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Abstract

This study intends to de sign and verify the quality of a model that measure s mathema tical proficiency and aims

to set the standards in measuring levels of proficiency in the subjects o f measurement a n d g e o m e t r y . C o n s t r u c t

m o d e l i n g w a s e m p l o y e d t o d e s i g n a m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l w h i c h c o n s i s t s o f t h e

mathematical p rocess an d the dimensions of a conceptua l s t r u c t u r e . A t o t a l o f 5 1 7 S e c o n d a r y Y e a r 1 s t u d e n t s

were selected from the big data to participate as test-takers. Design-based research encompassing four phases

w a s u s e d t o v e r i f y t h e q u a l i t y o f t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e  m e n t m o d e l . A M u  l t i d i m e n s i o  n a l R a n d o m

Coefficient Multinomial Lo git mo del was used to ex amine the stand ards-setting of the mathematical proficiency

measurement mo del. The results indicated tha t the two dim e n s i o n s o f m a t h e m a t i c a l p r o f i c i e n c y c a n b e f u r t h e r

d i v i d e d i n t o f i v e l e v e l s , f r o m n o n - r e s p o n s e /i r r e l e v a n c e t o s t ra t e g i c / e x t e n d e d t h i n k i n g a n d e x t e n d e d a b s t r a c t

structure for mathematical process and conceptual structural dimensions, respectively. The assessment tool

covers 18 items with 15 mu ltiple-choice items and three subjec tive items in measu rement and g eometry.

Moreover, the results also demon strated that the valid ity evidence assoc iated with the in ternal structure of th e

multidimensiona l model is fit. Besides, reliability evidence, as w ell as item fit, is c ompliance with th e quality of

t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l a s i l l u s t rated in analysis of the stan dard erro r of measurement

and in f it and outfit of the items. Fin ally, th e researchers managed to set standards for the mathematical

p r o f i c i en c y m e a s u r e m e n t m o d e l b a s e d o n t h e a  s s e s s m e n t c r i t e r i o n r e s u l t s f r o m t h e W r i g h t M a p . I n c o n c l u s i o n ,

the standards-setting of the mathematical proficiency measurement model provides substantial information,

p a r t i c u l a r l y f o r m e a s u r i n g t h o s e s t u d e n t s w h o a  r e a b o v e t h e l o w e s t l e v e l o f m a t h e m a t i c a l p r o f i c i e n c y b e c a u s e t h e

error for estimating proficiency was low.

Keywords: measurement and geometry, mathematical proficiency level, Mu ltidimensional Item Response

Model, standards-setting

1. Introduction

Mathematical proficiency is defined as a stu dent’s capability to search, spec ulate, and think logically in the

c o g n i t iv e p r o c e s s t o c o m p r e h e n d h o w t o s o l v e a m a t h e m a t i c a l p r o b l e m b y u s i n g a p p r o p r i a t e s t r a t e gi e s t o s o l v e

p r o b l e m s a n d r e p l i c a t e t h e p r o c e d u r e u s e d t o s o l v e t h e p r o b l e m s ( A d o m , M e n s a h , & D a k e , 2 0 2 0 ; J u n p e n g ,

I n p r a s i t h a , & W i l s o n , 2 0 1 8 ; J u n p e n g e t a l . , 2 0 2 0 a ) . C u r r e n t m a t h e m a t i c s t e a c h i n g a n d l e a r n i n g e m p h a s i z e s t h e

c o m p l e x i t y o f p r o b l e m - s o l v i n g a n d c r i t i c a l t h i n k i n g t h a t g o e s b e y o n d c o m p u t a t i o n s a n d p  r o c e d u r e s ( C o r r ê a &

H a s l a m , 2 0 2 0 / 2 1 ) . K i l p a tr i c k , S w a f f o r d a n d F i n d e l l ( 2 0 0 1 ) i d e n t i f i e d f i v e m a t h e m a t i c a l c o m p e t e n c i e s f o r

s t u d e n t l e a r n i n g , n a m e l y c o n c e p t u a l u n d e r s t a n d i n g , p r o c e d u r a l f l u e n c y , a d a p t i v e r e a s o n i n g , s t r a t e g i c c o m p e t e n c e ,

a n d p r o d u c t i v e d i s p o s i t i o n . E v e n t h o u g h t h e s e c o m p e t en c i e s a r e w i d e l y d i s c u s s e d th r o u g h o u t m a t h e m a t i c a l

literature, little is men tioned abo ut assessment practices that c ould be used to assess these five mathematical

competencies (Corrêa & Haslam, 2020/21).

P a s t r e s e a r c h e r s ( P a i , 2 0 1 8 ; S t r a u m b e r g e r , 2 0 1 8 ; S w a n & F o s t e r , 2 0 1 8 ) s u g g e s t e d t h a t h o l i s t i c a s s e s s m e n t s t o

identify stu dents’ areas of imp rovement can info rm mathema t i c s t e a c h e r s ’ t e a c h i n g p r a c t i c e s t o w a r d s t u d e n t s ’

developmen t of mathematica l proficiency. Currently, th ere is increasing attention o n integrating mathematical
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m o d e l i n g i n s c h o o l m a t h e m a t ic s . I n t h i s w a y , s t u d e n t s a r e g i v e n o p p o r t u n i t i e s t o a p p l y m a t h e m a t i c a l

proficiencies in different situations including daily t a s k s a n d r e a l - l i f e p r o b l e m s ( Y e n m e z a , E r b a s , C a k i r o g l u ,

Alacaci, & Cetinkaya, 2017). Yenmez a et al. emphasized that a ssessment plays an essential role in the

m a t h e m a t i c a l m o d e l i n g p r o c e s s b e c a u s e it informs mathematics teachers in providing a clearer perspective of

s t u d e n t s ’ m a t h e m a t ic a l p  r o f i c i e n c y l e v e l s i n t h e i r l e a r n i n g d e v e l o p m e n t .

T h e r e p o r t o f P  r o g r a m f o r I n t e r n a t i o n a l S t u d e n t A s s e s s m e n t ( P I S A ) 2 0 1 8 s h o w e d t h a t T h a i s t u d e n t s o b t a i n e d a

s c o r e o f 4 1 9 , w h i c h w a s b e l o w t h e a v e r a g e s c o r e ( 4 8 9 ) o f t h e O r g a n i z a t i o n f o r E c o n o m i c C o - o p e r a t i o n a n d

Development (OECD) and were in 66th position o ut of 79 countries (OECD, 2 018). Moreover, results from the

Trends in Internatio nal Mathe matics and Science Stud y ( T I M S S ) a s s e s s m e n t i n m a t h e m a t i c s s h o w e d t h a t T h a i

students received a lower average score of 431, which was fou nd to be consistent with scores from the National

Basic Educational Test (O-NET). It was reported that the average score for Secon dary Y ear 3 p ublic examination

a t t h e n a t i o n a l l e v e l i n 2 0 1 9 h a d t h e l o w e s t a v e r a g e s c o r e o f 2 6 . 7 3 i n t h e s u b j e c t o f m a t h e m a t i c s . F u r t h e r m o r e ,

t h e t o p i c o f m e a s u r e m e n t a n d g e o m e t r y h a d t h e l o w e s t p e r f o r m a n c e w i t h a m e a n s c o r e o f 2 6 . 9 3 ( N a t i o n a l

Educational T esting Institute, 2020). Mea surement and geometry topic is a branch of math ematics tha t deals with

t h e p r o p e r t i e s o f s h a p e s , p o i n t s , s p a c e , p o s i t i o n s o r a n g l e s , a n d p a t t e r n s . G e n e r a l l y , t h e t o p i c o f m e a s u r e m e n t a n d

g e o m e t r y c o v e r s 2 0 t o 3 0 p e r c e n t o f t h e t e s t f o r S e c o n dary Year 1 mathematics. According to P ai (2018),

studying geometry helps to develop students’ pro blem-solving skills and spatial reasoning and can be usefu l in

many industries.

However, th e ability of mathematics teac hers to assess studen ts’ mathematical proficiency levels is inherently

difficult, particu larly in measuremen t and geometry, because they need to possess knowledge and sk ills about

w h a t n e e d s t o b e a s s e s s e d a n d h o w t o g o a b o u t a s s e s s i n g s t u d e n t s’ w  o r k c o n c e r n i n g t h e i n t e n d e d g o a l s o f t h e

t a s k ( M a o t o , M a s h a , & M o k w a n a , 2 0 1 8 ) . T h e r e f o r e , M a o t o e t a l . e m p h a s i z e d t h e i m p o r t a n c e o f u s i n g a u t h e n t ic

r e a l - l i f e m a t h e m a t i c s e x p l o r a t i o n s t o i m p r o v e t h e q u a l i t y o f t e a c h i n g a n d l e a r n i n g m a t h e m a ti c s . I n t h i s l i n e o f

r e a s o n i n g , t h e c u r r e n t s t u d y i n t e n d e d t o a n a l y z e 5 1 7 S e c o n d a r y Y e a r 1 s t u d e n t s’ r e s p o n s e s i n a r e c o g n i z e d

a s s e s s m e n t t o o l t o d e t e r m i n e t h e s t a n d a r d s o f m a t h e m a ti c a l p r o f i c i e n c y i n m e a s u r e m e n t a n d g e o m e t r y . T h i s w a s

f o l l o w e d b y d e s i g n i n g a n d f o r m u l a t i n g a m a t h e m a t i c a l p r o  f i c i e n c y m e a s u r e m e n t m o d e l u s i n g t h e R a s c h m o d e l .

F i n a l l y , t h e r e s e a r c h e r s e x a m i n e d t h e q u a l i t y o f t h e devised mathematical proficiency measurement model

b e f o r e d e s i g n i n g a n d d e t e r m i n i n g m a t h e m a t i c a l p r o f i c i e n c y a s s e s s m e n t s t a n d a r d s u s i n g a m u l t i d i m e n s i o n a l t e s t

r e s p o n s e m o d e l . T h i s s t u d y i s u n i q u e a s t h e m a j o r r e s e a r c h o u t co m e i s t o p r o v i d e a s o u n d m a t h e m a t i c a l

proficiency measurement model through setting standards in levels of mathematical proficiency in measurement

and geometry. This can assist mathematics teachers to separate their students according to their mathematical

p r o f i c i e n c y l e v e l s w h e n e v e r t h e y a r e a s s e s s i n g t h e i r s t u d e n t s u s i n g t h i s m e a s u r e m e n t m o d e l .

2. Method

The r esearchers emp loyed construct mod eling (Wilson, 2 005) th at insertin g peda gogy an d curriculu m when

d e s i g n i n g t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l . D e s i g n - b a s e d r e s e a r c h e n c o m p a s s i n g f o u r p h a s e s

( R e e v e s , 2 0 0 6 ; V o n g v a n i c h , 2 0 2 0 ) w a s a p p l i e d a s t h e r e s e a r c h d e s i g n i n t h i s s t u d y . A t o t a l o f 5 1 7 S e c o n d a r y

Year 1 were selected from big data and who participated in taking the ma thematics test in a quiz format dur ing

s e m e s t e r 2 , i n t h e a c a d e m i c y e a r 2 0 1 9 . T h e b i g d a t a w e r e d e r i v e d f r o m t h e A s s e s s m e n t R e p o r t f o r L e a r n i n g w i t h

the d istribution capabilities of various mathematical proficiency levels from f our r egions o f Th ailand, n amely

N o r t h , C e n t r a l , S o u t h , a n d N o r t h e a s t ( J u n p e n g , M a r w i a n g , C h i a j u n t h u k , S u w a n n a tr a i , K r o t h a , & C h a n a y o t a,

2 0 2 0 b ) . T h e M u  l t i d i m e n s i o n a l R a n d o m C o e f f i c i e n t M u l t i n o m i a l L o g i t M o d e l ( A d a m , W i l s o n , & W a n g , 1 9 9 7 )

w a s u s e d t o v a l i d a t e t h e q u a l i t y o f t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l .

2 . 1 P h a s e 1 : E x p l o r i n g S t u d e n t s ’ R e s p o n s e s

T h e r e s e a r ch e r s e x p lo r e d s e c o n da r y d a t a f r om t h e b ig d a t a a n  d a i m i n g t o p r e p a r e d a t a f or u s e i n s e t t i n g

a s s e s s m e n t s t a n d a r d s t h r o u g h t h e c r e a t i o n o f i n t e r se c t i o n . A t e s t a d a p t e d f r o m t h e d i g i t a l t o o l f o r d i a g n o s t i c

m a t h e m a t i c a l p r o f i c i e n c y f r o m J u n p e n g e t a l . ’ s ( 2 0 2 0 b ) w a s u s e d . T h i s i s a r e c o g n i z e d a n a l y t i c a l a s s e s s m e n t t o o l

u s e d n a t i o n w i d e b y A c e r C o n Q u e s t 2 . 0 ( W u , A d a m , W i l s o n , & H a l d a n e , 2 0 0 7 ) . T h e t e s t c o m p r i s e d 1 8 i t e m s

from the to pic of measurement an d geometry, with 15 mu ltiple-choice items and thr ee subjective items. The

t h r e e s u b j e c t i v e q u e s t i o n s w e r e d i s t r i b u t e d i n t o t w o d i me n s i o n s , n a m e l y m a t h e m a t i c a l p  r o c e s s ( M A P ) a n d

conceptual structural (SLO) dimension s, utilizing the co nstruct modeling appro ach (Wilson, 2 005) as a

foundation for the deve lopment of a mathematical proficienc y mea surement mod el and its quality inspectio ns.

T h e 5 1 7 S e c o n d a r y Y e a r 1 s t u d e n t s ’ a n s w ers in the test were then explored.
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2 . 2 P h a s e 2 : D e s i g n i n g a n d F o r m u l a t i n g t h e M a t h e m a t i c a l P r o f i c i e n c y M e a s u r e m e n t M o d e l

T h e r e s e a r c h e r s u s e d t h e R a s c h m o d e l , w h i c h o f f e r s a b e t t e r m e t h o d o f m e a s u r e m e n t c o n s t r u c t b y g i v i n g a

maximum likelihood es timate (MLE), to compare the tra n s i t i o n a n d t h e r a w s c o r e  s o f e a c h s t u d e n t f r o m t h e f i r s t

phase. In add ition, the r esearchers held several substantial d iscussions with an expert in the f ield of ed ucational

m e a s u r e m e n t a n d e v a l u a t i o n , S e c o n d a r y Y e a r 1 s t u d e n t s , t e a c h e r s o f m a t h e m a t i c s a n d t h e s t u d e n t s ’ p a r e n t s ,

b e f o r e d e s i g n i n g a n d f o r m u l a t i n g a s s e s s m e n t s t a n d a r d s o f mathematical p roficiency leve ls in measurement and

g e o m e t r y .

2 . 3 P h a s e 3 : E x a m i n i n g t h e Q u a l i t y o f t h e M a t h e m a t i c a l P r o f i c i en c y M e a s u r e m e n t M o d e l

The researchers exa mined the quality of the assessment standards of math ematical proficiency levels using

e d u c a t i o n a l a n d p s y c h o l o g i c a l t e s t i n g s t a n d a r d s ( A E R A , A P A , & N C M E , 2 0 1 4 ) . T h e i n t e r n a l s t r u c t u r e o f t h e

mathematical proficiency measu r ement mod el w as tested for accuracy using the multidimensiona l mod e l

t h r o u g h t h e L i k e l i h o o d R a t i o C h i - S q u a r e d ( W i l s o n & D e B o e c k , 2 0 0 4 ) , t h e A k a i k e I n f o r m a t i o n C r i t e r i o n ( A I C )

( Y a o & S c h w a r z , 2 0 0 6 ) , a n d t h e B a y e s i a n I n f o r m a t i o n C r i t e r i o n ( B I C ) ( S c h w a r z , 1 9 7 8 ) . T h i s w a s f o l l o w e d b y

inspecting the reliability of the mathematical proficien cy measurement mo del through measurement of

consistency, wh ich are Expected-A-Posteriori (EAP/PV) reliability, Cronbach’s Alpha Coefficient, and Stand ard

E r r o r o f M e a s u r e m e n t ( S E M ) ( J u n p e n g , 2 0 1 8 ) .

2.4 Phase 4: Examining S tudents’ Mathema tical Proficien cy Leve ls fo r Standards Se tting

I n t h e f i n a l p h a s e , t h e r e s e a r c h e r s u s e d t h e d e v e l o p e d m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l f o r 5 1 7

S e c o n d a r y Y e a r 1 s t u d e n t s . T h e r e s e a r c h e r s c o l l e c t e d d a t a f r o m s t u d e n t s ’ r e s p o n s e s o n t h e t o p i c o f m e a s u r e m e n t

and geometry. This was followed by using the Multidimensio nal Item Response model (Ad ams, Wilson, &

Wang, 1997) to estimate each student’s mathematica l p r o f i c i e n c y l e v e l t h r o u g h t h e M L E m e t h o d .

3. Results

3 . 1 C o n s t r u c t M a p s o f S t u d e n t s ’ M a t h e m a t i c a l P r o f i c ie n c y L e v e l s

T h e r e s e a r c h e r s d e v e l o p e d t w o c o n s t r u c t m a p s o f l e v e l s o f ma thematical proficiencies b ased on the stu dents’ test

r e s u l t s a s s h o w n i n F i g u r e 1 . T h e r e s e a r c h e r s r e f e r r e d t o t h e p r o g r e s s m a p s o f J u n p e n g , K r o t h a , C h a n a y o t a , T a n g ,

a n d W i l s o n ( 2 0 1 9 ) t h a t d e s c r i b e f i v e l e v e l s o f M A P d i m e n s i o n , n a m e l y n o n - r e s p o n s e / i r r e le v a n c e , u n r e c a l l e d

memory, basic memory and reproduction, simp le skills and c oncept, and strateg ic/extended thinking. On the

o t h e r h a n d , t h e S L O d i m e n s i o n w a s a d o p t e d f r o m t h e S O L O t a x o n o m y. T h i s i s a m o d e l u s e d t o i d e n t i f y ,

describe, or explain the lev el of un derstanding to determine th e quality level of studen ts’ learning results

(Junpeng et al., 2020a). Accordin g to the reco mmendation of Briggs and Collis (19 82), researchers divide d the

SLO d imension into five levels from extended ab stract structure, relation structure / multistructure, unistructure ,

a n d p r e - s t r u c t u r e t o n o n - r e s p o n s e / i r r e l e v a n c e .

High MAP

4 Strategic/Extended Thinking

3 Simple Skill and Concept

2 Basic Memory and Reproduction

High SLO

4 Extended Abstract Structure

3 Relation structure/Multistructure

2 Unistructure

F i g u r e 1 . C o n s t r u c t m a p s
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3.2 Structural Model Analysis of the M athematical Proficiency Measu rement Model

A f t e r t h e r e s e a r c h e r s o b t a i n e d t h e i n f o r m a t i o n d e s c r i b e d i n t h e c o n s truct map, each item was scored with

multiple va lues (polytomous s coring). A specific scorin g was use d to assess students’ m athematical pro ficiency

in terms of MAP and SLO dimensions according to stud e n t s ’ r e s p o n s e s . T h e g r a d e s t h a t s t u d e n t s r e c e i v e d

r a n g e d f r o m 0 t o 4 p o i n t s i n e a c h d i m e n s i o n . T h e r e s u l t s w e r e f o u n d t o b e c o n s i s t e n t w i t h t h e s t u d e n t ’ s r e s p o n s e s

in a real-world context.

N e x t , t h e r e s e a r c h e r s c o n d u c t e d s t r u c t ur al mod el analysis and interpretation to v alidate th e internal structure of

the assessment tool in terms of its accuracy in the two mathema tical proficiency d imensions. A multidimensional

m o d e l w i t h C o n Q u e s t 2 . 0 ( W u , A d a m s , W i l s o n , & H a l d a n e , 2  0 0 7 ) w a s u s e d t o s e p a r a t e t h e t e s t i t e m s f o r t h e

respective dimension s by comparing each student’s approximated parameter of h is o r h er mathematical

p r o f i c i e n c y l e v e l b a s e d o n h i s o r h e r r e s p o n s e s t o t h e e s timated parameter set by researchers. The mathematical

proficiency me asurement mode l sho wed that there were nine questions separated equ ally to the MAP and SLO

d i m e n s i o n s . T h e M A P d i m e n s i o n c o n s i s t s o f i t e m s 5 , 6 , 7 , 8 , 9 , 1 0 , 1 3 , 1 7 , a n d 1 8 ; t h e S L O d i me n s i o n

comprises items 1, 2, 3, 4, 11, 12, 14, 15 , and 16. Fig ure 2 illustrates the result of the internal structure for the

multidimension al mod el for d iagnosing mathematical proficien cies.

MAP

i5 i6 i7 i8 i9 i10 i13 i17 i18

SLO

i1 i2 i3 i4 i11 i12 i14 i15 i16

F i g u r e 2 . M A P a n d S L O d i m e n s i o n s o f t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l

3.3 Quality Inspection o f the Ma thematical Proficiency Measurement Mod el

T h e r e s e a r c h e r s c o n t i n u e d t o t e s t t h e q u a l i t y o f t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l u s i n g

educational an d psych ological testing standards (AERA, APA, & NCME, 2014). The r esults pro ved th at three

p i e c e s o f e v i d e n c e i n d i c a t e d t h a t t h e q u a l i t y o f t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l w a s m e e t i n g

t h e c r i t e r i a a t a n a c c e p t a b l e l e v e l . T h e f i r s t e v i d e n c e w as internal structure validity, which was found to be

consistent with the empirical data (χ2 = 3 . 8 6 ; d f = 2 ; p = 0.0 1). Moreover, the Likeliho od-Ratio showed that the

m a t h e m a t i ca l p r o f i c i e n c y m e a s u r e m e n t m o d e l h a r m o n i z e d w i t h t h e d a t a ( G 2 = 1 0 0 3 1 . 4 5 ; A I C = 1 0 0 8 8 . 4 3 ; B I C

= 10088.43). Th e second evidence was indicated by exp ected-a-posteriori (EAP/PV) reliab ility. The EAP/PV

r e l i a b i l it y o f M A P a n d S L O d i m e n s i o n s w a s e q u a l t o 0 . 7 9 6 a n d t h e s t a n d a r d e r r o r o f m e a s u r e m e n t ( S E M ) w a s

between 0 .100 to 0.152 , implying that the estimate was mo d e r a t e l y i n a c c u r a t e . T h e f i n a l e v i d e n c e w a s u  s i n g a

statistical an alysis of the appropriaten ess of each item of the multid imensional rand om coefficient multinomial

logit, w hich u ses the multidime nsional form of partial credit model by ConQuest 2 .0 ( Wilson, 20 05) to check the

quality of item fit. The suitability of each question (INF IT MNSQ) was between 0.81 to 1.50. There fore, the

result of the INFIT MNSQ value fulfils the acceptable criteria range of 0.75 to 1.33. Table 1 shows the statistic

a n a l y s i s o f i t e m f i t . A s a r e s u l t , t h e r e s e a r c h e r s c o n c l u d e d t h a t t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l

i s a q u a l i t y m e a s u r e m e n t m o d e l .
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Table 1. Results of item fit statistic analysis

Dimension Item Difficulty Threshold Level

1 2 3 4

M A P 5 - 1 . 7 2 - 1 . 7 2

6 - 0 . 6 7 - 0 . 6 7

7 - 0 . 2 0 - 0 . 2 0

8 0 . 1 3 0 . 1 3

9 - 0 . 7 9 - 0 . 7 9

10 0.08 0.08

13 0.53 0.53

17 2.62 2.62

18 2.24 2.24

Mean -1.72 -0.5 5 0.25 2.43

SLO 1 -1.30 -1.30

2 - 1 . 2 6 - 1 . 2 6

3 0 . 3 9 0 . 3 9

4 2 . 4 3 2 . 4 3

1 1 - 0 . 7 0 - 0 . 7 0

12 0.16 0.16

14 0.38 0.38

15 0.29 0.29

16 1.82 1.82

Mean 1.28 0.70 0.31 2.13

3.4 Results of Determinatio n o f th e Intersec tion Points in Assessing Stude nts’ M athematical Proficiency L evel

A f t e r t h e r e s e a r c h e r s e x a m i n e d i n t e r n a l s t r u c t u r e u s i n g t h e c o  n s t r u c t m a p , t h e y c o n t i n u e d t o d e t e r mi n e t h e

intersection p oints u sing the criterion zon e of the Wright Map. The Wright Map is a graphical representation that

links item difficu lties and stu dents’ mathematical capability e stimates on a common scale. Therefo re, a Wright

Map was u sed to show how well item difficulty distribution matches estimates of student ca p ability (Kantahan ,

J u n p e n g , P u n t u r a t , T a n g , G o c h y y e v , & W i l s o n , 2 0 2 0 ) . T h e W r i g h t M a p s s h o w e d t h a t b o t h d i m e n s i o n s o f t h e

m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l c a n b e u s e d a s d i r e c t e v i d e n c e o f t h e t e s t c o n t e n t . A s a r e s u l t , t h e

intersection p oints were o btained con cerning the criterio n z o n e t h a t a p p e a r e d o n t h e W r i g h t M a p a s i n t e r v a l s . I n

this line o f r easoning, the rese archers defined th e mathematical p roficiency levels in both MAP and SLO

d i m e n s i o n s o f t h e m e a s u r e m e n t m o d e l .

T h e m e a n t h r e s h o l d o f e a c h d i m e n s i o n o f m a t h e m a t i c a l p r o f ic i e n c y l e v e l w a s u s e d t o f o r m u l a t e a

standard-setting of the mathematical proficiency measure ment model. The transition po int was computed from

the mean of item thr esholds in each level o f the dimension, as illu strated in Table 1. Th en, resea rchers

formulated the assessment standards by c alculating the transition together with consideration of the c riteria area

o n t h e W r i g h t M a p f o r e a c h m a t h e m a t i c a l p r o f i c i e n c y l e v e l . T h i s w a s d e t e r m i n e d b y t h e m e a n t h r e s h o l d a t t h e

s a m e l e v e l f o r t h e t w o d i m e n s i o n s o f m a t h e m a t i c a l p r o  f i c i e n c y .

The results from determinatio n the cu t-off point in assessing the mathematical proficiency of the students’ test

from the big data revealed that th e transition in their test results c an be divided into fou r cu t-off poin ts of five

l e v e l s i n a s c e n d i n g o r d e r . F o r e x a m p l e , t h e i n t e r s e c t i o n s o f M A P d i m e n s i o n w e r e f o u n d f r o m L e v e l 1 t o 2 , L e v e l

2 t o 3 , L e v e l 3 t o 4 , a n d L e v e l 4 t o 5 a s - 1 . 7 2 , - 0 . 5 5 , 0 . 2 5 , a n d 2 . 4 3 r e s p e c t i v e ly . O n t h e o t h e r h a n d , t h e

intersections of the SLO d imension were identified from Le vel 1 to 2, Level 2 to 3, Leve l 3 to 4 , and Lev el 4 to 5

as -1.28, -0.70, 0.31, and 2.13 respectively. Figure 3 elucidates the u se of th e Wright Map to determin e the

transition point by setting the criteria area so tha t researchers can make a compariso n of stu dents an d items, to

understand in detail the measure ment of math ematical proficiency (Lu nz, 2 010).
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F i g u r e 3 . T h e i n t e r s e c t i o n p o i n t s i n e a c  h d i m e n s i o n f r o m t h e W r i g h t M a p

3.5 Results of Students’ Mathema tical Proficiency Levels Using a Multidimensiona l Test Response Model

T h e r e s e a r c h e r s d e s i g n e d t h e s t a n d a r d s - s e t t in g f o r a m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l a c c o r d i n g t o

the assessment criterion results from the Wright Map. Hence, the research ers concluded a total of five score

r a n g e s , w h i c h a r e c o n v e r t e d f r o m e s t i m a t i o n m a t h e m a t i cal competency parameters into scale scores and raw

s c o r e s , r e s p e c t i v e l y . T h e o v e r a l l r e s u l t s o f t h e 5 1 7 S e c o n d a r y Y e a r 1 s t u d e n t s ’ m a t h e m a t i c a l p r o f i c i e n c y l e v e l i n

terms of the tw o dimensions are p resented in Tab le 2 . However, the students’ test results indicated that they did

n o t m e e t t h e m i n i m u m l e v e l . I n o t h e r w o r d s , n o s t u d e n t i s a t t h e l o w e s t l e v e l .

In this line of reasoning, stud ents’ mathemat ical proficien cy standards w ere measu red in five levels of MAP and

S L O d i m e n s i o n s , r e s p e c t iv e l y . T h e c r i t e r i a f o r d i a g n o s i n g m a t h e m a t i c a l p r o f i c i e n c y i n e a c h d i m e n s i o n w a s

f o l l o w i n g t h e i n t e r s e c t i o n p o i n t t o g r o u p s t u d e n t s ’ m a t h e m a t ic a l p r o f i c i e n c y l e v e l s a c c o r d i n g t o t h e c l a s s i f i c a t i o n

of Junpen g et al. (20 19). The results sh owed that those students who obtain their logits lower th an -1.28 and

- 1 . 7 2 i n M A P a  n d S L O d i m e n s i o n s , r e s p e c t i v e l y a r e c o n s i d e r e d t o h a v e t h e l o w e s t l e v e l o f m a t h e m a t i c a l

proficiency. On the o ther hand, if their lo gits are greater than 2 .13 and 2.43, in respect o f th e M AP and SLO

d i m e n s i o n s , t h e y a r e c o n s i d e r e d t o h a v e t h e h i g h e s t l e v e l o f m a t h e m a t i c a l p r o f i c i e n c y .

SLOMAP

-1.28

0.31

Level 2

Level 3

Level 1

Level 4

Level 5

-0.70

2.13

-0.55

0.25

Level 2

Level 3

Level 1

Level 4

Level 5
2.43

-1.72
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Table 2. Results of determina tion of mathematical p roficiency standards

D i m e n s i o n C o m p e t e n c y l e v e l I n t e r s e c t i o n θ θ range Scale scores Raw scores

M A P S t r a t e g i c / E x t e n d e d t h i n k i n g ( 5 ) 2 . 1 3 > 2 . 1 3 > 7 0 . 3 0 8−9

S i m p l e s k i l l a n d c o n c e p t ( 4 ) 0 . 3 1 0 . 3 1 <θ≤2.13 5 3 . 1 0−7 0 . 3 0 5−7

B a s i c m e m o r y a n d r e p r o d u c t i o n ( 3 ) - 0 . 7 0 - 0 . 7 0 <θ≤0.31 4 7 . 0 0−5 3 . 0 9 4

U n r e c a l l e d m e m o r y ( 2 ) - 1 . 2 8 - 1 . 2 8 <θ≤-0.70 3 2 . 8 1−4 6 . 9 9 3

Non-response/Irrel evance (1) <-1.28 <32.81 0−2

S L O E x t e n d e d a b s t r a c t s t r u c t u r e ( 5 ) 2 . 4 3 > 2 . 4 3 > 7 4 . 3 0 8−9

R e l a t i o n s t r u c t u r e / M u l t i s t r uc t u r e ( 4 ) 0 . 2 5 0 . 2 5 <θ≤2.43 5 2 . 5 0−7 4 . 3 0 5−7

U n i s t r u c t u r e ( 3 ) - 0 . 5 5 - 0 . 5 5 <θ≤0.24 4 4 . 5 0−5 2 . 4 9 4

P r e - s t r u c t u r e ( 2 ) - 1 . 7 2 - 1 . 7 2 <θ≤-0.56 3 2 . 8 0−4 4 . 4 9 2−3

Non-response/Irrel evance (1) <-1.72 <32.80 0−1

4. Discussion

The major intentio n of this stu dy is to set th e standards of a math ematical p roficiency measure ment model within

t h e t o p i c o f m e a s u r e m e n t a n d g e o m e t r y . A s m e n t i o n e d b y Y e n m e z a e t a l . ( 2 0 1 7 ) , t h e a s s e s s m e n t i s a n i n t e g r a l

p a r t o f t h e m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l . T h e s t a n d a r d s u s e d i n t h e f o r m o f a s s e s s m e n t c a n

p r o v i d e a v a l u a b l e d i r e c t s o u r c e o f f e e d b a c k . T h e r e s u lt s o f t h i s s t u d y r e v e a l e d t h a t i n t e r s e c t i o n p o i n t s i n

assessing students’ mathematical pro ficiency lev el were d etermined as five levels with four intersection poin ts

f r o m t h e l o w e s t t o t h e h i g h e s t a t - 1 . 7 2 , - 0 . 5 5 , 0 . 2 5 , a n d 2 . 4 3 f o r M A P d i m e n s i o n a n d - 1 . 2 8 , - 0 . 7 0 , 0 . 3 1 , a n d 2 . 3 1

f o r S L O d i m e n s i o n . T h i s i m p l i e s t h a t t h e a s s e s s m e n t t o o l h a s successfully assessed and separated the test-takers

according to their level of mathematical proficiency. Therefore, the researchers c oncluded that this mathematical

p r o f i c i e n c y m e a s u r e m e n t m o d e l i s a s o u n d m e a s u r e m e n t t o o l b e c a u s e i t h a s b e e n e x a m i n e d t h r o u g h a s u b s t a n t i a l

and scientific methodolo gy to clearly describ e the five levels o f mathematical proficienc y through setting

s t a n d a r d s b a s e d o n t h e W r i g h t M a p f r o m b i g d a t a ( J u n p e n g e t a l . , 2 0 2 0 a ) .

Furthermore, the ma thematical proficien cy measurement mod el has been inspe cted for its quality utilizing three

pieces of e vidence in terms o f validity, reliability, and item fit. This study implies that the mathematical

p r o f i c i en c y m e a s u r e m e n t m o d e l c a n p r o v i d e s u f f i c i e n t i n f o r m a t i o n a b o u t t h o s e s t u d e n t s w h o a r e a t i n t e r m e d i a t e

to high levels of math ematical proficien cy than those at the low lev el. This is reflected in the results of SEM θ

value for estimatin g latent ability in MAP and SLO dimensions, w hich was at the lowest range of logits

( K a n t a h a n e t a l . , 2 0 2 0 ) . A s p a s t r e s e a r c h e r s h a v e a r g u e d , d i m e n s i o n s o f m a t h e m a t i c a l p r o  f i c i e n c y a r e n o t u n i q u e

to mathematics but p lay an imp ortant role in the e stablishment of new ideas and struc tures within math ematics

( M a o t o e t a l . , 2 0 1 8 ) , t h i s m a t h e m a t i c a l p r o f i c i e n c y m e a s u r e m e n t m o d e l s h o u l d p r o v i d e i n s i g h t i n t o s t u d e n ts ’

ability to engag e with MAP and SLO dimension s. Moreover, this result corresponds w ith that of Ju n peng et al.

( 2 0 2 0 b ) , w h o f o u n d t h a t t h e i r d  i g i t a l t o o l f o r d i a g n o s i n g m a t h e m a t i c a l p r o f i c i e n c y c a n p r o v i d e f r u i t f u l

information, especially to those Se condary Year 1 students w ith intermediate a nd high levels of mathematical

p r o f i c i e n c y. T h e r e s u l t s c o n f i r m e d t h a t m a t h e m a t i c a l p r oficiency levels can be appro priately measured using a

multidimension al item response model, as con firmed by Kantahan et al. (2020). The multidime nsional item

r e s p o n s e m o d e l i s a w i d e - r a n g i n g a n d f l e x i b l e m o d e l t h a t t h e r e s e a r c h e r s w o u l d l i k e t o s u g g e s t t o f u t u r e s c h o l a r s ,

as it designs matrices to denote the relationship between res p o n s e s t o t h e i t e m s a n d s t r u c t u r a l p a r a m e t e r s f o r t h e

a s s u m e d m e a s u r e m e n t s i t u a t i o n . F i n a l l y , t h e r e s e a r c h e r s w o u l d l i k e t o p r o p o s e t o t h e M i n i s t r y o f E d u c a t i o n ,

T h a i l a n d , t h a t t h i s m e a s u r e m e n t m o d e l i s i n t r o d u c e d t o m a t h e m a t i c s t e a c h e r s s o t h a t t h e y c a n l e a r n h o w t o

utilize the measu rement mo del to a ssess their students’ lev el of pro ficiency.
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