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Abstract

This thesis was aimed at 1) developing a Modified Essay Question test (MEQ) for measuring
mathematical critical thinking skills and a double-layer scoring rubric for ninth grade students 2) checking
the quality of the double -layer scoring rubric for ninth grade students and 3) comparing the reliability of
the modified essay question for measuring mathematical critical thinking skills with different scoring
methods through an application of generalizability theory. The sample was comprised of 90 ninth grade
students. Research instruments included the essay question test for mathematical critical thinking skills and
three types of scoring rubrics. Cronbach’s alpha, Pearson’s Product Moment Correlation and G-Coefficient
were used to analyze the data. Results were as follows: 1) Each question of the modified essay questions
test was in accordance with the process of mathematical critical thinking. The 1st step of the double -layer
scoring rubric concentrated on a detailed assessment of validity, an understanding of what was being
measured, and communication in mathematics. Scores obtained from the 1st step were converted into
those of the 2nd step according to the assigned criteria. 2) The double layer scoring rubric yielded content
validity, which conformed to the answering guideline and reliability of scoring of an individual assessor as
well as between assessors was at a high level. 3) The double layer scoring rubric was of higher precision

than the small scaled analytical method and the Knox scoring method with value 0.1, respectively.

Keywords: Modified Essay Question test (MEQ), mathematical critical thinking skills, generalizability theory,

double layer scoring rubric, reliability
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mgnsali 1 9.14 2.43 9.53 2.58 0.809**
W7 2 752 2.98 8.17 3.43 0.844%*
W7 3 7.28 2.73 8.33 314 0.797**
NI 23.94 7.17 26.03 8.53 0.877**

IO : *p < .1

aauil 3 Han1sWTBUITBUANAT BeYaILUUAR U B2 YNA TATNEEN1TANT A TUYIUNIS

a

adaaansdmsuinisuduisendneidi 3 dl935n1snsaldazuuuiiuandeiy Tasuszgndldngus
nsagUdneds

3.1) wan1suszaaA1ANLYTUTIU (G-Study) maqmﬁﬂﬁgﬂauﬁﬁmaﬁaﬁ’uﬂisﬁw§ﬂﬂﬁaqﬂﬁwa§dmaa
LLUUﬁQUﬁlﬁlﬂjﬁlﬂizEj]ﬂﬁ"j’iﬂﬁ’ﬂ‘lﬁxﬂ’liﬁiﬂ%ﬁ]ﬁm%’]mwwmﬁmﬂ?ﬁm‘fﬁ%ﬁ%mﬁﬂﬁﬂgLL‘qu‘U%ﬂﬁ@ﬂ%‘u dafieuiu
FBnsnliaruuuiinseigosuazisasaliazuuy Knox neldnisesnuuunisia p x r x o Wefiansaiunas
ANuUUsUTIRITILUsIuaz S uIumannsal wuii nniBanaliazuuy AruLUsUTIuvesRzLLULRdY
sEnIamanisel (0%) ﬁﬂ'm*mmﬁmmuﬂiﬂsawamzLLuuLaad'&Jﬁzwa'st:UizLﬁu (0%y) MNABIN15an

AnuAaandoutaslvirud Ay iU ILMANTNLY (1519 4)
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A13579 4
HANITIATILVANUUTUTINMYVA US AU s N TnYinwen13An 30 50ug aum 1emalnman ST 5 520 lsiAz Y

FUSnaeetu Weiieuiuisnsanlinzuuninizvdoeuay 35n 9alvipguun Knox

G-Study dmsuTBasialvinzuuuusnasIty

Source of
Estimated Error Percentage of Error
variation df SS MS
Component Variance
P 89 523.3274 5.8801 0.1676 20.7
R 1 3.2726 3.2726 0.0016 0.2
O 14 437.9052 31.2789 0.1673 20.6
PR 89 50.0607 0.5625 0.0171 2.1
PO 1246  741.5615 0.5952 0.1442 17.8
RO 14 12.3941 0.8853 0.0064 0.8
PRO,e 1246  382.2726 0.3068 0.3068 37.8
Total 2699 2150.7941 - 0.8110 100%
G-Study @ nsuaseTRliAzLULIATIZE DY
Source of
Estimated Error Percentage of Error
variation df SS SS
Component Variance
P 89 1294.3263  1294.3263 0.3927 16.8
R 1 16.8033 16.8033 0.0085 0.4
O 14 1191.9652  1191.9652 0.4458 19.0
PR 89 193.2300 193.2300 0.0720 3.1
PO 1246 2095.9682  2095.9682 0.2953 12.6
RO 14 60.3800 60.3800 0.0358 1.5
PRO,e 1246 1360.0867 1360.0867 1.0916 46.6
Total 2699 62127596 6212.7596 2.3417 100%
G-Study @usUIBATITLAAZILUL Knox
Source of
Estimated Error Percentage of Error
variation df SS SS
Component Variance
P 89 116.1574 1.3051 0.0268 7.6
R 1 9.1293 9.1293 0.0066 1.9
@) 14 79.6407 5.6886 0.0283 8.0
PR 89 10.6374 0.1195 0.0015 0.4
PO 1246 596.6926 0.4789 0.1906 54.0
RO 14 2.8985 0.2070 0.0012 0.3
PRO,e 1246  121.8348 0.0978 0.0978 27.7

Total 2699  936.9907 - 0.3528 100%
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LYY

3.2) mamﬁﬁﬂmLﬁaé’mﬁﬂamsagﬂﬁwaa (D-Study) YassuvaRUSRtEUsEeNdInTinYeNISAAII T 10
mmzﬁmmam%ﬁﬁ”ﬁ%msmaaﬂﬁmLLquU%ﬂam%u dledflsuiuiznsnlinzuuiieseidosuarisnmialinzuu
Knox

nsieszidunisindeyasin G-Study wasusnsdsnmuninveswuuasusnalssyndininue
mMsAntansaganadginaansiinsnliazuundieiiissufieananunainedeuvenisin lnen1snsiaden
AN EUANT A dLUsEANE N1saTUS 1B sveuuuaey Weldusziiusiuau 1 - 2 au anelddiuy
wnn5alfild 2 - 6 mannsal mgnsalas 5 4 Imai%’i%maﬂﬁﬂzLLuu'gU%ﬂam%gu dlaieuiuiznsaliasuuy
AnszvigasazisnliaziuL Knox Qﬁﬁ’alﬁaﬂﬂ'wmwmﬁmﬁdm 0.7 TlU aannausii Nunnally (1978) wuel’

¢ @

NANNTILATIEVIR L

Y

dmiuitnsalviezuuuguinassiudmiunuvasusnieUszend Invinwen15ANIA T 1N

q
s

ANAFAIERNS WUTN Lﬂai%ﬁﬂsmﬁu 1 Ay A35d 2 wmanisal eagldrdudseansnisasudndadndulagaduring
Wiy 0.73 L.Lasmé’uﬂisﬁmémﬁaqﬂéﬁaaqﬁmﬁﬂmiaﬁmuizﬂ Windu 0.67 Lﬁ@iﬁl’fﬂﬂimﬁu 2 Ay AT 2 wanisal
%’N%xlﬁﬁwé’uﬂﬁzﬁm'émﬁagﬂé’waaé’mﬁiﬂ,a}L%qé’uﬁ’wﬁ‘ WinAu 0.81 LLazmﬁuUizﬁwémﬁaqﬂéﬂqSaé’mﬁﬂﬁ]L%qé’wjifﬁ
Winnu 0.73

defleuivitanaliazuuniinnzsidesdmivuuuasusnieUssandininue mmsaniansua o
yandamans wuin deldguszidiu 1 au as 3 wmmsal Seagldmduussaninsaguénsdsindulaeduing
Wiy 0.70 L.Lasmé’uﬂisﬁmémﬁaqﬂéﬁaaqﬁmﬁﬂmiaﬁmuifﬂ Winiu 0.66 Lﬁ@iﬁl’fﬂﬂimﬁu 2 Ay AT 2 wanisal
%dﬁ]ﬂﬁmﬁuﬂ‘ixawémﬁaiﬂﬁ’]dadﬁﬂaﬂﬁlL‘QNE%JWVIS( Wiy 0.77 LLazﬂl’IEaﬁJUizawéﬂﬂiﬁiﬂgﬂﬁadﬁﬂauiﬂL%Qﬁﬂv‘jiﬂj
Wiy 0.70 wazd1msuIsasialiaziuy Knox @unsunwuvasudndeyussyndininuen15AnI sy
NNALAAIERNS WU Lﬁﬂ%’@'ﬂsmﬁu 1 A A95d 6 A58l ’?Nﬁ]zlé’fﬁﬁé’ﬂﬂizﬁﬂéﬂﬁﬁgﬂé’w@dé’fﬂ?{ﬂﬁ]L%dé’uﬁwé
Wwiriu 0.71 L.Lasmé’uﬂisﬁmémﬁaqﬂéﬁaaqﬁmﬁﬂmiaﬁmuifﬂ Wwiniu 0.59 Lﬁ@iﬁl’fﬂﬂimﬁu 2 Ay AT 5 wanisal
%’N%xlﬁﬁwé’uﬂﬁzﬁm'émﬁagﬂé’w%aé’mﬁiﬂ,a}L%qé’uﬁ’wﬁ‘ Wiy 0.72 LLa3ﬂ"IE%JUizawém‘iﬁiﬂéj’madﬁﬂauiﬂL%\‘iﬁﬂyjiiﬁ
WA 0.65

asUliin uuvasusmiaUsEgndiainuen1sAnI s Iunsadaman i 19 nsasali
Azuuusuinassiu Walfsuiuitanaliazuuulieseidesuayisamaliazuuy Knox lussiuanuiiosigise
gensuiaus 0.7 FulU firrsansuudusaidusiiy wud defiudwiungnisaiashliisasdliezuuuguin
aostudaranuifissesuuuaugedu WeRansansiuiudUssdfiuinetu wui e usiuiudUssdiuey
ﬁﬂﬁ’%%maﬁﬂﬁﬂsLLquU%ﬂaad%uﬁmmmLﬁawauwuaaugﬁumjuﬁ’u Wilaufissesuvasuildisngols
ﬂzLLuugufﬁﬂaaﬁ%ué’nmﬁﬂ'wmmLﬁmqdqmLﬁaLﬁauﬁ’ﬁ%mﬁmiﬁmLLuu’?meﬁ‘dammz?%mmﬂﬁﬂmmu Knox

MelddnuugussiiulazIuumansalvinii (11519 5)
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A1379 5
HanIsuATILleAnaulanIsaTUe NEYeU YA VNI N IRTinYeNI5AR 0 s 0dm 1eAddnmanT Ingld

nvaalinzuuuguinaesty WeigunuisnsnlinzuuniinTisvdoguas 350 5191vAzIU Knox

n=1 n,=2
& N Effect
U% g n,=2 n,=3 n,=4 n=5 n,=6|n=2 n,=3 n=4 n,=5 n,=6
(g L\
aé @ Error csz 0.06 0.05 0.04 004 003|004 003 002 0.02 0.02
- s
°“; 5 | Variance g2 0.08 0.06 005 004 004 | 006 004 003 0.03 0.02
2> 3 Ab
% a?é G- p2 073 0v8 081 083 084 | 081 086 088 089 0.90
A = Rb
Coefficient pZAb 0.67 04 077 079 081 | 073 081 084 086 087
n=1 n,=2
<« 2 Effect
o
EE % n,=2 n,=3 n,=4 n,=5 n,=6|n=2 n,=3 n=4 n,=5 n,=6
aé é Error csz 021 016 014 013 012 | 012 009 0.08 0.07 0.06
ofe IS .
%g Variance O-ZAb 0.2r 020 017 016 014 | 017 013 011 0.09 0.08
2 & G- p2 065 070 074 075 077 | 077 081 083 085 0.86
g = Rb
Coefficient pZAb 060 066 069 072 073|070 076 079 081 082
n=1 n,=2
< Effect
E% X N,=2 ny,=3 ny,=4 n,=5 n,=6|n,=2 n,=3 n,=4 n,=5 n =6
C
aé § Error Osz 003 002 002 001 001|002 002 001 001 0.01
= o .
R; $ | Variance O-ZAb 004 003 002 002 002|003 002 002 001 0.01
© &
% = G- p2Rb 047 056 063 067 071 | 052 062 068 072 0.75
a
Coefficient pZAb 040 048 053 056 059 | 047 055 061 0.65 0.67

3.3) NaﬂﬁLﬂ%BULﬁ&lUﬁ’]ﬂ’J’mL‘ﬁlEJG(;1/’3&1ﬁ?ﬁuﬂ‘isawéﬂ’ﬁﬁiﬂﬁ’mgﬂENLLUUﬁ@Uéjﬁlﬁlﬁlﬂizﬁmﬁﬁlﬂﬁﬂwz
msﬁm"?msmzmzu'wNm’immam%ﬁiﬁﬁ%ﬂﬁmuﬂﬁmLLuugU%ﬂaaq%u TnalisuAuisesalinzuuuiinzitosuay
Wasalviagiul Knox Aaeisn1seesinuay (Pittman)

m‘imswaammmwm”mmmLﬁ&Jw’h8ﬂ"1é’uﬂizﬁwfémiaqﬂé’wé‘qﬁﬂﬁuLLuuaaUﬁﬁm*mLﬁﬁmﬁguwi
0.7 Fuly Lﬁ'aﬁmsmwmawgﬂimﬁu 1 Ay lguuvdau 6 @01un15al NUIN ’i%m’miﬁﬂmuugﬁﬂaad%’u
Tﬁﬂ'WﬂmuLﬁquqm (0.84) s898331 Av ATATIAlRATLLLIATIETERY LagionTIaliALIUL Knox (0.77 wag 0.71)
R GRIEY Lﬁ'aﬁmamwmawgﬂimﬁu 2 au ITUUVEDU 5 @071UN158d WUIN 3%@53@]11%%&1414@%?{@&%14
Tﬁﬂ'WﬂmuLﬁquqm (0.89) s898331 Av ATATIalRATLLUIATILTERY LagionTIaliALIUL Knox (0.85 wag 0.72)
RIGRIENT mﬂﬂguﬁwmmLﬁawmquaaumLﬂ‘%'sml,ﬁammmmﬂ&mﬁwj HUNSNARDUAILEDRT (t-test) Aag
Bvosiinuuy (Pittman)

ﬁm%’umamim%mﬁ&mmmLmﬂﬁhwadmmL1'7i8dvﬁ”awhéfuﬂ33§w'§m'§aqﬂ51a5ﬁﬂuml,muaavé’mﬁ&1
ﬂi::‘qﬂﬁi’mﬁ’ﬂwmiﬁm%wm@wmwNmﬁmmam‘ﬁi‘ﬁ%maﬂﬁmLLuugU%ﬂaaﬁgu TneLisuiuisnsraliazu

Tasevgesuaritnsialinzuuy Knox wud Welduszdu 1 au aeldiuuasy 6 anunisal Iasialvinziuy
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v
a v a o

Usnastuilauiiesgeniniinsnlinsuuniianeigesegelitodidgnsedu 0.1 (¢ = 2.080, p = 0.0404) Uay

o o

3
ABasraliinzuuusuInasstuiauiesdnitisasialiazuuy Knox ageddedidyisedu 0.1 (t = 3.063,

p = 0.0029) Weldfusziiu 2 au nglduuuasy 5 anunisal esraliazuuuguinaastuiiaiuiesgeninig

o v A

arlvinzkuLInT gy ldedAnisedu 0.1 (t = 1.776, p = 0.0792) wagisnsalviAsiuuuInaotull

o w A

ANUTIBIEININTBnTIalviRzuu Knox agrealifeddgyitseau 0.1 (t = 4.830, p < .00001) (11514 6)

1519 6
HANITIUTYULTIUAINUANA 19YDIAIIULT 9709V ULV AU e nd TN YeNI1TANT IS 104919
palnmans lagliisnsaalinguuuguinaestu eiieunvisnsialinsuuniinsivvigesuas 35naalvinzuun Knox

meldguszdu 1 uag 2 Ay

UG UTEEIY AsiSeuLigu e, t P
3§§U§ﬂaaq%u - WA EviURY 0.568 2.080%* 0.0404
L Bguinaestu - 3 Knox 0.381 3.063* 0.0029
3§§U§ﬂaaq%u - WA eviUeY 0.568 1.776%* 0.0792
2 Bguinaestu - 3 Knox 0.381 4.830% <.00001

MIGNR : ** p < .1

anUsema

peufl 1 nanismuuuuFsUSAEUsTend Satinuzn1sAndansagiamnadamansuazisasaali
AzLULUUIUSNABstudwisuTinGeudusiseufnunUi 3

HaN1sHRIIKUUaR USRI UTRENATATINYENSANIA T IUNNAMIRAEAT 31U 3 mRN1Te] Uiazte
?fmwﬂ’mmmfusuadmiﬁm%ﬁmﬁy’]mmdﬂzﬁmmam%mamé’mumﬁman Dressel and Mayhew (1957)
Tnsuvvaeuiilitinsialviazuuuguinasduiimmuadeiuisitaou uadliasuuunumesuisvosdosionis
gou 1lofinnsandamfiswssuuas usateUszyndininuznsAsinsagumandamanslngl$35nsaaln
ﬂzLLUULLUU‘EU%ﬂam%‘u wud Amnaiesiiliiangs Ssaenndoeiu Abdullah et al. (2015) uaz Hamzah et al.
(2014) Aind17l37 ’ngﬂﬁﬁ]i?ﬁ]s[,ﬁlﬂgLLuuLLUUEU%ﬂﬁ@G%ﬂﬁWNNLﬁjuﬂ‘iﬂlﬁu’lﬂéﬁuﬂﬁﬂLﬂm%ﬂ’]ﬂﬁ’ﬂ&muzv%ﬂ
wuudu 9 deshedhedenstuiinasuuunumeiunglusdussneugesuazniseunantsUszidiu

naufl 2 nannsnsIvFBURmNNIBE s lAzIUULIUInAR st U luLUUAB US AU ST TR
WinwznsAninsugIusadiasaaidmiutniSeutuliseufinundi 3

wan1smsaliaziuuguinaestulunuuasusnisussgnd Yavinurnsdninsagaumnandaaans
WU ’3%@5?%1'1}!’?15LL‘U‘HE‘U%ﬂﬁad%uﬁﬂmuﬁaﬂﬂélm‘ﬂaﬁLﬂm%ﬂ’]ﬂﬁﬂ%LLuuﬁULLu’Jﬁ’W]@U \lo991n fATurimun
Uspiiuiidesnsuszifiuliaenndosiuduresnisiniasugranadamiansuasiad sanendacans
Faaenndoaiu So et al. (2018) finanlii1 msdmusesdUsznevlunsaianusilinziuuguin msimunain
rUsasdnisUszdiu e dnldrseunquynussiiuifomnis

wamﬁmiwﬁmwmﬁsmﬁuaﬁr:i'ﬂﬁsLﬁu WU wuvasugndeUsEend Ininuen1sAnIaN T 1N e

Yaa

AdlnAansleIgnsaliazuuusuInaestu dannuisdunisnsaliasuuuangussidunuieiuasainuiies
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WDE519ANUN ARSI ULALANAINLAAIMLARBUNISTHTIDL AL UL

Aaufl 3 nan1TIUTBULBUAULT BevasuUUaRUd Rt BUsseNA A N¥EN1SART A1 TRy 0

a o w o o Y oy al g yaa v a @ @ :4

neniiafansaniuiniToudulissndnudn 3 nld38nsasaliazuuunuandresiu lnsuszgnalingu]
n13agUdneds

s

Nan1FUsEINNAIAMILY TUTIUYeIRIAUsENa Ul TNar e duU seAnE sagUvesuuuaeuSalU sz
Iavinuwen1sAniansagamndamans wuin aArsuUsUTuresnumnsaiinadedul st avdnisagudneds
1niige uanadt wuvasusateuszandasiidnaumsmsallianansaldldeidunisdaaey Suuteasudine
flwoziAuly hliaouinauiesdn aonndesiu glsen nifumiin (2549) fina1alin wuvasudmisriside
fanu 5-35 4o FsaganunsniangAnssufidesnisinldifisane

nansAnwitesndulanmsasusadaitednduladenlduuvasuiiawnsathluufoaldlaess defidedon
A iBsRaus 0.7 FulU manaeid Nunnally (1978) waueld nudh ilewfins uudUssidunieiuduoy
wansal asvilfenaufissesuuuasudateuszgndaeiu deaenndesiunuidevesnaiug o1unda way
nuAns30l fasunuwy (2557) vl wuvasusmipUssgnddliisanalirzunuguinaesiussasdiiamuiiosgen
deisuiuitanaliazuuuiinseidesuazinsalinzuun Knox meldsunudussiiuazsuumnnisel
wihiiy

wan1sUTsuIsunuLANIYeIn I Bs e @I sEAnE n1sasUS1 s sueanuuasUS Il sEgN
fovinwznisAninsugrunadamaniildisanaliasuuuguinasstiu Tnafsutuianalvezuuuinsed
gosuazisnsraliazuuu Knox wudn Weldsuseidu 1 au aasll 6 aanunsal WleldeUseiliu 2 au adsdl
5 an1unisel azlduuuaeuiifianuiiiedussiuiivonsuld 0.7 Fulu Tnefisnmalinsuuuguinaostuliauiios
giniisnalinzuuiinnevidesuazitnsaliinziuy Knox egnsilifuddnyiisziv 0.1 iesanisasialvinzuun
sUinaestuasUssidiunginssugos shliilduvuissdiudlade uadliasaumadounduinmufidoulddni

U

a5V AT UUIATITE DAL TN ATLUL Knox TS NEIAINNATUDIUIBIAINDY TId0AAADINU

a an

NATevedningal ASIYA way nuaITas FssunIuuY (2559) inanalidn dniSeunldinaeisuinasstulinauyinye

gandldinasizuiniall
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taiauauuzlumainaddeluly
dmiuagidesnsliuuvasudnisuszgndiaiinwensAsiasugamsadamanififidianauioses
wuuasudane 0.7 Suly dmufusadiu 1 au aaslduuvaey 6 antuntsal wasdmiugusediu 2 au asld
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