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Abstract

The aims of this research were 1) to analyze the total effect size and variation of the
effect size of teaching methods on mathematics achievement of students, 2) to study
characteristics of research that influence the effect size of teaching methods on mathematics
achievement of students, and 3) to compare the effect size of teaching methods on
mathematics achievement of students. The sample consisted of 20 researches selected
according to PICO and PRISMA and analyzed by using effect size analysis, moderation analysis,
and network meta- analysis.

The key findings were as follows: 1) The total effect size of the teaching methods on
mathematics achievement of students was 0.63. 2) The effect sizes of the teaching methods
on mathematics achievement of students in each research had high heterogeneity with
statistical significance at the .05 level (Q (30) =164.62, p < .001, > = 79.43%). 3)The
characteristics of research influencing the effect size of the teaching methods on mathematics
achievement of students were location and controlling covariate. 4) A result of the network
meta-analysis showed that the highest effect size of teaching methods was transfer, and the

least effect size of teaching methods was program technology.

Keywords: network meta-analysis, teaching method, mathematics achievement
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Saowarat Ramkaewy, transfer, 2009 —_— 1.77[1.20, 2.24)
Kesinea Phetroong, transfer, 2013 —_—— 1.49(1.00, 1.99]
Sireeras Ponkwunchotica, reflec, 2011 —_—— 1.21[0.75, 1.66]
Caphne Moore Sarrel, Reflex currpulerlud 2014 1.06[0.41,1.71]
Piyawadee Khayananenda, ethic, 201 —_— 1.04[0.45,1863]
Pill & Asku, CAl 2013 _— 1.00 [ 0.44, 1.56]
MARY J. LOCKHART-FINDLING, coaching, 2016 —— 0.95[0.64, 1.26]
Hathairat Yosphan, stuneed, 2013 —_— 0.91[0.50, 1.33]
Isariya Paramutthakorn, transfer, 2013 —_— . 0.88[0.42, 1.24]
Kebritchi, Hrumi, & Bai, com game, 2010 — 0.85[0.5S, 1.15]
Supnlakcrulknng reflec, 2013 _— 0.85[0.42, 1.27]

ARY J. LOCKHART-FINDLING, coaching, 2016 —_— 0.83[0.42, 1.24]
mchapum Charoenwanichkun, reflec, 2017 —_—- 0.72[0.30, 1.15]
Pilli & Asku, CAl 2013 —_— 0.69[0.15, 1.2(}
TANNER CLARK, high SL, 2017 _ 0.66[0.09, 1.22]
MARY J. LOCKHART-FINCLING, data review, 2018 _ 0.65[0.24, 1.08]
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Nadia Kongpeng, induc, 2012 —_—— 0.58[0.18, 0.99]
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Qrraya Unyo, protech, 2010 —_— 0.50[0.07, 0.92]
TANNER CLARK, gen SL, 2017 —_— 0.47 [-0.10, 1.03{
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BURAK YILMAZ, adaptive learning, 2017 p—— 0.42[0.20, 0.65]
Daphne Moore Sarrell, Reflex computerized , 2014 —_— 0.42[-0.18, 1.00]
BURAK YILMAZ, adaptrvc learning, 2017 —— 0.25 [-0.03, 0.52]
Susan McFather Scott, uuremf tutoring , 2014 —_— 0.18 [-0.20, 0.58
TANNER CLARK, high S _— 0.18[-0.28, 0.74
Hatchanan Kaewprasertsuk, mathpro, 2014 —_— 0.15[-0.23, 0.54]
BURAK YILMAZ, adaptive learning, 2017 —— 0.14[-0.10, 0.39
BURAK YILMAZ, adaptive learning, 2017 —t— 0.10 [-0.20, 0.40]
Faber, Luyten, & Visscher, snappet, 2017 i 0.10[0.01, 0.20]
RE Model ——— 0.63[0.49,0.78]
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TANNER CLARK (2017) USA 25 25 Uszau il q
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Unchana Klentien (2010) Thailand 30 30 dseumu b aifl
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Isariya Paramutthakorn (2013) Thailand a0 a1 Useau Taifi Ity
Hathairat Yosphan (2013) Thailand 50 48 dseumu Tudi Taifl
Nadia Kongpeng (2012) Thailand a9 50 dseumu Taii 1aif]
Sireeras Ponkwunchotica (2011) Thailand 43 a5 siseufu i i
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2.93, p = .01) ufe n13AIUAY covariate lun1siAsizinanisnaasadudiuususuiivinlivuin

NBNAVRIITNTARULUUAN 9 NildoHadUgVIENINTSHULANANY
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4. HAN15IATITHBANIULATEYNY (network meta)

nsiesvieduuaIedsluasidldveyaannisiasieieduiludiunounddl laed

NILURIATEIUILUARNE 31 91U ALABNITARUNINA 11 35nsaeu laun n1slA%s (coaching)

mslfasesssusiulunsaeu (ethic) mslideyadoundu (feedback) auile (inductive) n1siufduius

(interactive) TUsunIuAgineIans (math program) 35n1saounuuliswnsuimalulad (program

technology) n1sagvioudn (reflection) ANNABINITYRIUNIEEU (student need) Mseaneles (transfer)

LagNITaRULUUUNG (traditional) AIM1519 3

A1519 3 N159RIENTIUNTIATIERALIULAS DU MINITNNSEDUY

o 3Bnsaeu o 3Bnsseu
§ade - - #ade - -
IGHEEON NFUAIUAN GIUEEON NFUAIUAN

MARY J. LOCKHART-FINDLING (2016) coaching Traditional Nadia Kongpeng (2012) Inductive Traditional
MARY J. LOCKHART-FINDLING (2016) coaching Traditional Unchana Klentien (2010) Interaction Tradlitional
MARY J. LOCKHART-FINDLING (2016) coaching Reflection Kebritchi, Hirumi, & Bai (2010) Math program | Traditional
Piyawadee Khayananonda (2011) ethic Traditional Pilli & Asku (2013) Math program | Traditional
TANNER CLARK (2017) feedback Traditional Pilli & Asku (2013) Math program | Traditional
Orraya Unyo (2010) Program tech Traditional Pilli & Asku (2013) Math program | Tradlitional
Sireeras Ponkwunchotica (2011) Reflection Traditional Daphne Moore Sarrell (2014) Math program | Traditional
Supalak Crutkong (2013) Reflection Traditional Daphne Moore Sarrell (2014) Math program | Traditional
TANNER CLARK (2017) Reflection Traditional Natchanan Kaewpasertsuk(2014) Math program | Traditional
TANNER CLARK (2017) Reflection feedback BURAK YILMAZ (2017) Math program | Traditional
Nichapom Charoenwanichkun (2017) Reflection Traditional BURAK YILMAZ (2017) Math program | Traditional
Hathairat Yosphan (2013) Student need | Traditional BURAK YILMAZ (2017) Math program | Traditional
Susan McFather Scott (2014) Student need | Traditional BURAK YILMAZ (2017) Math program | Traditional
Saowarat Ramkaew (2019) transfer Traditional BURAK YILMAZ (2017) Math program | Traditional
Kesinee Phetroong (2013) transfer Traditional Faber, Luyten, & Visscher (2017) Math program | Traditional
Isarlya Paramutthakom (2013) transfer Traditional

NANTSILATIEHBAUIUATBUIEIINTIUILUNANYT 31 91U (k = 31) ATnsapuiavua 11

£
I a ' o

aa a ) I a o o aa =~ aa
I0NTEBU LATUNITHUTHUMBUIIUITEAUIUY 31 A UIATINVVUA 3 I/N1EARU AD IONITADULUU

Y 9

Un@ (traditional) N15lA% (coaching) wagn1saeNiaudn (reflection) Auandlunn 4

feedback. ethic

Inductive .

Interaction\\

Mathprogram

raditional
Programtech

Reflection studentneed

AT 4 network graph U8IN1TUTBULTB UKAFUANEUBITTNITADURUUSAY
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NsieuiisunadugnEveisn1sasuI8ArlvIAMAAIERT NUTT UBNIINAITULANATS

aa ' a o aa ada Al ' ) ' ] Vo
29938 N1TFDURUUANN ITguAUITnsaeunuuUnAndiulug Alanuuanaisiusgraiulate
WesuiumMILLANARAUIS AT ULUUDUY IANLANAINYBIISNITADULUUNIT LTI 8555
Tunsaeukaznisasulagldlusunsuadnmans nuluswnsumaluladlunisasu windu 2.89 way

2.91 ANUEIAU WATAIINLANFIYBIIaNTABULUUNTSEleatuIT N saRuY fauius Ty iy

2.65 A9AN519 4

M99 4 HAMSLUSEUMIEURAdUInSY0EIaN15@0UI A (treatment estimate)

A B [ D E F G H | J K
A
B 229
Cc 0.06 -2.23
D -0.19 -2.48 -0.25
E -0.25 -2.54 -0.31 -0.06
F 231 0.02 225 2.50 2.56
G -0.60 -2.89 -0.66 -0.41 -0.35 -2.91
H 0.43 -1.86 0.37 0.62 0.68 -1.88 1.03
| 0.73 -1.56 0.67 0.92 0.98 -1.58 1.33 0.30
J -2.75 -5.04 -2.81 -2.56 -2.50 -5.06 -2.15 -3.18 -3.48
K 240 0.11 2.34 2.59 2,65 0.09 3.00 1.97 1.67 5.15

“UBWR : A = coaching, B = ethic, C= feedback, D = inductive, E = interactive, F = math program, G = program technology,

H = reflection, | = student need, J = traditional, K = transfer

AUNTTIATIENVUINDNE WA WA UVDIITNNTEOU 11 35 WU ANULUTUTIUVOITUIN
Svwaunndnsfusgaiiduddynieada (Q (21) = 129.73, p < 0.001) ilenaaeu heterogeneity
V999UIRNINING Llaeiiarsannisoanwuuniely (within design) Wui1 YUIABNSWAYBIITN15a0U
WUURNS 9 uansnafiueeeiiteddynsadfvisedu .05 (Q (19) = 87.47, p < 0.001) uaziiienaday
inconsistency Y84YWINBNENG LAgWINTUINITOBNLUUTENINNEY (between design) NUIITUIA
SMENaveIITNTARULUUANN 9 uaneeued i tedRyn1eadffisedu .05 (Q (2) = 42.26,
b < 0.001) doAAdasiur 2 wui AuulsUsIwweundvisnaTeuaTiintua AR AR E oY
Tumsguseens wilsildAnaneuuandnsvesidvinavesisnisaeu fid 83.8 % deeglusyiugs

a a

W AN AITUINANITILATIZY forest plot WUI1IUIAB NS WATEITTN15aouLUUa181eY
(transfer) AfiAgefianiniu 5.15 uazvuindviznaniandususuiiaeuiidu 5.04 {Wuisnisaeu
wuunslgaiesssusinlunisasu (ethic) @uisnisasunuulysunsuwalulad (math program)

fuundvswartaefianintu 2.15 30w 5
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Contrast to trad Random effects model MD 95%-ClI

coaching —a— 275 [0.36;5.19]
ethic ——5.04 [0.30; 9.78]
feedback T 2.81 [-1.36;6.99]
Inductive I 256 [[1.74;6.86]
Interaction i — 250 [2.05;7.05]
Mathprogram i 506 [3.39,673]
Programtech B — 215 [217,6.47]
Reflection —a— 3.18 [1.20; 5.17]
studentneed — 3.48 [[0.13,7.09]
Traditional 0.00
transfer —a 5.15 [2.68;7.62]
1
5 0 5
Math ACH difference

AN 5 NANITIATIZRVUIND VB NAVDIIDNITABULUUANNEY (forest plot)

defansanananuuandvesiuadvinaluuiayisnisaeuveiviadnmans nuin
anunsauUsismsaousenidu 2 naw liun nguil 1 Bmsaeuiifianuuandvesuuindvinags fe
nsaneled (transfer) TUsunsuadineans (math program) wagniskiasusssusiulunisasu (ethic)
uaznauil 2 InsaeuiiinnuunnsinavossuIndvdnasi Ae Anudesnisvesiniioy (student
need) NMsazviauAn (reflective) Mslvideyadoundu (feedback) N13lA% (coaching) g Ut (inductive)

v €

NSHURANRUS (interactive) wayddn saeuuuulusunsuwealulad (program technology)

feedback Reflection
feedback Traditional
Reflection Traditional
coaching:Reflection
coaching: Traditional

feedback:Reflection

feedback:Traditional

Reflection:Traditional

coaching:Reflection

coaching:Traditional

AW 6 heat map NSWIBUTIBUAILUANAIITIEE

Nan15iUeuLieunuLAng19318A970 heat map 7in1s3asiziluiniouny wud
AULANG19YDIVUINDNTNATEWINNITALYDUARN AUNISABULUUUNR N15LAY AUNISEZoUAR
wazN1TlAY AUNTTARURUUUNA TANULANAINYBITUINTNTNANINT AN AIUNITANINTANIHIY
Tun1siUSeuisuiSnisasu wui n15tUSeuisuseninanIsinadaunay fun1saaukuuuni
& ' . aa ' = a i 1 v o 1 a &
Jumanu (contribute) AiRvasgMslSeuLigusEniItnsvinataundu funisasvioudn uanaini

~ = i 1 a 9} a ' Aa ! = = i
ANSUIIUNYUIENINNITESNOUARN NUNITEBULUUUNG Lﬂumamummaa@mimiauL‘wsmizm’m
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MY AUNITALTOUAR LazNISIUSHUWIBUTEMINNITALTIDUAR AUNNTERURUUUNR LUN1aNuiG

Y9aAN1TUIBUTEUTENININISIAY Aun1saeukuuUnAluiy

afusena

1. MInWanT1sTATgivuIndninavesizaunuueg 4 fiddenadugninianisdeudin
adlnrnansanusazuiAnwiianauanesiulusssugamuinasives Del Re (2015) esanly
wiazdsema dni3ouldSunsianis@nuiuandnsiy WeRansanaumdngnsnisdnuinagnisg
Uszillunan19an1sanel (OECD, 2016) hagMIuN1SIAIIEHBAUIUAINEUNUSTENINIGITUINRVDS
N3y MedlYNINISEEY warkuININITANISSEuMSARLYaY Jeynes (2019) WU 595UYIR

g
a ' 19 a

veagiTeulun1siseu LarnN15IANITISEUNITARUYRIAT UBNSHARENITHAFUGNTNINITISHUVRS
dniseufiunnseiuegraiuldde fudurundvinavesisnisaeutiinenadugninanmsiSeuin
ARIAPANARSIIUANFNAY

2. Wuiifidny uazn1zaIuA covariate Wuudsuiuivihlivuindvsnavesisnisaeu
LUUANS 9 fidideradugrdnianisideuunneiaiy Tngaessudsiiinnisadosiulundvosui
Anwndsemalnediomn 12 9w lisngienledldnisava covariate lunstinsieving
vauiidnwlifimsmeaeumiufifamsadineans vieusfazsinsiamndiduuddlaifinisdanisle
tiduisaoanguiifiueuifimandamansoiiuy vieldmedelumsifodmaseilefiuang
Wiy vuzftanddevesineUsema (enudssvansh) ssvhmvaseddasinisiituaag
Wuvdefuusauiidnuininneusuldisnisaouiiosdanseyih wedlaztundu covariate udh
AIUANMIEITN9ERH 817 ANCOVA MANCOVA 38 covariate in multilevel analysis Wil covariate
Jafufuusunsndeudslfianinasesuusmy azﬁguﬂﬁﬁﬁ’ﬂ‘i%’ﬂiﬁmuqmﬁmﬁwaﬁum covariate
whliiniseanusadnudvinavesiiudsmuiiunaunanisnsasuldiogistaaunitnsil
MUAN covariate Fsnavhiliinanisnaasdlasudvinannamuiifuiouueeludvinavesisaouis
ﬁawaé’uqmémmwﬁw AABUNEITeVee Hailikari, Nevei, & Komulainen (2008) wudn ANU3LAL
WusuusvhuneiifnasonadugvsinadamansveninFeuunian Sslivianlafionuidng
NnUszmalnedvuindvinagenineniidnuvesinaseme owinnuiidnwivesussinelue
laipuAu covariate Fsvilsiflvunndnsnalunnsindigauiuais F9o199zdvsnasuiAnainamg
\Wuunsndeusy wWuifsrfunsdinuiidnwlifinisaiuay covariate afivuindvdnageninnud
AnwfifinnsmuRy covariate FMempravuefsaiuin Welimuau covariate vilvinas1sues
AzUULLRABINNGINARBIgINIInguAIUAY LTesnlaenininidesinidentniFouiiiiaaug
Awannsagadunguvnaes Fasentlymdin selection bias Insagdawarilsazuuuvosngs

VAaaeaer1aINnguAIuANTaY vilivuindnsnadauilenuludie neildnidedemsdeainig

AIUAY covariate nalituANUIANlUaINsdaNasafLUsIuaulafnwla
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nsldaeufinnesiunisiseunisaeuliiludususunilivuedninaveinsaouwuy
AN 9 NlsaNAdNgNENINITBEURANANTY WiFnsumaluladunldlunssuiunisdanisisaunig
goundinaaniiidvaneienseiuaiuaulavesyifou dwalvifSeulviauninasdensldinalulad
wardrgmuINadugninensiseuIvindamansveiseuliagedu (Eyyam & Yaratan, 2014)
wiogelsnaulunisdanisisounisasuiilildmeufiamesuaiinisdnianssunisiiounisasu
lugUuuudu Wy uIdeves guun Urundie (2556) NUd N15IANITITEUNITADULUY GMAT
aunsanmuINadugVEnensSeuadinaansliguiu aziulain nsldreuiiamesuaznslaly
AaNIWRS LlNasaNAdNgVENIINISSBUNUANGAAY

3. MTUATIVDAULATEYVIY WU VW INBVENAYRIITNTARULUUEle (transfer) difnad
::4' = 2 ad A v g ve o i Na a A a do a Yo ' I
Nan eyt msaeuniuliinSeuaelendinasmsedntdnSsueesanauneu 1Uuly
Aung e snyaniviounisndieais (Identical Element) 484 Thorndike ina1371 n1senglesay
Neduleanunsailvidsnnya (Element) milsunseadeafsiusgyaluaniunisalveinisiseus
luefn (Thorndike, 1913) saumsdenalitnSeulnadugnsn1n1sBeuauLINNIIsn1saeudy 9
donndeiuNan1sITeves 3ans dwini (2558) MnunguwuunsiteumMsasumuLwIAANISaeles
SudungensseusndwvvdwaliinAnwisedvus gy rdudelauauisalunindey
a X I A v o W aad )
Feennunwinegadu egrelitudAgvneadianseau .05

WelisanANuLANF19T1eg NuINtasunlmuuanAsiuegdnaull 3 4 As 1) 35013
aoulngldlusunsuadinansiunislilusunsuimalulaglunisasu G nn1sfnwluefnaznuin
nsldreuiimesiunmsasuyIglinadugMsnen1sSeuYeINAtnAERSEAUY WiKAINNTITEAT
Tuansliiiuinnisaeulasldlusunsuadamanitieslinadugninienisiowl vadaans vas
o =3 ' i & . Y = o
Uniseugduinnninsldlusunsumalulaglunisaewluegaunn eramsedymeunisiweuriu

a s & = = o & v va s & A o v

syuuBumesiie Wesannisldlusunsumalulaglunisaeudnludeslddumesiin wasilialin1sld
dumesidanieu q Muswinunevdmalisvuvaurseirsetnedades n1sinnsiSeunisaeudalal
& | oA v a vog s ' v Y% %
Juldedasaiies wazfiSousnaiantuianelasienisldam sz Jadeduamninvesssuu A
AMANENTAUNA LAZAIUANAINAITUINIT TBNSnadanisldaumarauianelavesldeu
uniseusaulal uenanimsl¥nuuazaufisnelavesgldeulimuduiusiudeuindunadugns

a £ a L3 I L 7 6 4 2 :-J’ Y a Ve 1 = 1
nansiteuvesgitiunSeussuladuniauduiusiutes delumngiSeuddnlainedislasenis
TUsunsumalulaglunisaeusvdsnalilinadugninienisiseuanas (¥luns saniunes, 2560)

2) A5nsasunuultasusssulunisasunuluswnsumalulaglunisasu denmasenuisnisansles

A v oa

Mdudslndimeesdnissuniduasesssulunisaeurhlidnissudnlalade (Thorndike, 1913) wag
3) FnsasuwuuMsanglesiuisnisasuluuy JEuiuss iy iesnsasuluuliu fauiusTiuiu
Tngldnsueumungunumlunsissunvunidammeaaiunisaisiassuuiv Fadunislaivled

wotdudowslunisudland Jgymsawiuindy ilinadugninienisise uvesivindadians
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