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Abstract

The research aimed to: 1) investigate the effect sizes and research characteristics
that influence students' problem-solving thinking, and 2) compare the effect sizes of the
learning activity model to develop students' problem-solving thinking after adjusting the
propensity score matching. Thirty-five graduate-level research papers published from 2002 to
2022 were studied. Data were gathered, using a form for recording research characteristics and
an assessment form for assessing research quality. Effect sizes were calculated, using Glass's
method, and the data were analyzed, using random effects, fixed effects, meta-regression, and
propensity score matching techniques. The research findings revealed that:

1) Researches focusing on learning management models significantly influenced
students' problem-solving abilities at a high level (d = 1.395). The research characteristics with
4 variables—the university producing the research, the field, the total duration, and the
quality—significantly influenced students' problem-solving thinking at a statistically significant
level of .05; and 2) after adjusting the propensity score matching, it was found that inquiry-
based learning had the greatest impact on students' problem-solving thinking. Designing
learning activities that allow students to explore problems, create understanding, expand their
thinking through collaborative discussion, and assess outcomes according to the

appropriateness of each context will improve students' problem-solving thinking.

Keywords: problem-solving thinking, learning activities model, meta-analysis, propensity score

matching
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fladaauidmalvingduaudenainanisideluldesnaniads wae 2) auameides uifivun
svSwage dadunanianmsvinmuaysaivesuiouiside 1wy veanutaauvesnisgy
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AUsELE (intra-rater reliability) 91nEUs2LEY 310U 2 v Useiliuadde 31w 9wy uaglyans
uadUlunsinasin B esiusgninegUseidiu faviniu 915 wagdszifiunmdesiunigly
fUssdiu (intra-rater reliability) TneffUszidiu 1 au vinnis¥adnansads seeving 1 &Unoi Serannu
Wosumelugusaidiu wirdu 972 felimnuiBesilussdud (Czodrowski, 2014)

2.2 wuvusgidunanimauidonaginasinsusediu lngussidud 15 og,
Auduun, n1sumuenans, 33n1saniun1sive, nan133de, nsilsusienu uazuselevl
91139 10U scoring rubrics 31 5 5¥fU 131910 0 fie AN i 4 Ao AaAMES S1u9U 25 T8
nsrvapuAIssnsadailon (content validity) 91 eawnay $1uau 3 viau wuda e 10C
9g55M179 0.67 - 1.00 Nnt'e Uszifiummidesiuszyinefussidiu (interrater reliability) 9ngusziiiu
$1uau 2 v Ussidiueudde Swau 9 ey wazldadiAuauunlumsdanaimand esusening

AUsEIEY AWy 813 wasUseliumnuwesiungluguseidiu (intrarater reliability) lneguseiiiu

1 aw vnsinA1aeInss seevine 1 dUav dArannuidedunigluduseidiu windu 920 Fadiaany

Forfulusesus (Czodrowski, 2014)
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1.1 publication bias #a150u11A31 1) funnel plot NTINARIBATIAIT WUIAL X

WARAT YUINBNSNATDIUAALNUITE dIUNU Y kaRTe ANUARIALAG BUNINTFIY (standard error)

au1UlAd7 H191U3TBRANUAMIALAG DUATFINA wanaIT UITETYNGUAIRE 1T IWIULIN AT

FWAUNTINAWNTIE Uz 2) NITATIVFDUIIN Kendall’s Tau az Egger’s Test 0MnuUtUd1AgNISanA
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awv A o

WAL F981991ATe7IUN AR publication bias (Harrison et al, 2017; Vevea et al,, 2019)

1.2 AATIZRAVUINDVENG AIUIUAIYUINDNENANIET5N15UBY Glass (1976) L
W15 d = 0.20 - 0.49 Ao HBNSNaWeY, d = 0.50 — 0.80 Av dnsWaUIUNAI uaz d > 0.80
Ao d9vdwauin (Card, 2012)

1.3 A15L@9NI8N1INAEOU NA1584191A 1) Omnibus test of model coefficients
NAADUIN ﬂ'%aﬁamuﬁmﬁwﬁwaﬁﬁ'WLﬁu@juéu?alﬂ 2) test of residual heterogeneity na@auin
wWwideainnsussunaedunudvsoly Tunsdifien 0 fdfuddynsadn (p-value < .05) asld
FBnseaoudviwagy (random effect) drunsdliian O laiftfudfysada (o-value > .05) pasld

AWV UBNENARIT (fixed effect) Waz 3) Chi-square 15198V heterogeneity 1nan151 AR
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f1A1 Q w84 test of residual heterogeneity gsninAfilinnsne Tufe Uisauuisiugue uanain
AuIndnSalu heterogeneity (Borenstein et al., 2021)

1.4 nsieseionnsgefiuu 1Haia z naaeudn A1UININSnaLANA199INANS
viold uadldmuussusnifugulunisiioudiou (ntercept) ndsmsveaaeuimusuysidduddg
N9anA (p-value < .05) LEAII Fulstuiinasoraunsvina (Van Houwelingen et al., 2002)
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G
Y

Lo

Ao nauga 2) naaoudulsAudnuuzauIdeidenarnonguauindnina lagld independent
sample t-test 3) Fuanazwuua e Inevdunusilaluduil 2 Waluiwszdanaes
Tadadnd 4) uisnguazuuumniliubes 5) aedeuiunusiaianuuususu lasld two- way
ANOVA §8fanusauusunsndoulivingduneudi 3 waz 6) havuuuailfudeddlunmsinsey

ALY LATNNTIATIEVOADBYBALULYUREINUAIUN 1 (Bai, 2011)
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1.1 HaN13M52988U publication bias Va9AIDE19
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Faaninvzilenialunisiiia publication bias 449 371U Kendall’s Tua = 0.526 (p-value < .05)
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1.2 NAYBINTINAFIUAIYUINBNTWA

NANIIANUIUAIVUIADNENE 91UIU 35 A1 TA1T¥1I18 0.024 3 5.496 lagwa
VdeUd VS Wadu wuin d = 1.395, SE = 0.156, Upper 95% Cl = 1.701 wag Lower 95% Cl = 1.089
dunan1TageU Fixed effect Wuin d = 1.111, SE = 0.047, Upper 95% Cl = 1.203 Wway Lower

95% Cl = 1.019 wag MIUINBNSNATDIUITeTAMULUTUTINGS (T? = 0.746, I* = 90.575%) Rl
ToneaeudSnagy

nasnnadeudvsnagy wuin Aledevuindviwa feuviniu 1.395 uansin
fidvdnasenisAnuidymuesinGeuluszdugs (d > 0.80) Wlelasannansnaaey z wui z
WU 8.930 (p-value < .05) Fafldadodninaunndrsaingud uazduualiudnsnanisuan

S1882BUARIAITIN 1

1.3 Heterogeneity

HAN1TNAEDU heterogeneity AR Q WinAU 373.079 (p-value < .05) LaA917
AnAwmdsaInnsUszaavuadvia Sanlidugud dudiladaunsiiliannsdanisned
df = 33 §iAn x2 = 47.400 waz df = 35 fiA1 x? = 49.802 fiszauiudfnd .05 wWiuldin Aads Q
fifngandAlatauaideufiasanuigiuaug wagan T2 = 0.746, 1> = 90.575% 149 wana3
AruuUsUTIUTasA LBy ENadange dududnundvinausaidosuansatuin esliiBnaaou

a a ! =< o 44 1 ) o a a v
aNENAHN Jghlrnanisuseunaualafinuades s1eavdennanise 1

A1579 1 HANISVIAARUBYVISWAZYN BNSnansiuay Heterogeneity

del Effects Size 95% Cl Absence Hypothesis Heterogeneity
Mode

k d SE  Lower Upper z-value p-value Q df T° 12
Random effect 35 1.395 0.156 1.089 1.701 8.930*** < .001  79.748*** 34 0.746  90.575%

Fixed effect 35 1.111 0.047 1.019 1.203 23.638*** < .001

1.4 NAVBINTITNAHIUAIYUINBNSHANUAMANBULITUTY

1 1 a

Wafi91304191n Funnel plot wazmsvaaeudvsnady wuil Awindvsnaliaunse

Ya o =

asndeasula lasandegnunsnuesainaudnyuzuide awug3deTelafnwdninaves

Y

ANENYALUITETIEAILUS NuALENBUEIATY T 4 Fauds Taud urinendeingnauide

A1 MHANIUIIY T ELIANTANITSBUTVIINUA LazAnNINLITY danadanisAaui dgynives

Y]

DRICHIG AN REGA

[ [y

AUNADRNTZAU .05 S1UALLDYARINITIG 2
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M99 2 NANTIATIERAEN WL TdINasianN sAnLAUymvesinis ey

AMENYMLUATY k g SE 95%C|  z-value Q. Qp T2 2

sUkuuMIIansisens

wiadaimwINsha 11 1480 0359 [0.78,2.18] 4.963** 1654  366.080*** 0.731 90.191
M3aiemuImeiLes 6 1914 0742 [0.46,3.37] 0.819

sqﬂﬁa]ﬂﬁim.l,az?iama‘lu‘laﬁ 5 1232 0334 [0.58,1.89] -0.403

nsiseusiuvduEy 6 1.205 0380 [0.46,1.95]  -0.456

nsladamlugu 7 1413 0520 [0.39,2.43]  -0.121

Wnouns

‘méfﬂqm 2544 (2545-2550) 14 1.621 0.402 [0.83,241] 6.247"* (574  373.007*** 0.746 90526
NANgNT 2551 (2551-2564) 21 1350 0221 [0921.78]  -0.758

WNAVENaefinanauise
naumAneny srieen sriwnuadd 12 0918 0.147  [0.63,1.21]  3.827%* g 57  315230%** 0619 88.738

naumAwilouavsyiueeni@eamile 9 1.373  0.554  [0.29,2.46] 0.911

NaNsIANgY 14 1977 0316 [1.36,2.60]  3.027*

aviinanauise

nsdan1siseus, Ussaufne, 5 0.787 0.519  [0.99,3.03] 2011% 7048  342.730"** 0.679 89.577
dseuAne

I0na, Useiiung wazdaningd 8 1235 0.144 [0.951.52] 0.755

NANGATULATNTHOU 12 2010 0.256 [0.28,1.29] 2.409%

NSERUINYIANERS Wagn1sdeu 10 1.311 0.257  [0.81,1.81] 1.061

walulad

nguaTEN1TEEuS

mwnlne, derudnem e way 4 2006 1.165 [-0.28,4.29] 3.980** 1.831  345010%* 0.729 90.265
IANSITY

AAFNanS 8 1615 0.469 [0.70,2.54]  -0.457

Anerdans 16 1.377 0.261 [0.87,1.89] -0.991

msnueAinkaenalllad, quinw 7 1152 0285 [0.59,1.71]  -1.190

waznafnw, Aaty, Mwdangy

sedutu

Jszaudnw 12 1.143 0.298 [0.56,1.73]  4.330"* 9 524 358.441%** (0.714 90.045
fisguAnwInoUA 18 1.698 0.334  [1.04,2.35] 1.542

Jseufnwnoulans 5 1.352 0.343 [0.68,2.03] 0.252

32821813ANTIBUTVIOVUA

Mndn 16 ks 16 1.053 0.177 [0.71,1.40]  4.668** 5343  347.351*** 0.690 89.768
16 - 20 Flan 12 1.882 0430 [1.04271]  2.251*

1NN 20 Fala 7 1.658 0.568 [0.552.77] 1.276

nszuuMsieuivastinieuy

Tludangu, bifiedisne 6 1.030 0.228 [058148]  2.791* 1.307  369.097** 0.738 90.328
uusnay, eAuse, tieueluiuey 23 1.520 0.278  [0.98,2.07] 1.045

thauelutuou

nszuUMIIaNsiseuivaeng

1, aeu, InUuR, agu 10 1.164 0236 [0.70,1.63]  3.968** 1.338  366.359%* 0.732 90.242
wWIalan, asverdawdondye 8 1.685 0.587  [0.54,2.84] 0.939

AT, VNRATIAR, UsdiNg
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AMANEULUIIY kg SE 95%Cl  z-value Q, Qp 12 12

asnannuaula, drsatdgm, 11 1.454 0.369 [0.73,2.18] 0.689
25U1Y, VEIUANNAR, Useiiuna
seyleym, UAl, 1KY,

ANTUAIS, Ylaue, Ussiduna 6 1.655 0.569 [0.54,2.77] 0.991

Fonsieul

Wway/anuAale (den 1 wuu) 4 1.104 0261  [0.59,1.62)] 2.425% 0.896  371.211*** 0.742 90.428
Tusnw/uuuneaeutdon 1 wuu) 8 1.589 0.440  [0.73,2.45] 0.780

NAUNAIU 2 LUU 17 1.558 0.364 [0.85,2.27] 0.719

NEUNETUIINATT 2 LU 6 1.237 0.236 [0.77,1.70] 0.227

mMsinuazussiiiuna

ﬁ’ﬂmquaﬂim, 12 1.160 0.199 [0.77,1.55] 4.464*** 2025 364.458*** (0.727 90.246
NAFDUNEIIIY, ATITLUIY 16 1.722 0.359  [1.02,2.43] 1.389

mmaawﬁqﬁ'au, ATITUY, 7 1367 0.538 [0.31,2.42] 0.346

Usziliufuanu/nganssy

HUULAUN1SIY

Randomized control group 23 1.675 0.292 [1.10,2.25]  8.401*** 3.217 359.006*** 0.715 90.160
Pretest-Posttest Design

Nonrandomized control group 12 1.043 0.177  [0.70,1.39] -1.794

Pretest-Posttest Design

furvaanguiegna
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Note: k = NUABEN, d = ANRABVWINENTNG, SE = AIAIUARIALAG BULIATFIY, Cl = AIANAUTRNY, Q, = Omnibus test of Model

Coefficients, Q, = Test of Residual Heterogeneity, *** p < .001, **p < .01, * p < .05
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