 0.001), while the COVID-19 intervention was
associated with a modest positive level change of +0.033 kg/person/day (p = 0.039) and a negative slope change
of -0.020 kg/person/month (p = 0.019), suggesting a deceleration in waste growth during the pandemic period.
These findings highlight the complex interplay between public health emergencies and concurrent waste reduction

policies and have implications for waste management planning and emergency preparedness.

Keywords: COVID-19, Municipal solid waste, Bangkok, Interrupted time series

Introduction

The 2019 coronavirus disease (COVID-19) pandemic emerged in early 2020 and spread globally,
profoundly affecting economic systems, societies, and human behavior across multiple dimensions (Nalbandian et
al., 2021; Raman et al., 2021). One often-overlooked impact was the significant change in municipal solid waste
(MSW) generation patterns (Das et al., 2021; Mahmud et al., 2022; Olawade et al., 2024). This shift exhibited
complex trends reflecting both the reduction in economic activity and increases in residential waste from increased
home consumption and delivery services (Arif et al., 2024; Morais et al., 2026).
Studies across different countries reported varied findings. Kulkarni and Anantharama (2020) reported that waste
volumes in major Indian cities decreased by 18-25% during lockdown periods, while research in the United States

and Europe documented concurrent increases in plastic and food packaging waste (Prata et al., 2020). In Southeast
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Asia, similar heterogeneity was observed, with waste composition and generation rates responding differently
depending on urbanization levels, lockdown stringency, and pre-existing waste management infrastructure (Mol &
Ouyang, 2011).

Bangkok, as one of Southeast Asia's largest metropolitan areas, presents a particularly important case
study. The city generates approximately 10,000—11,000 tonnes of MSW per day, managed through a centralized
collection system administered by the Bangkok Metropolitan Administration (BMA) across 50 districts (Chiemchaisri
et al.,, 2007; Menikpura et al., 2013). Prior to the pandemic, Bangkok's waste generation had been increasing
steadily, driven by rapid urbanization, population growth, and expanding consumption patterns (Kasikorn Research
Center, 2020). Waste management in Bangkok is further shaped by a substantial informal recycling sector, which
intercepts a significant proportion of recyclable materials before formal collection, complicating official waste quantity
estimates (Wilson et al., 2006).

Thailand implemented several concurrent waste-related policies around the time of the pandemic onset.
The single-use plastic bag ban came into effect in January 2020, targeting major retail outlets, followed by an
expanded ban on four categories of single-use plastics in January 2022 (Mabayo, 2025). Bangkok subsequently
implemented lockdown-equivalent social distancing measures beginning in March 2020, following the declaration
of a national state of emergency (Phitthayaphinant et al., 2021). The near-simultaneous occurrence of these policy
events and the pandemic onset created an analytical challenge: isolating the independent contribution of COVID-
19 to observed changes in waste generation.

Interrupted Time Series (ITS) analysis is a well-established quasi-experimental method for evaluating the
impact of policies or sudden events on time series outcomes, as it explicitly accounts for pre-existing trends and
enables separation of level and slope changes at defined intervention points (Bernal et al., 2017; Kontopantelis et
al., 2015). ITS has been applied to evaluate public health interventions (Ewusie et al., 2020), environmental policy
impacts (Wagner et al., 2002), and, more recently, the effects of COVID-19 on healthcare utilization and population
behavior (Siriwardhana et al., 2021). Its application to municipal waste data in the context of overlapping policy
interventions represents a methodologically appropriate approach to this research problem.

Quantitative studies examining COVID-19's impact on MSW generation in Bangkok and Thailand more
broadly remain limited. Most existing Thai studies have focused on waste composition changes, healthcare waste
surges, or qualitative policy analysis, leaving a gap in rigorous longitudinal assessment of per-capita waste
generation trends (Phitthayaphinant et al., 2021). This study addresses that gap by applying ITS methodology to
168 months of district-level waste data from all 50 Bangkok districts, spanning October 2010 to September 2024,
to isolate the effects of COVID-19 from concurrent plastic reduction policy interventions.

While broader policy evaluation of Bangkok's sequential waste management interventions including
national master plans and plastic reduction policies is addressed in a companion study, the present study focuses
specifically on isolating the independent contribution of the COVID-19 pandemic to changes in per-capita waste
generation, using sensitivity analysis across alternative intervention dates to address the analytical challenge posed
by the near-simultaneous onset of the plastic bag ban.

Methods

Data Sources and Preparation

Monthly municipal solid waste data from 50 Bangkok districts covering October 2010 to
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September 2024 (n = 168 months) were analyzed. The outcome variable was per-capita waste generation
(kg/person/day), calculated by dividing monthly waste weight by the total Bangkok metropolitan population and the
number of days in the month. Time periods were categorized as follows: (1) pre-COVID period (October 2010—-
January 2020, n = 112 months); (2) COVID period (February 2020-December 2021, n = 23 months); and (3) post-
COVID period (January 2022—September 2024, n = 33 months). This study is analytically distinct from related work
examining broader policy sequences in Bangkok in that it specifies a three-intervention model designed to isolate
the COVID-19 effect, incorporates sensitivity analysis across five alternative COVID-19 onset dates, and reports
full model coefficients for all intervention terms.
Interrupted Time Series Analysis

Segmented linear regression following Bernal et al. (2017) was employed. The model equation was:

Y, = B, + Bt + 5,D_plastic +43, (D_plastic x t)+ 8,D_COVID + ;(D_COVID x t) + S, D_plastic4
+ 3, (D_plastic4 x t) + S, sin(271/12) + B, cos(27t/12) + ¢,

Where represents the immediate level change (Level Change) and represents the trend change (Slope
Change) following COVID-19 onset. Newey-West HAC standard errors (maxlags = 12) were used to address
autocorrelation issues. Durbin-Watson and Augmented Dickey-Fuller (ADF) tests were performed to verify
assumptions. Analysis was conducted in Python 3.12 using libraries: pandas, numpy, scipy, and statsmodels. The
COVID-19 intervention point was set at February 2020, one month prior to the formal declaration of Bangkok's
lockdown measures in March 2020, to capture behavioral changes in waste generation that preceded official
government directives, consistent with evidence that public awareness and voluntary behavioral shifts precede
formal policy enforcement (Bernal et al., 2017). To assess the robustness of findings to the choice of COVID-19
intervention date, a sensitivity analysis was conducted by re-estimating the ITS model using five alternative
intervention dates: January, February (primary specification), March, April, and May 2020, corresponding to the
range of plausible behavioral response periods surrounding the pandemic onset and formal lockdown declaration.

Mean Comparison Between Periods
Mean waste quantities across the three periods were compared using independent samples t-tests at the

significance level of p < 0.05.

Results

Trends and Time-Period Changes

Mean per-capita waste prior to COVID-19 was 1.657 kg/person/day (SD = 0.120), declining to 1.529
kg/person/day (SD = 0.087) during the pandemic (-7.8%), and partially recovering to 1.610 kg/person/day (SD =
0.104) in the post-COVID period (-2.9% below pre-COVID levels). Independent samples t-tests indicated that the
difference between pre-COVID and COVID periods was statistically significant (t = 4.876, p < 0.001), as was the
difference between the COVID and post-COVID periods (t = -3.059, p = 0.004). The post-COVID mean was also
significantly lower than the pre-COVID mean (t = 2.055, p = 0.042).
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Table 1 Annual Mean Per-Capita Waste Generation in Bangkok, 2019-2024

Year Mean (kg/p/day) Min Max Period

2019 1.763 1.639  1.946 Pre-COVID-19

2020 1.537 1.406 1.664 COVID-19 onset / Plastic ban
2021 1.517 1.395 1.751 COVID-19 period

2022 1.601 1413 1.714 Post-COVID / 4-plastic ban
2023 1.565 1.395 1.678 Post-COVID-19

2024 1.681 1509 1.791 Post-COVID-19 (partial, 9 months)

Interrupted Time Series Analysis Results

The ITS segmented regression model results are presented in Table 2. COVID-19 intervention resulted

in an immediate level decrease of -0.2303 kg/person/day (95% CI: -0.4845 to 0.0239; p = 0.078), with a

subsequent increasing trend of 0.1046 kg/person/month (p = 0.104).

Table 2 Segmented Regression Results (Newey-West HAC Standard Errors, lag=12)

Variable Coefficient SE 95% CI p-value
Intercept 1.506 0.025 1.458 to 1.555 <0.001
Time trend (t) 0.003 0.000 0.002 to 0.004 <0.001
Plastic ban — Level (D_plastic) -0.288 0.020 -0.327 to -0.248 <0.001
Plastic ban — Slope (T_plastic) 0.013 0.007 -0.002 to 0.027 0.083
COVID-19 — Level (D_covid) 0.033 0.016 0.002 to 0.064 0.039
COVID-19 — Slope (T_covid) -0.020 0.009 -0.037 to -0.003 0.019
4-plastic ban — Level (D_plastic4) 0.091 0.032 0.029 to 0.154 0.004
4-plastic ban — Slope (T_plastic4) 0.007 0.002 0.003 to 0.012 0.001
Seasonal sin(2TTt/12) -0.048 0.009 -0.065 to -0.031 <0.001
Seasonal cos(2TTt/12) -0.018 0.009 -0.035 to -0.002 0.033

R? = 0.637, Adj.R*=0.618, N = 168, DW = 1.955
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Figure 1. Interrupted Time Series Analysis of Per-Capita Municipal Solid Waste
Generation in Bangkok, October 2010-September 2024 (n = 168 months)

{x@/persoriday)

Per-Capita Waste Generation

Date

Figure 1. Interrupted time series analysis of per-capita municipal solid waste generation in Bangkok, October
2010-September 2024 (n = 168 months). Vertical dotted lines indicate intervention points: plastic bag ban
(January 2020), COVID-19 onset (February 2020), and 4-plastic ban (January 2022).

Mean Comparison Across Periods
Table 3 presents the mean comparison across the three time periods. The during-COVID mean (1.5371
kg/person/day) was lower than the pre-COVID mean (1.8744 kg/person/day) at p = 0.184 (not statistically
significant). In contrast, post-COVID waste generation (2.2128 kg/person/day) was substantially higher than pre-

COVID levels (p = 0.286, ns).

Table 3 Mean Per-Capita Waste Comparison Across Time Periods

Period n (months) Mean (kg/p/day) SD % Change p-value
Pre-COVID (Oct 2010-Jan 2020) 112 1.657 0.120 - -
COVID (Feb 2020-Dec 2021) 23 1.529 0.087 -7.8% <0.001
Post-COVID (Jan 2022—-Sep 2024) 33 1.610 0.104 -2.9% 0.042

Note: p-values from independent samples t-test comparing each period to pre-COVID.

Seasonal Patterns and Model Diagnostics
Significant seasonal effects were observed, with sinusoidal terms revealing monthly cyclical patterns (sin12: p =
0.044; cos12: p = 0.050). The model's diagnostic tests confirmed appropriate specification: Durbin-Watson =
2.2309 (no autocorrelation), and ADF test on residuals yielded p < 0.001 (stationarity confirmed).

Sensitivity Analysis

Table 4 presents COVID-19 coefficient estimates across five alternative intervention date specifications.
The slope change (,35) was consistently negative and statistically significant across all specifications (range: -
0.166 to -0.003; all p  0.040), indicating that the finding of a deceleration in waste generation during the pandemic
period is robust to the choice of intervention date. The level change (ﬁ4 ) varied in magnitude and direction across
specifications, ranging from -0.304 (March 2020) to +0.033 (February 2020, primary model), reflecting the sensitivity
of the immediate level estimate to the precise timing assumed for the intervention, particularly given the proximity

of the plastic bag ban (January 2020). Model fit (R?) was stable across all specifications (0.635-0.644). These
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results support the primary model findings while highlighting the inherent uncertainty in isolating the COVID-19

effect from the concurrent plastic ban.

Table 4 Sensitivity Analysis: COVID-19 ITS Coefficients Under Alternative Intervention Dates

COVID-19 Start Level Change (3,) P Slope Change ( ;) p R?
January 2020 -0.121 <0.001 -0.003 <0.001 0.636
February 2020 (primary) 0.033 0.039 -0.020 0.019 0.637
March 2020 -0.304 <0.001 -0.166 <0.001 0.643
April 2020 -0.110 0.001 -0.028 0.040 0.638
May 2020 -0.152 <0.001 -0.025 0.001 0.644

Note: All models use Newey-West HAC standard errors (maxlags = 12). 95% ClI reported for primary

specification only (Table 2).

Figure 2. Sensitivity Analysis: ITS Fitted Values Under Alternative COVID-19
Intervention Dates, Bangkok October 2010-September 2024

Per-Capits Waste Generaticn [kg/parsorvday)

Figure 2. Sensitivity analysis of ITS model fitted values under five alternative COVID-19 intervention date
specifications, Bangkok, October 2010-September 2024. Bold red line = primary model (February 2020); dashed
lines = alternative specifications.

Discussion

COVID-19 Impact on Waste Generation
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The ITS results suggest a more nuanced picture than a simple reduction in waste attributable to COVID-
19. The plastic bag ban (January 2020) was the dominant intervention, associated with a significant immediate
level reduction of -0.288 kg/person/day (p < 0.001). The COVID-19 onset (February 2020) was associated with a
small positive level change of +0.033 kg/person/day (p = 0.039) and a significant negative slope change of -0.020
kg/person/month (p = 0.019). This pattern suggests that while COVID-19 may have slightly elevated waste
generation in its immediate onset — possibly due to increased residential activity and single-use packaging from
delivery services — it was also associated with a gradual deceleration in the rate of waste growth over the pandemic
period, consistent with prolonged reductions in commercial and tourism activity (Arif et al., 2024; Kumar et al.,
2025).

The near-simultaneous timing of the plastic bag ban and COVID-19 onset (one month apart) represents
the key interpretive challenge of this study. Although the segmented model attempts to isolate each intervention
through separate level and slope terms, disentangling their independent effects remains difficult given the proximity
of these events. Caution is therefore warranted in attributing observed changes solely to either intervention.

Post-COVID Recovery

The post-COVID period shows substantially elevated waste generation (2.2128 kg/person/day, +18.1%
above pre-COVID), which may reflect sustained behavioral changes including increased online shopping, food
delivery reliance, and changing consumption patterns (Xue et al., 2024). This elevated level persists despite the
concurrent 4-plastic ban policy (January 2022), suggesting that the economic recovery effect outweighs policy-
induced reductions

Implications for Public Health and Waste Management

These findings underscore the need for adaptive waste management strategies that account for dynamic
changes during public health emergencies. The initial reduction in waste suggests that lockdown and economic
contraction significantly suppress waste generation. However, the subsequent recovery and escalation indicate that
behavioral shifts toward online consumption may permanently alter waste profiles. Future emergency preparedness
should incorporate flexible capacity planning to accommodate both the contraction and post-crisis expansion
phases.

Study Limitations

Several limitations warrant consideration: (1) waste data may not capture waste diverted through salvage
operations or informal recycling networks; (2) per-capita estimation relied on total Bangkok population rather than
district-specific demographics; (3) confounding variables such as weather patterns, tourist arrival numbers, and
delivery platform market penetration were not included in the model; and (4) seasonal adjustment through Fourier
terms may not fully capture longer-period cycles and (5) The plastic bag ban (January 2020) and COVID-19 onset
(February 2020) occurred within one month of each other, limiting the model's capacity to fully separate their
independent effects despite the use of distinct intervention terms; and (6) the use of independent-samples t-tests
for period comparison does not account for autocorrelation inherent in monthly time-series data, and results should
be interpreted alongside the ITS model estimates. Sensitivity analysis across five alternative COVID-19 onset dates
confirmed that the negative slope change was robust across all specifications, supporting the finding of a gradual

deceleration in waste growth during the pandemic period. However, the direction and magnitude of the immediate
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level change varied across specifications, underscoring the difficulty of isolating the COVID-19 effect from the nearly

concurrent plastic bag ban. This uncertainty should be considered when interpreting the primary model estimates.

Conclusion

This interrupted time series analysis of 168 months of Bangkok municipal solid waste data indicates that
the plastic bag ban of January 2020 was the primary driver of the observed reduction in per-capita waste generation,
with an immediate significant decline of -0.288 kg/person/day. The COVID-19 pandemic was associated with a
modest positive level change at onset (0.033 kg/person/day, p = 0.039) and a significant negative slope change (-
0.020 kg/person/month, p = 0.019), suggesting a gradual deceleration in waste growth during the pandemic period
rather than a simple reduction. Mean per-capita waste declined from 1.657 kg/person/day pre-COVID to 1.529
kg/person/day during the pandemic (-7.8%), with a partial recovery to 1.610 kg/person/day post-COVID. The near-
simultaneous occurrence of multiple policy and emergency interventions underscores the methodological challenge
of isolating individual effects and the need for cautious interpretation. These findings provide empirical evidence for
adaptive waste management planning that accounts for the complex interactions between public health

emergencies and concurrent policy environments.
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Abstract
This study aims to examine the relationships among social support, self-concept, self-efficacy, and motivation to
learn physical education, and to compare these relationships among boarding school students and regular school
students. The problem formulation in this study is stated as a hypothesis: H1: There is a relationship between
social support and motivation to learn physical education among boarding and regular school students. H2: There
is a relationship between self-concept and motivation to learn physical education in boarding and regular school
students. H3: There is a relationship between self-efficacy and motivation to learn physical education in boarding
and regular students. H4: Social support, self-concept, and self-efficacy are simultaneously related to motivation to
learn physical education in boarding and regular school students. H5: There is a difference in the strength of the
relationship between variables between boarding school students and regular school students. This study used a
quantitative, cross-sectional method. The study population consisted of 1,408 students from two schools: SMA
Negeri 1 Comal (regular students) and MAN Pemalang (boarding students). The sampling technique used was
purposive sampling with a sample size of 228 students. The sample was then divided into two groups: 114 boarding
students from MAN Pemalang and 114 regular students from SMA Negeri 1 Comal, allowing for a clearer
comparison analysis between the groups. The research instruments included the Physical Self-Description
Questionnaire—Short to measure self-concept, the General Self-Efficacy Scale to measure self-efficacy, and a
questionnaire on motivation to learn physical education. Data analysis was carried out using descriptive statistics,
normality tests, Pearson correlation tests, and multiple regression analyses with the JASP software.The results
showed that the Pearson correlation analysis indicated weak, non-significant relationships among variables in both
groups. However, multiple regression analysis revealed a significant simultaneous effect in the boarding student
group (R =0.267; R? = 0.072; p = 0.042), although the contribution was relatively small. In contrast, the regression
model in the regular student group was not statistically significant (R = 0.242; R? = 0.059; p = 0.083).This study
concludes that psychological and social factors contribute to motivation for learning in physical education, although
their effects vary across student groups. The findings highlight the importance of considering group differences and

suggest that practitioners should support social support, self-concept, and self-efficacy in the learning process.

Keywords: Social Support, Self Concept, Self Efficacy, Motivation, Physical Education
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Introduction

Physical education is widely recognized as playing a significant role in students' health and social well-
being by fostering positive attitudes toward sports and physical activity and cultivating a lifelong culture of active
living (Hidayana, 2023; Moroz & Havryshko, 2024; Wicaksono et al., 2025). However, in practice, motivation to
learn physical education still faces challenges in various schools. According to Sin & Hudayani (2020), The levels
of intrinsic and extrinsic motivation in physical education learning remain low. The study found that students' intrinsic
motivation accounted for 37.72% of their learning, while their extrinsic motivation accounted for 42.98%.

This difference indicates the presence of psychological factors and learning environments that may
influence student learning motivation. In addition, in student learning outcomes, as evidenced by the results of the
Final Summative Assessment of the 2024/2025 academic year, the average PJOK score for grade XlI students in
regular schools was 67.9, and 62.4 in boarding schools, indicating that most have not met the Learning Objective
Achievement Criteria. In fact, motivation plays an important role in improving student learning outcomes, as learning
motivation can influence physical education learning outcomes (T. Hauw Sin, 2020). A lack of learning motivation
among students will affect learning productivity and cause feelings of boredom and a lack of enjoyment in physical
education (Fuaddi et al., 2020; Mouratidis et al., 2008).

Self-concept, which is how individuals view their abilities and values, also plays a significant role in
motivation to learn physical education (Antonio Moreno-Murcia, 2012). According to Vaquero-Solis et al. (2021),
students with a positive self-concept tend to be more motivated to participate in physical education activities. A
positive self-concept can increase self-confidence in engaging in physical activities and various learning challenges.
Furthermore, self-efficacy is another important factor that can influence student motivation in physical education
learning. Students with high self-efficacy believe they are capable of achieving set goals and overcoming
challenges. High self-efficacy is positively related to student motivation to learn and engagement in physical
education (Darmanto et al., 2024a). Self-efficacy can be used to assess an individual's involvement in community
physical activity. Several studies have shown that self-efficacy is positively related to a person's ability to participate
in sports regularly. (Peers et al., 2020; LaForge-MacKenzie & Sullivan, 2014).

Students' levels of social support, self-concept, and self-efficacy can vary depending on the educational
environment in which they study. Students in regular schools generally live with their families and receive direct
social support from their parents. Meanwhile, students in boarding schools live more independently, and most of
their social interactions occur with peers and dormitory supervisors. Boarding school students tend to have higher
levels of independence and self-responsibility, but their families provide less social support (Hidayah & Nordin,
2020). This situation creates potential differences in the relationships among social support, self-concept, self-
efficacy, and motivation to learn physical education across the two educational environments. Boarding school
students may have higher self-efficacy due to being accustomed to a disciplined and independent lifestyle, but
lower levels of family social support. Conversely, regular school students may receive stronger social support from
their families, but their self-efficacy in facing academic challenges and physical activity may differ. Therefore, this
study aims to determine the correlation between social support, self-concept, and self-efficacy on motivation to

learn physical education in boarding schools and regular schools in Pemalang Regency.
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Method

This study employed a quantitative, cross-sectional method. This approach aims to describe and analyze
the relationships between research variables measured at a single point in time. The cross-sectional design was
chosen because it allows researchers to obtain a snapshot of respondents' conditions without repeated

observations, making it efficient and aligned with the research objectives.

Sample

The study population consisted of 1,414 students from two schools: SMA Negeri 1 Comal and MAN
Pemalang. The sampling technique used was purposive sampling with a sample size of 228 students. The sample
was then divided into two groups: 114 regular school students from SMA Negeri 1 Comal and 114 boarding school

students from MAN Pemalang, allowing for separate and comparative analysis between the groups.

Instrument

support, self-concept, self-efficacy, and motivation to learn physical education, all of which were adapted
from previously validated and reliable instruments. Social support was measured using the Multidimensional Scale
of Perceived Social Support (MSPSS) developed by Zimet et al., (1988) and adapted into Indonesian by Sulistiani
et al., (2022). The instrument consists of 12 items divided into three subscales: family support (items 3, 4, 8, and
11; A = 0.929), friend support (items 6, 7, 9, and 12; Ol = 0.942), and significant others (items 1, 2, 5, and 10; Q.
= 0.941), with four items in each subscale.

Self-concept was measured using the Physical Self-Description Questionnaire—Short (PSDQ-S) developed
by Marsh et al., (2010), consisting of 40 items assessing students’ perceived physical self-concept. The original
English version was translated into Indonesian using a back-translation technique, with an independent bilingual
translator to ensure semantic equivalence between the original and the translation.

Self-efficacy was measured using the General Self-Efficacy Scale (GSES) developed by Schwarzer &
Jerusalem, (1995) and adapted into Indonesian by Novrianto et al., (2019), consisting of 10 items. Motivation to
learn physical education was measured using a questionnaire developed by Nur et al., (2019) comprising 29 items.
Due to minor wording changes, the instrument was re-evaluated, yielding a minimum validity coefficient of 0.518
and a reliability coefficient of 0.906, indicating good internal consistency. To ensure consistency across instruments,
all response categories were standardized into a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly

agree).

Data analysis techniques
Data analysis techniques in this study included descriptive statistics, normality tests, simple correlation

tests, and multiple regression tests. The analysis was conducted using JASP.
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Results

1. Descriptive analysis

Table 1. Descriptive analysis

Statistics
Variables Group N
Max Min Mean + SD

Boarding 114 60 23 48.41 + 6.22
Social Support

Regular 114 60 27 472 +6.42

Boarding 114 157 86 125.7 + 16.2
Self-concept

Regular 114 160 65 124.3 + 16.3

Boarding 114 50 27 39.9 +5.04
Self-Efficacy

Regular 114 50 23 39.0 +4.9

Boarding 114 92 47 70 + 6.6
Motivation to learn

Regular 114 92 48 69.9 +6.4

Based on the descriptive analysis, in regular schools, the social support variable ranges from 27 to 60,
with an average of 47.22 and a standard deviation of 6.42. In contrast, in boarding schools, it shows a minimum
of 23, a maximum of 60, an average of 48.41, and a standard deviation of 6.23. The self-concept variable in regular
schools has a minimum of 65, a maximum of 160, an average of 124.32, and a standard deviation of 16.38, while
in boarding schools, the minimum is 86, the maximum is 157, the average is 125.72, and the standard deviation is
16.24. Furthermore, the self-efficacy variable in regular schools has a minimum value of 23, a maximum of 50, an
average of 39.04, and a standard deviation of 4.98. In contrast, in boarding schools, the minimum is 27, the
maximum is 50, the average is 39.91, and the standard deviation is 5.05. The learning motivation variable in regular
schools ranged from 48 to 92, with an average of 69.96 and a standard deviation of 6.41. In contrast, in boarding
schools it ranged from 47 to 92, with an average of 70.54 and a standard deviation of 6.68.

2. Normality test
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Figure 1. Plot of normality test results
The results of the normality test above indicate that the research data follow a diagonal line for both the

regular and boarding student groups. Therefore, each variable's distribution is normal.
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3. Pearson correlation test
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Figure 2. Pearson Correlation Test Results for Boarding and Regular Student Groups

The results of the Pearson correlation test indicate that, in both boarding and regular student groups,
social support, self-concept, and self-efficacy were not significantly related to motivation to learn physical education.
In the boarding student group, social support was not significantly related to learning motivation (r = 0.006; p =
0.947), suggesting a very weak correlation. Self-concept demonstrated a positive but non-significant relationship (r
= 0.244; p > 0.05), while self-efficacy also showed a weak positive correlation that did not reach statistical
significance (r = 0.193; p > 0.05). Similarly, in the regular student group, social support was not significantly related
to learning motivation (r = 0.114; p = 0.226). Self-concept (r = 0.199; p > 0.05) and self-efficacy (r = 0.198; p >
0.05) also demonstrated weak positive relationships, but these were not statistically significant. Overall, these
findings suggest that the relationships between social support, self-concept, self-efficacy, and motivation to learn
physical education are generally weak and not statistically significant in both student groups.
4. Multiple regression test

Table 2. Regression Coefficient of Social Support, Self-Concept, and Self-Efficacy on Motivation to Learn

Physical Education Based on Student Groups

Unstandardized Coefficients Standardized Coefficients
Model t Sig
Group B Std. Error Beta
Boarding 54.461 7.239 - 7.523 .000
Costant
Regular 54.353 6.265 - 8.675 .000
Boarding -.010 101 -.010 -.103 918
Social support
Regular .055 .100 .055 .552 .582
Boarding .082 .041 199 1.989 .049
Self Concept
Regular .056 .040 144 1.416 .160
Boarding .158 134 120 1.179 .241
Self Efficacy

Regular .154 139 120 1.109 .270
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The results of the multiple regression analysis indicate differences in the contribution of social support,
self-concept, and self-efficacy variables to physical education learning motivation in the boarding and regular
student groups. In the boarding student group, self-concept significantly influenced motivation for physical education
learning (B = 0.082; B =0.199; t = 1.989; p = 0.049). This indicates that the more positive a student's self-concept,
the higher their motivation to learn in physical education. Meanwhile, social support (p = 0.918) and self-efficacy
(p = 0.241) did not show statistically significant effects.In the regular student group, none of the independent
variables social support (p = 0.582), self-concept (p = 0.160), and self-efficacy (p = 0.270) showed a significant
influence on physical education learning motivation. This indicates that these three variables cannot fully explain
the variation in learning motivation among the regular student group. In general, these results indicate that the
influence of psychological and social factors on motivation to learn physical education tends to be more pronounced

among boarding school students, particularly regarding self-concept, compared to regular school students.

Table 3. Multiple regression test

ANOVA 2
Model Group R R Square DF Adjusted R- Mean Square F Sig
Square
Boarding  0.267 0.072 3 0.046 3 2.825 .042
Regression
Regular 0.242 0.059 3 0.033 90.68 2.281 .083

The results of multiple regression analysis showed that in the boarding student group, social support, self-
concept, and self-efficacy simultaneously had a significant influence on physical education learning motivation (R
= 0.267; R? = 0.072; Adjusted R? = 0.046; F = 2.825; p = 0.042). This finding indicates that the three independent
variables together explained 7.2% of the variation in physical education learning motivation among boarding
students. Meanwhile, in the regular student group, the regression model showed a weaker and statistically
insignificant relationship (R = 0.242; R? = 0.059; Adjusted R? = 0.033; F = 2.281; p = 0.083), which means that
social support, self-concept, and self-efficacy only explained about 5.9% of the variation in physical education

learning motivation.

Discussion

The study's results indicate a significant relationship between social support and motivation to learn
physical education in regular schools. The more social support a student has, the greater their motivation to learn
physical education. This study aligns with Irfan & Imran (2024), who stated that social support has a significant
influence on learning motivation. Research by Zhang et al. (2022) confirmed that social support from peers, family,
and the school environment positively contributes to physical activity behavior by increasing self-efficacy, thereby
strengthening the role of social support as a motivational driver in the context of physical education. Research by
Li et al. (2023) revealed that social support directly influences students' fitness behavior and motivation, with self-

efficacy as an important mediator.
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Although the analysis results in this study showed a weak relationship in both regular and boarding student
groups, this significant result indicates that social support remains an important external variable that helps increase
learning motivation. This is because physical education involves physical activity and requires commitment, so
social support can be a driving force for students to be more involved, committed, and motivated to participate.

In addition, the study's results indicate a significant relationship between self-concept and motivation to
learn physical education in regular schools. The more positive the students' self-concept, the higher their motivation
to learn physical education. The relationship is in the low category, and its positive direction indicates that self-
concept is a psychological factor that contributes to learning motivation. In boarding school students, based on data
analysis, self-concept has a significant relationship with motivation to learn physical education. The correlation
coefficient of 0.244 indicates that the relationship between the two variables is in the low range, but still positive.
This is reinforced by research by Herbert W. Marsh & Craven (2006), which shows that academic self-concept
correlates with various motivational indicators: students with more positive self-perceptions tend to show higher
effort, persistence, and interest in the learning process. In physical education, research by Standage et al. (2005)
revealed that positive self-perceptions of physical abilities can increase students' intrinsic motivation to engage in
physical education activities actively. The results of this study are also consistent with those of Hariyadi et al.
(2024), who found that self-concept is positively related to student learning motivation. However, the correlation
value tends to be low because motivation is also influenced by other factors such as the quality of teaching, social
support, and personal interests. Thus, the results of this study indicate that self-concept is one of the important
internal factors that can encourage motivation to learn physical education in boarding school and regular school
students. However, it is not the only primary determinant. Boarding schools and regular schools have significant
differences in their social and learning environments. Boarding school students live in a dormitory environment with
intensive supervision, limited interaction with family, and structured learning routines, which encourage
independence but can reduce emotional support from family (Martin et al., 2021; Li et al., 2023) . In contrast,
regular school students have greater opportunities to receive direct social support from family, although their level
of independence is often lower (Blau & Blau, 2021). According to Zhong et al. (2024), the influence of the boarding
environment on students' motivational development and emotional well-being varies depending on the quality of
social support and the student's school environment.

Furthermore, research conducted by Schmidt et al. (2013) showed that interventions aimed at improving
students' self-concept can increase their motivation and engagement in physical education. Students who have a
favorable view of their physical abilities tend to achieve better grades in physical education (Bailey et al., 2009).
This suggests that a positive self-concept contributes not only to motivation but also to learning outcomes. Research
by Puspitasari et al. (2021) shows a significant, positive relationship between self-efficacy and motivation. Students
who feel capable and confident are more likely to participate in learning and physical activities actively. Conversely,
students with low self-efficacy may feel anxious or hesitant about participating in physical education. This can lead
to decreased motivation and engagement in learning. Low self-efficacy can hinder the learning process and student
achievement in physical education (Chase, 2001).

The results of multiple regression analysis showed that in the boarding student group, social support, self-
concept, and self-efficacy simultaneously had a significant effect on motivation to learn physical education (R =

0.267; R? = 0.072; Adjusted R2 = 0.046; F = 2.825; p = 0.042). This finding indicates that the three independent
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variables together explained 7.2% of the variation in motivation to learn physical education among boarding
students, with the remaining variation influenced by factors outside the research model. In contrast, in the regular
student group, the regression model showed a weaker and statistically insignificant relationship (R = 0.242; R =
0.059; Adjusted R? = 0.033; F = 2.281; p = 0.083), which means that social support, self-concept, and self-efficacy
simultaneously were not able to explain the variation in motivation to learn physical education significantly in this
group.

Social support plays a crucial role in encouraging student engagement in physical activity and physical
education learning, particularly through emotional support from peers, teachers, and the surrounding environment
(Duncan et al., 2005; Gill et al., 2018). A more structured, socially engaged boarding environment allows students
to receive more consistent support, thereby making the contribution of social support to learning motivation more
meaningful. This finding aligns with research (Darmanto et al., 2024a), which confirms that social support from the
surrounding environment increases student motivation and involvement in physical education learning. In addition
to social support, self-concept also plays an important role in physical education learning, as students' perceptions
of their physical abilities influence their level of participation, their willingness to try movements, and their self-
confidence in engaging in learning activities (Nopiyanto et al., 2022).

Study Medina et al. (2023) also confirmed that a positive physical self-concept contributes to students'
active engagement in physical education. In the context of boarding schools, more controlled, repeated learning
experiences can more reliably strengthen students' self-concepts. Self-efficacy serves as the primary motivational
mechanism in physical education learning because it relates to students' beliefs in their ability to complete motor
tasks and physical activities (Dutrisac et al., 2023). High self-efficacy is positively related to students' motivation
and learning engagement (Darmanto et al., 2024b; Puspitasari et al., 2021), while low self-efficacy can hinder the
learning process (Chase, 1998). A disciplined, structured boarding environment can provide a more consistent
experience of success, making the contribution of self-efficacy to learning motivation more visible than for regular
students. In the regular student group, although the direction of the relationship between social support, self-
concept, and self-efficacy on learning motivation was positive, the contribution was not statistically significant. This
suggests that the motivation to learn physical education among regular students is likely more influenced by external
factors, such as family environment, home conditions, and social dynamics outside of school (Bong & Skaalvik,
2003; Raufelder & Kulakow, 2021). This finding aligns with Sri Dinda et al. (2025), which emphasizes the strong
influence of the external environment on the learning motivation of regular students.

Overall, this study's results indicate that social support, self-concept, and self-efficacy shape motivation to
learn physical education. However, the magnitude and significance of their contributions differ between boarding
and regular students. Differences in learning environment characteristics and social dynamics are important factors
influencing the strength of these psychological variables. Therefore, efforts to improve motivation to learn physical
education need to consider integrating students' internal factors and the unique learning environment conditions of

each type of school.
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Conclusions and Suggestions

The relationships between social support, self-concept, and self-efficacy, and the motivation to learn
physical education tend to be weak and, in some analyses, did not reach statistical significance at the partial level,
for both boarding and regular school students. However, the results of multiple regression analysis indicate that all
three variables simultaneously contribute significantly to motivation to learn physical education in the boarding
group. At the same time, no significant model was found in the regular group.

The findings of this study indicate that the role of social and psychological factors in increasing motivation
to learn physical education can vary across students' educational environments. Therefore, physical education
teachers need to consider the characteristics of the learning environment when designing learning strategies, such
as providing positive feedback, strengthening motivation, and fostering self-confidence and positive self-
perceptions. Furthermore, social support from the school and parents, and the creation of a conducive social
climate, remain important factors in increasing student engagement in physical education. This study has several
limitations, including the use of a purposive sampling method, which limits the generalizability of the findings.
Therefore, the results are more representative of students at the schools studied, namely SMA Negeri 1 Comal
and MAN Pemalang, and may not necessarily apply to the broader population. Second, the cross-sectional research
design describes the relationship between variables at a single point in time, thereby failing to explain causal
relationships fully. Third, the research data were obtained through a self-report questionnaire, which could introduce
subjective bias into respondents' responses. Therefore, further research is recommended to utilize more

representative sampling techniques, longitudinal or experimental designs, and mixed-methods approaches.
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Abstract

The rapid growth of the aging population has increased the importance of digital health knowledge in
supporting effective health management, particularly among pre-elderly individuals. This study aimed to assess the
level of digital health knowledge and examine its associations with personal factors and digital health—related
technology use behaviors among pre-elderly personnel at a university in northeastern Thailand.

A cross-sectional survey was conducted among 50 personnel aged 45-59 years, selected using a stratified
random sampling method. Data were collected using a self-administered structured questionnaire covering personal
characteristics, digital health—related technology use behaviors, and digital health knowledge. Descriptive statistics
were used to summarize the data, and Chi-square test or Fisher's exact test was applied to examine associations.

The results showed that most participants had a moderate level of digital health knowledge (46.0%),
followed by low (34.0%) and high levels (20.0%). Age and job category were significantly associated with digital
health knowledge (p<0.05), with younger participants and academic staff demonstrating higher levels of knowledge.
In contrast, digital health—related technology use behaviors were not significantly associated with knowledge level.

The findings suggest a need for targeted educational interventions focusing on digital health information
evaluation, telemedicine, and digital health privacy to strengthen digital health knowledge among pre-elderly adults

and support their preparedness for ageing in an increasingly digital healthcare environment.

Keywords: Digital health knowledge, Pre-elderly, Technology use behavior, Health information
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Introduction

Population ageing has become a major global demographic trend, with the United Nations projecting that
older adults will account for a substantial proportion of the world’s population by 2050. This shift is particularly
evident in Thailand, where national reports indicate that the country became a complete aged society in 2023 and
is expected to transition into a super-aged society within the next decade (by 2033), with individuals aged 60 years
and over accounting for approximately 28% of the total population (Department of Older Persons, Ministry of Social
Development and Human Security, 2023).

This demographic transformation places increasing pressure on healthcare systems, as older adults often
require continuous and complex care, particularly for chronic conditions, as well as long-term monitoring and
support. In this context, digital health has emerged as an important tool to enhance access to health information
and support self-management, as highlighted by the World Health Organization (World Health Organization, 2019).
Evidence suggests that digital technologies can improve health behaviors, quality of life, and disease management
among older adults (Cui et al., 2024). However, access to digital information alone is insufficient. Despite increasing
use of the internet for health-related purposes among older populations, the presence of inaccurate or misleading
information remains a significant concern (Sun et al., 2020). Without adequate digital health knowledge,
individuals—particularly older adults—may be vulnerable to misinformation, which can negatively affect health
decisions, increase exposure to health-related fraud, and pose risks to public health (Zhou, Xiang, and Xie, 2023;
Suarez-Lledo and Alvarez-Galvez, 2021).

Despite the growing importance of digital health in ageing societies, evidence regarding digital health
knowledge among pre-elderly adults remains limited. In this study, digital health knowledge refers to basic
understanding of digital health information, services, and data privacy necessary for safe and appropriate use.
Existing research has predominantly focused on digital health literacy, eHealth literacy, or the adoption of digital
technologies among older adults (Choi & DiNitto, 2013; Norman & Skinner, 2006; Vaart & Drossaert, 2017), while
relatively few studies have specifically examined foundational digital health knowledge and its associated factors
among individuals approaching older age. In Thailand, available evidence has mainly addressed digital readiness
and technology use among older populations, with limited empirical evidence given to digital health knowledge
among pre-elderly adults (Department of Older Persons, Ministry of Social Development and Human Security,
2023; Naseeda & Thanyaratporn H., 2025). Furthermore, little is known about how personal characteristics and
digital health-related technology use behaviors are associated with digital health knowledge in this population.
Addressing this gap is important for informing context-specific interventions to improve digital health knowledge
among pre-elderly adults and promote effective engagement with digital health information and technologies before

individuals transition into older adulthood.

Objectives

1. To assess the level of digital health knowledge among pre-elderly personnel at a university in
northeastern Thailand.

2. To examine the association between personal factors, digital health—related technology use behaviors,

and the level of digital health knowledge among pre-elderly personnel at a university in northeastern Thailand.
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Methods

1. Ethic committees

This study was reviewed and granted exemption approval by the Institutional Review Board (IRB) of the
university (Reference No. HE693039). Participation was voluntary, and informed consent was obtained from all
participants. Participant confidentiality was strictly maintained throughout the study.

2. Population and Sample

The study population consisted of permanent personnel at a university in northeastern Thailand, including
both academic and support staff aged 45-59 years in 2025. According to human resources records as of January
5, 2026, 410 personnel met the inclusion criteria (232 academic staff and 178 support staff). Eligible participants
were permanent academic or support personnel aged 45-59 years who were able to complete the questionnaire
and willing to participate. Personnel on extended leave during data collection or those who returned incomplete
questionnaires were excluded.

A sample size of 44 was estimated using the finite population proportion (Lwanga & Lemeshow, 1991),
assuming a 95% confidence level, 5% margin of error, and an anticipated high level of digital health knowledge of
96.7% (Chinwatsopol et al., 2024). To account for a potential 10% drop-out rate, the final sample size was set at
50 participants.

Participants were selected using stratified random sampling. The population was first stratified into two
main groups: academic staff and support staff. Within each stratum, personnel were further categorized into three
disciplinary groups: health sciences, science and technology, and social sciences and humanities. This multistage
sampling approach was applied due to the organizational structure of the university. Two faculties were randomly
selected from each disciplinary group to support representation across academic units. Sample sizes within each
faculty were allocated proportionally based on stratum size, and simple random sampling was used to select
participants within each faculty.

3. Instruments

Data were collected using a self-administered questionnaire developed based on a review of relevant
literature and conceptual frameworks related to digital health and eHealth literacy, particularly the eHealth Literacy
Framework proposed by Norman and Skinner (Norman & Skinner, 2006), as well as literature on digital health
technologies, ageing populations, and digital health behaviors to guide item development for the knowledge and
behavior sections of the questionnaire. The questionnaire comprised three sections: 1) Demographic information,
2) Digital health—related technology use behaviors, and 3) Digital health knowledge.

Digital health—related technology use behaviors were assessed using eight items covering four domains:
(1) online health information seeking and credibility evaluation, (2) use of health applications and self-monitoring
technologies, (3) utilization of digital health services and telemedicine, and (4) privacy and security management
in digital health contexts. Participants reported the frequency of these behaviors using five-point rating scales, with
higher scores indicating more frequent engagement in digital health—related technology use behaviors.

Digital health knowledge was defined as an individual’'s foundational understanding of digital health
information, technologies, services, and data privacy principles necessary for their safe and appropriate use. The
10-item knowledge instrument was developed to assess factual knowledge across four domains: (1) evaluation of

the credibility of online health information, (2) understanding of digital health technologies and telemedicine
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services, (3) appropriate use of health applications and self-monitoring devices, and (4) awareness of privacy and
data security issues. Responses were scored as correct or incorrect, with higher scores indicating greater digital
health knowledge.

Content validity was evaluated by experts using the item-objective congruence (IOC) index, with all items

achieving 10C values 20.50, indicating satisfactory content validity. Reliability for the digital health—related
technology use behaviors section was assessed using Cronbach’s alpha, which yielded a coefficient of 0.659,
considered acceptable for research purposes (Gliem and Gliem, 2003). The digital health knowledge section,
consisting of 10 dichotomous items, had a mean item difficulty of 0.75, indicating most items were moderately easy.
In classical test theory, items difficulty values between 0.30 and 0.80 are generally considered acceptable for
distinguishing participants’ knowledge levels, while avoiding items that are excessively easy or difficult (Boateng et
al., 2018; Quaigrain and Arhin, 2017).

4. Data collection

Data were collected following the sampling procedure. The researchers coordinated with the relevant
administrative offices to obtain permission for participant contact and data collection. Participants were informed of
the study objectives, confidentiality measures, and voluntary participation; consent was obtained on the first page
of the questionnaire. Paper-based questionnaires were distributed to selected participants through faculty staff.
Respondents were given a specified timeframe to complete the questionnaires, and reminders were provided to
ensure a high response rate. Upon collection, questionnaires were reviewed for completeness and consistency
prior to analysis.

5. Data analysis

Prior to analysis, data were entered and cleaned to ensure accuracy and completeness. Data screening
included checking for missing values, outliers, and out-of-range values. Any inconsistencies were verified and
corrected where necessary. New variables were constructed for analysis. Digital health-related technology use
behaviors (Part 2) were measured across four domains: (1) online health information seeking and credibility
evaluation, (2) use of health applications and wearable devices, (3) use of digital health services and telemedicine,
and (4) privacy and data security management, with two items in each domain. Mean scores for each domain were
calculated and categorized into three levels—low, moderate, and high—based on class interval criteria (Best &
Kahn, 2006): 1.00-2.33 (low), 2.34-3.67 (moderate), and 3.68-5.00 (high). Digital health knowledge (Part 3) was
assessed using 10 dichotomous items, with one point assigned for each correct answer and zero for incorrect
answers. The total score was categorized into three levels based on Bloom’s cut-off points (Bloom et al., 1971):
low (0-5 points), moderate (6—7 points), and high (8—10 points).

For data analysis, descriptive statistics were used to summarize the data. Participants’ characteristics were
described using frequencies and percentages for categorical variables, and means and standard deviations (SD)
for continuous variables. The level of digital health knowledge was presented using frequencies and percentages.
To examine the association between personal factors, digital health—related technology use behaviors, and the
level of digital health knowledge, the Chi-square test or Fisher's exact test was applied as appropriate. For this
analysis, the level of digital health knowledge and digital health—-related technology use behaviors were
recategorized into two groups to ensure adequate cell counts and to meet the assumptions of the statistical tests.

Digital health knowledge was recategorized into low—moderate (0—7 points) and high (8—10 points). For digital
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health—related technology use behaviors, the low and moderate categories (mean score 1.00-3.67) were combined
into a single group, while the high category (mean score 3.68-5.00) remained unchanged. A p-value of less than

0.05 was considered statistically significant. All analyses were performed using IBM SPSS Statistics version 29.0.

Results

Participants’ characteristics are presented in Table 1. Of the 50 participants, the majority were female
(82.0%), while males accounted for 18.0%. The largest age group was 45-49 years (46.0%), followed by 50-54
years (38.0%) and 55-59 years (16.0%). Regarding job classification, participants were equally distributed between
academic and support staff (50.0% each). In terms of educational attainment, half of the participants held a doctoral
degree (50.0%), followed by bachelor’s (22.0%) and master’s degrees (20.0%), while a small proportion had lower

than a bachelor's degree (8.0%).

Table 1 Characteristics of the Participants

Characteristics Number (%)

Sex

Male 9 (18.00)

Female 41 (82.00)
Age (years)

45 — 49 years 23 (46.00)

50 — 54 years 19 (38.00)

55 — 59 years 8 (16.00)
Job Category

Academic staff 25 (50.00)

Support staff 25 (50.00)

Highest Education Level

Below bachelor's degree 4 (8.00)
Bachelor's degree 11 (22.00)
Master's degree 10 (20.00)

Doctoral degree 25 (50.00)
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The level of digital health knowledge among participants is presented in Table 2. Most participants
demonstrated a moderate level of digital health knowledge (46.0%), followed by a low level (34.0%) and a high

level (20.0%). The mean knowledge score was 6.64 (SD = 2.10).

Table 2 Level of Digital Health Knowledge among Participants

Level of Digital Health Knowledge Number (%)
Low 10 (20.00)
Moderate 23 (46.00)
High 17 (34.00)
Mean (SD) 6.64 (2.10)

The levels of digital health—related technology use behaviors across four domains are presented in Table
3. Participants demonstrated varying levels across behavioral domains. Online health information seeking and
credibility evaluation showed relatively higher mean scores (mean = 2.58, SD = 0.97), with participants equally
distributed between low and moderate levels (44.0% each). The use of health applications and wearable devices
was predominantly at a low level (52.0%), although a notable proportion reported high levels (28.0%) (mean =
2.52, SD = 1.45). In contrast, the use of digital health services and telemedicine was largely low (82.0%), with the
lowest mean score among all domains (mean = 1.90, SD = 0.94). Similarly, privacy and data security management

were mainly reported at a low level (60.0%) (mean = 2.13, SD = 1.17).

Table 3 Level of Digital Health—Related Technology Use Behaviors by Domain

Domain Level of Digital Health—-Related Technology Use Mean (SD)
Behaviors
Low, n (%) Moderate, n (%) High, n (%)

Online health information 22 (44.00) 22 (44.00) 6 (12.00) 2.58 (0.97)
seeking and credibility
evaluation
Use of health applications and 26 (52.00) 10 (20.00) 14 (28.00) 2.52 (1.45)
wearable devices
Use of digital health services and 41 (82.00) 6 (12.00) 3 (6.00) 1.90 (0.94)
telemedicine
Privacy and data security 30 (60.00) 14 (28.00) 6 (12.00) 213 (1.17)
management

Association between Factors and Digital Health Knowledge
The associations between personal factors, digital health—related technology use behaviors, and the level

of digital health knowledge are presented in Table 4. Among personal factors, age and job category were
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significantly associated with the level of digital health knowledge (p<0.05). Participants aged 4549 years were
more likely to have a high level of knowledge compared to older age groups. Similarly, academic staff demonstrated
a higher proportion of high-level digital health knowledge than support staff. In contrast, sex and educational level
were not significantly associated with digital health knowledge (p>0.05).

Regarding digital health—related technology use behaviors, no significant associations were found between
any behavioral domains and the level of digital health knowledge (p>0.05), including online health information
seeking, use of health applications and wearable devices, use of digital health services and telemedicine, and

privacy and data security management.

Table 4 Association between Personal Factors, Digital Health—Related Technology Use Behaviors, and Digital

Health Knowledge

Characteristics Level of Digital Health Knowledge p-value

Low-Moderate, n (%) High, n (%)

Sex 0.467
Male 5 (55.60) 4 (44.40)
Female 28 (68.30) 13 (31.70)

Age (years) 0.039
45 — 49 years 11 (47.80) 12 (52.20)
50 — 54 years 16 (84.20) 3 (15.80)
55 — 59 years 6 (75.00) 2 (25.00)

Job Category 0.037
Academic staff 13 (52.00) 12 (48.00)
Support staff 20 (80.00) 5 (20.00)

Highest Education Level 0.113
Below bachelor’'s degree to bachelor's degree 12 (80.00) 3 (20.00)
Master’s degree 8 (80.00) 2 (20.00)

Doctoral degree 13 (52.00) 12 (48.00)
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Characteristics Level of Digital Health Knowledge p-value

Low-Moderate, n (%) High, n (%)

0.650
Online health information seeking and credibility
evaluation
Low-Moderate 28 (63.60) 16 (36.40)
High 5 (83.30) 1 (16.70)
Use of health applications and wearable devices 0.746
Low-Moderate 23 (63.90) 13 (36.10)
High 10 (71.40) 4 (28.60)
Use of digital health services and telemedicine >0.999
Low-Moderate 31 (66.00) 16 (34.00)
High 2 (66.70) 1 (33.30)
Privacy and data security management 0.650
Low-Moderate 28 (63.60) 16 (36.40)
High 5 (83.30) 1 (16.70)

Note: For the association analysis, digital health knowledge was recategorized into low—moderate (0—7 points) and
high (8—10 points). Digital health—related technology use behaviors were recategorized into low—moderate (mean
score 1.00-3.67) and high (mean score 3.68-5.00). Educational level was also collapsed into two categories
(Bachelor’'s degree or lower and higher than Bachelor's degree) to ensure adequate cell counts and meet the

assumptions of the statistical tests.

Discussion

The findings of this study indicate that most pre-elderly personnel demonstrated a moderate level of digital
health knowledge (46.0%), while a considerable proportion remained at a low level (34.0%). This suggests that
adequate understanding of digital health concepts is not yet fully established in this population, despite increasing
exposure to digital health technologies and online health information. Similar patterns have been reported in
Thailand, where pre-elderly adults were found to demonstrate moderate readiness for digital health use (Naseeda
& Thanyaratporn H., 2025). These findings indicate potential gaps in foundational digital health knowledge among
individuals approaching older adulthood, although interpretation should consider the specific occupational context

and sample size of this study.
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The present study assessed digital health knowledge rather than digital health literacy. Digital health
knowledge in this study refers to foundational understanding of digital health information, technologies, services,
and data security. This construct is conceptually related to but distinct from eHealth literacy, which represents
a broader set of competencies involving access, understanding, evaluation, and application of digital health
information (Norman & Skinner, 2006; Paige et al., 2018). Accordingly, the findings should be interpreted as
reflecting cognitive-level understanding rather than broader functional or applied digital health literacy skills.

The moderate level of digital health knowledge observed in this study suggests that exposure to digital
health technologies may not be sufficient to ensure adequate understanding of digital health information. This may
reflect challenges in evaluating the credibility of online health information and distinguishing reliable sources. Similar
concerns have been reported in previous studies on digital health literacy, particularly regarding difficulties in
evaluating online health information (Vaart & Drossaert, 2017). In the Thai context, similar limitations in assessing
the reliability of digital health information have also been reported among pre-elderly individuals (Naseeda &
Thanyaratporn H., 2025). However, given the cross-sectional design of the study, causal relationships cannot be
inferred.

The findings indicate that age was significantly associated with digital health knowledge, with participants
aged 45-49 years demonstrating higher levels of knowledge compared to older age groups. This suggests variation
in digital health knowledge across age groups within the study population. Previous research has reported lower
levels of eHealth literacy among older adults and greater difficulties in engaging with online health information (Choi
& DiNitto, 2013). Although that study focused on digital health literacy rather than digital health knowledge, it
provides a relevant comparison as both constructs involve engagement with digital health information. This may
reflect greater exposure to digital technologies among younger individuals to digital technologies and greater
familiarity with evolving digital platforms, while age-related differences in adapting to new information environments
may influence knowledge acquisition (Jiang et al., 2024; Shi et al., 2024). However, these interpretations should
be considered cautiously given the study design and sample size.

Job category was significantly associated with digital health knowledge, with academic staff demonstrating
higher levels of knowledge compared to support staff. This difference may be related to variations in occupational
roles, particularly in terms of engagement with information-seeking, critical appraisal, and academic-related activities
between groups. These competencies may be relevant to understanding digital health information in this context.
This finding is broadly consistent with previous evidence indicating that higher eHealth literacy is associated with
greater educational attainment and stronger skills in evaluating online information (Neter & Brainin, 2012). However,
educational level was not significantly associated with digital health knowledge in this study. This finding may reflect
overlapping effects between job category and educational level, as well as potential unmeasured confounding
factors. This discrepancy may also reflect sample-specific characteristics. This discrepancy may also reflect
unmeasured factors or sample-specific characteristics and should be interpreted cautiously.

The findings indicate that none of the four domains of digital health—related technology use behaviors were
significantly associated with digital health knowledge. This suggests that frequency of digital health technology use
may not directly reflect knowledge level in this population. One possible explanation is that access to digital health
resources does not necessarily ensure correct interpretation of health information. Consistent with previous findings,

van der Vaart and Drossaert (Vaart & Drossaert, 2017) reported that even regular internet users may experience
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difficulties in evaluating the credibility of online health information. In addition, effective engagement with digital
health information requires cognitive and evaluative competencies beyond access alone, as emphasized in the
eHealth literacy framework (Norman & Skinner, 2006). However, these explanations remain exploratory and should

be interpreted in light of the small sample size and measurement limitations of the behavioral scale.

Conclusions

The findings indicate that pre-elderly personnel demonstrated a moderate level of digital health knowledge,
with significant differences observed by age and job category, while no significant association was found with digital
health—related technology use behaviors.

However, the interpretation of these findings should be considered in light of the study’s cross-sectional
design and relatively small sample size, which limit causal inference and generalizability. Therefore, the findings
should be viewed as preliminary and can inform future research and the development of targeted strategies to

support digital health knowledge among pre-elderly adults.

Suggestions

Based on the study findings, several recommendations can be considered. First, capacity-building
initiatives targeting digital health knowledge, particularly among support staff and older personnel, may be beneficial,
with particular attention to differences in age and occupational groups observed in this study. In particular, support
staff and older personnel may benefit from tailored learning approaches that reflect varying levels of digital familiarity
and learning needs.

In addition, digital health promotion efforts should not focus solely on increasing access to digital
technologies, particularly given the finding that technology use behaviors were not significantly associated with
knowledge levels. Instead, emphasis should be placed on developing skills related to evaluating and interpreting
online health information. Accordingly, interventions that integrate critical appraisal skills and data literacy

components may be more appropriate for strengthening foundational digital health knowledge in this population.

Limitations

This study has several limitations that should be considered when interpreting the findings. First, although
the sample size was calculated using a standard formula and participants were selected through stratified random
sampling, the relatively small sample size, together with the lower-than-expected proportion of participants with
high digital health knowledge, may have limited the statistical power to detect associations between variables. As
a result, the findings should be considered exploratory and interpreted with caution. Second, several variables,
including digital health knowledge and digital health—related technology use behaviors, were recategorized prior to
analysis to meet the assumptions of chi-square tests. This procedure may have reduced variability in the data and
limited the ability of the analysis to detect differences between groups. Third, the internal consistency of the digital
health—-related technology use behavior scale was slightly below the commonly accepted threshold (Cronbach’s
alpha = 0.659), which may be related to the limited number of items and the multidimensional nature of the
construct. Future research may benefit from refining and expanding items within each domain to improve reliability

and measurement precision.
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Abstract

The purpose of this study was to investigate and compare the effects of static stretching and passive
stretching on flexibility in high school basketball players following a six-week training program. The participants
were 26 male basketball players aged 16—18 years from a secondary school in Udon Thani Province, Thailand.
Participants were assigned into two groups: a static stretching group (n = 13) and a passive stretching group
assisted by a partner (n = 13).

Flexibility was assessed using the sit-and-reach test and back extension test. Both groups participated in
supervised stretching sessions three times per week for six weeks. Paired samples t-tests were used to analyze
within-group changes, and independent samples t-tests were used to compare post-test differences between
groups. Statistical significance was set at p < .05.

The results showed that both stretching methods significantly improved flexibility after six weeks (p < .001).
Sit-and-reach performance increased from 3.90 + 1.04 to 16.22 + 0.85 cm in the static stretching group and from
3.61 £ 1.26 to 19.20 £ 1.30 cm in the passive stretching group. Back extension performance increased from 35.55
+ 1.89 to 54.27 + 3.36 cm and from 34.67 + 1.82 to 62.15 + 1.52 cm, respectively. Post-test comparisons
demonstrated significantly greater flexibility outcomes in the passive stretching group for both sit-and-reach (t(24)
= 6.93, p < .001) and back extension (t(24) = 7.70, p < .001).

In conclusion, both stretching methods effectively improved flexibility; however, passive stretching

produced greater improvements than static stretching in adolescent basketball players.

Keywords: static stretching, passive stretching, flexibility, basketball, physical education
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Introduction

Flexibility is a fundamental component of physical fitness and an essential prerequisite for efficient
movement, postural control, and injury prevention in sports performance. Flexibility refers to the ability of a joint or
series of joints to move through an unrestricted and pain-free range of motion and is widely recognized as an
important component of health- and performance-related physical fitness (Alter, 2004; Gleim & McHugh, 1997). In
basketball, athletes are repeatedly exposed to movements that require large ranges of motion, including jumping,
landing, trunk flexion—extension, and rapid changes of direction. Insufficient flexibility in the lower extremities and
trunk may influence movement mechanics and physical performance during sport-specific activities, particularly
those involving repeated jumping, landing, and rapid changes of direction (Gleim & McHugh, 1997; Behm &
Chaouachi, 2011).

In school-based physical education and youth sport training programs, stretching is commonly prescribed
as a routine activity to improve flexibility and reduce injury risk. Among various stretching methods, static stretching
has traditionally been the most widely used approach due to its simplicity, minimal equipment requirements, and
ease of instruction. Numerous studies have demonstrated that regular static stretching performed over several
weeks can lead to significant improvements in joint range of motion (Medeiros & Martini, 2018; Konrad et al., 2024;
Ingram et al., 2025). Consequently, static stretching remains the dominant practice in many educational and sport
settings. In addition, stretching remains a common component of warm-up and physical preparation programs in
sport settings, although its effects may vary according to the stretching modality, duration, intensity, and
performance outcomes assessed (Behm & Chaouachi, 2011).

However, in practical training environments, stretching is not always performed strictly as static stretching.
In many school and team-based contexts, athletes often receive assistance from a partner or instructor who applies
an external force to increase the stretch position. This form of stretching, commonly referred to as passive
stretching, differs conceptually and mechanically from static stretching, as the stretched muscle is relaxed while an
external force moves the joint beyond the position achieved independently (Alter, 2004). Despite its widespread
use in practice, passive stretching is frequently misclassified or inconsistently described in research and teaching
materials, leading to conceptual confusion regarding its physiological effects.

From a scientific perspective, long-term improvements in flexibility are no longer explained solely by
mechanical changes in muscle—tendon structures. Evidence suggests that neural factors, particularly increased
stretch tolerance and altered sensory perception at end ranges of motion, play an important role in flexibility
adaptations following repeated stretching exposure (Weppler & Magnusson, 2010; Nakamura et al., 2015).
Stretching methods that involve external assistance may influence these neural mechanisms differently compared
with self-administered static stretching, potentially resulting in greater flexibility gains.

Previous research comparing stretching modalities has shown that passive stretching can produce larger
increases in range of motion than static stretching, especially when applied over extended training periods
(Magnusson et al., 1996; Medeiros & Martini, 2018). However, much of the existing literature has focused on clinical
or adult populations, while evidence derived from adolescent athletes in real-world school training environments
remains limited. Adolescence is a critical period of neuromuscular development, during which adaptations to training
stimuli may differ from those observed in adults because of ongoing growth and maturation processes (Lloyd et

al., 2016; Behm & Chaouachi, 2011).
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Furthermore, inconsistencies in terminology and methodological approaches across studies have
contributed to ambiguity in interpreting the comparative effectiveness of static and passive stretching. In applied
settings, particularly within physical education classes and school sport programs, stretching practices are often
adopted without clear differentiation between stretching types or an understanding of their underlying mechanisms.
This gap between scientific knowledge and practical application highlights the need for controlled field-based studies
that clearly define stretching modalities and examine their effects on flexibility in youth athletes.

Therefore, there remains a lack of empirical evidence comparing the effects of static stretching and passive
stretching, delivered under realistic school-based training conditions, on flexibility outcomes in adolescent basketball
players. Clarifying whether externally assisted passive stretching provides superior flexibility adaptations compared
with traditional static stretching may help inform evidence-based stretching practices for physical education teachers
and youth sport coaches. Based on the existing literature and the proposed mechanisms of stretch tolerance
adaptation, it was hypothesized that passive stretching would produce greater improvements in flexibility than static

stretching following the six-week intervention.

Objectives
The purpose of this study was to investigate and compare the effects of static and passive stretching on

flexibility in high school basketball players following a six-week training program.

Methods

Research Design

This study employed a quasi-experimental pretest—posttest design to investigate and compare the effects
of static and passive stretching on flexibility in high school basketball players over a six-week intervention period.
Participants were allocated to groups using a matched allocation procedure based on baseline sit-and-reach scores
to ensure comparable flexibility levels between groups. Random assignment was not implemented due to practical
constraints associated with the school-based training environment. Therefore, the findings should be interpreted
with consideration of the potential limitations associated with non-randomized group allocation.

Ethical Considerations

The research protocol was reviewed and approved by the Human Research Ethics Committee of Udon
Thani Rajabhat University (Approval No. a1 .0622.7/338). All participants were informed of the objectives,
procedures, potential benefits, and risks of the study prior to participation. Written informed consent was obtained
from all participants and their legal guardians. The study was conducted in accordance with the principles of the
Declaration of Helsinki.

Population and Sample

The population consisted of male high school basketball players aged 16—18 years from Udonpittayanukul
School, Udon Thani Province, Thailand. A total of 30 players were available at the time of recruitment. The required
sample size was estimated using G*Power software (Version 3.1.9.4). An effect size of 1.50, statistical power of
0.95, and an alpha level of 0.05 were specified, resulting in a minimum required sample of 26 participants.
Therefore, 26 eligible basketball players were included in the study. Participants were matched according to

baseline sit-and-reach test scores and assigned to either a static stretching group (n = 13) or a passive stretching
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group (n = 13) using a ranked-pair allocation procedure to ensure comparable flexibility levels between groups prior
to the intervention.

Inclusion Criteria

1. Male high school basketball players aged 16—18 years.

2. Voluntary participation with written informed consent.

3. No history of lower back or lower extremity musculoskeletal injury at the time of participation.

Exclusion Criteria

1. Withdrawal of consent during the study period.

2. Attendance of less than 80% of the stretching sessions.

3. Occurrence of musculoskeletal injury affecting the back or lower extremities during the intervention period.

Research Instruments

Flexibility was assessed using two standardized field-based tests:

1. Sit-and-Reach Test — used to assess flexibility of the hamstring muscles and lower back.

2. Back Extension Test — used to assess trunk flexibility.

The stretching programs and testing procedures were developed based on established principles of flexibility
training. The sit-and-reach and back extension tests were treated as standardized field-based measures of flexibility.
All measurements were administered according to the protocols described in The Physical Fitness Test and Norms
for Youth Athletes published by the Sport Authority of Thailand (Sport Authority of Thailand, 2019). Content validity
of the stretching programs and measurement procedures was evaluated by three experts in sport science and
physical education using the Index of Item—Objective Congruence (IOC). The I0C values for both the static
stretching and passive stretching programs were 0.89, indicating acceptable content validity.

Intervention Procedures

Participants in both groups participated in a supervised stretching program for six weeks, with a training
frequency of three sessions per week (Monday, Wednesday, and Friday). Each training session lasted
approximately 45 minutes and was conducted after regular basketball practice.

The stretching protocol was progressively structured to reflect training adaptation. During weeks 1-3, each
stretching exercise was performed for three repetitions, while during weeks 4-6, the number of repetitions was
increased to four repetitions. Each stretching repetition was held for 15 seconds, with a standardized rest period
between repetitions. All sessions were supervised to ensure correct technique and participant safety.

Static Stretching Group

Participants in the static stretching group performed a series of static stretching exercises targeting the
major muscle groups of the lower extremities and trunk. Each stretch was performed independently to the point of
mild discomfort and held statically for 15 seconds without bouncing or voluntary muscle contraction. The number
of repetitions followed the progressive structure of the program (three repetitions during weeks 1-3 and four
repetitions during weeks 4-6).

Passive Stretching Group

Participants in the passive stretching group performed stretching exercises with assistance from a trained
partner. The partner applied an external force to move the limb or trunk to the end range of motion while the

participant remained relaxed throughout the stretch. Each stretch was held for 15 seconds, with no voluntary
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muscle contraction performed by the participant. The repetition scheme followed the same progressive structure
as the static stretching group (three repetitions during weeks 1-3 and four repetitions during weeks 4-6).

Data Collection

Baseline flexibility measurements were collected prior to the intervention using the sit-and-reach and back
extension tests. Post-test measurements were conducted immediately after completion of the six-week stretching
program using identical testing procedures and equipment.

Data Analysis

Data were analyzed using a statistical software package. Descriptive statistics were calculated and
presented as mean and standard deviation. The normality of data distribution was assessed using the Shapiro—
Wilk test prior to inferential statistical analyses. Paired samples t-tests were used to examine within-group
differences between pretest and posttest flexibility measures. Independent samples t-tests were used to compare
posttest flexibility outcomes between the static stretching and passive stretching groups. The level of statistical

significance was set at p < .05.

Results
Participant Characteristics and Baseline Comparability
A total of 26 male high school basketball players completed the six-week stretching intervention without
dropout or adverse events. Baseline flexibility outcomes did not differ significantly between the static stretching
group and the assisted passive stretching group for either the sit-and-reach test or the back extension test (p >
.05), indicating that both groups were comparable prior to the intervention.
Within-Group Changes in Flexibility
Within-group analyses revealed that both stretching programs produced significant improvements in
flexibility after six weeks of training.
In the static stretching group, sit-and-reach performance increased significantly from pre-test to post-test
(p < .001). Similarly, back extension performance showed a significant improvement following the intervention (p
< .001).
In the assisted passive stretching group, significant improvements were also observed in both sit-and-

reach and back extension performance after six weeks of training (p < .001 for both measures).
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Table 1. Within-group comparison of flexibility outcomes before and after the 6-week stretching intervention

Outcome Group Pre-test (Mean % Post-test (Mean t(df) p-value
SD) + SD)
Sit-and-reach 3.90 £ 1.04 16.22 + 0.85 t(12) < .001*
Static stretching (n = 13) =
32.18
Passive stretching (n = 3.61+£1.26 19.20 £ 1.30 t(12) <.001*
13) =
28.74
Back extension Static stretching (n = 13) 35.55 + 1.89 54.27 + 3.36 t(12) < .001*
18.96
Passive stretching (n = 34.67 £ 1.82 62.15 £ 1.52 t(12) < .001*
13) =
34.12

Note. Values are presented as mean * standard deviation. Within-group comparisons were analyzed using paired

samples t-tests. Statistical significance was set at p <.05. * Significant difference between pre-test and post-test.

Between-Group Comparison of Flexibility Outcomes After 6 Weeks
The primary objective of this study was to compare flexibility outcomes between static stretching and
assisted passive stretching following the six-week intervention. Independent samples t-test analysis demonstrated
significant differences between groups at post-test.
As shown in Table 2, the assisted passive stretching group achieved significantly greater sit-and-reach
performance than the static stretching group (p < .001). In addition, post-test back extension scores were

significantly higher in the assisted passive stretching group compared with the static stretching group (p < .001).

Table 2. Between-group comparison of flexibility outcomes after the 6-week stretching intervention

Outcome Static stretching (n = Passive stretching  Mean Difference t(df) p-value
13) Mean + SD (n =13) Mean = (Passive —
SD Static)
Sit-and-reach 19.20 + 1.30 2.98 t(24) < .001*
16.22 £ 0.85
=6.93
Back extension 54.27 + 3.36 62.15 + 1.52 7.88 t(24) < .001*
=7.70

Note. Values are presented as mean * standard deviation. Between-group comparisons were analyzed using

independent samples t-tests. Statistical significance was set at p <.05. * Significant difference between groups.
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Summary of Results
Both static stretching and assisted passive stretching significantly improved flexibility in high school
basketball players after six weeks of training. However, assisted passive stretching resulted in significantly greater

improvements in both lower-body and trunk flexibility compared with static stretching.

Discussion

The purpose of this study was to examine and compare the effects of static stretching and passive
stretching with assistance on flexibility in high school basketball players following a six-week training program. The
main findings indicated that both stretching methods significantly improved flexibility within groups. However,
passive stretching with assistance resulted in significantly greater improvements in flexibility compared with static
stretching.

Effect of Static Stretching on Flexibility

The results demonstrated that static stretching significantly improved sit-and-reach and back extension
performance after six weeks of training. These findings are consistent with previous studies reporting that regular
static stretching performed over several weeks can effectively increase joint range of motion (Bandy et al., 1997;
Konrad et al., 2024; Ingram et al., 2025).

The primary mechanism underlying flexibility improvement from static stretching is not structural elongation
of muscle fibers but an increase in stretch tolerance. Weppler and Magnusson (2010) proposed that repeated
exposure to stretching alters sensory perception at the end range of motion, allowing individuals to tolerate greater
joint angles before experiencing discomfort. These adaptations may be explained by changes in stretch tolerance
and passive mechanical properties associated with repeated stretching exposure (Weppler & Magnusson, 2010;
Nakamura et al., 2015; Ingram et al., 2025).

In adolescent athletes, static stretching may be particularly effective due to ongoing neuromuscular
development and high neural plasticity. Regular static stretching may enhance proprioceptive awareness and
reduce reflexive resistance to stretch, thereby improving flexibility without imposing excessive mechanical stress
on immature musculoskeletal structures (Lloyd et al., 2016). Therefore, static stretching remains a safe and effective
method for flexibility development in school-based physical education settings.

Effect of Passive Stretching with Assistance on Flexibility

Although both stretching methods improved flexibility, the passive stretching with assistance group
demonstrated significantly greater improvements than the static stretching group. This finding suggests that
externally assisted stretching provides an additional stimulus beyond self-applied static stretching.

Passive stretching with assistance allows the joint to reach a greater range of motion because the applied
force is not limited by the participant’'s own tolerance or muscular control. The presence of an assistant enables
gradual progression toward end-range positions while minimizing voluntary muscle contraction that may otherwise
limit movement (Page, 2012).

From a physiological perspective, assisted stretching may enhance stretch tolerance more effectively by
repeatedly exposing the neuromuscular system to higher-intensity stretch stimuli under controlled conditions. This
repeated exposure may reduce protective neural responses, such as muscle spindle activation, and increase

acceptance of greater joint angles over time (Magnusson et al., 1996; Kay & Blazevich, 2012).
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Furthermore, passive stretching with assistance may increase time under stretch at longer muscle lengths,
which has been associated with greater flexibility adaptations during chronic stretching programs (Medeiros &
Martini, 2018). These mechanisms likely explain the superior flexibility gains observed in the assisted stretching
group in the present study.

Comparison Between Static and Passive Stretching

The between-group comparison clearly indicated that passive stretching with assistance was more effective
than static stretching in improving flexibility after six weeks. This finding aligns with previous research suggesting
that stretching methods involving external force can produce greater increases in range of motion than self-
administered stretching alone (Decoster et al., 2005; Alter, 2004).

However, it is important to emphasize that the superiority of assisted stretching does not imply that static
stretching is ineffective. Rather, static stretching provides meaningful improvements with minimal risk and can be
easily implemented without specialized supervision. In contrast, assisted stretching requires proper technique,
communication between the assistant and the participant, and careful control of stretching intensity to avoid
excessive force or injury.

In school-based physical education contexts, where safety and feasibility are primary concerns, static
stretching may be more appropriate for general classes, while assisted stretching may be selectively applied in
structured sport training environments under qualified supervision.

These findings should also be interpreted within the broader context of stretching research, which suggests
that the effects of stretching may vary according to the stretching modality, duration, and performance outcomes
assessed (Behm & Chaouachi, 2011). Therefore, the superiority of one stretching method over another may depend
on the specific training objectives, athlete characteristics, and practical context in which the stretching intervention
is applied.

Practical Implications

The findings of this study provide practical guidance for flexibility training in adolescent basketball players.
Both static stretching and passive stretching with assistance can be used to improve flexibility; however, the choice
of method should be based on training goals, supervision availability, and participant readiness. Passive stretching
may be particularly beneficial for athletes requiring greater flexibility improvements, whereas static stretching
remains suitable for general physical education programs.

Limitations

This study has several limitations. First, the sample size was relatively small and limited to male high
school basketball players from a single school, which may restrict the generalizability of the findings to other
populations. In addition, baseline anthropometric characteristics such as body mass, height, and body mass index
were not included in the comparative analyses and therefore may have influenced flexibility outcomes. Second,
participants were allocated using a matched procedure rather than random assignment; therefore, the findings
should be interpreted with consideration of potential limitations in internal validity. Third, only pre-test and post-test
measurements were included in the final analysis. Consequently, the temporal pattern of flexibility adaptations
throughout the intervention period could not be fully examined. Future studies should consider larger and more
diverse samples, randomized allocation procedures, and multiple assessment time points to further investigate

flexibility adaptations in youth athletes.
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Conclusion

Both static stretching and passive stretching with assistance significantly improved flexibility in high school
basketball players after six weeks of training. Passive stretching with assistance resulted in greater flexibility gains
than static stretching, likely due to enhanced stretch tolerance and greater exposure to end-range joint positions.
These findings support the inclusion of assisted stretching techniques in supervised athletic training programs while

reinforcing the continued use of static stretching as a safe and effective method in school-based physical education.

Suggestions

Future studies should examine the long-term effects of assisted stretching on injury risk and athletic
performance in adolescent populations. Additionally, research comparing different intensities and frequencies of
assisted stretching may help optimize flexibility training protocols for school and youth sport settings.
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