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Abstract

The research aimed to (1) develop a construct map of scientific argumentation skills of
lower secondary school students, and (2) develop and verify the quality of the measure for
assessment of scientific argumentation skills. The sample consisted of 514 lower secondary
school students in the academic year 2020 under the Secondary Education Service Area Office
25, obtained from the total population of 31,744 students using multistage sampling. The
development of the assessment measure followed the construct modeling approach which had
four steps: 1) developing a construct map of scientific argumentation skills; 2) designing items;
3) determining an outcome space; and 4) analyzing data through the MRCML model based on
Wright Map. The results were as follows:

(1) The construct map of scientific argumentation skills featured two dimensions, namely
development of argumentation elements and use of scientific knowledge. The former had 4
levels, ranging from level one—drawing an irrelevant conclusion, to level four—able to construct
a counterclaim with justification. The latter also had 4 levels, ranging from level one—explaining
with irrelevant scientific content or the student cannot recall scientific content, to level four—
the student can use complex scientific knowledge to explain the matter.

(2) The measure for assessment of scientific argumentation skills consisted of 22 open-
ended questions using dichotomous scoring (0-1) and polytomous scoring (0-3); 12 of the
questions measured development of argumentation elements while the rest were concerned

with the use of scientific knowledge.
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(3) The results of the verification of the measure reflected validity evidences. It was
found that: on the aspect of the validity of the content of the questions, their difficulty covered
the range of students' skills; that is, they could explain scientific argumentation skills; on the
aspect of students’ responses, it was found that the students could understand the content or
situation of the questions as intended in this study; and the aspect of internal structure, the
questions could be employed to measure scientific argumentation skills (Infit MNSQ range of
0.74 to 1.35) through the multidimensional model which was consistent with students’
responses, with statistical significance (x%=178, df=2, p<.001) . The AIC and BIC of the
multidimensional model were lower than those of the unidimensional model. Considering
validity evidence, the EAP/PV reliability of both dimensions of the argumentation construct was
0.89, which was in the acceptable range, and the standard errors of measurement was low,
having SEM 6, (development of argumentation elements) in the range of 0.38 — 0.56 while SEM
0, (use of scientific knowledge) in that of 0.58 — 1.87.

Keywords: development of a measure, construct modeling approach, scientific argumentation
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N15M8U (item threshold) 18E119%31 ATEUAGUINAINANITAVBILLTEUVDI Wright map kanddn

' [
a Ya v v =

JoapunnidenauTuiduionuuewinwen1slandmisineaansniniseuldvindeaaule nauls

Y

FeusznoumeiAnisaseesdusenaunsiaunds uasiifinslddoyamuingimans Usingaanm 6
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AMNATNLEAAIDIATAINULINWA ALY UVDINITHBUVDIUDADULG ALTD YU VoN 4

Us2nNauaieg TUNITRaU 3 5EAU 91nsEaU 1 1Uae szav 3 1udu Fadlanansanlagninsid wuan

ToapunszeluynssiuaNaITavesaay

Sanaadaa FamaTdhaddn
oarilsznoun s Trids Fnwmieed
] | 5.3 11.3
-1 I I 4.3 8.3 10.3
I | 7.3 9.3 12.3 15.3 16.3 17.3 20.3 22.3
I | 18.3
I x| 2.3
X| |
SOKX| |
1 YOO |
2OCKX | XXX| 14
SOO0CKX | SOOKX | 10.2 21
OCKXK| OO | 2.2 4.2 5.2 7.2 8.2 11.2 122 20.2
2OCKK| SOOOHKK | 9.2 15.2 16.2 17.2 22.2
o KHOHKKHK | HKHHKK| 18.2

QOO0 OO |
-1 RO | OO | 3 4.1
2000¢)| 2OOOOOCK | 5.1 6
MOOKXXK | PO |
KKK XX
xX| PO | 1 2.1
2000<)| OO |
-2 HOOKK| MK |
pe el XX |
XXX XXX |
2O OO0 |
XX| x|
pre o] x|
-3 XX |
XXX |

9.1

12.1

13

16.1

15.1
17.1

19 20.1

22.1

AN 6 NANFIUANUATUNLINULLEMVBILUUNAARULAENINTNNRIN Wright map

Mé’ﬂgmmmmuﬁ 820 UNILUIUNITMDU (validity evidence based on response processes)

Widglimhdeaeulunaaedly uesdunualiaaumendunitedey Wiessiaasuauidilaiionves

JodeuninTiiussrigaeuariaivlodey nuirdnSeudillandviemauaswnuigideamnnia

wanguANNssIneInumulasiaseniely (validity evidence based on intemal Structure)

WUt Lnanvilifaennaenauniuiuleyaineusnitlunaenia a1 AIC (Yao & Schwarz,

2006) wae BIC (Schwarz, 1978) #1n11 AILAAIUAISIE 2 Han1sUSsuisuUseansnnluma wuan

Lnarinwensiaudmainemanshuun s denadifsioud AIC wag BIC vadlunaninuen1slaues

MANgIMansLuUniAdesnIunarinuensiaudwmingmansuuueniisiy eUsediuay

naunduvetliaa dluwaledanvifinanieefige azvieuliiiuddumaiinaunduiurnanisneu
UogouLnTian (Lin & Dayton, 1997; Dziak et al, 2020) :nMaUssuiguliaaLansiIlATEs19vinyy

nslakdamanemansianuwinzauiunsiueanisindnyasniia

M1 2 HANTIATIIFBUAINGDAARBINAUNFUVBLAaNYEA (multidimensional approach)

Wisueuiuleniiisau (composite approach)

. vy - . .| W | AunausiErsaume [AnnasiEsEUmnA
Tumaninuensiandameinendians anAAIEug . - -
wisdiwes|  wlad (AIC) wuey ( BIC)
Tuwavinuznsldwdanaingmansuuuteniiisy 19806.92 53 19912.92 19950.60
TunarinuensldundanaInenaansuuunia 19789.12 55 19899.12 19938.22

annlaauAlsensdulandgn (Likelihood Ratio Chi-Squared Statistic; G2 ): Y%= 17.8, df=2, p<.001

A1 Akaike Information Criterion (AIC): 19912.92<19899.12 (WuunA<uuuLenilf)

71 Bayesian Information Criterion (BIC): 19938.22<19950.60 (Wuunvilf<wuuionils)
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UBNANTULLONNTUIANUFUNUTVIAIAIINAINITANNBENITIALEINIINGIAIAR S
sgrinAUANansanisaiesnyseneunsiaudazaunisidanuiiwine mans  wudad
ANVNAU 0.83 wansliiiuinauainisavesindeudulng dululufidmadeadu nande dniSeu

fazuuumulaiunilege avlazuuudniugenuluaig dawandunn 7

.
mudszaniszrinmmnniinesanuannsaves

v Y a d
mslaudamainenmans MEAN 0.82 0.56 20.85 0.58

r=0.83

Uszneumsiduda

S.D 1.53 0.34 1.24 0.25

MAX 2.66 0.38 4.58 1.87

sinyzmsadaesn

winmzmslinanddninemans MIN | -466 183 -442 043

AT ANUAUNUSVBIAIAIUANNITOTNWENIT AN IANEATTEWNINITRNTAS

asAUsEnauNslaldardansldveyamuinetmans

2.2 wangruanadiss Todnnuluuuuiavinu msldud e mansaivauntu
firAnandisauuy EAP/PV fiinnsairsesduszneunsidudanaziinsldanuisuinermansiien
wiiu 0.89 Fsaglutnasiivenduls (Adam, 2005) wagmmuiissnuuaenndoanely wiiu 0.91
Feegluinasineonsuldisuiiu

wenaniiflefinsamdnguaruiissainnsmauemaindeusinsgiureinisiauas
voulwanal 1lownvznnsldudamsinemansusnidudfdesfduiudiu ldun fnnsadia
aaAUsEnaUNsIALdY uagdinmsldteyaiuingrmans AmisiimesanuaunsavestiniSsuudazau
nnlumanndfazilen SEM uandsfudaszuanslddanin 7 wag 8 nudn WeRiarsanen SEM
Tunmswdilfanlunanvid wuin faevilanadedinisaiiesdusznounislaudanazianisly
foyadminermanigddndifostu nemenuduiusserineen SEM uagAiifgosiis 2 37 atuayuy

PilanuaddunnnuausavesinseulunauUunans

4
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NAIFIU
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#8AAd0INULLIAAYBY Osbome, Erduran & Simon (2004) M5IALEINIINgIManIneInITAINg
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Anderson & Krathwohl (2001 as cited in Yao & Schwarz, 2006) N5a319UALEABINITAINNEAINNTA
Tunsdteyandniu ieahudeyatigndedunisaiisteyalunisliuds ununlassairalundaziia
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item threshold AU wWsfiwesmuaiusavetnissureslusefur19quuunuilasiassveadf
nsaseaiusznounisiduds frnuaenadaiuseiunie vuHuilasEse wazinanisdny,
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o A

MBunszau 0 nskifindngiuvesesduszneunisisuds wieduszaundneuldannsaadnsniy

A

Feuleesgnineesdusenouvesnisidudald aulesedu 2 maafredeldudeininseanlusenis
andula Inonuadusyav 3 szauidufeaiu 'ffﬂL’%’aui%’mmmmiaﬁqa%uiumaa%wmmL%auim
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n3finwIues Osbome et al,, (2016) AspguuauuRguin1saiesdusznovazdosinafeulss
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'
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fldnsfauarssdutudndounguild msgnstauinisdssdui eldivsedniamgean
msUsziuMTmUINsYesAimimssSeus (Wikson, 2005) urudilaseaiisaisesnuuy
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