Journal of Inclusive and Innovative Education, Vol. 7 No. 2 (May - August) 2023

nansUszfiuansAEInsaneRdinansvesinS s Ut U seuRne TR 1
TagszuunistidayatoundudenisidnaudnlusifrunisSeuiveanias
Assessment of Mathematical Proficiency Development
of Grade 7 Students Using an Automated Feedback System

through Machine Learning

v a v s &

ANgTiEY InTa730 WaT Junsne? anlya dauRadned’®
waznuWanITeszauludinfnen Uszand 2565°
Doungruethai Chitaree!” Putcharee Junpeng? Suphachoke Sonsilphong?

and The Research Grants for Graduate Researchers 2022*

mangasnIfnwmindin awinsiauasUssilunansfinw ausfinwimans uninendeveuuny
(Master’s degree in Measurement and Evaluation, Faculty of Education, Khon Kaen University)
21915 InuarUsEiuNan1SAnY ANTANEIAERNS NUNINENRBVBULAY
(Department of Education Measurement and Evaluation, Faculty of Education, Khon Kaen University)
3e391nN5 AUSLINBANERS UMNINYE BV LAY
(Department of Academic, Faculty of Medicine, Khon Kaen University)
4ETNNUNITITUUAIYNR (27.)

(National Research Council of Thailand (NRCT))

UNANED

n93deATiTngUszasdiiie (1) wWlsuisuiauinmsanuansansatiamansndgluuunisivideys
Joundumensldnaudnludfuasszauanuaiuisanisndamans iuaneneiu way (2) Anwufduiussening

sUnvunshiteyaleunduuazseaunuainsanAdinmAn Yo T UNTATRILINTAINAINITAAIINAINTD

o 1 N

andinAans Tseideuisnisidesdamaasauuuduiinisniuny (Randomized Controlled Trial) 6813 Ae
UniSeuszRutuliseunuitn 1 9uiu 156 au lagldnsduniinisaiuau weseienly fie gainIesiloddadysedu
ANNANIANNANAAIENT d1TEIUINLAEAYALR KUTEUU Web Application “n1slvdeyadeunduaisnis

' v '
Ya o o =< =2 P aa

Tnaudnludfniunisiseuivennies” MITeRAWITY S@unsadannuausanisndinaansia 2 45 Ao

nsgUNNIIIsadamansiazidlasiaismnuAnsivsen addnldlunsiesgiideIouiisutazAn
UfduiuslagldnsinseianuulsUTIuMuUaeImn 1 (two-way MANOVA) nan1333e wudt 1) suwuumsliteya
Joundusemsldneusaluifuas seduauannsonsadamansiuandiaiiy dualifauiniseivansana
adlnmaniunndstusgiidodfymeatffisedu 01 uay 2) namslneiufduiusseninsefuauanine

neadiamanivesiseuiugiuuunisideyateundunideimunnisanuainsanvadamansvoiiou wui

TUfFuRUsIENINsEAUAMUEIIsanadaaiaasiuslwuunishiteyalaundusiuiudinad o nmuIngg

Y Y

1Y

ANNANNTANNANNAENTTRISEY ag1ailddAynieadansedu .01 Tuliflassasiennuansivgen wilidl

Ufduiussiuiudmasienmuinisninuaiusanisndaaanslulifnssuiunmadnaans

16



Journal of Inclusive and Innovative Education, Vol. 7 No. 2 (May - August) 2023

Adaey: Nslideyatoundudnlul@ anuaunsanvadnmans N153euivedaTas N1SVIABILUUFNNTINIG

AIUAY

ABSTRACT

The present study was intended to compare the development of mathematical proficiency with
the automated feedback system and distinct levels of mathematical proficiency and to investigate the
interaction between the automated feedback system and different levels of mathematical proficiency
among students affecting the development of mathematical proficiency. In terms of research methodology,
an experimental design with a randomized controlled trial was adopted in this study, and the samples were
156 Grade 7 students. The instrument was an online mathematical proficiency test on the topic of Number
and Algebra Strand through the web application named “Automated Feedback System through Machine
Learning” developed by the researchers. This so-called system could measure two dimensions of
mathematical proficiency, namely mathematical procedures (MAP) and structure of learning outcome (SLO).
The statistics employed to compare the development of mathematical proficiency and examine the
interaction between two aspects was two-way MANOVA.

The results showed that the automated feedback system and different levels of mathematic
proficiency had a different effect on the development of mathematical proficiency at a statistical
significance level of .01. On the interaction between students’ levels of mathematical proficiency and the
automated feedback system affecting their development, such an interaction was discovered to affect the
students’ development of mathematical proficiency in the SLO dimension at a statistical significance level

of .01. On the other hand, no interaction was found to influence such development in the MAP dimension.

KEYWORDS: Automated feedback, Mathematical Proficiency, Machine Learning, Randomized Controlled
Trial
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\n30aiin ATy

1. wuunaaeufiiinslideyatleundusensldmeudaluifiiloUssifiusedunnuanuisamendneans
vosiFourunsifeuivennies deuszneuseteasulsisuuuidenaeu 9 9o Inglazuuuiuy 0,1 uazdnile
wuuinAmeudIuIl 4 Yo laglviaziuuuuy 0,1,2,3 uay 4 luanszdnuiuuazivadin 31nlATaN13N15a319
\desioiladesziuanuaunsamsadinmanivesfiGoulagliinaluladansaumelumsneaunanmsusziiuile
miﬁ‘ﬂuf luszuumamadeueeulal “eMAT-Testing” Uu Web Application (Junpeng et al., 2020)

2. wuuUszliiuluud1999318n13010119 T3 1N TUTEAUANAINYDIUTANTTUALULU LAY Joint
Committee on Standards for Educational Evaluation (Yarbrough et al., 2010; Varasunun, 2011) Usgnounae
5 1nsgu fie suessauszlenid suanundulule duanumnizan suanugnes waziuaNuSURATaUNNS

Usziiu lunsussiiunaunmeesssuunsiideyadeoundumenislineudnludfiiunisiseuiveasos

HaN13398
1. namsilSeuifisuiannnismsasansadismansiidsuuuunslrdeyateundusonisliney
SoludiAriunisiSeuiveandeuarseAumuaansamsadinmansiunnsiediy
AeUNTIATIERAT LU TUT LN UUABIS (Two-way MANOVA) fimnsiadeutonnandoy
Inenan1snsIvdeuANALTUSSErInsmLUseulagly Bartlett’s Test of Sphericity Wua lwun3nga1m
wsUsIU-AILUsUs LT ImvesiiudsTagly Box’s M Test @dldnadanisne 2
Table 2 nsFsuifisuinnnisaansanisadamansidnislidoyatounduiiunnsefluusazsedu

ANUANNTONNAMAAIARSYDIELIEU (two-way MANOVA)

Multivariate Tests

UnaeAY o Al Hypothesis | Error Partial Eta
daAnadau ) " F p
udsusau Auald df df Squared
Pillai's Trace 576 97.028° 2.000 143.000 | .000 576
Wilks' Lambda 424 97.028° 2.000 143.000 .000 576
Intercept !
Hotelling's Trace 1.357 | 97.028 2.000 143.000 | .000 576
Roy's Largest Root 1.357 97.028° 2.000 143.000 .000 576
Pillai's Trace .059 1.455 6.000 288.000 | .194 029
nslvdeya | Wilks' Lambda 942 1.451° 6.000 286.000 | .195 030
Joundu | Hotelling's Trace 061 1.447 6.000 284.000 | .196 .045
Roy's Largest Root .047 2.269¢ 3.000 144.000 | .083 016
. Pillai's Trace .031 1.147 4.000 288.000 335 016
FEAUAIY .
Wilks' Lambda 969 1.145 4.000 286.000 | .336 016
AN
- . | Hotelling's Trace .032 1.142 4.000 284.000 337 .028
AHNAENT
Roy's Largest Root .028 2.043° 2.000 144.000 133 .103
Pillai's Trace .207 2767 12.000 288.000 .001 103
Ufduius | Wilks' Lambda .800 2.813° 12.000 286.000 | .001 .106
Hotelling's Trace 241 2.857 12.000 284.000 .001 .108
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Multivariate Tests

WWAAIANN — Ani Hypothesis Error Partial Eta
adANAdDY . . F p
udsusau Aruld df df Squared
Roy's Largest Root 199 4.767¢ 6.000 144.000 .000 166

NTable 2 WU AETATBINANTVAZOUIAGA (Intercept) Vosluina adifnaaeuia 4 i1 dosAums

Auludasy (df) Ae 2 seaudedAuesadd Pillai's Trace, Wilks' Lambda, Hotelling's Trace wag Roy's

Largest Root §ifin p = .000 Seviavuniite

o

°

a

d1Agynnead

Anseeu .01 9nwatl nudmstideyadeundunasseau

AMUAINITONAMAAIEAT HDNTNATIUAUAINARDNAILINITANUAINITONMNANAFAIANS Tadu15aLUSeuLfigu

ANULANANUBIANRAYALBLUUNAIUINITANUAIUNTaN9ARREIERS tasa Table 4

Table 3 HANWIBULTBUANUUANGANVRIANRAEALULUUTIUINITANUANITANWAGIRAIER ST UARHFULUY

nshideyateunduiiunnsineiu

sUwuunsli FEAUANAENITANIANIAATENS
59
AUy daya L Uunans 99y
Jaundu M S.D. M S.D. M S.D. M S.D.
KCRF 0.00 54.01 13.59 69.91 41.59 27.85 18.37 54.8
AnseUIuNs | KCRF+EF 48.72 | 48.33 35.00 61.51 46.65 53.07 43.46 53.47
9AaineNEns | KCRF+FWF 28.21 | 60.62 37.18 62.42 40.86 58.88 35.42 59.28
KCRF+FDF 7051 | 43.12 13.04 | 11319 | 3791 39.43 40.49 75.45
Levene’s Test: F=2.450, df1=11, df2=144, Sig.=0.008
— . KCRF 70.26 | 29.47 51.04 36.61 1.14 34.26 40.81 44.03
fiAlasaasa
- KCRF+EF 5.38 64.63 33.27 515:9) 43.58 20.45 2741 45.95
ANNARTIU
KCRF+FWF 2244 | 48.04 26.48 26.87 15.85 30.57 21.59 35.66
gon
KCRF+FDF 35.9 48.52 32.14 29.22 33.39 16.17 33.81 33.14

Levene’s Test: F=2.950, df1=11, df2=144, Si¢.=0.001

Bartlett’s F2 =39.788, df=2, Sig.=0.000
Box’s M Test=94.958, F=2.688, df1=33, df2=43944.354 Sig.=0.000

1.1 nansSeuiisuinSsuidanuanunsan1entnea@ns ludANANTLUIUNSNNANAAERNS

seauiis Weldsunistideyadeunduwuy KCRF+FDF fA1tadeiauin1sai1uainsanis

AdinAAnSgeTign 58989 Ao WUU KCRF+EF Wy KCRF+FWF uagiuy KCRF (M =0.00, S.D. = 54.01) liifinasie

WuInsANNaNIanNadinmansvestinSunguns

sgauiunas Walasunslideyadeunduwuu KCRF+FWF Siinadefimunnisainuaiunsanis

ARIAAANTEITIAN T098917 FiB WUU KCRF+EF WUy KCRF Waghuu KCRF+FDF dnaseimuinisniiua1unsanis

AdlnAansvasinSEUNguUIUNaNasNan
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sedugeu leldsunislideyaleunduuuu KCRF+EF fAadsfimuinisnnuaiunsania
AdlnMAnSgeTign 509831 Ao WUU KCRF WUy KCRF+FWF Wagluy KCRF+FDF Snasiorinnunisauansnsoma
adlnenansvesinGounguseusiign
1.2 amsisuiisuiinGouifanuamsamsadamansluiflasiaieaudnsiusen
siuiie Wleldsunslideyatioundunuy KCRF fianadimunmsmiuausanisndinmandgs
fign 509917 AD WUY KCRF+FDF WUy KCRF+FWF uagnislvideyateundunuy KCRF+EF finadosimmuinisg
ANEINIIeAdRmanueiniFounguLiwingn

seavUunan eldasunislideyadeunduuuy KCRF HA1adeimuin1sni1uaiulsania

¢ A

AMIAPFNENIENTIAN T098917 AB LUU KCRF+EF LUy KCRF+FDF Wazuuu KCRF+FWF SNananauinisnuanise

Y 9

MIANAAIENSVOILNFEUNGUUIUNANAER

seaugeu Walasunisliteyalounduwuy KCRF+EF HA1LRA8TANINITAINEINITONS

s A

ANAAIARNTENEN TOIAINT AB WUU KCRF+FDF WUU KCRF+FWF Uagwuy KCRF dnasiafimuin1saiiuaiunse
nemsFeuadnemanivesinGounguuiunansiign
2. uamsfnwufdiussenineguuuumsbiteyadeundusonislinousaluifiunsSeuivesunies
uazsTAUALEINsIMsAdneansve s suiirerannsALaInsaA AN TN IAdaaans
INMTIATITRAMNLUTUTINTINABINA (two-way MANOVA) LiteAnwiufauiusseninasesu
AuansandinmanfusUuuumsliteyateunduifeazwuuiaunmsanuannsansadamansves

a A

Seu nundufduiusserinsseduanuaninsannadinmansivsuuuunisiideyateunduegraladdgms

e

'
o

adansyavu .01 MiufudamaseiwuinisnuansaneadmansiuialasaiennuAnsivgen Lanaingiseun
fisgAumnuaunsaneniseuadinaansuazlasusuuuunistideyaleunduiunndafuazil Wawinisaiu

ANUAINNTONARAANEN S MAR IASIAS19AUANSIVLDATILANAIAY HIAI519 5

Table 4 WAILIAMUAILITONIINISSHUANNFIEAS LUTANTEUIUNISNANNAIEAS (MAP) wazdRlasias1annudn

T3U88A (SLO) NilszAuanuausaneatinmansiassuuuunisivdeyatounduuansieiu

Dependent Type Il Sum Means
Source df F p
Variable of Squares Square
MAP 50479.627° 11 4589.057 1.231 0.272
Corrected Model
SLO 52104.581° 11 4736.78 3.412 0.000
MAP 184950.3 1 184950.3 | 49.611 | 0.000
Intercept
SLO 149000.5 1 149000.5 | 107.34 | 0.000
v . MAP 14705.26 3 4901.753 1.315 0.272
mﬂwua;&aﬂauﬂau
SLO 8018.42 3 2672.807 1.925 | 0.128
. - . MAP 8002.518 2 4001.259 1.073 0.345
FZLAUAIUAUITONNAUAAERN T
SLO 4417.492 2 2208.746 1.591 0.207
nshideyaleundu*seau MAP 27771.85 6 | 4628642 | 1.242 | 0.289
ANNEWNTANNALAAENT SLO 39668.67 6 6611.445 4.763 | 0.000
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Dependent Type Il Sum Means
Source df F p
Variable of Squares Square
Error MAP 536829.8 144 | 3727.985
SLO 199888 144 | 1388.111
Total MAP 772259.8 156
SLO 400993 156
Correct Total MAP 587309.5 155
SLO 251992.5 155
a. R Squared = .086 (Adjusted R Squared = .016)
b R Squared = .207 (Adjusted R Squared = .146)
Levene’s Test (MAP) : F=2.450, df1=11, df2=144, Sig.=0.008
Levene’s Test (SLO) : F=2.950, df1=11, df2=144, Sig.=0.001

INFIMYIAINE @ransatundnseivudunus Usenausiedudsau Ae mstideyadeundy
WAEIEAUAMNAINTAVDIFLTEY FIUUTAN Ao WawIn1sANNaInsanuadinaansluliflasasneniiudn

VYN NANTIATIERANULUTUTIUEDINS (two-way ANOVA) uansisTable 6

Table 5 WAILIANMUAILITANANAAIEASIULATIETNANUANTIVEDANLTEAUAINEINITONNANAAENS LAY

sunvunshiteyaleunduunnsinaiu

Parameter B Std. Error t p
Intercept 33.393 10.333 3.232 .002*
KCRF+EF 10.188 10.333 697 487
KCRF -32.252 14.614 -2.207 .029*%
KCRF+FWF -17.543 14.614 -1.200 232
KCRF+FDF 0° - - .
High proficiency level 2.504 14.614 71 .864
Medium proficiency level -1.258 14.614 -.086 932
Low proficiency level 0? - - -
KCRF+EF*High proficiency level -40.701 20.667 -1.969 .051
KCRF+EF*Medium proficiency level -9.057 20.667 -.438 662
KCRF+EF*Low proficiency level 0° - - -
KCRF+FWF*High proficiency level 4.082 20.667 .198 .844
KCRF+FWF*Medium proficiency level 11.889 20.667 575 .566
KCRF+FWF*Low proficiency level 0? - - -
KCRF+FDF*High proficiency level 0° - - -
KCRF+FDF*Medium proficiency level 0 - - -
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Parameter B Std. Error t p
KCRF+FDF*Low proficiency level 0° - - -
KCRF*High proficiency level 66.611 20.667 3.223 .002*
KCRF*Medium proficiency level 51.158 20.667 2.475 .014*
KCRF*Low proficiency level 0° - - -

*5<.05

a. This parameter is set to zero because it is redundant

3710 Table 5 wud1 dnieuniszduauaunsanuas seauUunanailelnsuteyadeunduwuuuen
ARBUTIQNABY I IAITAILINITAINAINTaNANAAER S IUTALATIAT19ANANTIVLDAGIUY INNITIATIEN

Ufduiussenieseauanuansaneadineansvasiseuiusuuuumsiideyadeunduniseasiuuinminis

ANENNTANNANAAIERNT dusananslane Figure 3
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