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NauN15a3Ud1989AUY LY odaveINan15in (Generalizability Theory: G-Theory)
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Abstract

Generalizability Theory, also known as G-Theory, is a theory used to analyze the
reliability of measurement results in various measurement scenarios. It aims to assess the
trustworthiness of measurement outcomes when using instruments to evaluate their
reliability. The theory can determine the reliability of measurement results in two ways: the
relative trustworthiness of scores for making comparative interpretations among individuals,
and the absolute trustworthiness of scores by comparing them against standard criteria
through G-Study and D-Study. Typically, the analysis is performed offline using specialized
software installed on a computer. Therefore, this article presents an online analysis approach
using the Posit Cloud application, an online R compiler. It covers the basics of analysis
commands and guidelines for reporting analysis results, which can be helpful for analyzing
educational measurement and evaluation outcomes, assessing performance skills, or other

related assessments.

Keywords: Generalizability Theory, Online R Complier
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Cronbach et al. (1972) léiauenguinisasus19deniiuu1d edeveananisin
(Generalizability Theory: G-Theory) \ulunavesnsiineilnssreuiiidedevemwanisianse
AL veluaniunisainield euluraq vesnisda vinlWmauuavaiuisnaluay
undsrmaaaad ouldnssuseiiy Welinanisindanuundedondedanuiivagedssediu
figeents il esandesiinremauinisnadeuuuuduind liausafnuiseazidenves
uwidsmuAmandeuvaansirluaniunsaiviedoulunisinseg 1 uenantivguinisaguéneds
Fadunguinisdiunisianavesnisiinsizrianuy g edovesnanisialuaniunisal
Snvauzineg MidudhmnevesnisiuedesdielUld amnudeievemanisin muneds ANUYNABY
941383081934 (generalization) Inazuuuiidunaldlusinzuuusiesyana lngazuuuaiaiy
Azuuundeiifisldvesdaouusazau nnsasuneldaniunisaivioieulvwesnisinfiveusuls
v waglfiaueTBinmeisduivstesmulsunuvesesuuna L douetiaduszuy
PINUNEIA WU AUYIIVBIUUUADY YAUBILUUFDY $1urunsIveInIsmaaey IUIUFATI
Hudu uisujauiusseningfasuiudeulvvonista Wy Ujduiusseninsdaeutugavos
wuuaey faputuadsvasmanaaey Wudu Jeilinmuesamsamuauuranunanedon

TansaUseLfy (Kanjanawasee, 2020)
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nsasrvdeumud LT edeveman sIalaeld G-Theory vilfanunsasndumundeode
voawan13inle 2 dnway laun mnuundedevesaziunlunisimalUlfidsduivg (relative)
iisulanaluToulisusenineyana wazmnuundedevesaziuulunisiimalUldludsduysal
(absolute) iloulanai3suLiisufiuinasianmsgiu (Kanjanawasee, 2020)

uanINiNsUsEIAAdIUTEANE NsagUeBedmsuniseenuuun s Tninaensd wu
WilgniAgl aeevam wagauviam ?fﬂuummuﬁﬁﬂLauamiﬂizmmmﬁ’uﬂizﬁwémiaqﬂé’waa
wuudeIemTiinsoenkuunsTATa Cross Design uaw Nested Design 44n151aLDLUUADS

Y Yo ¥

szl et Tlasluimildieundu lunsdwisnfeazamrevannsauszgndld
LuIaLar AN 153 1esildann Shavelson & Webb (1991) dmfunisiiasgsiuuuas ey
ﬁi’l&JazL’ﬁmﬁﬁﬁj (Brennan,1992; Kanjanawasee, 2020)

1. NM5PaAkUU Two-Facet Crossed Design (PxLxR)

M3Ane G-Study 1Hun1sAnYIlea@sUs198eMenITeanwuuLaz NI 1ERANRUTUTIUTOS
AZIULITILAT AL TUTILYBIAZILLA A ALAR DA NUIE 999 Ataule dnianarinisdu
frogaiFeu P au ielsiinismaass L nsmaass wazduszifiudmiu R au Tusaefinisinw
D-Study Junsanedednduladentdnisnaasduaniunisaiiiauls nefmunaaiunisaiiiaula
udduAdUsEANS M ITed evesazuuu (G-Coefficient) WSsuifisuaAduUsyansuas
dnduladenanunisalivngay et lUliudasyilildnzuuuifamnuindededssyfufidents

2. NN59BNKUU Two-Facet Nested Design Px(L:R)

nsfinw G-Study 1un1sAny@aTuddesenseenuULay AT e iANLLUTUTINT0S
AZLULATILAZANLLUTUTILYBIAZ LU IAAALAR DU NWMAWR13Y Titinaule dnianavhnisdy
fognaiFou P au W oliyinsmnans L n1svaaes wazdUssiiusiuiu R au deudazadald
Fusziiud unnsinedy luvagfinsfnen D-study uns@nvudsdndulaidonldnismaass

Tuaaunisaiiauls lnenvueda un1sainaula waIAUIUANFUUSEENSANUUT DN DUDIAL LY

a £ v a

(G-Coefficient) WisuiisuAduyszans uazdndulaidonaniunisalfiinungay Wevrlldudn
wilildnzuuuifinrunidedefssefuiideans Yeyaiildainnis PXLXR design annsaideya
YAALINUNWIINITIATIERAMSU PX (LR) design ta n13fnw G uae D asdusznauauuususiu
WAEEATAUINAIMSUNTERNIUUNITANY) WARIRIRNTIE 1 kaEA1579 2 (Brennan, 1992; Huebner
& Lucht, 2019; Kanjanawasee, 2020)
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M99 1 M3AN®I G uaz D asAUsznauANuLlsUTILLaEgRsAWINd mTUNITeRNLUUNSANW

29AUsENBUAULUSUSIUY

29AUsENaUANLUTUSIUVBINISANY D
N1509NWUU
Y2IN15ANE G wAZgASAUIN
a*(plr) 0?(pLR) = o*(plr) /nin;
a?(pl) o%(pL) = o*(pl)/n;
o2(pr) 0?(pR) = a*(pr) /n;
PXLXR a2(lr) d2(LR) = o?(lr) /nin].
a*(p) a?(p) = a*(p)
a?(]) a2(L) = a2())/n|
a?(r) d%(R) = d?(r)
o2 (pl, plr) o?(pL.PLR) = o*(pl, plr) /njn;
a?(l,lr) 2(L.LR) = o*(l, Ir) /nin,.
PX(L:R) o’ (pr)

o%(pR) = a*(pr)/n;
a?(p) a*(p) = a*(p)
a?(r) o*(R) = a*(r)/n;

1519 2 M3ANY D gasnisAaauulsusudnivg (02(8)) wazammuulsusmuduysal

(a%(8))

N13BINLLUU error variance Qﬁliﬁ”luﬁm
a2(8) a?(pL) + 02(pR)+02(pLR)
PXLXR a?(p) d%(L) + 6?(R)+0%(LR) + o2(pL)
+ 02(pR)+02(pLR)
2 2 2
PX(LR) 02 (6) a“(pR) + o*(pL, pLR)
a“(4)

d2(R) + d?(L,LR) + 6?(pR) + o2(pL,pLR)
N19ANYY D §9A 819047 UN1TAUINAIEUUTEANS AU T el edesan taun EP,

"generalizability coefficient" kaz @, "index of dependability” ﬁqmmiﬁﬂmmﬁﬂﬁ(Huebner &
Lucht, 2019)

2 2
A o%(1) (1) 42 2
Ep? = ———-— b=—-"="— eo“(1)=0
P = 2@ +02(8) o2(D)+02(8) ORLA)
a Y avvyo = a I3 oA A = Qll
noufnsasusedalaiiauslimavein1sfnuIingerinut ol e ni oAUl ue
nan15in vilinsulazasamuauuaInueanedaulansIUszaY Weonansinlaauiies
gefisluseaundenis Ay unauildsiiauen1sieneideyaniunguinisasuanedadmiy
n1399nLUU Cross Design Way Nested Design WU Posit Cloud
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wuzUlUsN5Y Posit Cloud

Posit Cloud! 1uvsnsuuiulesdidsuuuuuasdnwaznisiauiad1edy Rstudio
Fadulumuanasgiudsadounisiamuiuuidaeda (integrated Development Environment:
IDE) dwifulfenlusunsuensuaziinitaun dewail Posit Cloud Fududnmadonuidumsld
HuFesielumslinseideya Sgaduredusuny Ao aunseinszildlnglifosfndalusunsy
wizdmiue1ansdud edndnunluaniunisfnwifidesnisilndunisldauldsunsuiiarunse

a L3

19 ¢ 1 I3 [ Y o = 1Y) & = a s & o a
'3Lﬂi’]%'ﬁ“U@%aLLUU@@uVLaUN']UL'JUVLSUGﬂ@ aflum@ﬂquqsl,uﬂ']ﬂfﬁﬁqu AB AITUITUUDULNDILUANLENYT

[V
v a

Matinslgau Posit Cloud HsUsuuuardnuwarmsidanuudeiuiulusunsy Rstudio ((anw 1)
fnsueniuilunsldauiledfusiie wu fufins@eusd (Script) @auuaniua (Console) dau
wansFvsesauys (Environment) way dhuudnauaunn (Plot) dmsuunanuivinisatuiiesdy
N13EN3N1sIATIEteyamungen1sasUe1eds dmsunisesnuiuy Cross Design wag Nested

Design saglusunsu Posit Cloud

Environment

Script

Console Plot

M 1 fuinshnulersgagdeadiuRadeiuglives Posit Cloud

¥

unAuIvIN1sildaus nugunisidlusunsuensunuseendldly Posit Cloud Ly

NISWSEUYATILA WAEMITEUYAAET (syntax) ARdslaiinugiunisdeulusinsuensaiunsafing

Y

'
a

WinLAnlaa1n Chaimongkol & Kanjanawasee (2020) §aunainudazvouiauaiandunugiuy

Ao & a ¢ v PV a o & 9 fo . a v
Pndulunsiwsisitoya laud nisiadsuininamedlsidu install packages) n1sisanlduiining

v
v

melaidu library() waziwTeudeyalun1simseinungefn1saiuedda il

#RO1
install.packages("gtheory")
install.packages("1med")
install.packages("Matrix")

#R0O2
library(gtheory)
library(1lmed)
library(Matrix)

AN 2 HanFuRasaninng (#R01) wazn1sisunlawinng (#R02)

! posit Cloud @nansaniialaann https:/posit.cloud/
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1. nMshndauiining (package installation) Taen1sldiarfau install package() wazldde
winnaluedssmunedyusenia wavilefndauiinnaSsudesudadeadenldufininaseileddu
library() Taeflsfdunisansswazisonlduiining “gtheory” wansludiu #R01 was #R02
Yo mUszneu 2 muay WedAndaudzdesdadiufinng “lmed” uay “Matrix” fafu o
Senlduiinng “stheory” FedpasenliBnasuiininasmenisinauiazauysel

2. ManiguuazdUlnandaya (data preparation and upload) %ayjaﬁﬁmﬁmmzﬁﬁmﬂu
flgdosdnnszrindeyaliegluguuuud Posit Cloud s095Uldl tude msdnnsvideyalvioglulug
UszLam Comma Separated Value n3ounuana .csv dadulnddmsuiivdoyalusduuunisns
Imalsz?l,ﬂ'%"awmaa;amﬂ () lun1sulsunazAodd fauisaadeeulusunsy Microsoft Excel

WowSeulng .csv Seufesumannsatinl lnensduinanlulilu Cloud et deya fanm 3

A B @ D
Person Lab Score Rater

NNNRF
WNKFERAWNE
NWOnmWwLN A
N o= = NN

1
2
3
4
5
6
7
8

2 3 fegramsnseulnaveyaildlunsiasedt (Wdwwana .csv)

A5ATITHEINSUNI50AUUY Cross Design
1. maddndeya uaznsszylumanisinsiz
TusheguiiyadoyaazuuunismaaesivingimansvesiSousuiu 10 au finisvaass
NTNYIANENTIIUIN 4 N1Iaaes laediUseidudiuiu 2 au uagAuUselunnnisnaass

T15198BUANITAATILIAINN 4

#RO2
library(gtheory)
library(1lme4d)
library(Matrix)
#RO3
plr_cross_dat <- read.csv("Cross.csv", header TRUE)
summary (aov(Score~Person*Lab*Rater, data = plr_cross_dat))
formulal <- Score~(1|Person)+(1|Lab)+(1|Rater)+
(1|Person:Lab)+(1|Person:Rater)+(1|Rater:Lab)

M 4 m3Benlduining (#R02) mstdndeya uaznsszylananisinsieit (#R03)

#R02 \Sunuining gtheory wWialdeu lnen1siSenusining gtheory azfasfnnauazisen
& a =3 = v ' v = ° ) ° ¢ ] 'z
wininaEsy med wae Matrix Juniiveldeusiume Jaasvilinsvinuauysel Ingldfendu

library()
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#R03 uanadoyanzuuuanlidivinisduinanlu Cloud Usenn .csv alddn Cross.csv
Auldluduwys plr_cross dat agldWandu read.csv anni s udun19n1531A518% ANOVA

Wianimun DF, SS waz MS lagldilandu summary() nan1siesizidudanindszneu 5 udissy

lAan153AT1E9 Cross Design PxLxR Taeiuliifuds formulal

> summary(aov(Score~Person*Lab*Rater, data = plr_cross_dat))
Df Sum Sq Mean Sq F value Pr(>F)

Person 1 15.92 15.917 8.725 0.00364 **

Lab 1 0.00 0.000 0.000 1.00000

Rater 1 ©0.90 0.900 0.493 0.48351

Person:Lab 1 0.00 0.000 0.000 0.99277

Person:Rater 1 ©0.63 0.632 0.347 0.55691

Lab:Rater 1 5.45 5.445 2.985 0.08609 .

Person:Lab:Rater 1 ©0.59 ©0.587 ©0.322 0.57125

Residuals 152 277.29 1.824

Signif. codes: @ ‘***’ @.Q01 ‘**’ .01 ‘*’ 0.05 ‘.’ 0.1 ¢ ’ 1

AN 5 WAN15IASIZI ANOVA Lﬁ@ﬁmum DF, SS wag MS

2. M3AnN¥" G uag N1sAnw D

lun1sfinwinmunIMYBINITEIU (task) HAnwireIn1smIuanunsalvesnisidnissau
visedoulunsmaaeuiididn 2 Jade leud Suaunismaaes (L) wazsuiuguszidiu (R) axiinade
m@eiiovesanisiauiedda Jafmun G-Study way D-Study dm3unisesnuuy Cross Design

AININUTENDU 6

#R0O4
gl <- gstudy(data = plr_cross_dat,formulal)
gl

#ROS
dl <- dstudy(gl, colname.objects = "Person”,
colname.scores = "Score”, data = plr_cross_dat)

dil

AW 6 N1INIMUA G-Study Wag D-Study @msuniseanuuu Cross Design

#R04 16 e gstudy() Wi @3 UAIUITUIUYDS variance component estimates wag
percentage of total variation Ingduiinbindiuus g1 MntuiEengedUsEnauved gl fwnw 7
#R05 TAfilardu dstudy() Iaglddayasindauds g1 Uuiin col.name.objects 1u Person

colname.scores Lu Score Wag data 31nALUS plr_cross dat lnetufinlifidnys di1 a1niu

FengesdAUsznauved d1 A 8
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$see.rel
> d1 [1] 0.3569357
> gl $components . . $dependability
$components source var percent n [g%ﬂ;ﬂx [1] ©.7016369
source var percent n 1 Person:Lab 2.274627e-10 0.0 4 '
1 Person:Lab 9.098509e-10 0.01 2 Person:Rater @.000000e+00 @.0 2 Sgeneralizability Svar-error.abs
: Person;Rater‘ g.ggt;}gggug{;) zg.g 1 3 Person 4.351545e-01 79.2 1 [10.7072233 [1] ©.1850445
erson . e- . . =
4  Rater:lab 3.919140e-02 2.0 1 4 Rater:lab 4.898924e-03 0.8 8 Ssvar.error.rel ﬁaeméa:;elss
M Lab 0.0000000:30 0.8 1 5 Lab 0.000000e+00 0.0 4  [1] 0.1801455 :
6 Rater 0.000000e+00 0.0 1 6 Rater @.000000e+00 0.0 2 $sem. rel $see.abs
7 Residual 1.441164e+00 75.2 1 7 Residual 1.801455e-01 29.0 8 1] 0.4244356 [1] ©.3603249
L3 3
NN 7 99AUSENBUVDY gl NN 8 93AUSENUVBY d1

woNIN AFWIETIUN1TANYT D W BMINUATIVIUNITNAADY kagTIUIUE Uiy

[

) (Y ad Y o Id o o/ a & 1
Wussnmdsenau 9 lunsalfimvualrdruiunisnaasudy 4 n15vnans LLﬁ%ﬁ]WU’Ju&J}Ui%LNUG}QLLM

1-5 AU

#R0O6
nl_L <- c(4,4
nl R <- c(1,3,

L
-

22,9)

#RO7
rel_err_var_1l <- gl$components[1,2]/n1_L +
gl$components[2,2]/n1_R +glécomponents[7,2]/(n1_L*n1_R)

#RO8
abs_err_var_1 <- gl$components[5,2]/n1_L +
glécomponents[6,2]/n1_R + gl$components[4,2]/nl1_L + rel_err_var_1

#R0O9

gen_coef_1 <- glécomponents[3,2]/(glécomponents[3,2] + rel_err_var_1)
#R10
dep_coef_1 <- gl$components[3,2]/(glécomponents[3,2] + abs_err_var_1)
#R11

round(rel_err_var_1,2)
round(gen_coef_1,2)
round(abs_err_var_1,2)
round (dep_coef_1,2)

A 9 gamdslunisiAgIenRnIsAnel D

#R06 srtioya (©) S1uaunisvanes (L) warsuauiUssdiu /) fomadudunnees By
fkUs n1 L wag nl R auanu

#RO7 Relative error variance fuwinilaaingns a2(8) = a%(pL) + a2(pR) + a*(pLR)
Tnetudinlilusuus rel_err var 1

#R0O8 Absolute error variance ﬁﬁmmléfmﬂfqm
%) = 0%L)+ 6%R) +d*LR) + 02(pL) + 62(R) + c*(pLR)

w30 02(A) = 0%(L) + 0%(R) +0%(LR) + rel_err var 1 lagtudinlilusiuus abs err var 1

. . . 9, v A 0.2(7:)
2 N7
#R09 Generalizability coefficient mmmlﬂmﬂ’gms Ep’ = 52 (0102 (8)
o 02(7) = 02(p) lnetuiinlilududs gen coef 1
. e ¥ ___d*@®
#R10 dependability coefficient Auiailsainans @ = Py T

o 02(7) = 02(p) leetuitnlilududs dep coef 1
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#R11 Uaerdlusiaus round(rel err var 1,2), round(abs_err var 1,2), round(gen coef 1,2)
wag round(dep coef 1,2) Wiinalensmuan 2 duvis Ineldferidu round mansiwsiest Dstudy Wu
Aanlsnau 10 (31gazdeanT1sklanan1TiAT I ikansludIuN1TIIBNUNENITIATIEYITaYA

A9MNTY 4)

> round(rel_err_var_1,2)

[1] ©.36 ©.12 ©.09 0.07 ©.06
> round(gen_coef_1,2)

[1] ©.55 ©.78 ©.83 0.86 0.88
> round(abs_err_var_1,2)

[1] ©.37 ©.13 ©.10 0.08 0.07
> round(dep_coef_1,2)

[1] .54 .77 ©.81 ©.84 ©.86

AN 10 NANISIATIEI D-study

N5AATIZAEINTUNIT0NILUY Nested Design

1. maddndeya uaznsszylueanisinsizi

Tudhegad gatey anzuuun1smaaesmIsinemansvesifousiuiu 10 au AUGUR
AIMAABIMNIINE ARSI 4 MInaaed DUszidudiuiy 2 au Tnodusziliuaui 1 Uszidi

NINARBIN 1-2 wavUssidiuaui 2 Ussiiun1snaaedn 3-4 I5easldunn1sinsenaanin 11

#R12

plr_nest_dat <- read.csv("Nested.csv", header = TRUE)
summary (aov(Score~Person*(Rater/Lab),data = plr_nest_dat))
formula2 <- Score~(1|Person)+(1|Person:Rater)+(1|Rater/Lab)

M 11 Msidndeya warn13sylinan1siaT e

#R12 uanstayanzuuuanlildnvinissulvaslu Cloud Useiam .csv ¥olnedn Nested.csv
Viuldludauus plr_nest dat lngldiendu read.csv and Uiz 4 UA1811531AT1%9% ANOVA
[d [

Wanmua DF, SS wag MS Iagldflandu summary() #an1siesgmiudanin 12 udiseylunanis

34A51294 Nested Design Px(LR) Tnenfuliidauls formula2

> summary(aov(Score~Person*(Rater/Lab),data = plr_nest_dat))
Df Sum Sq Mean Sq F value Pr(>F)

Person 1 2.03 2.0309 1.182 0.280

Rater 1 ©.31 0.3125 0.182 0.671

Rater:Lab 1 ©.72 0.7200 ©.419 0.519

Person:Rater 1 ©.53 0.5287 @.308 0.581

Person:Rater:Lab 1 ©.74 ©.7368 ©0.429 0.515

Residuals 74 127.16 1.7184

AN 12 wan5IATIZIT ANOVA Liiermun DF, SS way MS

2. M3ANY G wag n1sAnyI D
lun1sfnwAunMeeIn1sEaU (task) HAn¥IABINIINTIUIEnUNITIveINITIdnITEaY

vialoulunisnaaeuiididy 2 Jade laun d1uiun1maaes (L) wasduiuduseiliy (R) ves
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n1snegeuLilon1IaaeIkAarAsIUTIdulag Useiduuaneinaiy dzlinasennuyeiavoins

nMsiaiedla Fermun G-Study wag D-Study d1w5un1se8nikuy Cross Design A9nW 13

#R13

g2 <- gstudy(data = plr_nest dat, formula2)

g2

#R14

d2 <- dstudy(g2,colname.objects = "Person”,
colname.scores = "Score",data = plr_nest_dat)

d2

AN 13 N13MIUA G-Study wag D-Study d1m5un1500nuu Nested Design

#R13 T flandu gstudy() W eosEuAIUIEUIVRY variance component estimates way
percentage of total variation Inetuiinbindiuus g2 MntuiEengeAusEnauved g2 Aunn 14
#R14 1t dstudy() tnelddoyasnduls g2 Yudin col.name.objects 1Uu Person

colname.scores LU Score uag data 31nfUs plr_nest dat lnatusinlifidauds d2 aandu

SunNAeIAUTENOUTDY d2 fanw 15

$see.rel
[1] ©.3971371

> g2 > d2 $var.universe $dependability
$components $components [1] 0.2925888 [1] @.4575579
source var percent n source var percent N ggeneralizability $var.error.abs

1 Person:Rater 0.00000000 0.0 1
2 Person @.29258884 17.4 1
3 Lab:Rater @.01886415 1.11
4 Rater 0.00000000 0.0 1
5 Residual 1.36861083 81.51

1 Person:Rater ©.000000000 0.0 2 [1] 0.4609574 [1] ©.3468687
2 Person ©.292588839 45.8 1§ orerror.rel  $sem.abs
3 Lab:Rater ©.004716038 0.7 4 [1] 0.3421527 [1] 0.5889556
4 Rater ©.000000000 0.0 2 ssem.rel N
S Residual 0.342152708  53.5 4 |1 0ssmz oo

[1] 0.3983874

A 14 83AUIZNDUVO g2 2 15 93AUSENDUTBY d2

wonand A ldlun1s@nyr D I aMNUATIUIUNITNARDY wazT1UIUE Useiiiu
Judsnmdszneu 16 lunsaififmualidnaunsveasadu 4 nsveaes wazduiuiuszdiuau
3-4 A

#R16
rel_err_var_2 <- g2%components[1,2]/(n2_R)+
g2$components[5,2]/(n2_L*n2_R)

#R17
abs_err_var_2 <- g2%components[4,2]/(n2_R)+
g2%components[3,2]/(n2_L*n2_R)+rel_err_var_2
#R18
gen_coef_2 <- g2%components[2,2]/(g2%components[2,2]+
rel_err_var_2)

#R19
dep_coef_2 <- g2%components[2,2]/(g2¢components[2,2]+
abs_err_var_2)

#R20
round(rel_err_var_2,2)
round(abs_err_var_2,2)
round(gen_coef_2,2)
round(dep_coef_2,2)

AN 16 YA dslun1siATIEinIsAingl D
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#R15 s2udioya (©) S1uaunisvanes (L) warsuiuiUssdiu /) fomadudunnees By
FkUs n2 L kag n2 R A1ua1ny

#R16 Relative error variance ﬂ"wmmlﬁmﬂqm 02(8) = 6%(pR) + o2(pL,pLR)
Tnetuiinlilusiuls rel_err var 2

#R17 Absolute error variance ﬁﬂmmiéfﬂ”mqm

d2(A) = 0?(R) + 0%(L,LR) + c2(pR) + a?(pL,pLR)
3o 02(A) = 0%(R) + o%(L,LR) + rel_err_var_2 leastudinliludiuls abs err var 2

N e y A o?(1)
2 N2
| #R18 Generalizability coefficient muiailaainans Ep? = 2 +02(0)
e 02(7) = 02 (p) Inetudinliludus gen coef 2
. —_ ¥ __ o*@®
#R19 dependability coefficient Auiailsainans @ = 2107 )

dlo 02(7) = 02(p) Wnetufinliluduys dep coef 2

#Rr20 Janawludlls round(rel_err var 2,2), round(abs_err var 2,2), round(gen coef 2,2)
waz round(dep_coef 2,2) Tlinalsudnuiu 2 dunus nelddlandu round nan1s3tAszn
D-study «Jusiann 17 (eazidannsudananisiinsieiuansludiunissesunansinszideya

ARG 6)

> round(rel_err_var_2,2)

[1] 0.46 ©.15 0.23 0.11 9.11
> round(abs_err_var_2,2)

[1] 0.46 ©.15 0.23 0.12 0.12
> round(gen_coef_2,2)

[1] ©.39 0.66 0.56 ©.72 0.72
> round(dep_coef_2,2)

[1] ©.39 2.65 0.56 0.72 0.72

A 17 Wan153LASIE D-study

N398NUNANTIATIEdaYA
HaN15ALATITidayanIuulsUTINLazasAUsEnauANLUsUTwlUNANE G dmsu

N1992nUU P XL X R

A1319 3 G Study d1%3U P X L X R Design

Source of Sum of Estimated variance  Percentage of total
variance Squares df Mean Square components variance

P 1592 1 15917 4351545 22.7

L 0.00 1 0.000 0 0.0

R 0.90 1 0.900 0 0.0

PL 0.00 1 0.00 90.98509 0.0

PR 0.63 1 0.632 1 0.0

LR 5.45 1 5.445 391.9140 2.0

PLR,e 0.59 1 0.587 1.441164 75.2
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INATT 3 UNAUDNANITIATIENANULUTUSIUYDIBIAUTENBUINNLAAIANULUTUTIY

7 unas o AnuwlsUnIuvesfduiusseninedi3ou Srutuniavaans wagUsaidu (5 o)

deun Andusesay 75.2 wend uidumnuulsUsiuvesnIILAaTALAG BUINNLYIE 98 U

I [

11U 6 Wnas baun AUWUTUIIUYBIATLUUITY (Glg) Feandusesay 22.7 AuLUsUsIu

vosUfdunusseninadiutunsvaaouasUssdiu (075) eialndiAesiosay 2.0 9aufs

ANNWUTUTIUVDITIUIUNITNARD (O’f), ANLUTUTINYR I sl (0'1%), ANLUTUTIY

(% (% s

YeIUFuNus sEnI] TeufudIuIunITmaaes (JIEL) LaEAMULYTUTINVBIUNdUTUTTENIN

=

H3ounaziiUssiiiu (05R) dalndiAesiosay 0.0 whfunug iy

iUlA7 ANULUSUSIUVDITILIUNITNAADY (O'LZ), mmwiﬂi’awumﬁﬂsmﬁu (0'}%),
AUKUTUTINYOIU FUNUS TEnT19] 1T 8UAUTIUIUNITNAAD S (0F;) uazauUsUTIY
voaUfduiusszuinagFounasiussiiu (05R) w3 fednlndosar 0 wanai AUsIliuudaz Ay
Tpzuuuldlaiuandetu fadu mndeamsanaruemaiadouresnisinluanumsaifandn asle
audd U Ussdunindu venand anuudsusiuvesd faunusseningiFoy
FIUIUNIINARDY wazUTTEIY (JIELR'e) Faanduesar 75.2 uansliiiudn dameainnden

! PN & al 1 Y Y1 ¥
dufmaenlianunsadnlaroutiaunn

a ¢ = o = o Y o
WNANIFILATITHAITUUIYDNDUDINANITIANTITANY D &1%13Un1599ntkUy P X L X R 1D

R=16uasL=4

f1319 4 D-Study &m3U P X L X R Design

nll, q q q q q q
n;e 2 1 3 q 5 6
6‘2 0.18 0.36 0.12 0.09 0.07 0.06
; 1)
Error variance
6—2 0.18 0.37 0.13 0.10 0.08 0.07
A
pg 0.70 0.55 0.78 0.83 0.86 0.88
G - coeffident
pi 0.70 0.54 0.77 0.81 0.84 0.86

nHan1sIATIia T e ovesnanisinlunisie 4 wuin darmnani sadniu
msiadulauvudunasiviansdnduladsduysal (F) lisnd1 0.7 aneldsiuaunismaaes
(m)) 4 afs aedodldusniu (Mp) S1uu 3 auduly wagdrfanuiissdmiunisdnaula
wwuBsnguviemsdnauladsduniug (03) laldindr 0.8 meldswaunismeaes M]) 4 e axds

1Hfusaidiu (Mp) S 4 Auduly
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Han15ALATITidayanIuuUsUTINLazasAUsEnauANLUUTwlUNANE G dmsu

n1saanuu P X (L:R)

A1379 5 G Study @ m5U P X L X R Design P X (L:R)

Source of Sum of Estimated variance Percentage of
df Mean Square

variance Squares components total variance
P 2.03 1 2.0309 0.29258884 17.4
R 0.31 1 0.3125 0.00 0.0
L:R 0.72 1 0.7200 0.01886415 1.1
PR 0.53 1 0.5287 0.00 0.0
PL:R 0.74 1 0.7368 1.36861083 81.5

1NANS9 5 UNAUDNANITIATIEMANULUTUSIUYDIBIAUTENBUINNBLAAIANULUTUTIY

5 wues WU ANuUTUTIuTesAzuLUase (0F) da1un Aadufesay 17.4 uandu

I N = o 1 v 1
LUUﬂ’J']lILLU?TJ?'JU%E]W]'J']EJ@@']@LﬂaE]u"\]'lﬂLLMﬁQE]ug] U 4 Unad laun AuLUIUSINTDS

fusniliu (05) Andudesas 0.0 ArmuUsUnuressuIumIvaaosfinsaliazuulaefussdy

v s 1

fuansneiu (GFR) Gsfmdudosay 1.1 auulsusiuresufduiussevinagBounasussuii
(0pg) Fsanbudosar 0.0 AMuUUTUTILYRUFRUS i sunasduiunsvaasfinge
Tazuulaefssdufiuaninetu (05, p) Fsamiudosar 81.5

sewiuladn lifanuwdsusiuresUseiiudarlndsosas 0 uanein Jussiliuuiazau
Tiazuuuuandtsty dadu mindosnisanauaainiad suresnisinluaniunisaidana

TAN1INAa0 U UANI1TNAa0IINEIAIENT AT AUEIA YA UTIUIUNITNARDIUINNTY

o ﬁzf

v v ¢ 1

I UIEEIY wenant AULUTUTINTEIU] AU IE NI S B ULAZIIUIUNITNARRITNINTIA
Tinzuuulneussiliunuandeiudsdnduiosas 81.5 wandliiiuii fiaueainndeudiuiinie

Pluausainlareudnaunn

A919 6 D-Study @115 P X (LR) o L = 1-4 wag R = 3-4

n;e 1 3 3 3 q 3

ng 3 1 3 2 3 4

6§ 0.34 0.46 0.15 0.23 0.11 0.11
Error variance

52 0.34 0.46 0.15 0.23 0.11 0.11

A

,0(% 0.46 0.39 0.66 0.56 0.72 0.72

G - coeffident

2
PA 0.46 0.39 0.65 0.56 0.72 0.72
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ANNNANTITILATILU AU 8D DVBINANITIALUAITIE 6 WU UATAINULA J9A1NRTU

vV A a 1 =] vV A a o v s 2 1o 1 dd‘dw a o
n1sandulanuudngunienisdeduladieduiug (pg) ldandn 0.6 nsdlndgusziiudiui 3 au
wARIUTHIUTINIUNTNAGRIAUSY 3-4 N1TNAGDY dauNTAUTTEUTHIEUTII 3 AU AgdpUsuLily

UIUNNTNAABIAUAY 3 NITNAADY

GELY

ngufmsazueneds Wamiunmsinsevimnuiideiievemanisialuaniunisaluesnisia
Fnvazaeg Mdudmneresnisinedeadieluld deausadnduaiudndedevemanisin
Idaosdnune laun anuuud odevesazuuulunisiinaluldidadusing (Relative)
ieudanaiUSouiivuseninayana uagaanindedevesazuunlunisimaluldludsduy sl
(Absolute) 1l suwUanatlS s Ul uf UM NIATgIU HIUN13ANYT G-Study Wag D-Study
Tngluvnanuiiiauensliesigidoyanunguinisazuéedsdmiumsoonuuy Cross Design
uag Nested Design lnsn1suszendldnoulmansons eaulatl su Posit Cloud el Tauts
nsdauedu 4 aeu lawn (1) nsuuzihlusinsy gainuuaztadnin (2) n153nsziuaziiogns
& afilddmsunisesniuu Cross Design (3) N33R inaziag1sfd il msuniseanwuy

Nested Design Wag (4) N1sulanauassIeuranIsinseideys
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Abstract

Employee engagement is the attitude of the personnel in the organization that
expresses thoughts, feelings, perceptions, and learning about a job or organization, which leads
to a relationship and satisfaction of the personnel with their organization. Employee
engagement theories are psychological and behavioral theories that explain how human
behavior is generated as well as the motivations that trigger such behaviors. Employee
engagement theories consist of content theories, process theories, and reinforcement theories.
Therefore, the promotion of employee’s organizational engagement depends on data
measurement of employee engagement in the organization, which can be measured from
factors that affect employee engagement, consisting of clear visions and management policies,
stable organizational goals and employee participation, appropriate remuneration and welfare
to create motivation to work, environmental management or a comfortable working
atmosphere, creating stability and career advancement opportunities so that employees feel
challenged and eager to accomplish their work. Communication within the organization which
creates understanding among employees in the same direction to reduce conflicts, increase
flexibility in working, as well as listening to opinions of employees at all levels. Along with
adjusting the way of working according to the situation to reduce stress and pressure in the

work of employees.

Keywords: measurement and evaluation, employee engagement, employee engagement

promotion
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Abstract

This study assessed the adaptability of the MetaCAT system, which was developed
on the Concerto platform for measuring metacognition, in an open and distance learning (ODL)
context. In 2022, 70 undergraduate students, each with basic computer skills, from an open
university participated in the study.

The findings, based on three indicators, provided evidence of the system's
effectiveness in assessing metacognition among students of ODL. The first indicator assessed
the relationship between the test taker's ability estimate and the difficulty of the items
administered to them. A Pearson's correlation coefficient of 0.70 was obtained, denoting a
significant correlation between ability estimates and test difficulty. This result was considered
acceptable within the scope of the study. The second indicator evaluated the ratio of the
standard deviation of item difficulty to the standard deviation of ability estimates, and was
found to be 1.32. This suggests an imbalance in item difficulty parameters. The third indicator,
which estimated the reduction in the variance of item difficulty parameters, yielded a value
of 0.61. This value, albeit slightly lower than the results of Reckase et al.'s simulation study,

still fell within the acceptable levels of fit for the MetaCAT system.
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The study demonstrated that MetaCAT has satisfactory adaptability and reliability for
measuring metacognition in ODL settings, as supported by indicators 1 and 3. Although minor
deviations were observed in indicators 2 and 3, suggesting potential areas for refinement,
future research could yield a more precise adaptability assessment by using a larger pool of

questions and by increasing the sample size.

Keywords: computerized adaptive testing, Concerto platform, metacognition,

open and distance learning environment
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Introduction

Metacognition, or the awareness and understanding of one's own thought processes,
has been identified as an important aspect of learning. In the context of an open and distance
learning (ODL) environments, where students may have different levels of prior knowledge,
learning styles, and engagement with the material, assessing and improving metacognitive
awareness becomes particularly important (Schraw & Dennison, 1994). However, assessing
metacognition in an ODL environments presents unique challenges that require innovative
assessment techniques. Traditional methods such as paper-and-pencil tests are often
inadequate for measuring metacognition in an ODL environments. Therefore, developing a
computerized adaptive test (CAT) system could provide a more accurate and efficient means
of assessing students' metacognition in an ODL environments (Wainer & Mislevy, 2019).

Adaptive testing is a promising approach to measuring metacognitive awareness in an
ODL environments. This method involves adjusting the difficulty of test items to match the
skill level of the test-taker, allowing for a more efficient and accurate measurement of the
construct being assessed (Chiu et al., 2021). Additionally, the use of item response theory (IRT)
can further enhance the accuracy of the adaptive testing approach, as it allows for the
estimation of an individual's metacognitive ability based on their responses to test items
(Reckase, 2009). In developing a CAT system for measuring student metacognition in an ODL
environments, it is important to ensure that the test is valid and reliable in measuring
metacognitive awareness. According to the research conducted by Reckase et al. (2018) and
Reckase et al. (2019), the use of a singular indicator cannot fully encapsulate all pertinent
information pertaining to the degree of adaptation present in CAT. A comprehensive
assessment of such adaptation must also consider multiple indicators, including but not
limited to: the correlation between the mean item difficulty parameter and the final ability
estimates for examinees, the ratio of the spread in item difficulty to that of examinee ability
estimates, and the proportion of variance reduction in item difficulty parameters. Therefore,
it is important to consider multiple indicators for ensure that the test is valid and reliable in
measuring the targeted construct. Therefore, assessing the adaptability of a test is an important
aspect of test development, particularly in the context of an ODL environments.

Assessing the adaptability of a test is important in test development, especially in
the context of an ODL environments, because it allows the test to be tailored to the individual
needs and abilities of each student. In an ODL, students may have different levels of prior

knowledge, different learning styles, and different levels of engagement with the material,
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making it important to have a test that can adapt to these differences. By measuring the
adaptability of the test, developers can ensure that the test is providing accurate and reliable
measurements of the construct being assessed for all students, regardless of their individual
differences. This can lead to more effective and efficient learning outcomes, as students are
more likely to engage with and benefit from a test that is tailored to their needs.

This study aims to contribute to the literature on adaptive testing and metacognition
in an ODL environments by developing a CAT system that evaluates the adaptability of the
test based on Reckase's framework (Reckase et al., 2018; Reckase et al., 2019). The potential
of the CAT system for revolutionizing the measurement and improvement of metacognitive
awareness is substantial. This innovative approach can lead to more accurate and efficient
measurements of this important construct, which may have implications for educators and
instructional designers seeking to develop more effective and efficient ways of assessing and
improving metacognitive awareness in an ODL environments. Thus, the results of this study
have the potential to positively impact the field of education, particularly in an ODL

environments, by providing a more precise and adaptive measure of metacognitive awareness.

Open and distance learning environments

An ODL environments are becoming increasingly popular, offering learners the
flexibility to study at their own pace and in their own environment. However, learning in such
environments also presents unique challenges, such as the lack of face-to-face interaction
with instructors and peers, which can lead to feelings of isolation and reduced motivation. To
overcome these challenges, learners in an ODL environments must have strong metacognitive
awareness. Metacognition is defined as the ability to think about one's own thinking, including
knowledge about one's own cognitive processes, problem-solving strategies, and regulation of
learning. In an ODL environments, learners must be able to self-regulate their learning, monitor
their progress, and adjust their strategies as needed. Research has shown that learners who
have strong metacognitive awareness are better equipped to succeed in an ODL environments
(Arbaugh & Duray, 2002; Joo et al., 2011). Furthermore, the development of metacognitive
awareness can be facilitated through instructional strategies such as self-reflection, self-
evaluation, and peer feedback. Thus, metacognition is an essential aspect of learning in an
ODL environments, and educators should focus on developing and assessing learners'
metacognitive awareness in order to promote success and engagement in these contexts.
Furthermore, metacognition is particularly important in an ODL environments because of the

potential for isolation and lack of support. Without the benefit of regular face-to-face
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interactions with instructors and peers, students in an ODL may be more likely to struggle with
motivation and engagement (Moore & Kearsley, 2012). However, by developing metacognitive
awareness, students can become more self-aware and self-regulated, which can help them

to stay on track and remain engaged with their coursework.

Metacognition

Metacognition, defined as the ability to monitor and control one's own cognitive
processes and regulate learning, is a crucial aspect of learning and cognitive development,
particularly in the context of an ODL environments. An ODL requires students to be self-
reculated and self-directed learners, making metacognitive awareness increasingly important
(Pintrich, 2002). Research has shown that metacognitive awareness plays a significant role in
academic achievement, problem-solving, decision-making, and self-regulation (Flavell, 1979;
Zimmerman, 2000). Thus, understanding and assessing metacognition is essential for effective
instruction and learning in an ODL environments.

In an ODL environment, students must take greater responsibility for their own
learning, and metacognitive awareness can support them in doing so effectively (Schraw &
Dennison, 1994). For instance, students who are aware of their own thinking processes can
monitor their understanding of course material and identify areas where they need to focus
their efforts, seek out additional resources, or request assistance when necessary (McCombs
& Marzano, 1990). Metacognitive strategies such as planning and self-evaluation can also help
students manage their time and resources more effectively, leading to increased productivity
and better academic outcomes (Pintrich, 2002). Moreover, in an ODL environments, where
students may experience isolation and lack of support due to limited face-to-face interactions
with instructors and peers, developing metacognitive awareness can make students more self-
aware and self-regulated, which can help them stay motivated and engaged with their
coursework (Moore & Kearsley, 2012).

Assessing metacognition in an ODL environments can be achieved through various
methods, such as self-report measures, think-aloud protocols, and performance-based tasks.
Schraw & Dennison (1994) developed a self-report questionnaire, the Metacognitive Awareness
Inventory (MAI), which assesses three components of metacognitive awareness: declarative
knowledge, procedural knowledge, and conditional knowledge. Declarative knowledge refers
to an individual's understanding of their own cognitive abilities, strategies, and resources for
learning, while procedural knowledge involves the skills and strategies used to regulate

thinking and learning, and conditional knowledge entails the ability to adapt learning strategies
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to different contexts and tasks. The MAI consists of 52 items that measure these components,
and respondents rate their agreement with statements on a Likert scale. The MAI has shown

good reliability and validity (Schraw & Dennison, 1994; Schraw, 1997).

Computerized adaptive testing

Computerized Adaptive Testing (CAT) is an innovative approach to assessment that
uses technology to dynamically adjust the difficulty of test items based on the individual test-
taker's skill level. It has gained attention in education and measurement due to its potential
to provide more accurate and efficient assessments compared to traditional fixed-item tests.
CAT utilizes item response theory (IRT) to estimate the examinee's ability level based on their
responses to previous questions (van der Linden, 2016). CAT has been successfully applied in
various domains and continues to be an area of active research and development. In an ODL
environments, CAT has significant benefits for assessing metacognition. It provides tailored
assessments that are responsive to the unique learning needs of individual leamers, reduces
test administration time, minimizes test fatigue, and enhances test security. The data
generated by CAT can also be used to inform instructional strategies, curriculum design, and
learner support services, making it a valuable tool for educators and administrators in an ODL
environments. Overall, CAT in an ODL environments has the potential to significantly enhance
the assessment of metacognitive awareness and improve learning outcomes for learners in an

ODL programs.

Polytomous item response theory

Polytomous Item Response Theory models, including the Graded Response Model
(GRM), have become increasingly popular in educational and psychological research. The GRM
is a type of IRT model that is used to analyze data from items with more than two response
categories. The model assumes that the probability of responding in a particular category is a
function of the underlying trait being measured and the item parameters, which describe the
relationship between the trait and each response category. The GRM has several advantages
over other polytomous IRT models, including the ability to model complex item structures
and the ability to estimate item parameters with small sample sizes. Additionally, the GRM
has been successfully implemented in CAT systems, which allow for the efficient and accurate
measurement of latent traits. In a CAT system, items are selected based on the respondent's
estimated trait level, resulting in a tailored and efficient testing experience. The GRM has been

shown to perform well in CAT simulations and has been used in various CAT applications (Choi
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& Swartz, 2011; Reckase, 2009). Overall, the GRM is a powerful tool for analyzing data from
items with multiple response categories and has the potential to greatly enhance the
efficiency and accuracy of measurement in educational and psychological research (Baker,
2001).

The GRM has several advantages over other polytomous IRT models, including the
ability to model complex item structures and the ability to estimate item parameters with
small sample sizes. Additionally, the GRM has been successfully implemented in CAT systems,
which allow for the efficient and accurate measurement of latent traits. In a CAT system, items
are selected based on the respondent's estimated trait level, which results in a tailored and
efficient testing experience. The GRM has been shown to perform well in CAT simulations and
has been used in various CAT applications (Choi & Swartz, 2011; Reckase, 2009). Overall, the
GRM is a powerful tool for analyzing data from items with multiple response categories and
has the potential to greatly enhance the efficiency and accuracy of measurement in

educational and psycholosical research.

Concerto platform

Concerto, an open-source platform, was designed to create secure and user-friendly
patient-reported assessments that utilize CAT and machine learning. It is accessible on various
devices and requires no prior programming experience due to its point-and-click interface. The
platform interacts with back-end functions, including scoring, CAT, and machine learning
algorithms, using the R programming language, which has over 15,000 available packages for
statistical computing tasks. Concerto allows for non-adaptive assessments or CATs using pre-
written R code or item parameter tables uploaded by the user. Patient data is securely stored
using the MySQL database management system, and the platform can be installed on cloud-
based or local servers to comply with institutional security protocols. Concerto provides
immediate results with feedback presented through graphs and text, enhancing the
assessment experience. Results can be directly imported into electronic health records via

application programming interfaces (Harrison et al., 2020).

Objectives
The study aimed to assess the adaptability of the computerized adaptive testing
system in measuring metacognitive awareness in an Open and Distance Learning

environments, based on Reckase's framework (Reckase et al., 2018; Reckase et al., 2019).
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Method

1. Population and sample

The population of interest for this study consisted of undergraduate students who
were enrolled in an ODL institution in the academic year 2022 and possessed basic computer
skills. From this population, a sample of 70 voluntary research participants was selected to
measure the degree of adaptation in the Computerized Adaptive Testing (CAT) system. These
participants were chosen based on their willingness to participate in the study and provided
informed consent. They also had the right to refuse or withdraw from the research at any
point without facing any negative consequences.

2. Research instrument

The research instrument used in this study can be categorized into two parts:
assessment tools and the MetaCAT system.

2.1 Assessment tools

The assessment tool utilized in this study was the Metacognition Computerized
Adaptive Testing (MetaCAT) system. It was adapted from a previous study by Ngudgratoke et
al. (2016), which focused on developing measurement and evaluation tools for metacognition
in primary and secondary school students. The assessment tool consisted of a set of 52 items
with five response categories, ranging from "1" (never) to "5" (always). It was grounded in the
theoretical framework proposed by Schraw & Dennison (1994) and consisted of two factors:
knowledge of cognition and regulation of cognition. To ensure the reliability of the assessment
tool, a sample of 32 participants, representative of students enrolled in an ODL program,
underwent a Cronbach's alpha reliability coefficient analysis. The resulting Cronbach's alpha
coefficient showed a high level of internal consistency among the items (Ol = 0.94).

One of the main advantages of using CAT is that it allows for the administration of
item banks with a relatively small number of items. According to CATs based on PROMIS item
banks typically require respondents to complete only 3-7 items to obtain a reliable score,
compared to 20-30 items with traditional questionnaires. This suggests that the 52-item bank
used in the MetaCAT system is sufficient for assessing metacognitive awareness, as
respondents can obtain reliable scores with a relatively small number of items. Additionally,
a previous study by Koedsri et al. (2020) in the Preliminary Study of the Development of
Computerized Adaptive Testing on Metacognition for Primary and Secondary School Students
found that the estimate of metacognitive ability obtained from the full test (52 items) and

simulated response using CAT (with an average of about 16 items) had a coefficient correlation
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in the range of 0.90-0.94. This indicates that respondents can assess their metacognitive level
through self-assessment using CAT and obtain similar results to the full test. These findings
further support the sufficiency of the 52-item bank in measuring metacognitive awareness in
the ODL context.

When determining the appropriate sample size for estimating item parameters
using the Graded Response Model (GRM), Jiang et al. (2016) conducted a study titled
"Performance of Polytomous IRT Models With Rating Scale Data: An Investigation Over Sample
Size, Instrument Length, and Missing Data." Their findings concluded that a minimum sample
size of 250 to 500 examinees is necessary to maintain reasonable root mean square errors
(RMSEs). However, their research also suggested that even smaller sample sizes as low as 250
can still provide adequate recovery of item parameters for calibration samples in the GRM.
Following these recommendations, the current study utilized a sample size of 455 students,
carefully selected from a comprehensive list of students undergoing professional experience
training at the university. The larger sample size was chosen to ensure the precision and
reliability of the estimated item parameters in the GRM, aiming to enhance accuracy, facilitate
robust analyses, and increase the generalizability of the study findings to a wider population
of interest.

The analysis of the 52 item difficulties or thresholds (B) revealed a distribution
spanning both negative and positive ranges (-7.09 to 3.23). The item with the lowest threshold
of difficulty is "l ask myself periodically if | am meeting my goals" [B1:B4; -7.09 -4.18 -0.54 2.44].
The values of the threshold difficulty increase in ascending order, corresponding to the five
response categories, ranging from "1" (never) to "5" (always). Lower scores indicated lower
levels of metacognition, while higher scores indicated higher levels of metacognition. The
analysis of the discrimination parameter (a) indicated varying degrees of discriminating power,
ranging from 0.83 to 1.76, which represents moderate to high to very high discrimination. This
finding highlights the effectiveness of the measurement instrument in evaluating
metacognition among ODL students. Furthermore, the wide distribution of metacognitive
information, ranging from -3.00 to 2.50 with associated information values, supports the
appropriateness of the scale for assessing metacognitive abilities in the context of ODL, as

illustrated in Figure 1.
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Test Information Function for a 52-ltem Test with GRM
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Figure 1 Test information function of metacognition scale

2.2 MetaCAT

The MetaCAT system was developed to assess students' metacognitive awareness
in an ODL environment. It was designed using the Concerto platform, an open-source software
that allows for the administration of computerized tests in a controlled online environment.
The installation of the MetaCAT system followed the latest guidance available on the Concerto
GitHub webpage (https://github.com/campsych/ concerto-platform/wiki). A CSV file named
"CESDFlatltems.csv" was downloaded from the Open Science Framework (https://osf.io/m3wkc).
This file was referred to as a "flat" item table because all the data was stored in one layer.

To create a new assessment and table for storing item responses, the researchers
logged into the Concerto platform and selected "Add new" under the Tests tab. The
researchers set the assessment name to "MetaCAT adaptive" and the Type dropdown box to
"flowchart." A new test was created under the Tests tab, and a new table to store responses
was saved by editing the assessmentResponses table's name. The researchers uploaded the
item bank and customized their CAT by selecting "Flat Table" from the Type dropdown menu
under the Assessment node wizard's Items tab. They set stopping rules and psychometric
model parameters for their CAT, such as GRM. The responses table was also selected, and the
scores' uncertainty was calculated and reported.

Finally, the test start node was connected to the assessment node, and return

ports were created by checking the boxes next to Theta and SEM, as shown in Figure 2 It is
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worth noting that users who are not familiar with Amazon Web Services (AWS) should be
careful when using the service, as it requires submitting credit or debit card details during the

registration process.

O Test flow

e
\

showPage

Figure 2 Connecting nodes in Concerto Platform

3. Data collection

The MetaCAT system was programmed and implemented using the Concerto
platform, which allows for the administration of computerized tests in a controlled online
environment. The adaptive testing algorithm dynamically selects and administers test items
based on the examinee's ability level, maximizing measurement precision with minimal test
length. The adaptive testing algorithm was calibrated using item parameters estimated from
the metacognitive awareness assessment scale. The researchers ensured the confidentiality of
the participants' information throughout the research period and disclosed only the results of
the analysis without revealing their names. Participants had the right to decline or withdraw
from the research at any time without facing any consequences.

4. Data analysis

Reckase et al. (2018) proposed three statistical indicators to measure the degree of
adaptation in CAT, which is a testing approach that tailors test items for each examinee during
the testing process. However, when the item bank is limited in size, content constraints are
stringent, or strong exposure control is enforced, adaptation may be restricted. Therefore, the
proposed indicators aim to quantify the extent to which adaptation is taking place in CAT.

The first indicator is the correlation between the mean parameter and the final

estimates for the examinees, r(l;j,éj) . The parameter is a measure of item difficulty (b), while

the theta (@) estimate is a measure of the examinee's ability. A high correlation between the

two indicates that the item selection algorithm is working properly.
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The second indicator used in the study is the ratio of the standard deviation of the
mean difficulty parameters (b) for the administered items to the standard deviation of the
ability estimates for the test-taker. This indicator measures the spread in difficulty of the

administered items among a test-taker, (Sbj /s; ). This indicator accounts for the spread in
J

difficulty of the items administered to a test-taker.

The third indicator measures the extent to which the MetaCAT reduces the variance
(PRV) in item difficulty parameters for the selected items compared to the total variance in
the item bank. This indicator gauges the degree to which the adaptive testing method
effectively confines the spectrum of difficulty levels for the test-takers. The proportional
calculation of this indicator is formulated as follows

2 2
s, — pooled s,
PRV =— ”f

5
where s; is the variance of the item difficulty parameters for all items in the bank
and pooled sj/ is the variance of the item difficulty parameters for the items selected for
examinees. The PRV measures the extent to which the test is adapting by selecting items that
have different difficulty levels than the average difficulty level of all items in the bank. A larger
PRV indicates that the test is adapting more by selecting items that are more different in

difficulty level from the average difficulty level of all items in the bank.

Results

The study aimed to assess the adaptability of the MetaCAT system in measuring
metacognitive awareness in an ODL environments, utilizing Reckase's framework (Reckase et
al,, 2018) The descriptive statistics presented in Table 1 demonstrate that the CAT system
effectively measured the participants' metacognitive awareness in an ODL environment. The
variables included in the table are TimeTaken, Theta, SEM, B1, B2, B3, and B4. ‘TimeTaken’
denotes the duration taken by participants to complete each item, ‘Theta’ represents the
participants' estimated ability level, ‘SEM’ refers to the standard error of measurement, and
‘B1’, ‘B2’, ‘B3’, and ‘B4’ denote the thresholds of item difficulty in the GRM.

The mean time taken by participants to complete each item in the test was 11.76
seconds, with a standard deviation of 13.11. The mean theta was 1.12, with a standard
deviation of 1.08. The mean standard error of measurement (SEM) was 0.50. The mean
threshold values for item difficulty (B1, B2, B3, and B4) ranged from -5.25 to 2.55, indicating
moderate overall difficulty of the items. These results suggest that the CAT system was able
to effectively measure participants' metacognitive awareness in an ODL environments, as

illustrated in Table 1.
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Table 1 Descriptive statistics of variables in computerized adaptive testing system for measuring

metacognitive awareness in an ODL environments

Mean SD Median Minimum Maximum
TimeTaken 11.76 13.11 8.00 1.00 138.00
Theta 1.12 1.08 1.14 -3.52 3.42
SEM 0.50 0.15 0.45 0.30 0.95
B1 -5.25 0.47 -5.38 -7.09 -3.59
B2 -3.26 0.51 -3.36 -5.16 3.01
B3 0.20 0.53 0.24 -1.40 0.99
B4 2.55 0.38 2.47 1.59 3.17

Note. TimeTaken is measured in seconds, SD = standard deviation, SEM = standard error of measurement,

B1, B2, B3, and B4 = thresholds of item difficulty in the GRM

The MetaCAT system is designed to evaluate students' metacognitive awareness in
ODL environment. The item bank for this study consisted of 52 items. Table 2 presents the
results obtained from the study, with variables such as session_id, N.ltems, Theta, and SEM.

The data obtained from this study reveals that the respondents demonstrated a broad
range of abilities, as evidenced by the Theta values, which varied from -3.77 to 3.42. On
average, each respondent completed 14 items, with a standard deviation of 4.33. The standard
error of measurement varied between 0.26 and 0.45, with an average of 0.34.

Overall, the MetaCAT system appears to be an effective tool for evaluating students'
metacognitive awareness in ODL environments, as evidenced by the wide range of abilities
and standard error of measurement values obtained. Further analysis and interpretation of
the data may provide valuable insights into the effectiveness of the MetaCAT system and the

metacognitive awareness of the respondents, as illustrated in Table 2.

Table 2 Descriptive statistics for metacognitive awareness measures in MetaCAT system

N Items Theta SEM
M 13.63 0.82 0.34
SD 4.33 1.95 0.02
Min 4.00 -3.77 0.26
Max 28.00 3.42 0.45

Note. N Items = number of items on the test, Theta = the ability estimate, SEM = standard error of

measurement, M = mean, SD = standard deviation, Min = minimum, Max = maximum
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The first indicator, based on the analysis of adaptive measures in computer adaptive

tests designed to assess metacognition in distance learning students of open universities,

reveals a significant correlation (0.70) between the estimated ability of test takers and the

difficulty of administered items for each examinee, as illustrated in Figure 3.
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Figure 3 The correlation between test takers' ability estimates and item difficulty

Fisure 3 employs different colors for dots to represent individual respondents

(session_id), with the horizontal axis indicating the ability estimate (theta) of the respondents,

and the vertical axis denoting the difficulty of the items (difficulty_value).

The second indicator, which is the ratio of the standard deviation of the difficulty

level of the administered items to the standard deviation of the ability estimates for the

examinees, was calculated to be 1.32. This value indicates that the difficulty level of the

administered items is slightly higher than the variability in the ability estimates of the

examinees. According to Reckase et al. (2018) and Reckase et al. (2019), an optimal value for

this indicator is 1.0. However, values greater than 1.0 can still be obtained and are not

necessarily problematic. It is the distance from 1.0 that is important when interpreting this

statistic. In the case of the MetaCAT system, the ratio of 1.32 suggests that there may be a

slight imbalance in the distribution of difficulty levels, with a slightly higher concentration of

difficult items compared to the variability in the ability estimates of the examinees. This could
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be due to the item bank having a few extremely easy and difficult items, but not enough
middle-range items. Nonetheless, this sligsht deviation from 1.0 does not significantly impact
the overall reliability and validity of the CAT system in measuring metacognitive awareness in
an ODL environment.

The third indicator, which assesses the reduction in variance of difficulty parameters
for the items administered to test-takers compared to the variance of difficulty parameters for
allitems in the item bank, yielded a value of 0.61 in the present research. This statistic provides
valuable insight into the effectiveness of the item selection process in reducing the variability
of the difficulty parameters. However, when comparing this value to the findings of Reckase
et al. (2018) and Reckase et al. (2019) in their simulation study, it appears slightly lower. In
their study, they observed that the proportion of within examinee difficulty variance (PRV)
statistics were close to zero, indicating that the items selected for each examinee were almost
as widely spread as the entire item pool. Moreover, they found that a PRV value of
approximately 0.80 indicated a high level of adaptation. Notably, in the case of a 50-item
pool, the PRV was reported to be 0.62.

Discussion

The discussion presents the findings of the study, highlighting the adaptability of the
MetaCAT system in measuring metacognitive awareness in an ODL environment.

The first indicator, which shows a significant correlation (0.70) between the estimated
ability of test takers and the difficulty of administered items for each examinee, supports the
reliability of the computer adaptive tests in assessing metacognition in distance learning
students of open universities (Reckase et al., 2018). This suggests that the adaptive measures
employed in the computer adaptive tests effectively capture the relationship between the
ability estimate of test takers and the difficulty of the administered items.

The second indicator, which measures the ratio of the standard deviation of the
difficulty level of the administered items to the standard deviation of the ability estimates for
the examinees, revealed a value of 1.32 in the present study. This value suggests a slight
deviation from the optimal value of 1.0, as proposed by Reckase et al. (2018) and Reckase et
al. (2019). It indicates that the difficulty level of the administered items is slightly higher than
the variability in the ability estimates of the examinees. While higher values than 1.0 can be
obtained, it is important to consider the distance from 1.0 when interpreting this statistic. The
deviation from the optimal value in the MetaCAT system may indicate a slight imbalance in

the distribution of difficulty levels, potentially stemming from the item bank containing a few
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extremely easy and difficult items without sufficient representation of middle-range items.
However, it is crucial to note that this slight deviation does not significantly impact the overall
reliability and validity of the computer adaptive test (CAT) system in measuring metacognitive
awareness in an open and distance learning (ODL) environment.

The third indicator, which assesses the reduction in variance of difficulty parameters
for the items administered to test-takers compared to the variance of difficulty parameters for
allitems in the item bank, yielded a value of 0.61 in the present research. This statistic provides
important insights into the effectiveness of the item selection process in reducing the
variability of the difficulty parameters. However, when comparing this value to the findings of
Reckase et al. (2018) and Reckase et al. (2019) in their simulation study, it appears slightly
lower. In their study, they found that the proportion of within examinee difficulty variance
(PRV) statistics approached zero, indicating that the items selected for each examinee were
nearly as widely spread as the entire item pool. Moreover, they identified a PRV value of
approximately 0.80 as indicative of a high level of adaptation. Notably, in the case of a 50-
item pool, the PRV was reported to be 0.62. In the present study, the lower PRV value of 0.61
may be attributed to the relatively smaller item pool size of 52 items and the sample of 70
voluntary research participants. It is important to consider that the interpretation of the PRV
statistic depends on the specific research context and design. While a higher PRV value
suggests a greater level of adaptation, the observed PRV value in the MetaCAT system
indicates its effective adaptation to the individual ability levels of the test-takers, resulting in
a reduction in the variability of the difficulty parameters. Although the value is slightly lower
compared to the simulation study, it still demonstrates an acceptable level of adaptation.
However, further investigations utilizing larger item pools may yield higher PRV values and
potentially enhance the level of adaptation even further.

Exposure control refers to the ability to control the number of times an item is
presented to different examinees in a CAT system. The concern with exposure control is that
it may impact the item pool, reducing the number of items available for future testing.
However, in the case of a CAT system designed to assess metacognitive awareness, exposure
control is not a problem because it is a self-assessment test and low-stakes testing. Self-report
measures minimize the potential impact of exposure control on the item pool, as the
examinee's responses are based on their personal experiences and perceptions. In addition,
low-stakes testing reduces the examinee's motivation to cheat, further reducing the impact of
exposure control. Thus, exposure control is not a significant issue in CAT systems designed to

measure metacognitive awareness.
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In conclusion, the slight deviation from the optimal ratio of difficulty level variability
to ability estimate variability in the MetaCAT system may be attributed to the small voluntary
participation in the study and the use of the Graded Response Model (GRM) as the item
response theory (IRT) model. The smaller sample size and different IRT model used in the
present study compared to the simulation study conducted by Reckase et al. (2018); Reckase
et al. (2019) and Wyse & McBride (2021) may have influenced the standard deviation of
difficulty levels in the administered items. It is possible that the SD of difficulty of items in the
study is relatively larger, which could contribute to the observed deviation. However, despite
this slight deviation, the overall performance of the MetaCAT system remains reliable and

valid in measuring metacognitive awareness in an open and distance learning context.

Limitations

Despite the strengths and contributions of this study, it is important to acknowledge
several limitations that may impact the interpretation and generalizability of the findings. First,
the item bank size utilized in the study was relatively small, consisting of only 52 items. While
extensive analysis was conducted to ensure the reliability and validity of these items, the
limited number may restrict the comprehensive assessment of metacognitive awareness. A
larger item bank size would offer broader coverage of metacognitive abilities, enabling a more
precise measurement of the construct.

Furthermore, the study employed a relatively small sample size of 70 voluntary
research participants to assess the degree of adaptation in the Computerized Adaptive Testing
(CAT) system. Although efforts were made to recruit a diverse group of undergraduate students
enrolled in an ODL institution, the small sample size may limit the generalizability of the
findings and the accuracy of the adaptability assessment. A larger sample size would allow for
a more robust analysis of the degree of adaptation in the CAT system, providing more reliable
estimates of the correlations, ratios, and variances used to evaluate adaptability.
Consequently, employing a larger sample size would enhance the accuracy and

representativeness of the parameters used to determine the adaptability of the test.

Recommendation
1. Implication for practice
Based on the findings of this study, there are several suggestions for future research

in the field of computer adaptive testing and metacognition in an ODL environment:
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Ensure a sufficient item bank size: To enhance the comprehensive assessment of
metacognitive awareness, it is recommended to increase the size of the item bank beyond
the current 52 items. A larger item bank will provide a broader coverage of metacognitive
abilities, allowing for a more precise measurement of the construct. This can be achieved by
developing and incorporating additional items that assess different aspects of metacognitive
awareness in an ODL environment.

Moreover, implement a diverse and representative sample: While efforts were made
to recruit a diverse group of undergraduate students, it is important to increase the sample
size to improve the generalizability of the findings. A larger sample size will provide more
robust estimates of the adaptability of the Computerized Adaptive Testing (CAT) system and
its ability to measure metacognitive awareness in an ODL environment. In practice, researchers
and practitioners should aim to include a larger and more diverse sample of students from

various academic disciplines enrolled in ODL programs.

2. Recommendation for future research

Based on the findings of this study, there are several suggestions for future research
in the field of computer adaptive testing and metacognition in an ODL environment:

Firstly, investigate the impact of item pool size: Future research should explore the
influence of item pool size on the adaptability of the CAT system in measuring metacognitive
awareness. By utilizing a larger item pool, researchers can examine whether the slight deviation
in the ratio of difficulty level variability to ability estimate variability can be minimized or
eliminated. This will provide valuable insights into the scalability and effectiveness of the
MetaCAT system when applied to larger populations.

Secondly, compare different IRT models: To further understand the performance of
the CAT system in measuring metacognitive awareness, future research could compare the
results obtained using different Item Response Theory (IRT) models. By using alternative
models such as the 2-parameter logistic model or the generalized partial credit model,
researchers can assess the impact of the chosen IRT model on the variability of difficulty levels
in the administered items. This will contribute to a more comprehensive understanding of the
measurement properties and accuracy of the MetaCAT system.

Finally, investigate the relationship between Item fifficulty and ability estimates:
Future research could explore the relationship between item difficulty and ability estimates
in more depth. By analyzing the specific items that contribute to the slight deviation from the

optimal ratio, researchers can identify potential factors that may influence the difficulty levels
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and refine the item bank accordingly. This will allow for the development of a more balanced

and representative set of items that accurately reflect the metacognitive abilities of students.
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Abstract

This research aimed to (1) investigate and synthesize specific models and
characteristics of a digital empathy scale to measure and assess upper secondary school
students, (2) assess the needs of the specific models and characteristics of the digital empathy
scale, and (3) study the psychometric properties of the digital empathy scale through
application of the Item Response Theory. The study was divided into 3 stages. Stage 1 dealt
with the study and synthesis of the model and characteristics of the digital empathy scale.
Data were collected from a literature synthesis and interviews with 5 experts. Data analysis
employed content analysis. Stage 2 dealt with assessment of needs of the models and
characteristics of the digital empathy scale. The target group comprised 143 teachers and 755
students, totaling 898). A need assessment form was used in collecting the data and the
modified Priority Needs Index (PNI) was used in prioritizing the needs. Stage 3 dealt with the
study on psychometric properties of the digital empathy scale. The target group comprised
755 students. The digital empathy scale was used in collecting the data and the Grade
Response Model (GRM) was used in analyzing the psychometric properties, namely: (1) content
validity, (2) reliability, (3) item information function, (4) test information function, (5) slope, and
(6) threshold, using the MULTILOG 7.03 program.
The findings revealed that:
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1) The digital empathy comprised 5 components, namely: posting, sharing,
commenting, responsive reactions, and other forms of assistance. The majority of the
measure's format and specific characteristics were multiple-choice with multiple scoring.

2) Regarding the needs of the specific models and characteristics of the digital
empathy scale, it was found that (1) the rating scale ranked first (PNl ogifieq = 0-154), (2)
the scale with no more than 20 items ranked first, (PNl odifiea = 0.150, and (3) the online
format of scale ranked first (PNIyogifieq = 0.144).

3) The psychometric properties of the 20-item digital empathy scale, on the whole,
met the criteria, with content validity from Index of Item Objective Congruence (I0C) ranging
from 0.67-1.00, total reliability of 0.922, item information function values ranging from 0.196
to 15.097 at ability (8) ranging from -2.20 to 1.40, test information function value of 76.384
at ability () -0.40, slope ranging from 0.87 to 7.72, and threshold values f(sE) ranging from
-3.37 to -0.77 and B (sE) ranging from -0.41 to 1.63.

Keywords: digital empathy, scale, item response theory
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NM3E¥IUATATIEDUANN NLATEATD
1) Avuauszifulumsfnwinardaasesitonansuas uidefifsadesdusuuuy
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dofam (100) wuin Feramildlunsduaiuaiia 10C 1.00 ynseAs
3. maiususmdoys
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dunwal uuuislassaie Ingdndumsmamdnnisiidelusngud
2) Anwenansuarauidefiisitestusuiuunardnuazianzvesdeaeuluuiun
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Tasmnendiia

1. ngudvang

[
[ Y]

nguilmanglunsnuszesdt 2 loun agiasunazdiFouszfuduisondnw
poulany Ty 898 au lnsnsdadennauitmanedeiinusinisdadon fil

1) nguihmneduagdaeuiioglulsaSeudsindiinnuaniiuiimsdnudseung
wm 1 (@ 1) uazddnauesiufinsfnwiisennu 1 2 @ 2) SdunvestnFousiuan
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2) nguthmneludSeussaududsenfnulin 4-6 Teglulsadeudsindrinan
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msRdvailensianas Ussiiudidsussiutulondnumeuuaeluamssuil 21 Ssusznaude
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1) fsruedauys waeieaisentsta wasfvundemvesiuUsuasdiausd
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1) psradeUAMNTNLAIDITDTNATIATIN BTN (content validity) Tnen15AAs129
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Tsunsudusagy
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(100) 1.00 Nn518115 wagnaasdlduuuysyiduiungunnassldinIasdednuiu 30 AU WU
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i1 X; fewdu 0 wazdildrsuuuwindu X; Wieuinnitdedndu 1
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1.2 ugUBUUYeINInsin Usenaudie 2 JULUU LAl wuuidiennaunaiedaiien
(Multiple-choice question; MCQ)/11815USzu18UA 1 (rating scale) LAZWUUAT 19AIROU
(Constructed-response question; CRQ) ATUANBUZLANIZUVDINIATIA F9M5UIINNIATIY
Winguuunudi 1 2 sUuuu launn1snsialiinghuuuuugose waensialvinghuuluuvaee
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uldlaismedias Tumsideaded Swundu 3 du ldud 1) sUuuuresnasta 2) $1uau
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2. MUIUTDAIDY

2.1 F1uau Ly 20 98 3.87 3.52 150 1
2.2 97U 21-40 U9 3.59 3.44 066 2

3. nsin g
3.1 wuueaulay 3.83 3.47 0.144 1
3.2 LUV UMBU 3.96 3.61 0.128 2
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3. nansAnwauauAnsdafitveswasianisienlawruldlasmnedsnai waudu
iemsiauazusafiufBeussdutudseudnuimeutasluanissuil 21 Tnennsuszgndld
nQefnIInauauaIdasau

AaudRNedndiRvensinniselanildlas 91w 20 enisdau Tuamsiy
damnmenunmst Tasdnanislienginnuasududemaindt 10C agsening 0.67-1.00

Aruifissisaty 0.922 Aansaumavesdoaeuiidnsswing 0.196 s 15.097 @ ANLAINID (6)

Faur -2.20 B9 1.40 AIANTAUNAYOILUUADY 76.384 21 AINANLNTA (8) -0.40 ArANTuT

Y0ITAINN (A) AR89 0.87 D9 7.72 wazAunsalean B;(SE) 1A5EnIN -3.37 §9-0.77

waz B, (SE) HA1921IN8 -0.41 83 1.63 A9A198 3 Lag 4

A543 NNSUTTUIUAINISINLNDIVDITIUNITANDININUINTUSELUAT 3 52aU Ieeld Graded

Response Model (GRM)

518NN a (SE) B (SE) P2(SE)
1 1.88 (0.32) -2.77 (0.59) -0.24 (0.12)
2 4.29 (0.49) -0.88 (0.11) -0.28 (0.06)
3 7.12(0.76) -0.77 (0.08) -0.41 (0.06)
a4 1.47 (0.26) -2.04 (0.44) 1.39 (0.21)
5 2.77(0.47) -1.13 (0.22) -0.13 (0.09)
6 2.36 (0.40) -1.92 (0.40) 0.08 (0.09)
7 5.60 (0.87) -0.91 (0.09) -0.16 (0.05)
8 7.65 (1.23) -0.83 (0.08) -0.38 (0.05)
9 2.01 (0.31) -2.13(0.43) 0.76 (0.12)
10 3.01 (0.46) -1.23 (0.20) -0.12 (0.08)
11 2.86 (0.43) -1.45(0.22) -0.17 (0.08)
12 5.45(0.84) -0.84 (0.18) -0.17 (0.05)
13 7.72 (1.20) -0.87 (0.08) -0.34 (0.05)
14 2.23(0.33) -1.61 (0.25) 0.52 (0.10)
15 3.89 (0.59) -1.02 (0.11) -0.17 (0.07)
16 0.87(0.23) -2.76 (0.86) 0.79 (0.23)
17 0.98 (0.23) -3.37(0.91) 0.22 (0.17)
18 1.26 (0.25) -1.88 (0.44) 0.70 (0.15)
19 1.25(0.26) -1.94 (0.47) 0.53 (0.15)

N
(@]

0.94 (0.21) -0.82 (0.30) 1.63 (0.32)
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1) lduuyUELLR 831930951 ieidead 2) deudin WEindfiieafumnan 3) Beuiiay
WARIANUWILILLIUIN UaY 4) a519daAnuIAtNTERNS ULAZLANSNAIULANG

NN ATl dLAT g1 SULUUTeINATIA Usenausne 2 suluy laun
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Abstract

The purposes of this research were 1) to develop a basic scientific process skills test
that was consistent with the indicative behavior of scientific process skills, and 2) to analyze
the quality of the basic scientific process skills test, which comprises item difficulty, item
discrimination and reliability of the basic science process skills test. The sample comprised 42
grade 1 students of Hiranrat Phakdi Wittaya School in Nonthaburi Province, obtained through
purposive sampling. The instrument was a 3-choice basic science process skills test. The data
analysis followed the item analysis method according to classical test theories, by using Kuder-
Richardson Method (KR20), to find content validity, item difficulty, item discrimination and
reliability.

The results were as follows: The 22 items of the basic science process skills test had
the index of consistency (I0C) with the indicative behavior of scientific process skills between
0.67 to 1.00, assessed by 3 experts in science education and primary education. Then, the test
was tried out with the target group. The tryout yielded the item difficulty ranging from 0.20 to
0.80, item discrimination ranging from 0.20 to 0.60 and the total reliability was 0.78, which was
in the high level. So, the test could be used to measure basic science process skills of grade 1

students.
Keywords: basic scientific process skills test, test quality analysis
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(lsaFauiisysnugsanaing)) Yn1sfnw 2564 91u7U 42 AU LLBIINLUUIRTNEBENTEUIUNIT

o
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MAneImanituiugunasuazgnilvldlunisyssliunainwenseuiunsmangmansves
o & = ~ d a a 9 9 o S0 a o o e

uniSgudulszaufnuin 1 lsaseuanSaumingrdenudgaiugiumiauidunisimuntniseuide
Tuusaey1inmuIn1silen (progressivism) danaliuaazdulssuiinisrazinisauiitng nans Lazeou
ageiiu JedenndesiuusunnisAarseAuALaTavedlsaseuiadlse (saseuisysugsang
e Fvdsdenisaseusinandungudmneienuleyalunsinseiaunimwuuininue

NILUIUNIININEAERTTUNUFIY

2. psasianlylunisivy

[
&

fumaud 1 eeniadesiiatntinuznszuaunisnisinermandduiiugiu (basic science

process skill)

1.1 MuuageysninevesnsiauazUssiduna Ao iodauasUszifiunasinue
nIEUIUNIMIINEmaRTtuiugIu (basic science process skill) TastinGeutuussoufnui 1

1.2 Anwianumine domvesinuenszuiun1smaing mandduiugiu (Basic
Science Process Skill) mﬂLaﬂmsﬁLﬁ'méﬂ’aaﬁﬂwﬂssmumimﬁwmmam%%uﬁugm NTRGERH
dlaluflionn anumane nseianunsafvunaussauzuiongAnssutetndeinisazin Saazdes
ADAARINTHUILNTINENTZUIUNTNTING AR STUTIUSTU MuWLIVI398s The Institute for the
Promotion of Teaching Science and Technology (IPST) (2011) el

- Wnwensdann (observing) Ao nslduszamduda ldun a1 v ayn Au waz
Fduda Welfumuradeya dnwae Meazidonvesdsvewieusngmsaiiindsding

- finugn15Tn (measuring) As n15ldiag esflesne  lun1sds me wastaiiavfiv
urteyaludnvazdoyafiiubaiinm

- IN¥ENITAIUINUT BNTLTALaY (using number) AD ATUIRULAVNIATNUA
AdnYEeg 1 FesryUTinavesdeing 4 Aindsdnusanamasnndesdy

- Winwen1s9uunUTEIAN (classifying) e NM153AngNAswemieimanisaieanidy
Uszameng 4 Tnefiansananauaudiiviioudu duiusiu viedsturesdmomiemamsniiy q
F9p1aiiButsldvane s Tuagiuinaeily

- YIN¥ENIIIMIANUFUNUS SEIvaUr A vaUguaz alugiuiaan (using space/time
relationships) A® ﬂmmmmé’uﬁuéizmNﬁa%aﬁmqiwdwﬁ‘hLLwﬂqﬁagjmaafmqwﬁqﬁuﬁﬂi’mqwﬁq
waysgmismaAs i edifveingfunafiudeuly

- ﬁﬂwmiaﬁ'ﬂﬂszﬁwLLazﬁamwmmaﬁﬁmﬂa (organizing data and communication)
fio mathteyafildnannssusndeya sdnnseshlmifiotiauslridudlannumne

- WinwensasanuAniuandeya (infering) Ao MseSureifiumuAniufudeya
fildannsdannegrsiimnalaendoruiuazUssaunisaliiy

- inwen1sneInsal (predicting) A N15ANAAZIUAIABUANULINBUILNARDY

lngodeusingnisalilfingy nann1s ng vise noundeguailuseniuitiasy
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(% [
6 =

1.3 a9fl0a319uUUIANNEENIZUIUNITNITNEIA1EnsTUN UgIU (basic science
process skill) 19U wuunegeuUsdedanuvuzidudaniunisal 3 duden 1uIuanum 40 98

1AL UIgRTIEIUTIUIUTRANUTINHENTEUIUNTNININGIAERSTURUFIU AIN1579 1

M1919 1 F1UIUTDAOUIMUNAINTINBENTZUIUNITNIING AN TTUNUFIY

2
g o

MINWENTEUIUNTNIINGIAEATTUNUFIY 31uu ({a)

YINWEAITAUNG a
YINYEN15IN

yinwrnIsUnUITZLAN
finwgeNsMANUEURUSIEIsaUanuaLUs
YINWEA1TATUIU
vinwznsdansyyiuazdennuvsnedeya

invgnsasnnaiivaindeya

o oo A o0 A A~ O

PINWENITNYINT

Y199UA 40

*x 09N IARZWULTY A 1 kay 0

NneEAsawna (Observing skill) Wineznisdmnszviiwazd aAdquvuisdoya
A) “:'B"J?L?juifag?%t’;mﬂﬂ"li'm,lnﬁu (Organizing Data and Communication skill)
. Anengladafouy D) finseyaAugaasinSuusalul
an e a
@, A gidiaSrudu

=% = Winn A gandn dlowdgs B
A. AuAzleunAUIVaTY
Wil 3 gadiy v C

nneEn13In (Measuring skill)
maiwmetisyeludelegndies

LI Ll LI 1 L) I
AT n witugivmrznd - wrngrsadediu - rragidndie

D - ‘D

Hirgw A il B el Birs e A Asuizs Budsuil © i Aol Bubonfa ©

nneenTnanTal (Predicting skill)

E) nisveaaadsalan 3 daluddanfieyluuiionm
3 ]

= A v e PO
LAEafiid I'ﬂt‘L‘iﬁ'ﬂ"ﬂ‘TﬁLiﬂ‘Tﬁuﬂﬂ‘:u \ﬁdzﬂ

B) 3 nnw gunssivliala srwnniiga

A Uanm 2. nIIlng A. Auds Q

WAREAITHIAIUE UWUS sEuTraaUenuals LA - - | Lo \_.*}\:.|
A Ti-

. Y4
wazatdgnuaan (Using Space/Time Relationships A -
SKilL vadd 1 Onch uandil 2 Tashr
=3 s . 1 s Bl = s o =_=
rnuamitiuhod tmuednses 100 e S InnTnaEed telarmazudsfandaduly 3 Auesi
S [ el Gl Teviilagndas
Bama | 15 " = R
Aawley ] 13 A pdanis 2 gasingan
Bfen | L v . s o
Bl | 16 . Uandii 1 S msonuazUangd 2 my
o P N TR = a oae o o o sl
Q) T dle Jadsudaundudusuf 3 Al Usdi 1 enewazdangi 2 $33nsen

A anfvddn o dnfvfefios AL dnfenBuees

AN 2 KARIFIBEILUUTA AU FAFDNUENANUTINYENTZUIUNITVNINGIAERSTUNUFIY

wag A) A. B) 9. C) A. D) v. E) %.
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skill) uuuumnaeuUstiofidnuusdudsaniunsal 3 fuden fassiulpediss Swutoun 40 4o
g Beangy 3 viu et
1) e1sdaatugauAnuIdITasunsiansEeu/msussdiumaemansing
2) 138anTugaudnudisimsunsinnisSeus/msusziliunase fulszondnw
3) Agiouimmdnmasumsasuinemanslusefudszanudnw
TnefiFemgusziiuaugnies amuaonadeuaz AN ALY LUU TRTINYY
nsEUILNINISINEIMARs U ug L (basic science process skill) uazinausinislsiazuunwuyIa
ﬁﬂwgﬂizmumimﬁwmmam%%uﬁug’m (basic science process skill)

1.5 ﬁ’wLLUUiJmﬂ’ﬂwmzmuﬂﬁmﬁmmmam%sﬁguﬁugm (basic science process
skill) lunaaedldiunguidmune

Funouil 2 nansndeunmnNTBILUUTATINYENTEUIUNTEIMENMERS T uflug Y
(basic science process skill)

2.1 MuuARITad IS UN15UTET UATIIABUAMAINL UL IR N BENTEUIUNITNIY
‘3‘1/1mmam§%’juﬁyu§'m (basic science process skill) Tnediwadiasisi] Amuenn (p), Ardrmrasiuun
(1) uay FALdesiy (KR20)

2.2 dndunisiiuieyalaglduuuiainuznssviunismeinemansd ulug
(basic science process skill) fiungusdmune

2.3 315129 UARANITATIVARUAMAINLAT BITBRUUTAT N BENTEUIUNITNIG

(% (%
v A

a 3 . . .
INYIFIANTVUNUFU (basic science process skill)

panLuLtaaaU fvunInUTzaA MimundoaaumuAiwuz

=
N1380U BSI:LWJF_I]“HWQJ

ATMUARNTIOUE WORNTTH - Y . 4.8 o
i flu U'i:;mummgnﬁml,ﬂdm,uam NnEuLASDILany
UIBd0In159zin « wd :
lneidieaney neud e
= $ 3 = o [
A3vasHY AAUATY VU NAZLIY
h
MINTINEBY mMuuaiadadmiuns . - R .
» ~ A - ALUUNTITRTINED U APSIZRLYaNanIs
AN TaaEU UssiunsivaauAsnailo
ANSHASITADY

- AAenn (p)
- Andunadasun ()
' Y
- ANATALTALI I(KR20)

v [
v A

AN 3 ﬂi%U?Uﬂ’ﬁﬁWU’]LLﬁSﬂiSLﬁUQmﬂWWLLUU’?@WﬂHSﬂ?%U’JUﬂWiW‘N%WBﬁﬂﬂaﬁgﬂuwuﬁﬁu

(basic science process skills test)
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3.1 Y9L9NA130LYININNMING§BI WA gaIuatium Wesuiunisiiudeyaain
TsaSeunguitvine TnegideuszaiunslsaSoungudmne evenuiamielunissvs
TnelilseFouhnuuinnuenssuiunameinemansduiiugiluaeuiuinEsunguidmane

3.2 ﬂgﬂizﬁi’w%’juﬁmwui’mﬁﬂmﬂigmumi‘mwﬁmmmam%%’uﬁjugmlﬂﬁmﬁmmaauﬁ’u
frssunguidwane leeduissinasnisiidessy 1dnat 1 $1lus InedniFeuszuefnouady
nszAuRmBULULNAeY evuanatdey asUsssiduiiuuuunaaeuiiul lnediduoeniing
AasunisaeuiilssisunguitmmenfeutaAununuuuuiawasnszavime vl ouily
AT

4. MsATideya

4.1 MamAuAmLUUIaTinuEnIEULNTIINe mansuiiugu nseFeUATLRSY
Badlonrirfienuaenadosiungfinssutdinsenszuaunimmsdnemanslasdifeanngy 3 v
Foudendorandiian 10C daus 0.50 11U (Rovinelli & Hambleton, 1977)

4.2 MamAmanLUUTATN N sEUIUNIIMEINeImanst ul ugu duamen
Tnefiarsansededinusinisutanadiamern famss 2 Famsadendemaiuidaanin

ASLEBNAIANNYIN BEAIUA 0.20 - 0.80

M99 2 LNuTin1sulanaf1mNeINRIwULin (Saiyod & Saiyod, 2004)

AAUYIN nsudana
0.00 - 0.09 g1nUIN
0.10 - 0.19 81N
0.20 - 0.39 ADUTNENN
0.40 - 0.60 Y1unang
0.61 - 0.80 ADUT19E
0.81 - 0.90 38
0.91 - 1.00 381N

1 v
v A

3. MIMAUAMLUUTATINBENTLUIUAITNTINGIMARSTUTUFIL ATUEIUIRTIUUN

TagRa1sauns1edaiinueinisulanans unadnLun (Ebel, 1978) Aannsg 3

A9 3 LNATINSLUARAAIDIUIITIMUNVDILUU TR

AN9IUIITILUA Aswdana
1INNNTBWINAU 0.40 AN
0.30 - 0.39 A
0.20 - 0.29 wold Usuugadaden

Ypgniviseviniu 0.19 AN AITARNY
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4. NFMAUNMNKUUIATINBENTEUIUNMITNIEINE M @RS Tuiiug Il duaudetulagldls
ARG el uluuANIdenATBInglurennes-SYTAdY dinawiniswlanad1AduY sy
(Ebel, 1972) fl94p1519 4

A1519 4 LTINS UARAAIANULT BT UTBILUU TR

ArAandiadiu mMsudana
0.01 - 0.40 audesiuszaus
0.41 - 0.70 avudesiuszduuiunans
0.71 - 0.90 Adesiussiugs
0.90 - 1.00 mmﬁaﬁusxﬁuqamn

NAN1539¢

[ v
LY ~ v

1. puudninyenszUIUNITIdneIman Tt U ugw vesdnissudulssaufnuiUn 1

¥
v A

ML Tununmdw 22 48 aguiluserinyenszuaunsnaineimans aadl

A15719 5 LUUNAADUNTNYENTLUIUNIIINGIFNEAS N TAUAINIIUIY 22 T8 asuidusievinue

q q

v
§ v a

ATLUIUNNTNNINGIAENT A9l

° PN =3 ° o
o a ¢ ﬁ]’m’m‘wa%’lwu FUIUNUAUNTN
NNWENITUIUNTITNININYIATANT

(99) (1)
1. Ninwen15d3Lne (Observing) 4 2
2. yinwen133n (Measuring) 6 3
3. Winwenslgaa (Using Number) 6 4
4. Ninwen13atunUsean (Classifying) il 2
5. finwEN1IMIANNFURUS SE IR valUglavagiuan
(Using Space/Time Relationships) a4 2
6. ﬁﬂ‘lﬁ}%ﬂ’li{fﬂﬂi%ﬁ’]LLﬁSﬁﬁ)ﬂﬁ’mmﬂEﬁ’Jj@yja (Organizing Data and
Communication) 4 2
7. finygnIasRnuAnuIINdeya (Inferring) 6 3
8. vinwyn1swensal (Predicting) 6 4
39U 40 22

2. wuuiarnuenszUIuNIIeIng mans duiiugiu vesiniFsudulszoudnundi 1
ity ﬁﬁ’]ﬁﬂjﬁmmaamﬂé’amﬁzmN%ﬁwmmﬁ’quaﬂiimﬂq‘%ﬁﬂwzﬂizmumimﬁmmmam%
(I00) vasuuuNAda U wENTEUIUN T mansduiiugy Ussidulaeddervgegluns
wangaudiuiy 33 9o FallArmuaenndeariniu 0.67 - 1.00 LagNanTIATIZIAIILENN LAY
srunaduun wudh ddefomdifaanm $1uau 22 4o derauen (p) faus 0.20 - 0.80 uax
A8 ATIUN () Aaust 0.20 — 0.60 Taeiidasauiifiannueinuaysnasuunlaltuins

7 U8 T 18aZDUA LULARLINYE AIA1TI9 6
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M99 6 NANTITIATIEVIAIULINLALDIUIVILUNVDILUU IR

ANWSNIZUIUNITNG | ANUTIBIRTS A2UYIN 81U U
INYFEns e 10C wlana P wlana r wUana
1. YinwgNsaLnm 1 0.33 ligonAang - - - -
2 0.33 liigennans - - - -
3 1.00 AOAAADY 0.70 AOUTNIY  0.30 A
4 1.00 ADAARDY 0.70 AOUTNEY 030 A

2. finwemsin 5 0.33 liigennans - - -
6 1.00 AonAD 0.86 e 0.10 i
7 0.33 liigonndos - - - -
8 1.00 AOnAADY 0.79 AouYNY | 0.43 fAunn
9 1.00 ADAARDY 0.80 AOUTNEY | 0.40 AN
10 1.00 ADAAADY 0.80 AOUTGY 038 A
3. inwen1sLUa 11 0.67 ADAARDY 0.86 Y 0.18 i
12 0.67 ADANRDY 0.86 1y 0.18 i
13 0.67 ADAARDY 0.20 AOUTNEIN | 0.20 wold
14 1.00 ADAARDY 0.80 AUy | 0.34 A
15 1.00 AOnAADY 0.80 AUty | 0.3 A
16 1.00 RGN 0.80 AOUTNIY  0.20 wald
4. Vinwen1s9uun 17 0.33 liigonndos - - - -
UszLam 18 1.00 RGN 0.80 AOUTNSY | 0.40 fun
19 1.00 AOAARDY 0.76 AOUTNEY | 0.20 waldf
20 0.33 liigonndos - - - -
5. Vinwen15M 21 0.33 ligonAang - - - -
ANNFURUSTENIN 22 0.33 liigonndos - - - -
asivaglazas | 23 1.00 GRIGREN 0.70 AouY1eY  0.60 funn
Aulan 24 1.00 ADANRDY 0.80 AOUTNIY  0.20 wald
6. Vinwgnsinnseyin - 25 0.67 AOANRDY 0.12 9N 0.08 i
wazdennumng 26 0.33 liigennans - - - -
Joya 27 1.00 GREGRE 0.80 Aoudadey 020 wald
28 1.00 AOnAADY 0.80 AOUTNY | 0.30 B
7. inwrn1atAg 29 1.00 ADAARDY 0.57 Urunad 0.30 A
Aniuaindeya 30 0.33 lyigenndes - - - -
31 0.67 ADAARDY 0.80 AOUTEY | 0.30 A
32 0.33 liigonndos - - - -
33 1.00 AOnAADY 0.71 AouY1ee | 0.30 A
3 067 aonAdDN 0.86 e 0.01 i
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nweNszUUNTING | AMULTIEn TS AU8IN 81U1AT U
IneFans e l0C ulawa p ulana r ulana
8. YinwgN1SNYINTa 35 1.00 ADANRDY 0.80 AouYee | 0.30 A
36 1.00 AOAARDY 0.64 AOUTNEY | 0.20 wold
37 1.00 AonAD 0.90 e 0.06 i
38 0.67 AOnAADY 0.90 18 0.06 i
39 1.00 ADANRDY 0.52 Uunang 0.43 fAunn
40 1.00 ADAARDY 0.25 AOUT9EIN  0.30 A

v v
Y N v

2. WuudainwensruINn1TNIaINg ImansTui ugIu vesdnissutulssaudnwiUn 1
ANAUITY TArAutaduneTunady (KR20) 1NHU 0.78 UN8AINUINWUUNAA@D UL AU DL

agluszdiuas

aAUs1EHa
1. BUUIAYINEENTLUIUNITNNINGIFNEASTINAUITY TARsEAINNEBARaRUYINAY 0.67
- 1.00 97u7u 33 99 lnetorauluwuuindaiudennasdungfnssuusd tesandadiny

va o 174

NAdeasevuiSsudesldvinvenseuiunismadinereansiunisneudedniy luildieinainug
o a % a 1o & g [ [ IS =

ANuT1 warn1sUsEllwinvenszuIunImMaInemanskidndusesdunuuinguuuullsuneunse

UURNswiniL anansavilalugUiuuvesdeseuwuudanaey (multiple-choice) 4 (Pruekpramool,

| [
= 'a U < v LY

2014) Far3dedavannisuaztuneulunisaiiauuin lneivungnming siagUukuuvemuUin
%ﬂLLUUi’maﬁ'uﬁLﬁugﬂLLUULﬁaﬂmaU (multiple-choice) Manefidenififudonmunzay (Panjanghan,
2021) uagdauuuinfiatuiinsouaquinuznszuiunmsmeingimanstuiugiu 1 8 vinwe Tdun
NN¥eNITd9NA (observing) MNweN131A (Measuring) MNELN1IANUIAL (Using numbers) in¥eA1S
TunUszian (classifying) Mnwen15nIAUF NN US seul alan vallauazadanuiiad
(space/space relationship and space/time relationship) MN¥zN1T3 ANTLYI ward oArunuiey
To38 (communication) Wnwgn1snensal (predicting) Warsin¥en1383ANLAUIINT BYA
(inferring) Tnes 378 nw1d 431510 gudeday waznsranuliidaiuauysalnsudlu (Senarat &
Senarat, 2018) ﬂ'auﬁﬂiﬂﬁ;ﬁmﬁuwﬁmimmmaamﬁé’@qﬁquamiuﬂa% MugIdelFRdunng
aundnlunisadrsuuuinfanliuuuiatnugnseuaunismeinermansfinaunty Seiaanu
AonAdafungAnssuUsivinuensr UMM manstuiug 1 (basic science process skills)
2. fofmutanuadiuau 33 4o ldkunusinsssdiuauni 7 4o ldunded 6, 11,
12, 25, 34, 37 way 38 G990 25 sadudemaiufiorniiululnesarinwen1ssansyruazde
avuvanedeya Tassdemaudumislidoyaifetuigindinveside iWeliindswdenitns

Janspviuazdeauvinedeya willedidensiaaeumidinlundngasununatsnisfinuduiiugiu
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WNSANIIY 2551 NquaTENIsiTeuImemans UuUTuUTe w.A.2560) wuln MIdaeriuiEes

T3nsTinvesdnitueg seautuuszaufnuin 3 Fedanavideriaiui 25 darueniiuludmsu

[
v A LY v v

JnSoutulszoudne U9 1 FiiuIdonaisenaIneimansiudamaiuninyineenszuIung

o A

mﬁwmmam%ﬁmmzamﬁ’mzﬁummiuamﬁﬁmm;ﬁgﬂﬂimﬁuﬂu%aﬁmmwﬁa%’wLLUUi’mgé’aq

v g

= =

Filafls Usgnauduvinuemsdnnszshuasdeaumnevesdeyaduidemdedeuvasinugdion
Fevilideaausanandlauniuinast (Panjanghan, 2021) dwsudefl 6, 11, 12, 34, 37 was 38
dudamowideduluuaglifidiunasuun WesmndedouiidemdainFounnaudomsy
wuanfunisaiedaasfindaauAuly (Lekhakula, 2014) Sasilvidadamits 6 Tafivaluinwy
n13539, vinwensldiaias, sinvenisasnnudniiuaindeya wasinwenisneinsal ldrunue
e un NN LLUU’S’mﬁ'ﬂmmzmumwwﬁmmmam%iguﬁyugm (basic science process skills)
Fsasuldnanmsiiengiaunmuuuinsete fdemamiiunsdadondiuau 22 4o Failen
ANNEN (p) Faust 0.50 - 0.80 ANEIER ML () agjf?]’juwi 0.20 - 0.60 warANLEEIUYBIKUUTIAFEY

y9aUU WnNuU 0.78

YoLEAUBMUY

1. Yarduanuzlunsuinalve iy

1.1 huUTAn®ENIZUIUNISNIINGIAE@RSTUN USIY Taain Az un1sibuly

9 9
[

lun1svegeu ewinvenseuIuMINIIngIemanstunugu liutnissussauussaufnu Ui 1
wavausalfiduiuuinnguansynisseuiineimansuavimalulagvesinsutulszoudnwUn 1

a = a v a N o A ! |
GUENIiQLiUUIULﬂiaaqﬁ@V]‘W@QLi'EJUlIUﬂLifJuLfN NAN LU

v
@ a o =

1.2 WUUIRYNEENTEUIUNITNIINEIMERTTuN ugIu AdstdildataiadudnisAnw

v o =

a a o a ¢ v g = N = o =
WeyszliuiinwenszuiunImMaIne mansvesiniSeutuussaudnuUn 1 Fedanagiesdnilada
ABANEINNTalUNITEUYRNSEY FengaTIzatutediauwaziaentuwuuinliundnis ey
A v vy - a o D
\adeyalvilianuiensgeuaziinaunanindeutiosign

2. daauauurlunisideasdaly

2.1 AISINIANIKALATILULINTINBENIEUIUNIINIINIPEASTUNUFIUND o

£% ]
o v Y a

muidinfiesEsadumhensFouivemdngnsaniunu Weasstodanuaziidonlunuuin
faenpdesiutictouanomuneulusedivinermansuasmelulad

2.2 msfinsfnwuazadrauuulssduinugnszuaunsmeinenemans duil ugiu
TuseiuuszanAnwludnuaruuuiadsdodenneusiufuinissionisusyfiudy 4 wu wwuduna
ngfnssy wuuduntval deldlédoyadmivlsefiuinuenssuiuniamanemandlussdudy

U aUANNTALIULINDITU



a

71 29 Ul 2: nIngIAY - FunAl 2566
Vol. 29 No. 2: July - December 2023 81

References

American Association for the Advancement of Science. (1989). Science for All Americans:
Project 2061. The American Association for the Advancement of Science, Inc.

Ebel, R.L. (1972). Why is longer test usually a more reliable test?. Educational and
Psychological Measurement, 23, 249-253.

Ebel, R.L. (1978). Essential of Educational Measurement (3rd ed.). Prentice-Hall, Inc.

Miller, M.J. (2013). Reliability and Validiity.
http://michaeljmillerphd.com/res500 lecturenotes/reliability and_validity.pdf

Rovinelli, R.J., & Hambleton, RK. (1977). On the Use Content Specialists in the Assessment of
Criteria Reference Test Item Validity. https.//files.eric.ed.gov/fulltext/ED121845.pdf

Translate Thai References

Dahsah, C., & Seetee, N. (2017). Enhancing science process skills in early childhood years
through inquiry cycle model. Journal of Education Naresuan University, 19(3), 343 —
355. (in Thai)

Jaratsutthisorn, C. (2002). Development of scoring rules of Integrated science process skill
[Master’s thesis]. Srinakharinwirot University. (in Thai)

Jarenpornthip, A. (2007). Effects of Project Approach Experiences on Science Process Skills of
Young Children [Master’s thesis]. Prince of Songkla University Knowledge Bank.
http://kb.psu.ac.th/psukb/handle/2010/6361 (in Thai)

Lekhakula, A. (2014). Multiple choice question. PSU Medical Education Resources.
https://des.cda.or.th/home/DownloadFiles?fileName=MCQ Arnupa.pdf (in Thai)
Ministry of Education. (2008). The Basic Education Core Curriculum B.E. 2551. The Agricultural

Co-operative Federation of Thailand, Ltd. (in Thai)

National Economic and Social Development Council. (2017). National Economic and Social
Development Plan No.12 (B.E. 2560-2564).
https.//www.nesdc.go.th/ewt_dl_link.php?nid=6422 (in Thai)

National Research Council of Thailand. (2015). National Policy and Guidelines for Human
Research. Chulalongkorn University Printing House (in Thai)

Office of the Education Council. (2017). National Education Plan B.E.2560-2579. Prigwhan
graphics. (in Thai)


http://michaeljmillerphd.com/res500_lecturenotes/reliability_and_validity.pdf
https://files.eric.ed.gov/fulltext/ED121845.pdf
http://kb.psu.ac.th/psukb/handle/2010/6361
https://des.cda.or.th/home/DownloadFiles?fileName=MCQ_Arnupa.pdf
https://www.nesdc.go.th/ewt_dl_link.php?nid=6422

2MFEAITNMTIANANITANET UNTINYISURIEITAY

82 Journal of Educational Measurement, Mahasarakham University

Panjanghan, M. (2021). Development of Basic Science Process Skills Test of Grade 6 students.
Journal of Educational Measurement Mahasarakham University, 27(2), 221 - 235. (in
Thai)

Peerasaksophon, S., Meechan, S., & Kitpoonwong, S. (2017). Study of the quality of the test
SWUSAT used to select people to study in Srinakharinwirot University analysis by
using conventional standard test theory and test answer theory. Educational and
Psychological Test Bureau. (in Thai)

Pruekpramool, C. (2014). Assessing Science Process Skills. Suthiparithat Journal, 28(86), 352-
364. (in Thai)

Saiyod, L., & Saiyod, A. (2004). Techniques of Educational Measurement (3rd ed.). Academic
Promotion Center Publishing. (in Thai)

Senarat, B., & Senarat, S. (2018). Principles of educational measurement and evaluation (4th
ed.). Apichat printing. (in Thai)

The Institute for the Promotion of Teaching Science and Technology (IPST). (2011).
Framework and manual for early childhood science learning.
http://earlychildhood.ipst.ac.th/wp-content/uploads/sites/25/2014/09/Science-
Framework-for-ECE.pdf (in Thai)

Yousathaporn, R. (2008). Techniques and teaching methods in primary school.
Chulalongkorn University. (in Thai)


http://earlychildhood.ipst.ac.th/wp-content/uploads/sites/25/2014/09/Science-Framework-for-ECE.pdf
http://earlychildhood.ipst.ac.th/wp-content/uploads/sites/25/2014/09/Science-Framework-for-ECE.pdf

Ui 29 atfuil 2: nsngIAw - SunA 2566
Vol. 29 No. 2: July - December 2023 83

A15LAT1ZMR9IAUTENBUAMUEINNSA IUNIS g UVBIUNIS s USEAULSEURANYIRaUUaNe
TulsaSgudgainadntinauIaNunIsAN BNl saUANwL T 9 lra
Factor Analysis of Writing Ability of Upper Secondary School Students under

Chiang Mai Secondary Education Service Area Office

o

algfng Astlende’ way alld Ruene?

Nathasakti Siriniyomchai'” and Sunee Nguenyuang 2

(Received: January 7, 2023; Revised: March 2, 2023; Accepted: March 7, 2023)

UNANED

mﬁ%’am%ﬁﬁmma{wmaLﬁaﬁm'ﬁwﬁaqﬁUszﬂaummmmsa’tum'ﬂ,%maaﬁfﬂL'%'sJu
sduseufnwmeutans TulsuSoudsindrinmnuaiiuiinisinuibeudnudednl ngusegn
Ao UniSuuseusouAnemeulans lulsaseudstadinaumaiiuiinisanesisoudnudedl
970 5 139158U 97U9U 860 AU iﬁmimmidmmeﬁmsﬁﬁgumu (Multi-Stage random sampling)
A3 0eiledas Ao wuunegeuTanuawsalunsidou sinsas sauau 1 98 asraliazuuy
anuLnasin1sUsEliuaansalunsifouna 5 seiuseneau nsATevdeyaldadfigausseny
FulszAvdanduiusvoniiosdu uaznslnziesiussnoudeBuduselusunsy Mplus 7.4

NAN1SI8NUIT IAUTENDUTBIANNEINTalUN ST uYRd NS 8 USEAUNSEUA NEN
aeuvany lulseSeudsindinaumaiuinisinwssendnudodu Usznaude 5 ssdusznou
Ao (1) @unsyiausiion (2) Funisiieudeaiosn (3) @unistddmdne @) aunisldnie
wag (5) AUNALATNIINTYT LAEHNANIIASIVFOUAIINEDAAADINANNAUVBILULAANITIAAINEINITE
lunsi@euveninSeusyauiseufnwineulats wud leamsinlianuaenndeinaunauiudaya
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YeaAlad vindansvonAundslugUAzLULIATEIU (SRMR) Ay 0.025 TasesdUsznauiidl
AnminesdUsznaugean Ao ssdusenaudunisiiaueiiion (0.828, R%=0.686) 199a3Ae
29AUTTNBUAIUNITITN1 (0.569, R2=0.324) 5898911A80IAUSENaUAUNAbANIINTY1 (0.555,
R?=0.308) 5048431AB0IAUTENOUAMUNISS LB 83389317 (0.519, R?=0.269) WavasAUsenausiy

ASMIIAIANY (0.248, R?=0.062) mUaAU
AFNALY: AMUEINNIIIUNISWEY N1TIATIETeIAUsTNO U UdY Tnissudseufnwinaulae

Abstract

The purpose of this research was to analyze the factors of writing ability of upper
secondary school students under Chiang Mai Secondary Education Service Area Office. The
sample consisted of 860 upper secondary school students form 5 schools under Chiang Mai
Secondary Education Service Area Office, obtained through Multi-Stage Random Sampling. The
research tool used to collect the data was a writing ability test, which was a subjective test.
Scoring followed the writing ability assessment criteria in all of the 5 components. The data
analysis employed descriptive statistics analysis, Pearson’s Correlation Coefficient and a
Confirmatory Factor Analysis using Mplus 7.4 Program.

The results of the research revealed that the writing ability of the upper secondary

school students under Chiang Mai Secondary Education Service Area Office consisted of 5
components: (1) content presentation, (2) story composition, (3) vocabulary usage, (4)
language usage, and (5) language mechanism. Also, the results of the consistency examination
of the model for measuring the writing ability of the upper secondary school students showed
that the model was consistent with the empirical data when the Chi-square value (X?) = 66.046
at degree of freedom (df) = 61, Significance level = 0.307, Comparative fit index (CFI) = 0.984,
Tucker-Lewis Index (TLI) = 0.980, Root Mean Square Error of Approximation (RMSEA) = 0.010,
Standardized Root Mean Square Residual (SRMR) = 0.025. The factor with the highest factor
loading was the content presentation (0.828, R?=0.686), followed by the language usage (0.569,
R?=0.324), the language mechanism (0.555, R?=0.308), the story composition (0.519, R?=0.269)
and the vocabulary usage (0.248, R?=0.062), respectively.

Keywords: writing ability, confirmatory factor analysis, upper secondary school student



Ui 29 atfuil 2: nsngIAw - SunA 2566
Vol. 29 No. 2: July - December 2023 85

UNi

o w o

madeuluniauinueidAgdmsunsdeasludinUsgdriu Wunisuanseenieninug

AUAN ansuniANiAnvesideundeinisaenealdueu iunsaieneneenuluatednvel
9'nws (Office of the Basic Education Commission, 2008; Hosseini et al., 2019) @ s @ut281%
fANuyIAANRININITNINITS oY wywdldvinyenenslsuludinuseiuedramainnane
Lo s a o v oa a v a ¢
MuuAingUizasdlun1sdeans nmsigileuazaiunsadeaisninng auAn Ussaunisal wse

1% I

Jumunsvesnuedligeudilalituy SnluedsBndideurzdedamiuamsalunisdey Weosiae

&

va o v v o

= ‘:4' dll &4 ¥ @ a a = < v Yo ) ¢
IUﬂqilfUE’Ju\‘HULﬁﬁJ\ﬂ@Li@Qﬂﬁuﬁu'ULﬂUﬂﬁ]ﬂiﬁmﬂqiLﬁﬂu5W"UUsﬁau NLGUUUQWLﬂu@@ﬂEﬂﬂﬂaﬂijﬂqﬂim

U

=3

NI NsSeuseailon nalnluns@eu saudsidnd ienganusaaenenliddeulmdile
Tudaeudenisiiagdeans (Pek et al., 2019) datiy wnglsuinnuaunsalunisideuluseiu
d' ® < FZ = 4 ] = ¥
e Adululdinazaunsadsunueeninlisgadnuninee
1 [ v a Y q’/’ [y} < Yo v
9g19l3fin1y Msiauiadansalunisilsuresfssutunduilululdasudieein
Waleuiuiineen1saeasuselnmdu atonaiieaunannisdsudusinuefreudnaeniazineaiu
A aAu v ° Yo o a a ~ A & | ) v
nsguIunsAnNguden vinlidniseulneddyminisdeuuin deieiduglassanenisnauiniuy
FmisuasilutymdrAnlunisdnnisAnevesussimaniegeseiilas (Wasi, 1999; Chinnawongs,
2000; Rueangkitchanan, 2016) laglun1sfagimuiainuaunsaluniseuvesiseulvny uliy
AsHaourselmneItasT L lunzfasdnyiuasihenudilaneivesdlsznouresauaiuisaly
a v A A v A va a v v o ¢ O =
nseulvifnew WenasHaeunsedMineItesarliiesduseneuwmartiuluinaunursessnuuy
AanssuiionmuinuaIsalun1sleuveseu 119l wiiiiuanidnIvinisalaliuuife
d' [ (3 a z.:l' v a v £ ] ¥ a ] a .
W 82N UBIAUSENBUVBIANUAINITAIUNIST s U UNITEITNUIL1D1989 19U 1) wUIAAYBY White
(Rueangkitchanan, 2016; Sarajun, 2017) Aldszydtamuausatunisidey fesrusenay 3 Usenis
LAKA AMUGNABIVBINTIYY, AUMLIZAUTVDITAINIYT LALLENAMNVBILNUTDAUI BakazUTElen
%mmﬁﬁiy 2) WIPRYBY Jacobs et al. (1981 as cited in Suwannapracha, 2013; Intachai, 2016;
Sarajun, 2017) lasgyinAnuansatunisleuiiosddseneu 5 Usenis loun e, msiseuies
3095M, MAn, Msldnewiagnalainianie 3) wAnves Heaton (Intachai, 2016; Rueangkitchanan,
2016) Nlaszyitanuansatunisileuiesdusenou 4 Usens loun wannistdaiwn, dainsld
AW, NALNNNST B kAaNNSLABNT AN LMUNL AN WABIAUTLNDUVDIAIUAIUITAIUNISLTBU
(v 1 t:gil v < I3 I I3 ci Ql' v [ a
fana17t dnueanUsenaulngN NS Nk U UeIAUSENBUNLN 81 UINUANNAINITA NS LT U

aesangy Mekildssyanizinduesduszneuiivanzaududdeulusgaula Ysznaudulutegdu

Y 9

Y Va v

Favanisfinwesdusznouanuanunsalunisidsuniwivevestdneu vinlig3dewiuanud Ay
YBINITIATIZIBIAUTENDUAINEILITOLUNIST EUVBINNS U Taean1zee198sunssuluse Ay
o = ~ o | & Ao a o & v Yo P ) a 'y}

fseudnwineutany wWesanduyiduninSeudndudedlasunisiiniuinwe msdeulusyiugs

- I ! | = ' [ =
walugusissenludnisnwisieluszAugaudnw



2NFENTMTIWANITANET UNTINEISUURIEITAN

86  Journal of Educational Measurement, Mahasarakham University

N

[y

3939 lAILATIZIIRIRUSENAUALAILNS NS UTRIT NS sUSEAUITs U AN IR auUae

e

lulsassudeindrinauwaiunnisfinudiseudnvideddnl lneyamiuiieasslnesrusenounay
fU9TNN5InAINNEILSalUNISeUYRIlnS susERulsauAnwImaulate Tulsussudanaaiuneiu
& 4 ¢ ) ¢ a oAl vy v P al A o ) o

wanunnsAnwiseudnyideddua inelvgneveddidunsesdedmiunisnaaeu Tanauay
Uszifiumnuaunsalunissureatns ey wazldansaumanduselosiaan1snmuiniuaiuisa
lunisisuveniniFeudmsul usmisanufnw asdaou naonauyUnasesvesdniSoulas
va A v ° a v ) = v Y}

ANt ausatiasauman baluldnanuiawianuaansaluniseuresdnissussau
dssuAnwineulatglulsaussudsindinnuaaiunnisdnwiiseudnw e slminieludeindu

ol

AL VDINTTITY
WDAATILITBIAUTENDUAILAIUIT NS UVBITNLS 8 U NS 8 USE AU S UL AN

maulany Tulsassudannadnaunnunn1sAnedseuAnewTesln

FANTUNTIY
1. Uszynsuasnguiegng

Usz1nsd tgluniside lawn dniseudseudneineulate dadadinautunnud
nsAnwdseuAnwIeslng Un1sfnwyl 2565 49U 19,645 AU

nauAleg13lun153e Ton1simuarunfieg1aIndndiuvesdnuiuiegadeduIu
AMNTEILNTDaTY (free parameters) Tuluna TagmAuATIUILABENN 5 AU ABAIMITIIMD$DaTE
1 A1 (Damrongpanit, 2020) %39 10 AU fOAINITIALMBTDETY 1 A1 (Damrongpanit, 2020) FIT1UIU
! a fa a a v 3 dyd g.’/ ! Y 1 :.J/ o ¢ |l
Annsfiwesdasyluliaauuigiulunsiduasaliviaonun 49 fn vuavesiiegstuiiedi 245
- 490 AU

nauileg1alaulagldIsnisqgudteg1euuunalgdunou (Multi-Stage random

. al [~ 1 1 [ 1 al 4 1 [ 1

sampling) lnglalsassudumiislunsdunudndiuauialsasou laun auadn nane ng uag
Ingiivay anuaivesitinauAnenTuNISNSANY TR MNTudulsuSeunas@nulaenis
qUA79813UUULUITY (stratified random sampling) taelduuiaveslsusewdudiuus lguau
lsaSeunanua 5 15uSeu uagusiedeveslsusounsazauialagliisn1sduegiedne (simple
random sampling) Laghenseautuainaunlseseu lneanunsawenlaiidy 3 svaudu (Wseufnw
a Y = 1w a ' Y v ! & Yo B a o
UM 4-6) gavnededurinassuainuiasseauty Tngldnisduwuunusdu laduuieassuianun 40
MRS8U MedSyuarUsEannl 30 AU AzlATWINTNS LAY 1,200 AU FIUINNI1VUINFIBE19TUN
a o

AAmuUal) hazlieInnan1SUINIILASIEYYUA

RV



Ui 29 atfuil 2: nsngIAw - SunA 2566
Vol. 29 No. 2: July - December 2023 87

2. A3eleNldlunsive
a o g" v a A a v = [ a ) =

nmMyTelldaiewiolds As Luunegeuinnuauisalunisdey WunsiWeunou
WUUBRUY 97U7U 1 90 nsraliazuuuaiunu9n1sUssiduulsulunrazeedUsznauves
ANUANNTAIUNTWEUE 5 a1 Taun (1) sutien Umtnazuuuiosas 30 (2) AuUNIL38ULseY
13995717 Umidnazul $oaz 20 (3) arunsldadni Untdnazuuuiovay 10 (4) Arun1sidnie
UninAzuuuseuay 20 wag (5) arunisldnalnnienie) Winidnazuuusovay 20 lnoLnad
nsUssliunuRsuilfiTelausuanannasinisUsslivnulisnddvniswuuinseiesduseney
#98U0919 U (analytic method) ¥89 Satjapiboon (2010)

idelansivaeunnnaIesiiowaviauamudfy fail

1) asaaeuANUnssdeilon InglviElietygydnuau 5 v aTaiasanaumsIgEy
VeIt 0N Ty sruzlialunsviwuunaaey waztnaain1sUseliuauleu lnadlieiyigy
& ] & 1w v oA g v o o ~ a v M v
14 5 U [RWNH9015 09 I sunazszeza1lun s uunageu JAmingaunud waledl
Torduanurlausunndeudniiianizuaznsuusimin Az uuen N sUsEEUTUUINAIY TI0919
Imauslviusususvrasnaein1suseliudunsidamdnm el 2 dued laud 1) aAugndes
YDIAFNI Wag 2) AINUVIAINTNANETBINTY IdeIiBInNgNABsuaIAENTLTuf I UNeffe)
o o 2 dy v o | = 3 o a [ XY =g
dmivesrusenovil Ing ety ynviuiladnuiuluviuesdsinuindivsdanuvainvany
voanw iU ludiuwiildlunisinesdusznauaunisldmdniila anuugidedelausuyss
wiluinaeinisUseiliumudauiusinveadideiusy

2) ATIADUAIUADAAT BIVBINITATIA AT UUTENIN9 UTeiilu Tngiuunaadey

TuneassldiuinBsuseaudseudneinaudaty TulseseuludamindadlvdnladladnSeululsaseu

A g U Va v

Mduieg19n15338 3107 30 Aw MntuIdelansnlinzuuuauansalun1sleuniuinud
-dl U ¥ Y Y nd‘ ¥ o | ¥ ¢ a U -dl o
MUSulsauas waglaligienmgamuinisaeuntuingdiuiu 2 iu asialagldinaeiieiu eyl
AZIULIINNTTNTIVBIFUSELTULAREAUNIMIANUABAATDIYBIN1INTITIAZLUUTENIN AU T

lngn1smarduuseansanduiusaglutudmsumsfnwmanuindefeseninaduseidy (nter-

'3
a

Rater Reliability: IRR) #2875 Two-Way Random-Effects Model w84 Fisher (1954) Tnglaaduusyans
anduiusneluturiniu 0.960 uarilen mnnidedevesiUstiliuiimnuaenndestuluszauinn
3) AFIVARUAIAIINEINLALANS NI ILUNTDILULVAADU Taetiarwuudildannnisnsa
UIMIAIAUEINBAZ AT UNEINTUL VLI TR MU Whitney & Sabers (Piyapimonsit,
2005) InguuunagauiAIANEINYINAY 0.771 UA19IUIRIMUNYINGY 0.217
3. Mmaiususwdoya
AdeduwvunaaeunslusudldliunlsaSoudstndnuaaiui mafnwidsendnw
Foslyl fild1nnnsgu saudauwuumagey 1,200 ya IéSuLuunaaeunduauundiuu 860 yn

AaluForay 71.67) Fannnindmouitegniusidesnisnnanns Inefiveyamamelifiuiesas 30



2NFENTMTIWANITANET UNTINEISUURIEITAN

88  Journal of Educational Measurement, Mahasarakham University

4. MIIATRdaYS
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voudoun (UND uaz (4) jUuuusmideu (FOR) 2) asdusznaudiunisifouiieaiessn (STO)
Usznoudie 3 §ausd Taud (1) nsaduau@n (ODR) (2) nsidenlgsau@n (LIN) uag (3) N5
genEAuAn (EXP) 3) psdusznausumsldmdns (VOO) Ussneude 1 fusd Teun AIUYNABY
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(Kaiser-Meyer-Olkin Measure of Sampling Adequacy: KMO) iU 0.645 wazA@dauesu1snans

o w
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AN519 1 AduUsEaANSanduiussensUsdanale lliwansineuaunsalunsileuesdnis ey

seAuIsEUAnwwauUaty Tulsassudenndinauanunnisdnwalseudnwde sl

AU CoT STR UNI FOR ODR LIN EXP
COT 1.000
STR 0.114** 1.000
UNI 0.233%* 0.021 1.000
FOR 0.265** 0.024 0.089** 1.000
ODR 0.177** 0.068* 0.145** 0.101* 1.000
LIN 0.071* 0.031 0.026 0.025 0.090** 1.000
EXP 0.018 0.009 0.017 0.015 0.144** 0.110** 1.000
ACC 0.107** 0.045 0.075* 0.114** 0.067* 0.047 0.006
SEN 0.143** -0.032 0.093** 0.047 0.095%* 0.115* 0.014
LVL 0.065 0.017 0.067 0.044 0.089** -0.005 -0.016
ABS 0.080* -0.008 0.060 0.062 -0.002 0.028 0.058
SPE 0.191** 0.023 0.118* 0.050 0.101** 0.037 -0.013
PUN 0.131** -0.005 -0.001 0.059 0.041 -0.017 -0.001
Mean 6.920 5.970 6.870 6.650 6.240 5.580 4910
SD 0.902 0.949 0.870 0.552 0.701 1.270 0.885

AN 2 AduUsTANS andLuSsEnsdmUsAAnale lluwansinANansaluN S euesnis oy

YA = a VU o o w d’lj a = LY = a 1 1
seauilseuAnwmeuUany lTulsassudeinainauanunnisAnedseudnyndedug (nd)

Fauys ACC SEN LVL ABS SPE PUN

ACC 1.000

SEN 0.103** 1.000

LVL 0.042 0.109** 1.000

ABS 0.052 0.101** 0.095** 1.000

SPE 0.080* 0.016 0.027 0.034 1.000

PUN 0.049 0.030 0.066 0.063 0.181** 1.000
Mean 9.150 6.260 5.870 5.230 9.080 8.360

SD 0.902 0.712 0.973 0.697 1.180 1.210

Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) = 0.645

Bartlett’s Test of Sphericity = 400.559, p = 0.000




2NFENTMTIWANITANET UNTINEISUURIEITAN

90  Journal of Educational Measurement, Mahasarakham University

3. NAN1SILASIZNB9AUSENAULTIT UTUA2INEIUITTUNIST B UVBIUNLTIUS LA
Useufnwnauvane TulsassudanadInauuanNuNnIsANYINsaURNe L9l

ANNANITIATILIBIAUTENaUTIE ud Ul iU luan1sIndamnuaennasInaunaunu

% L3

JoualTIUTEINEN 9 5 89AUSENDOU NANTUNANNALAALAS UANYINAU 66.046 NIANDASY 61

vautadf 0.307 A9l CFl 1A U 0.984 Amadl TLI AU 0.980 A1 RMSEA winAu 0.010

o

AN SRMR Wiy 0.025

ol

HANITIATITVIAUTENDULTITUTUTUAUNNTY WU NNBIAUTENDULAEYNAIUY

v
ISP o LY L3

fifndminasauszneuluguasiuuinigiu (STDYX) Pfeddymeada (p<.05) neflosdusenay
Funsiiaueiiom (CON) Sanmiinesdusynousewing 0.137 - 0.702 Taehustibenn (COT)
a1 minesdUsenau Windu 702 fusinaisnsdaueiiienn (STR) davmdnesduseney
Wity 0.137 fausdmnuiiienamweaiion (UND fladiminesdussneuminiu 0.340 wasiausd
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X° = 66.046, df = 61, X°/df = 1.082, p = 0.3069, CFI = 0.984, TLI = 0.980, RMSEA = 0.010, SRMR = 0.025
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Abstract

Monitoring and evaluation (M&E) is a significant tool in providing efficient project
management. This action research aimed (1) to develop monitoring and evaluation potentials
of evaluators, program/project directors, and stakeholders of Health Promotion Programs for
specific populations and (2) to develop the system and mechanisms supporting the monitoring
and internal evaluation of projects under the Health Promotion Programs for specific
populations. The study was divided into three phases. Phase 1 dealt with pre-training
preparation. Eleven projects under the Health Promotion Programs for Specific Populations in the
fiscal year B.E. 2563-2564 were selected, and a total of 49 participants were recruited for
potential development. Phase 2 dealt with monitoring and evaluation potential development.
Training in 4 modules was carried out. The research instruments used were: (1) a satisfaction
questionnaire, (2) a learning outcomes evaluation form, (3) an evaluation form for the ability of
individuals in assuming the assigned work, and (4) an evaluation form for the ability of groups
in assuming the assigned work. Data were analyzed, using descriptive statistics: the frequency,

percentage, mean and standard deviation. Phase 3 dealt with post-training execution. Three
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online focus groups, having 24 members, conducted focus group discussion. Each group was
composed of project directors and internal evaluators. The instruments were interview guides.
Content analysis was employed in analyzing the qualitative data obtained. Codes were
classified to be further developed into themes, and data were interpreted.

The results showed that the trainees, after receiving monitoring and evaluation
potential development, had their means of knowledge and understanding of all of the matters
higher than before the development. As for the ability of assuming the assigned work in the
individual level, 37 trainees (76.40%) passed the criteria, and in the group level, 7 groups
(63.63%) passed.

Regarding the system and mechanisms supporting monitoring and internal evaluation
execution, they consisted of five mechanisms: (1) recruiting projects and trainees, (2) providing
documents for potential development, (3) creating a group chat, (4) providing a coach for each
group, and conducting offensive monitoring on progress, and (5) conducting site visits. After
all, the system and mechanisms supporting monitoring and internal evaluation execution
created significant changes, namely: the ability to be practitioner evaluators, changes in

project management, and installing the system of monitoring and internal evaluation.

Keywords: supporting system and mechanisms, internal evaluation, monitoring and evaluation,

monitoring and evaluation potential development, specific populations
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Abstract

This research aimed 1) to develop learning activities in biology that promote a growth
mindset and learning achievement for Grade 10 students, 2) to compare the growth mindsets
and the learning achievements of students taught with learning activities that promote growth
mindset and learning achievement and students who received traditional teaching. The
qualitative sample obtained from purposive sampling consisted of 3 growth mindset experts.
The quantitative sample consisted of 2 groups of grade 10 students who studied in the
academic year 2021 in Cha-uat School, obtained from cluster random sampling. Using simple
random sampling, one group of 30 students became the experimental group and the other,
with 32 students, was the control group. The experimental group was instructed with the
activities that aimed to promote a growth mindset and learning achievement, while the
control group received a traditional instruction. The research tools included 1) 5 lesson plans
to promote the growth mindset and learning achievement and another 5 lesson plans
following traditional instruction; 2) a learming achievement test containing 30 items, having the
item discrimination from 0.22 to 0.73 and the total reliability of 0.91; 3) a checklist to measure
the growth mindset containing 30 items, having the discrimination from 0.34 to 0.74 and the
total reliability of 0.92; The analysis of data employed the mean, standard deviation and
Hotelling T

The results of the study were as follows: 1) the learning activities in biology that
promote a growth mindset and learning achievement consisted of 4 steps: ensuring that
intelligence is changeable; participatory quest, summarizing and reflection on learning
outcomes; 2) the students instructed with learning activities aiming to promote a growth
mindset and learning achievement had their growth mindset and learning achievement higher

than the students who received traditional instruction, with statistical significance at the .05
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level. Therefore, it can be seen that the four-step learning management that had been

developed could practically promote students’ growth mindset and learning achievement.
Keywords: growth mindset, learning achievement, learning activity
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Value F Hypothesis df Error df Sig.
Pillai's Trace .198 7.298° 2.000 59.000 .001
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Abstract

The objectives of this research were to 1) study the level of administrator’s competencies
in the new normal and the level of school effectiveness, 2) study the administrator’s
competencies in the new normal affecting school effectiveness, 3) study guidelines for
development of administrator’s competencies in the new normal affecting effectiveness of
the schools under the Office of Mukdahan Primary Education Service Area. The research design
was the mixed methods research: explanatory design. The first phase used a quantitative
method. The sample comprised administrators and teachers, totaling 368. The research
instrument was a 5-point rating scale questionnaire. Data analysis employed multiple
regression analysis. The second phase used a qualitative method. The research instrument was
a structured interview. The target group was purposively sampled. Data analysis employed
content analysis. The research results were summarized as follows:

1. The administrator’s competencies in the new normal, as a whole, was in the high
level. The aspect with the highest mean score was the flexibility and adaptation to the situation
Regarding the school effectiveness, it was found that, as a whole, the school effectiveness was
in the high level. The aspect with the highest mean score was the school's adaptability.

2. The 2 aspects of administrator’s competencies in the new normal affecting school
effectiveness under the Office of Mukdahan Primary Education Service Area were change agent
and management, with the multiple correlation coefficient of 0.741 and the regression
coefficient or predictive power of 54.90 percent, with statistical significance at the .01 level.

3. The guidelines for development of administrator’s competencies in the new normal
affecting school effectiveness under the Office of Mukdahan Primary Education Service Area

consisted of 5 aspects: 1) Regarding change agent, the administrator should inspire the
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colleagues, develop the abilities of the colleagues to a higher level and have greater potential
to lead the organization to change; 2) Regarding management, there should be planning for
problem-solving. Tasks should be assigned to relevant persons appropriately; 3) Regarding
working together with others, good relationships with colleagues should be built and
maintained. The administrator should adapt himself to the situation; 4) Regarding flexibility
and adaptability to situations, the administrator should be flexible in working and adaptive for
the roles and duties; 5) Regarding self-development, the administrator should develop his own
knowledge and abilities, open his mind to learning new things and new technologies and keep

up with the changing situation.

Keywords: administrator’s competencies, new normal, school effectiveness
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aumiwmmimﬂugﬂﬂmuuau (Unstandardized Score)
Y=1.088 + 0.410(X4) + 0.268(X5)

aun1swensalluguaziuuingg (Standardized Score)
Zy = 0.519 (Z x4) + 0.272 (Z x3)
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R=0.741, R2:0.549, Adjusted R2:0.546, S.E.est=0.33735, F=221.775**
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Abstract

The purpose of this research was to investigate the exploratory factors of self-efficacy
in English reading of tertiary education students. The sample used in this study consisted of
520 first-year tertiary education students of a public university in Bangkok, selected by simple
random sampling. The research instrument was a questionnaire on self-efficacy in English
reading, with a 25-item rating scale. The index of item congruence (I0C) ranged from 0.67 to
1.00, and the reliability was .897. The data were analyzed using descriptive statistics,
exploratory component analysis by principal component analysis (PCA) and orthogonal
rotation by Varimax method. The results showed that the self-efficacy in English reading of
the tertiary education students consisted of 6 components, namely: 1) recognition of content
elements, 2) assessment of content, 3) summary of content, 4) opinion on content,
5) comprehension of content, and 6) reading strategy on content, with an eigenvalue ranging

from 1.016 to 7.895. These components could explain the cumulative variance for 60.461%.

Keywords: self-efficacy in English reading, tertiary education students, exploratory factor

analysis
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4.1 Yeyaaniunindiudg novwuuaauny taun e wazany lagldaifiussens
(descriptive statistic) AMUIUMINITUINLIIAILDUBTANSDEAY

4.2 wuuaeunun1siuianuaEnsavesnulun1se unwsangy nsleseiesdusenay
13981593 (Exploratory Factor Analysis: EFA) Lﬁaﬂﬁﬁﬁmumﬁﬂigﬂ@Uﬂﬁ%’Uimmamﬁa‘Uaﬂmu
Tunsemunwdinge Inedinaeilun1sseydnuinealsenay il

4.2.1 {dwagnageuaunaLiisazmNduiusegildedfynsatifvesiiuds tnely
Al Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) WusdiuSeuiisuruinees
AdUUTEANS andunuUSNFunale uwazauInvesandunusnisifua (partial correlation) 581119
Y ! oA (% (% A Y a L3 PN
AauUsuraze WevdnnnulUsuTIuvesiulsdu) sanluudlinumunzaulunsiaged lned
AIAUIIIEENYRITaYa 0.5 Wazidng 1 Jazdiednduiungudiegnlegiy nnzaunagly

a a ¢ (3 .

WALANTTILATIZIBIAUSENBU (factor analysis)

VYa v o

RN U ITe AN AdUUsEAnSanduiusvesiiulssee lngldgnsveaiesau

Y

(Pearson’s product moment correlation) LLamaaﬂmﬂugﬂmm‘%ﬂsﬁﬁmﬁué (correlation matrix)

N v o w

wiounaasumuildudifey Tneldnisnageuaruduiusssninsdndsialinsnaasuiisanin

Bartlett’s Test of Sphenricity laga1sanita1seautedAyn1adan ol winiu .05 wansitdeya
UANUFUNUTTENINFIUTHUEAUNILVINNNTIATIETRIAUSEN DU

o o (% v 6

4.2.2 {iTvavhdudsidanduiudiufuusdueesiivoddny Tadasuszneu (factor
extraction) ﬁ?fﬂsi’?ﬁjalﬁmmaaﬂaﬁmﬁaaﬁgaﬂﬁﬂimau%ﬁﬂ (Principle Component Analysis: PCA)
Hlosandeinisansiuiuiinls wieanuuinvesndndvesiwUsiiaududeuliienonisesuiy
Tnen1sUszanauundndanduiussenismlomnunanesuazalonuiifussaduwsdndduuning

(Tucker & MacCallum, 1997) Taglgnaeilunisduinuiueanlsenaufanats azussnusenau
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aa . oA @ Y A a vy R !
Aty (eigenvalue) 11NN3M30WMNAU 1 kazAsesarANNLUsUTIUNBs U8 laRsldilaanin
Seway 60 (Tirakanant, 2010)
4.2.3 dmsumsvguinuiade (factor rotation) Ineldnisnyuunuiuuiain (orthogonal
. I A o Ao v | ¢ v o fw Y aa .
rotation) 1Jun1suyuwnulaeinannisndAyIunazesndsenaulidunusiunieds Varimax
Junsnyualusiifsues factor matrix (Tirakanant, 2010)

4.2.4 f33ulansaunnuminesdusenauredilUsaNn factor pattern matrix Wag
Tinuailunisandendiuusiiluunasesrusenauiiansunauminesauseneu (factor loading)
r-:l'd 1 5 1 dy dl' 1 901 % 6 o | £y o £ aa
AdlArdaud 0.3 Yuly iosanainninesAlsenouMINa1MLNUTYEIAYIINNITNAZDUNNED A
(Hair et al,, 2010, as cited in Tirakanant, 2010) Wana1nH AIN1SIINAUVDIFILUT (communality:
h?) launanarduussansanduiusnnansenineiiudsdun vseesdusenaunaialaiuiiwlstu
Wudvdndusanuduiusidadunsisenineiwlsasdiudsdu q dRduegsening 0-1 A1 0 fe
ATLaneInesRUsEnauTInltannsaesuisauLUsUTINtUlAnIY 8sAUsENBUIIN ATTIEINNSD
ihlUirszviesausenausslilamsiiaiininnii 0.5

4.2.5 g33pdnanisiaseesdusenauldudana uasimuadeliungudiuuslug
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1. frounuuiszdiudulngiduinfnvindgediuin wemdunnninnawe Inedinandgs
fd1uau 375 au Andudosas 72.10 uagineArie 91U 145 Au Andusouaz 27.90 muainu
Ay AnwvestinAnunsdugaNAnusIuIL 520 AU WU dausnnAmESNuIMERTIINTian S1udu

a

94 au Aoidufesar 18.10 IndlAssfuanessmanssiuu 84 au Andufesar 16.20 Tuungd
Aniziisisurugreunvuasuamlndifestuloun anzagmans 1w 29 au Andusesay 5.60
TndiResiu Auzaantnenssumand s1uau 19 au Andudesay 3.70 Wit
2. NMSNAFDUAMUNLNZ ANV IUAS NTENAUNUS WU

2.1 nansveaeutennadd ssdumumsn auss ndanduiug wuin a1 MSA a3
Kaiser-Mayer-Olkin (KMO) flAiaiu .908 §9u1nnd1 .5 (Hair et al, 2010) w@ng37 URHEHERH
wanzanlunsiesgiesadsenaula

2.2 NAN1SNAFOUAIE Bartlett’s test of sphericity 11U 4975.321 ay19iiiad Ay

NNEADANTEAU .05 vunen wysndandunusliiduuvisndiendnual wansn Saundsiaudunus iy

WLNZAUNAZIATILDIAUTENDUMIANSI 1
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A1519 1 NMSNAFBUYDANANLU BIF UANUAINE AL NTEVAUNUS lUNNT A KMO and Bartlett’s test

FNadaU NanN1INndaau
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .908
Bartlett's Test of Sphericity Approx. Chi-Square 4975.321
df 300
Sig. .000

3. NaNTIATIENRIAUTENBUNTIUIAMNETavRwLLUNTE UM BISINg ¥YeIlinAn ¥
seavganAnel 1935n153wesesiesAUsenauvan (principal component analysis) wagldn1svyuy
LuUYaIN (orthogonal rotation) luABWUY Varimax w1 fauusfitan@nwiianun 25 dauds
nasiesrusenauladnuiu 6 asduszneu tnelimlewnuy ogsening 1.016-7.895 luesAuseney
a6 peFUsznoU §eanunsaesuiennuulsusivaranlufaudsite 25 @ 1aSosas 60.461
aMFATzinsUsznaudevuunulng BT uunduAMUIN B3dUsznounl 1 oSuisauLlsUTIY
1¢¥osaz 31.581 aeAUsznoudl 2 eSuremuulsusiulddosay 8.159 aarusznaudl 3 aSune
auUsUTlESenay 6.754 asduseneud 4 esuieauulsusuldtosay 5.407 eadusenaudt 5
a5 uneauuUTUTLATesay 4.495 wageardUseneud 6 eSulemuklsUTIUlASoBaY 4.065

AILLARINITI 2

M99 2 NMTATIZVRIAUTENBUYRINTTUIANNAINTavesnLluN1Ta U wISINguYeatinAnw

891 | 3.565 64.025
812 | 3.249 67.274

JEAURANANY
Initial Eigenvalues Extraction Sums of Squared Loadings | Rotation Sums of Squared Loadings
Component % of | cumulative % of Cumulative % of Cumulative
Total | Variance % Total Variance % Total Variance %
1 7.895| 31.581 31.581 7.895 31.581 31.581 3.312 13.248 13.248
2 2.040| 8.159 39.740 2.040 8.159 39.740 3.194 12.774 26.022
3 1.689 | 6.754 46.494 1.689 6.754 46.494 2673 10.690 36.712
a4 1.352| 5.407 51.901 1.352 5.407 51.901 2.569 10.278 46.990
5 1.124 | 4.495 56.396 1.124 4.495 56.396 1.853 7.411 54.402
6 1.016 | 4.065 60.461 1.016 4.065 60.461 1.515 6.059 60.461
7
8

23 339 | 1.357 97.729
24 304 | 1.217 98.946
25 264 | 1.054 100.000
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nansatmaIRUsynouislen eigenvalues daus 1.00 FulU Tnednidendauysisianiimn
03FUsEN0OU (factor loading) Aaus 0.30 Tuluiduinasilunisiansandiuusis 6 osfusznau
TngesRUsenaufl 1 Usenoudnediuls Al, A2, A3, Ad, A5 aefUsznaudi 2 Uszneusieswys B,
B2, B3, B4, B5, B6 94A Usznauf 3 Usznaumasdauls Cl, C2, C3, C4, C5 03AUsznoud 4
Usenausesauls D1, D2, D3, D4 seAUsznaudl 5 Uszneusiesuls E1, E2, E3 waverusznaud]

6 Usznoumesinls F1, F2 A9518a8L8mbumnisne 3

M1519 3 A1 mMTNBIAUTENBUBIMILUTVBINITTUTANNAINTATRIUTUNITEUA TN wUes

a

UnANYITEAVEANANYY AMENFIRINNITNYUILUUYLAIN (orthogonal rotation) #3835

WISHUND (Varimax method)

Atvtinesduseneau
1 2 3 4 5 6
Al 770
A2 166
A3 764
Ad 761
A5 .703
B1 733
B2 711
B3 .686
B4 614
B5 522
B6 .481
c1 .703
cz2 657
c3 575
cqa 513
Cc5h 478
D1 770
D2 744
D3 617
D4 524
E1 .800
E2 749
E3 .468
F1 .783
F2 734

Yaruwus
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w3 Tnefineazdamamslnseietolud
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Wisuidteuanunsalluiodesmemildonundingy (82) Vssliuduuinuasduauveavnnizal
Tuilesewemifidonvidingy 683) 3nsalimnudnluiledeemidenvdingy (B4) uonuy
ToiftrasannarwAndiuludedomemidenimdings (85) war Amnuaudsludedeses
yifaden1wdangy (86) SunTessdusznevilin “nrsusiduiidon) (assessment of content: AOC)
Ao mzsugnawannsovesnulunismmnisaswsTuideides wisuievaniunisali 9 Ussiu
Fruvanuazaavyeamgnsal Jrsalnnwdaluieises nieuiuenuesdoriesieanan
AINAATY UazinanIIAnludeies”

eAUsznaUTl 3 Ysznoudedus agliiodemamilidenimdangy (C1) meufmues
dedaslumisdonmdangy (C2) amnsnesuisarumansluiodsswemdsdaniudangs (C3)
wvszifuddgiiosudoifedumisdoniwdingy (C4) war fnduldinssasBoaaiuayy
Aendesduiidolumisdoniudinge (C5) SuniosdUsznauin “f775a'§1/417yé7%7 (summary of
content: SOC) A9 M33uzanmaInsavesmulunsagidados wisuiannsonauaaiuyes
iaiSasuazesurgmimmune e Snw‘%%mm50@@11534@5?’7@”@8@%72@” uazdnaulnii
sIgaziBenaivayuietosiuiateluiosos”

aehuszNoufl 4 Ysznaudeduls uansenuAndiuieatuidodomemidonundingy
(D1) uansaudFnuesineaiiiudeFesmamiliionudngy (02) afamuduiusseninamg
wazwaluideld eavesnisdeniudangy (03) war afrenimmnnisailud ol osvomilsde
Awsangu (D4) Sendeosdusznouidn “nisasiveudawiugeiiean) (opinion on content:
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asAUsENOUf 5 Usgnaudeduds szyilemiluntadontvdnqueuldlaegiisuam
(£1) Wnaendnianuiundlewmiaumnevesddliddnludedesvesmldenimsings (£2)
uag venenevesmdnYiTieulumisdenivsingy (E3) Gundessdusznouiin “nmidale
f)??llml’w?/méﬁym?lm (comprehension of content : COC) A® r’)’]ifUifi??i/ﬁﬁMiﬂ?/@W)iJZﬂﬂ7’5
iwlomarumungveaidoisossiunisggunim msmdwiainusun vievenmaumiigvesrIAny
Homluniado”

aeAUszNaUR 6 Usznaudiadauys Inagnsniseunuunisetuniu 4 lundsde
aw1angy (F1) uag Tnagnsmssiuwuvaumilunidon sdsngs (F2) Fondossdusznouii
“n75?7?’nasgw§n7m’7um’agﬁ%%7 (strategy reading on content: SROC) A9 N133UFAIINTINITOVEN

aululdnagysniseuvuritug (skimming) uaglinagnsniseuuuyauny (scanning) Tunisem”

aAUTENa

1INAIFANYINUIT B9AUTENOUNITTUTAINAINTTAVRIALTUNITE1UAIYITIN ¥UBY
indnwilusedugaudnwiifiusdnisuianuannsovesmulunissrunimsinguueaindng
Tuseiugauinuuszneuse 6 asdusznau 25 fusd Ysznoulude 1) masvyasddsznauidaiies
2) mstsudiuilen 3) msasuiiion 4) nsuanseenseidem 5) madlamumneveuiedes
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waz 6) nsldnagnsniseusiorieon Feaenndenuinideluefniiladnwiiedrduizeinissus
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AYNA1U150UR9RUlUNISE U (Burrows, 2012; Forzani et al., 2021; Kakaew & Damnet, 2017;
Kosar et al,, 2022; Kula & Budak, 2020; Mullins, 2018; Nonsawang, 2019; Zare & Davoudi
Mobarakeh, 2011)
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LUIAATBINANUNINY (Burrows, 2012; Kakaew & Damnet, 2017; Kosar et al., 2022; Kula & Budak,

o w

2020; Mullins, 2018) 1 lAudd A uiu s denaagidumsizduded sdrdaluanuaiunsanis

VoAl wonantl MUsTluEesweInsTzYiive Tuavdunatiuayy WNAANENTBTEY Uay
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wwIAnuRd faidussduszneuddgluniseuminfnwiseauaaudnuimsiiiieswneidussdusenau
WUFIUVDINITBIU FIa0nAF DI VLINTIAVOINA8 9 NI (Burrows, 2012; Kosar et al., 2022;
Kula & Budak, 2020; Mullins, 2018; Zare & Davoudi Mobarakeh, 2011) fiagdinsianudiAgyiu
130979409AUsENOUNUFIUMEL ANUNANY LHBITaeAsHlALN N LTlalTes diuatuayuuay
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et al,, 2022; Kula & Budak, 2020; Li & Wang (2010) ﬁiﬁmmﬁmmﬂmiaqmsﬂszLﬁulﬁamLﬁam

o

v
]

TAAIUAIUITANNBENITOIU UBNANNUIINKANITITYNUI LHIUITNE1UT8TUEeIAUSENDU

Aun1sUsTEemuINans 6 AaUandiAletnugds 2.040 wazdSeuazanuuUsUsIumiy

v N ¥

8.159 91afioldindussdusznauiiddnydn m‘ﬁLﬁ'EJ’Jﬁ"uﬂﬂi%JUjfmmamﬁmmmuiumaém
YBIUNANWITEAUDAUAN

p9AUTENOUA 3 nsagUillev wud WnAnwsedugaudnwiaimisnduianuauis
voslunsenludosmsasiewlieguansdnune Tnesldfdauaenndosturuiteluofi
(Charubusp, 2010; Forzani et al,, 2021; Kakaew & Damnet, 2017; Kosar et al.,, 2022; Kula &
Budak; 2020; Li & Wang, 2010) Aia n15naum1a1uainn1se1uls mguasisazidunsiziniu
mmmmamfﬁqﬁ;:iémﬁaiﬁwiﬁmé’wﬂﬂﬁéﬁmﬁaL‘%@ﬂm 9 wa1 i linansauddeliaudAgiu
Frutunzinisiaegvansadadetu lussdusznauduiialownuds 1.689 uasfienuuususiu
Wity 6.754 envasdumseindednd@nwanunsnasiidemlduda wanneraaszdeseiuie
mumngld wavandossiddnyy veuidedeseenuild Tnesaaulalairdnladudumdn dawla
Huduses Joraduvemaiiannsnosungldidudluguiidmusuiussuegisann

osfUsznaud 4 msadanuAndudeidon wuln fudanistududindludnuuy
auAaiuIAnegslstuomite LLazLLamaaﬂé’mmmiﬁﬂmLﬁuam FaluszAuamine1de
FnfAnwimsausafissuansauAndutuidessuseninld szinasdinseiuseeguansade

v v W
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gle 9199z lagsunw Fsaenndosiuauideves Kula & Budak (2020) AlsvidutiniFeusysu
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p9AUsZNOUAAYlUNITE 1LY UAY (Kosar et al.,, 2022; Kula & Budak, 2020; Mullins, 2018) wag
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Abstract

The objectives of this research were to 1) study the level of administrator’s
competencies in the new normal and quality schools; 2) develop and verify the consistency
of the structural equation model of administrators' competencies in the new normal that
affect quality schools; and 3) study sguidelines on development of administrators'
competencies in the new normal that affect quality schools under the Offices of Secondary
Education Service Area in the Roi Kaen Sara Sin Provincial Group. The research employed the
mixed methods research: explanatory design. Phase 1 used the quantitative method. The
sample of 440 school administrators and teachers was obtained through two-stage random
sampling. The research tool was a 5-point rating scale questionnaire. Data were analyzed using
mean, standard deviation, and the analysis of the structural equation model (SEM). Phase 2
used the qualitative method. The research tool was a structured interview. The target group
was purposively sampled. Data were analyzed by using content analysis.

The results of the research revealed that: 1) The performance of the administrators in
the new normal, on the whole, was at a high level (M = 4.41, SD = 0.40). The level of the
quality schools, on the whole, was at a highest level (M = 4.58, SD = 0.25); 2) 2) The structural
equation model of the administrator's competencies in the new normal affecting the quality
schools was consistent with the empirical data. The performance of the administrators in the
new normal had a positive direct influence on the quality schools. The total effect size was
0.774, with statistical significance at the .01 level. The variables of the administrator's
competencies in the new normal could explain the variance of the quality schools for 60.0
percent, and 3) the approaches for developing the administrator's competencies in the new
normal that affect the quality schools consist of 5 aspects: 1. Regarding change management,

the administrator should lead schools and personnel to be ready for the changes that occur
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in the new normal; 2) Regarding adaptability and flexibility, the administrator should be
adaptable and flexible in managing the organization; 3) On the aspect of building a team that
is united in action and spirit, the administrator should promote the creation of diverse teams;
4) Regarding creative communication, the administrator should develop communication and
negotiation skills to appropriately reduce conflicts that may arise in the new normal; and
5) Regarding digital technology literacy, the administrator should be a good role model in

using digital technology in management.

Keywords: administrator's competencies, quality school, structural equation model
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AdAty: sUWUU AneFingAnan

Abstract

The purposes of the research were 1) to examine the consistency of the component
model of disruptive leadership of school administrators under Khon Kaen Primary Education
Service Area Office 4 with empirical data, and 2) to construct and evaluate a model of the
disruptive leadership of school administrators under Khon Kaen Primary Education Service Area
Office 4, in terms of suitability, possibility, and utility. Utilizing the mixed-methods research, the
research was divided into 2 phases. Phase 1 used the quantitative research. The sample
comprised 400 school administrators and teachers under Khon Kaen Primary Education Service
Area Office 4. The instrument was a 5-point rating scale questionnaire, having the reliability of
0.805. The Mplus7.0 program was used to analyze the data in the confirmatory factor analysis
and to examine the consistency between the model and the empirical data. Chi- square ()(2)
was used to examine the hypothesis. Phase 2 used the qualitative research. The results of the
study in Phase 1 were used to build a draft model. Then 5 experts were interviewed in order
to examine and confirm the model, and 7 experts evaluated the model.

The research results were as follows: 1) The model for developing disruptive leadership
of school administrators under Khon Kaen Primary Education Service Area Office 4, which was
developed by the author, was consistent with the empirical data, as )(2: 78.022, df = 64,
)(2/d1C =1.219, P-Value = 0.111, RMSEA = 0.023, SRMR = 0.027, CFl = 0.994, TLI = 0.991. The
component with the highest component weight was the adaptability, followed by the digital
technology adaptation, and the lowest was the networking and cooperation. 2) The model for
developing disruptive leadership of school administrators under Khon Kaen Primary Education
Service Area Office 4 was composed of the model’s name, principles and concepts, objectives,
goals, and guidelines. The results showed that the suitability, the possibility, and the utility

were at the highest level.

Keywords: model, disruptive leadership
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Abstract

The objectives of this research were 1) to study the state of problems in learming management and
teachers’ solutions in small-sized schools in the Northeastern Region, 2) to study the teachers’ perception
of self-efficacy in learning management, expectations for learning management outcomes, and teachers’
engagement in learning management in small-sized schools in the Northeastern Region, and 3) to develop
a causal relationship model influencing work engagement of teachers in learning management and validate
it with the empirical data. The sample consisted of 540 teachers in small-sized primary schools in the
Northeastern Region, obtained by using multi-stage sampling. The research instruments comprised a
questionnaire, having the IOC ranging from 0.80 - 1.00. The research was divided into 4 parts: Part 1— Basic
Information, Part 2—State of problems in learning management and solutions, Part 3—Training needs for
development towards solving problems, and Part 4—Assessment which consisted of 1) a perception
assessment form for self-efficacy in learing management, with r ranging from 0.73 - 0.91 and Ol = 0.95,
2) an assessment form for expectation of leaming management outcomes with, r ranging from 0.68 - 0.89
and QL = 0.94, and 3) an assessment form for teachers’ engagement in learning management, with r ranging
from 0.73 -0.96 and O = 0.93. The statistics used in this research were frequency, percentage, mean, and
SD, and analysis of causal relationship model.

The findings were as follows:

1. The state of problems in learming management, as a whole, was at the high level (M = 4.35, SD=
0.49). Most teachers solved the problems by using DLTV. And their training needs for development towards
solving problems was at the high level (M = 4.27, SD = 0.74).

2. The teachers’ perception of self-efficacy in learning management was at the high level (M = 3.86,
SD=0.69), the expectation for learning management was at the high level (M= 4.13, SD=0.64), and the

teacher’s engagement in learning management was at the high level (M = 4.10, SD= 0.62).
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3. The developed causal relationship model was consistent with the empirical data, as Y?= 3.37,
df = 3, Y%/df = 1.12, p-value = 0.33, GFl = 0.99, AGFI = 0.97, NFI = 0.99, TLI = 0.99, CFl = 1.00, RMSEA = 0.01,
and RMR = 0.01. The perception of self-efficacy in learning management had positive direct and indirect
influences on the teacher’s engagement in learning management, transmitted through the expectation for
learning management outcomes, that together defined the variance in teacher’s engagement in learning

management for 71.20 percent.

Keywords: causal relationship model, teacher’s engagement in learning management, small-sized school
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SD = 0.72) uag 3. pdeiuyminlusuagsunsdanisBeuslaesmeglusefuan (M = 4.10, D = 0.62) Besdwy
Wuseduannunnlumiiegld e 1) AuNsEReTeTuilnATlunsIANISISEus (M = 4.29, SD = 0.65) 2) AAYjan

giirmilunsdansiseus (M = 4.02, SD = 0.70) uaz 3) muandaldlalunisdanisiseus (M = 4.00, SD = 0.73)

ABUN 5 NIHAILILAZATINERUANILARNAS D9VBLUNAANFUN ST sa g T BN wadenuEaiy

9 P Iy = P = 3 & A o a ~ o a ¢
NﬂWUIu@WUﬂi@’]Uﬂqi‘r\]ﬂﬂqiLiﬁ]ugm@Qﬂzi‘UIiQLiﬂumu’]@Laﬂ LUSINUNAIARNSIUDDALRUILAUB Iﬂsﬂfl’]ﬂq'ﬁﬁlﬂ'ﬁflgﬁ

U

e

o 14

anuyaENMIHINKIeIayaLayN1T IR sRAduUsE AVt anduiusseninsiuwUsdunalatulumg dansne 3

A1519 3 AU ANULAY bazANduUSEAVS andunuS ST kUsEwnale llung

Al A2 A3 B1 B2 B3 c1 c2 c3
Al 1.000
A2 0.782** 1.000
A3 0.707* 0.789** 1.000
B1 0.099* 0.300%* 0.176* 1.000
B2 0.207** 0.424* 0.343%* 0.736** 1.000
B3 0.359% 0.523%* 0.497* 0.469** 0.706** 1.000
c1 0.263** 0.479* 0.374** 0.779* 0.730** 0.624** 1.000
c2 0.466** 0.596** 0.553%* 0.486** 0.605** 0.682%* 0.721% 1.000
a3 0.545% 0.657** 0.662** 0.333** 0.508** 0.661** 0.581** 0.817** 1.000
SK 0.029 -0.484 -0.546 -1.370 -0.725 -0.225 -0.735 -0.394 -0.399
KU -0.029 0.330 0.271 2.019 0.538 -0.244 0.563 0.070 -0.134

* fAdedAgneadanszau 0.05 ** datsdiAgyneadnnszsu 0.01
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NA518 3 BFUElAIn TeyaiiA1manud (SK) ags¥1I1e -1.370 g 0.029 Balsiiiu £ 3 dearales
(KU) agjsening -0.244 s 0.563 Falslifiu + 10 Fsfiodndeyanndiuusiinisuanuaanuulasung (Kline, 2015) uaz
HAN13ILATIETIANNANTUS SEndeduUsdang 9 AuUs Iamdudsednianduius 36 ¢ Ardudseans

d‘ o w PN LY '

anduiusidauIn 1 ¢ (A1 fu B1) Nilduddgymeadiansedu 0.05 weniuilduddgvneadianisyiu 0.01 lnenneg

fiAlaiiAu 0.85 (Kline, 2015) FsbiiiAnileyn Multicollinearity

o

N133LA518 LALARANN1TLATIAFIN NaN15ITeNUIN TnanUFUNUS T sama AW muIT uil A1y
donmdeanulayaldausedny Ingliwavidsnsusuwsiadlan Y= 337, df = 3, Y%df = 1.12, p - value = 0.33, GFl =
0.99, AGFI = 0.97, NFI = 0.99, TLI = 0.99, CFl = 1.00, RMSEA = 0.01 uaz RMR = 0.01 Fariumunasives Byrne

(2010); Hair et al. (2014); Schumacker & Lomax (2016) lnguauakan1sias1eiaaald lunin 1 wagass 4

szeiumINULNA
PoIATIRANTISDUSM I DI1N \

0.782""

rnaifuladiazanunsa
FanmsFouileTus=eu = 0.998™"
AULNATASNGAU

ANSTUTAUAINITA DD
AULDIFNUANTARANTIRD UG

ANHAS=FiaTosINAS

/ Tumssanmsisouy

0.787™"

ASUHNDUIDANTIUT
AUEHISAlULANSIRANS /
BguganaanuAlsal
wildldgdanunsaliils

AUV TiFInLL

ﬂ’lqﬂﬁﬂﬁuw ﬂﬁus[quuﬂi ox
e v 0.931 ™ TunsdenT3ouy

AIUANSIRATSIEUUS

AummanTilina 0.776""

AsIRATIEOUT
AINAIINWEILIN

\ A uanssldla

0.643™" 1 5 7,
UANTIAIRANTITLUG

AuAIEA I LNagWS
SUATISIRANSIEUUS

ﬂ?'\ﬂﬁ'\ﬁ\ﬁ’]:ﬂuwaﬂﬂxifn 0.810
suanansIansiSoug

0.870™"

AslianEAuNaraz l6 /

SuannnIsIaATISoug

R? = 0.269

“p < 0.001

A 1 luwannuduiusideameNidnsnadeanugadugniuluauaiiunisinnisiseusvesasiulsuiouy

I3 & A o = ::4
VUIEAN LYAWUNNTIARNSIUBDDNLRYILAUD
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A1519 4 NANITILATIEABNTNANIINTY BNSHaN19opUwaLBNSNaTINvRIfLUTa R NdNarafIuUTHA LAz

AduUsEANSNNSNEINTD]

fiaudsea
AuUTEImn aweavidlusadndiumsdansiteu  mmdatugniulunuagiumsiamsiFous
DE IE TE DE IE TE
MIFUIANUANTOVDINUBINUNITIANISEU]  0.519%** - 0.519%** 0.309%** 0.332%%* 0.642%**
AnuAanidluradnsaunsdansteus - - - 0.641%* - 0.641%*
ArdudsEanamsnennsal (R?) 0.269 0.712

%5 < 0,001

A5 4 83UElaI1 N13TUIANENLTNVRINUBIUNITIANITSBUSHBNENAaN19MSe (DE) LTauan
poAUAIANIIUNaaNEAUNITIANITITEUS = 0.519 wazddniwasiu (TE) = 0.519 eg1aditudAynieada
fisysfu 0.001 MsFuiAnuansnvemusdunsianTsSousivinamansa (F) Weuindenudesiumniu
TunuazAuNTIANIgEeNs = 0.309 18vSwan1eden (IE) WauIn = 0.332 wazdldvizwasiu (TE) = 0.642 a1l

v o w a |

aa Y} o v sy o a yaa a a
UgAIREYNIdnaNIenu 0.001 LLazmmm@mﬂumaaWﬁmmm‘mmmmauguwﬁwamﬂma (DE) 13uInmandy

a aa LY

gadiuyniuluauainunisianisiseus = 0.641 uazddniwasiu (TE) = 0.641 eghafidudrAymeadidnsesy
0.001 IpgN13TUIANUANITAVDINUBIUNITIANTSBUTAUAILAIMN I LURATHSAMUN1TIANTISBUTAN T

SuiueiusauLUsUTINTeIRNEndugniulunuagiuNMsIanssews leseuas 71.20

aAUseka

1. m3dansiseuidanmiyminesueglussduinn 3 Jamusnifeadesiunisnnag lasnnsiing
Linsunnaeinduiiaglinsuduoudssdutgmlndifstu wozdmadotgmiagldaeuluinildnsei
FvnenAnilinda/lidevgy denadesiusisnuvesnuznssiinisnisduindeunisufsusiunsdnu
fwud TsadsumnadndaghinsuiuGounazagdmlngreinuslunsdafanssunsGeumsaeunuuysannis/
nsaeunateduieu suisnnde/maluladusznauniaifsunisaeunazundaieus (Office of the Basic
Education Commission, 2016) a3dulnajdsudlatigminisvinaslaeldde DLTV 4 saenadosiuulouisves
na¥NTIsANIBNS (Office of the Basic Education Commission, 2016) usnaniidinslidertauduldmedumesiin
sdazouislunsdiesliasuynaeinuasasldaouinitlinssiuivienAviliodn/lidengy laeliag

Usgddududsuiinvevaeulunnsredvilidey lunsdfiaglinsuduSsudulngldissudusen/l9385u

Y

Y

fugsuaduiunislide DLTV weensdegldauluinillinssivivien/Anilldotn/luiidngyasasfnumaiug
Wiy drdymuissudssanalunisdamie - a;dﬂizﬁmilﬁ%aumiaauﬂgmulmﬂ%%%a%m/mﬁm?%a%uLaa GE
Joiinidouranrmienlun1sfeud asdulngliitaoudoniady soudtuuasuiiugtumsaiou lneagld
aszmindalayyuaglianudidgyiuisnisunlelymidianudesnsiaunueswiunisinnisiseuiegluseau
110 ielfanunsnooniuuidsuununisdinnisdsudiuuysuinis: nududou aRanssunisiFeusluden

wardnnstuseusnlien Ui ukazUsTauNadsY TaaenndeIuMLINIINITHRILIAMA TN B ULAZ WIS
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NSWAUIAMAINATLAZUARINTNNNTANYIAUUHUTAUINSANWITUNUFIY W.A. 2566 - 2570 (Office of the
Basic Education Commission, 2022)
2. AFINNTTUIAMUAINITOVRINUBINUNITIANITTEUS AA1UAIANTIUHARNSAUNITIANITITEUS

wazilanugaiuynitulusuagiunisinnisiseusegluseduunn lesnidlesuiitnulinnuaiuisagedeay

Y Y

mandsiuranazindugunaziiamiugadurniulunuagaiunisianisiseuias winesedniglaaninnisaidaym
A o 2 o = Y 1 v A o a 1 % o & A Y
vseilgUassalandensdussdumalasgreusinanaznseiindeing q ussauradiiamudmaneiaianis
FeronARBItuAITUIBYBY Vroom (1964); Bandura (1997); Schaufeli & Bakker (2010) Inggisuininuaunse
o v = S Y] D2 a a o &
“UENGIULENQQ"\]%WN'W‘VIWWHULLaz8’1ﬂ“U‘LlLWEJWG&JU’]G]ULENIV@JU%HWSQWWIUHW3WWQWUQQGUU (Labone, 2002) w31
JulatiauansavesnuliissnslunissuliolazonyuzsedsinmeNdeandey (Luthans et al, 2007) 15t

mssuiauansalunsinnsdeuitdanuddny Wesmnmnagiiuitnisdanisdeudmuanindymiiaiy

v Y a

gegnndudouiulunuiumssuiimunieanuaunse/dinveliuinneniedy o agazdsziduduiasnete

9
2 Ao

sthafufilenadesunnuieliifilenanazUssaunadniadoradndulafiayrlivih/linenemnagyih madenih
wazn1sdenidanuneeuaziintumnagiulainausziiautulivssadwnersedulusmuaumaniala

waArsiuAuAanITlunaansmun1sTansiseuiTiume lnswngiunsiinueiuranazlasuainnisda

N9 38UFTINNTINUBU LTBINMNATTUTIWATNSIANUAAYET dRnegeaziilyilusegdlanieluaddu

Y

= @ = % £ A % v s @ o = @ = vo
fianunegnudnnisiseusunndudieWilaradwsmuanuainnds lneaswuluianuaanidunaiaglasuain
v a vt [ =3 v 6 | Yo ! o A Yo
n133an1siseuid awduanuianelalunadns/sedanazlasunmeluauuinnitseianazlasuainaeuen
Tngfolusawimeanusuiaveu nagila Sanduguuazdueslaluanudisaduinainanunesn v
nsesuaseaudaduyniulunuasiiuanuandeldlalunisianisiseuinlnafssiuauanuyumeinnu
lunsdanisiSeuinasesivanmdym fe aslivesudniszaruininienaviliasliaiuisadanisisous

Ieegnufiun wazasiasuadalinsuynanuielingdiasdundn uauneeny lageviouasingmiauan

¥
= a a

Tunsdanisiseudneldaaunisaliymnietuldesaussaunadusauasivssdnsnmadusely

[
= 1%

3. TuamwdiusiBsanmgiiianduliauaenadesiuteyafess dndiinast fe felaauas
Fuind (Y¥/dh < 2.00 Al inszdunrunaundu (GF) mdsdinszdumunaunduiiufuuiudn (AGFY) ndd
fiuananissensuredlauma (TL) Ardsdfnnuaenadendsduring (NFI) wazardsd Taseduaunauniu
Wisuiieu (CFI) > 0.95 fimduisnuesAademddesesnuaainaden (RMSEA) uasduisinvasrdsass
\nAvaaAuivide (RMR) < 0.05 Araddlaauais (p - value) Lifltaddamisada Ao > 0.05 (Schumacker &

1 a

Lomax, 2016) HumtinesAusenau > 0.70 (Hair et al, 2014) UagAMNEinesuAagiduln LA AuNaYeIuLIn

Yala a ¥

wagfiania laegn133uanuaunsasunsiansiseuiisninanemssuasnadeudsuindeainugatugniiu
Tuupgaunsdan e ndehueumevidurasnsaunsiansseus Feenansaiidiueiuienuulsusiu
Y830 d At uy N UTUUATATUNITIANISSBUs IATegas 71.20 LH99INN15SUTANAINITOVDIR UL

AMUAUNUSNIUINAUAIUAIANITIIUNASNS (Bandura, 1997) LLasmi%’Us:mmmmamammaaL“‘f]ué'hufdi
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L%ﬂmmmaamm%ﬁ’uaﬂﬂ’uﬁlmm (Sweetman & Luthans, 2010) 1aad 8nSWan1995uT9uInsan1udnly

wwluausie 3 §u (Parnichparinchai, 2016) @1 Halbesleben (2010); Xanthopoulou et al. (2013) Wu31

Y
o

mMs3uimassave e siidvsnaeuindemudasiugniuluau Fevisguas Avey et al. (2011) fanuingi
frnuiilalumuannsavesmuewasiimunige (umedsinendauan) ssiimmudatugnifulusnugedas
Faagulddnis 3 fuusifenudniuiiludeuindsmainnduaiudiu Taofumssuimiuannsadumsinnis
Boufvesagmuiiduaiadegenindntes iesmnnsiuimmansnvessuesdiiusiunginssunisaeuresng
(Jaiboon, 2018) wazAmn nlun15IANIsSeu; (Woolfolk, 2014) mualuiun1sasneauAInniamun13IanTs
Soud TaelinuedunadnsuazifinmnudasiugnitulusnuagiunsdanisiFouisuiunmse usuiauileiag
Tasulonalunisimuinules %aﬁ%w%wa&iammﬁmﬁugﬂﬂ’uﬁlmmaau (Chaipong & Kulophas, 2019) wazdina
sonnn NI URNY (Bakker & Bal, 2010) figoudssasonsimurtniFoululsniourniadn wauiinig

nziusaniduuiowaslanadnsnisiseuinavusely

JDLEHUBMUY

v

datauanuslunisuiinaddeluly

¥

1. gusmsanansadimanisdnwranindgur/Asnisudlatdgmlulgianunisuimsdanislsaseu/

Y

Fudsulagld DLTV ysanmssauduuianssudu q diunsaeudsulunedniegode ulsdunineins vield
wiasiFeud/nidyg st/ dsurudugulunmsianiadousldntu seonsuideaumdlunumuiauing
Tnguinauanmsoasludunisdnnisdeus/msdmeiounslmilidanindouduuuysanis: Tudubou
oghaduszuunazeenuuunsiaNT RSN 3 duus lnemsifiumnuannsangazyiliagiuiienmaansa
vownuasiunTIanIsBsuiifintu Ssdsnamauandemuiaiuyniilunuagdumsianisdsuslaodein

AnumAndluNaansauNsIaNsiTeus Jemsduasuiaunlvasuiiunitesauseneu/mniiusnenaiivun

Y

U Y1
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[
U a
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foruauurlunisiniseasadaly

1. maudladlgmiumsdanisdeuslulsadousuadnenaiinnuuandsiulusdasiui Seaasdne
\Bsnaunifianis e lsimsuieneasBenvestiyw/dadeiidsadenunmiunmsdansFeus Fsazviiliin
nsfnwuuuBaiuiidugiu uaraieuianssunisinsuiioudluldnssivan ity
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UszLHUHAN SWALIAMATNANLLINTFIUVRININGIFE (2) N15aF1eTmusTTHAMAI (3) N13a3
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(4) msiiiamuauf Uszaunisal wazanandermgiunsussifiunaninnisdnu Tiunguims
LATUARINTBIAILIY LAy (5) nsdeansnanisUsyfiuludafiididiuAeides (6) msimuinaln
madmnsiiteatuayumsiidunumsussdunuainnsing was (7) mswamsyuugiudeya

ansaumaieatiuayunsaniuvunsUsziduauInN1sAn

Addny: Maman suszdiully nsusslivgauninanely nsussdiuamunmaneuen

andugauAnY

Abstract

The purposes of this study were (1) to study the state of utilization of assessment,
accreditation and educational quality assurance results to improve the educational quality of
higher education and (2) to study approaches for enhancing the utilization of assessment,
accreditation and educational quality assurance results to improve the educational quality of
higher education. This study was a mixed-methods research that employed an explanatory
sequential design. The study was conducted in two phases. Phase 1 dealt with quantitative
study. The research sample comprised 16 universities under the Ministry of Higher Education,
Science, Research and Innovation. The research instrument was a questionnaire. Data analysis
employed descriptive statistics (i.e. the mean, standard deviation). Phase 2 dealt with
qualitative study, the key informants consisted of university/faculty administrators and faculty
members responsible for the curriculum, totaling 20. The data were collected by using focus
group interview. The qualitative data were analyzed using content analysis and analytic
induction.

The research findings were as follows:

1. On the whole, the level of utilization of the internal assessment, accreditation and

educational quality assurance results to improve the educational quality of higher education
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was at the high level (M = 4.03, SD = 0.59). And also, the level of utilization of the external
assessment, accreditation and educational quality assurance results to improve the
educational quality of higher education as perceived by the university faculty members was
at the high level (M = 3.75, SD = 0.69).

2. The approaches for enhancing the utilization of assessment, accreditation and
educational quality assurance results to improve the educational quality of higher education
comprised 7 approaches which were (1) organizing the system of monitoring and evaluation
of quality development based on the university standards, (2) building the quality culture, (3)
creating the cognizance of educational quality assessment system for university/faculty
administrators and university faculty members, (4) fulfilling the knowledge, experience, and
expertise in educational quality assessment system for university/faculty administrators and
university faculty members, (5) communicating the evaluation results to stakeholders, (6)
developing academic mechanisms for the operation of educational quality assessment, and

(7) developing information system for the operation of educational quality assessment.

Keywords: evaluation utilization, internal quality assessment, external quality assessment,

higher education institutions
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Abstract

The purpose of this research was to develop and evaluate the learning model
experiment by using a mind map to enhance the academic achievement of middle-aged and
elderly undergraduate students in the distance education system of Sukhothai Thammathirat
Open University. Phase 1 dealt with development of the self-learning model. The sample
consisted of 385 students. Data were collected through online surveys. Phase 2 dealt with the
experimental research with a sample comprising 70 students. The analysis of data employed
descriptive and inference statistics.

The research findings were as follows: 1. The self-learning model’s activities consisted
of 6 steps: 1) screening target groups, 2) measuring and evaluating previous knowledge, 3)
adding new knowledge, 4) learning and doing, 5) measuring learning development, and 6)
learning evaluation. The item content validity index (I-CVI) was in the range of .89 — 1.00 and
the scale content validity index (S-CVI) was .97, meaning that the model had suitability for
further use. 2. The results of the learning model experiment revealed that 2.1 The students
in the experimental group had higher learning achievement and mind mapping ability after
the experiment than before the experiment, and higher than the control group, with statistical
significance at the .05 level; 2.2 students with different disciplines and learning styles had no

differences in learning achievement and mind mapping ability.

Keywords: mind mapping learning, learning achievement, middle-aged and elderly

undergraduate student, distance education system
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AUl wuifsrnudaiie  sineq Ao (1) nsussenelae YouTube
(Foudl 2) nsduing g Wens (2) Faleusseny
soulatl
Jumauii 4 (Act-3) NFATIUHUAQ inAnwiasiloasiaunur thanwsumiideluyadi
QREIEEIH(IGE AuARLlete ANAR (Meilevivemy amzidyusauualase
avilavimenuLes Sufineaudluns  TWsunsuuazueundady)  uwwuaesAnstunon
(ouil 2-3) g1unilede psdumaunIYin 9 6 Funeu fiszyludiie
6 tumoufiszylugile aslulunuianssud 1-2
Tumauii 5 NIATIAUNUR Junsgiunnisves inAnwiddluanufanssuuad
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(Foudl 2,4) doundufiutindny  Maiwuaues
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N5UsEHIUNG NMINSITEY Anuinaimsaaedluyn  AINIIVARBIIY Google
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HansUsEdiuATIsLdaiom (content validity) wageuwazauvesgULIUNTITouS
lAgEneAadl 9 vt dethuiesesicdinuesadaiommeda (-ov) Sslaimsmni 0.78
wagadvianunsadaiemeatu (5-cvi) Faliasainida 0.80 (Polit & Beck, 2012) HaN"3
AATIEANUI A1 -CVI agTutae .89 - 1.00 wag S-CVI Wiy .97 wlamuladn susuunisieus
froauedlagldunudinnufndi eui unadugns nan1sissud e Saviuaztaunduiaanunss

Wadamuazdanumangaunaziluldausaly

Al P = % o a
szeedl 2 nan1meaasldsunuunsiteuilaeldunuiendnuda
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wagnguAIUANNgNaz 35 Au 531 70 au dulngilumands Sesay 55.71 WulngTenarsau

4

(40-59 V) Sovax 55.71 wazidudateny (60 YUul) Seway 44.29 Masdnwluavivdfenans

9

a [ 1

WInfidn Sevaz 45.71 sosasunduineIn1sinnis seuay 34.29 uarsgaans Soway 20.00 Mod

NAULNURIAIUAAYDIENANYY AIUATN 2
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o

[y
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aaa
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PuAnsvstinAnw e Avisstutas SeuifosuuuumsiSoudiseiy
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'3
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2.3) BnSnasINTEnIegUiuUNsS Ui kA teglidmadonadugninenisiteu
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Ao F(1,62) = 119.33, p < .001 (2) Fenglyideasionadugnsnenisisey Aadifnaaey fe F(3,62)
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2.3 anuitsnalanazanudaiiuvvesindnuidingfanansauuazdgoiasanianssy
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YoIAgHARU 1ngIeFURUUNITINNITIIUIMULUIAANITAULEIZMIAIIY] (inquiry based learning)
WIAANTITILAKA (reasoning approach) WagNg¥n13a31909AAIIUS (constructivist theory)
lneilasrusenou loun 1) ¥ann1s wudAn Nguivugiu 2) guszatAvessusuy 3) NssUIunTs
o a Lo L U U Lt 1 a ¥ a

s 4) Yademedenuuaznismeuaues 5) Yadeaduayuuazuvassou; uag 6) Msuseilung

HANTUTEETUANNINILAYANUMINZALYII19TURUUNTIANSITENS IneTauegluseiuinn (X=

4.34,S.D. = 0.23)

2. Hanaadldsneguiuy wuld dniseunguneassiiniuaiuisanisuidaymiegned
TUYINU WATNTARIATIEY AnduSesay 69.98 (X= 31.49, S.D =1.46) uay 66.83 (X= 20.05,

S.D.=2.36) fUa1AU

AdnAty: JUKUUNITIANITISEUS NMsuATayynegeiliansag I N15ARNIATIEA

LWIARNITAUENEMIAINS WWIRRNITIIMOHA Naufn15a519039ARNS

Abstract

The purposes of this research were 1) to develop an instructional model to enhance
critical problem-solving abilities and analytical thinking of grade 6 students, 2) to try out the
prototype instructional model to enhance critical problem-solving abilities and analytical
thinking of grade 6 students, based on inquiry-based learning, reasoning approach and the
constructivist theory. The research employed the research and development approach, in the
contexts of 4 schools under Muang Nakhon Phanom Municipality, Nakhon Phanom Province,
in the academic year 2021. The target group consisted of 4 science teachers and 215 grade 6
students. The research process was divided into 2 phases. The first phase dealt with
development of the instructional model. In this phase, 4 teachers and 12 grade 6 students
were interviewed, and the learning behaviours in science of 4 groups of students, purposively
sampled, were observed. And also, the prototype of the instructional model was brought into
a group discussion under connoisseurship of 5 experts. The second phase dealt with the tryout
of the prototype of the instructional model with 37 students of the target group in Tessaban
4 (Rattanakosin 200 years) School, which was selected by purposive sampling. The research
instruments were composed of the prototype of the instructional model, learning
management plans, an assessment form for critical problem-solving abilities, and analytical
thinking assessment form. Data analysis employed percentage, mean, standard deviation, and

descriptive analysis for presentation of qualitative data.
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The research results revealed that:

1. The development of the instructional model to enhance critical problem-solving
abilities and analytical thinking of grade 6 students, based on contextual information of the
needs of teachers, included drafting the prototype of the instructional model, based on
inquiry-based learning, reasoning approach and constructivist theory. The instructional model
was composed of: 1) principles, concepts and basic theories, 2) objectives of the model, 3)
process of learning management, 4) social factors and responsive behavior, 5) supporting
factors and learning sources, and 6) evaluation. The assessment results of the quality and
appropriateness of the instructional model, on the whole, was at a high level (X= 4.34,
S.D.=0.23).

2. The results of the tryout of the prototype of the instructional model revealed that
the students in the experimental group had their abilities in critical problem-solving abilities

and analytical thinking of 69.98% (X= 31.49, S.D.=1.46) and 66.83% (X= 20.05, S.D.=2.36)

respectively.

Keywords: instructional model, critical problem solving, analytical thinking, inquiry-based

learning, reasoning approach, constructivist theory
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aandgy: U939y anuiitelusues dniSeussiulsematleinsiviin

Abstract

The objectives of this research were to 1) study the factors affecting the vocational
certificate students' self-discipline; 2) study the relationship between the factors affecting the
students' self-discipline; 3) construct predictive equations for the factors affecting the students'
self-discipline. The sample consisted of 360 vocational certificate students of Satuk Industrial
and Community Education College, obtained through proportional stratified random sampling.
The research tool was a questionnaire on students' self-discipline. The statistics used to
analyze the data were percentage, mean, standard deviation, Pearson correlation coefficient
and multiple regression analysis by stepwise method. The results showed that:

1. The factors affecting the vocational certificate students' self-discipline with the
highest effect, which was at a high level, was the teacher's behavior (X= 4.43, S.D. = .58),
followed by the relationship between students and teachers (X=4.42,S.D. = .58), which was
at a high level, and the factor affecting the self-discipline least, which was at a high level, was
the self-discipline (X=4.11, S.D. = .58).

2. The relationship between the factors and self-discipline had the values of .456
and .848, which were positively correlated at rather high levels, with statistical significance at
the .01 level.

3. The predictive equations for the factors affecting the students' self-discipline are
as follows:

The predictive equation in raw score was:

Y'=.258 + .181X5 + .252X¢ + 129X, + 167X+ 177X,

The predictive equation in standard score was:

Ly = 1892y5 + 2907y + 1292y, + 1712y + 1892y,

Keywords: factors, self-discipline, vocational certificate students
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Abstract

The objectives of this study were to (1) analyze and rank the needs for digital
assessment literacy of the elementary school teachers’ of Watthatthong School, under
Vadhana District Office, Bangkok, and (2) compare the needs for digital assessment literacy of
the teachers of the same school but with different backgrounds. The population consisted of
42 teachers of Watthatthong School under Vadhana District Office, Bangkok. The tool was a 5-
point rating scale questionnaire. The statistics employed in the analysis of data were
descriptive statistics: frequency, percentage, mean and standard deviation. The modified
priority needs index (PNI_,gieq) Was also used.

The results were as follows:

1. The findings revealed that the needs for digital assessment literacy of the
teachers of Watthatthong School under Vadhana District Office, Bangkok, were at the highest
level, and the current state of the teachers' collective digital assessment literacy was at the
high level. When the teachers' digital assessment literacy needs were classified into 3 steps,
they were: (1) basic digital assessment literacy (PNl gfeq = 0.33); (2) intermediate digital
assessment literacy (PNl g = 0-29) and (3) advanced digital assessment literacy (PNl oqifeq
=0.27)

2. Teachers with different backgrounds needed different digital assessment literacy as
follows: (1) The teachers with master's degrees had their priority need index higher than the
teachers with Bachelor's degrees or graduate diplomas; and (2) Teachers with 11 years, or
more, of experience had their priority need index higher than the teachers with 1-10 years of

experience.

Keywords: needs assessment, digital assessment literacy, elementary education
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Abstract

The objectives of this research were to 1) study the needs of mathematics teachers
for constructing an item bank in mathematics, on the topic of decimal, for fourth grade
students, and 2) construct an item bank in mathematics, on the topic of decimal, for fourth
grade students, classified according to the level of difficulty and level of cognitive domain.
The sample consisted of 18 mathematics teachers and 281 fourth grade students. The research
tools were a questionnaire and mathematics tests on decimals for fourth grade students. Data
were analyzed by using frequency, percentage, difficulty, item information function, test
information function and reliability, using an application of one-parameter item response
theory.

The research results were as follows:

1. Regarding the results of the study on needs of mathematics teachers for constructing
an item bank in mathematics, on the topic of decimal, for fourth grade students, it was found
that what the teachers needed most were 3 tests with 10-20 questions, both objective and
subjective. Meanwhile, the cognitive learning behavior most needed was analysis.

2. Regarding the results of constructing the item bank in mathematics, on the topic of
decimal, for fourth grade students, there were 3 tests in the item bank. Each test consisted of
30 items. They were both objective and subjective tests. The results of the analysis of the
psychometric properties of the test and the questionnaire showed that all of the items passed
the difficulty criteria. In terms of item information function and test information function, most
of them gave high information when tested on people with moderate to low abilities. The
reliability of all the 3 tests were in the range of 0.906 to 0.917. The tests were stored in Google

Drive format.

Keywords: item bank, item information function, test information function, item response

theory
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Abstract

The objectives of this research were 1) to develop a performance evaluation model and
find its quality, for the Probation Office, Department of Probation, Ministry of Justice; 2) to try out
the performance evaluation model that had been developed; 3) to evaluate the performance
evaluation model. The researcher conducted the research according to the research and
development process and applied the EDFR technique to examine the propriety and feasibility
of the performance evaluation model. The tools used for data collection were interview forms
and questionnaires. Data were analyzed by content analysis, mean, standard deviation,
median, inter-quartile range and Pearson’s product-moment correlation coefficient.

The research results were as follows: The performance evaluation model for
Probation Office, Department of Probation, Ministry of Justice, had 6 main components; there
were 3 evaluation objectives, 10 components of the evaluation-focused aspects, 167
indicators, 7 groups of evaluators, 3 evaluation methods, 4 levels of evaluation criteria, and 3
methods of providing feedback. On the whole, the model had the propriety and feasibility at
the highest level (X= 456, S.D. = 0.45). The reliability of evaluation results, by switching
evaluator groups, the reliability of the test-retest technique was obtained. There was a
statistically significant positive correlation at the level of .01. The correlation coefficient was
.947. And the results of the performance evaluation model for Probation Office, Department

of Probation, Ministry of Justice from the evaluator groups, on the whole, yielded propriety,

feasibility, utility and overall accuracy at a high level (X= 4.44, S.D. = 0.85).

Keywords: performance evaluation model, Probation Office
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3. funsauenuusengAggnaunnusenganiduglvy | 120 117 113 | 97.44 | 9431 | @ fivn
4. frunsauanaUsEngAggnaumudsewgAiidudn | 100 92 95 9238 | 9542 | @
WALTIVY
5. F1un1sAuANYsEngAggaauanuUsengAiidu | 110 108 100 | 9824 | 90.66 | @wN fsnn
Unlnwdnun
6. fumsvhauuimsdsau-lasoula/unuausu 80 76 72 94.72 | 90.09 | #un AN
7. MUNTANATIEN 100 87 86 86.71 | 86.03 | @ fisn
8. sumsAnnsluyus 90 76 81 84.78 | 90.22 | fwN Il
9. MUANUYATITUTENUTWN 60 32 34 53.08 | 56.67 | USuus | USuug
10. FUMSHAIUTINVBIMIIBNUNIATT 120 106 108 | 88.17 | 89.62 fivn fsnn
573 1,000 | 909 | 889 | 90.94 | 8890 | @wn funn
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ps1zinsIanuasil (measure of stability)LLUUSqmjuLﬁumimﬂ’gwaJL%aﬁu(ReLiabiLity)
INN5N1380UT (test-retest) TnonsuAINdUTUE SEMI19IAZLLLINNSNARBIASAT 1 LA
ATLUUIINNTNAABIASIT 2 Freipsosiloatuiiy anduiazuuumAduUssavivesnuasi
(coefficient of stability) GuamzLLuuﬂﬁmmaaqeﬁgﬂmﬂqmé’mﬂizaw‘éaué’mﬁus‘%dLﬁﬂ%ﬁu (Pearson’s

product-moment correlation coefficient) salusinsupeuiunasdnsagusimisns 5

M99 5 LARIANEUUSE AN T ANEUNUSTENINHANTUTELIUASIN 1 WazASIN 2

AsUsLEU Fuuszansandunus Sig (2- tailed)
asadi 1
Y 947 000
AN 2

AR 5 NANTIATIZNINATUTERUATIN 1 AUNSUSZEUASTIN 2 WU Nan1sUseLiu

o w [y

IS % v 6 v A v aad IS DA a Q‘ QU v 6 [ -
UANUAUNUTNIVINAULUYAAYNNEDANTEAY .01 UANFNUTEEANTANAUNUS AU .947

3. wan1sussiliusunuunsyussiliunisujunaudrinauaudsengi deinnsuau

UEWOR NITNTEYRATITU
o d' Va v Y o a 1% a & a = Y o a
18491015338 taaduntsnaasdddgunuumsussiuluaniunisalate Jslasniunig
Uszdfiuguuuunisusedium inuswsindeyannnaudld wefiansands anumangan anuduldla

< ¢ £% a a a va °o v
anuudselevd waganugnaesasaungy KansusziluguuuunsussiiunsuiRnudinau

[

ANUTENGR JeNAnTUANUTENGR NT¥NTNERTITU UTINYANAT 6

a

M99 6 uansAnedy wardiuleauuninggiu nan1suseiuveanguylinisesuiuunisuseidiu

a o o

nmsufuRnudinauauUsengR deiansuauusengd nsenIIeRsTy

519N15UsEIEY x S.D. nsulaniunag
1. fuANumEIgEy 4.50 0.80 niige
2. snuanandulule 4.38 0.95 1N
3. snupnuduuselenl 4.57 0.79 TRLUED)
4. MUANHYNABIATOUARY 4.32 0.94 iy
39 4.44 0.85 an

1 N

yvala

'
a

91191579 6 W ngulideya Jududiidruieides gifduieidelunisvaaedd

kY

a o

suLuunsUssilunsufuanuddnauauusengd d90n nsuANUTENGR NTENIIYASITY

fAuiuT JUsUUNsUsEEUY duanumnzan sgluseduuiniian (X= 4.50, S.D. = 0.80)

supnudululd sglusediuan (X = 4.38, SD. = 0.95) suanudulsylevl eglussduunian

(X=4.57,S.D. = 0.79) kaga1uAugnAeIATauAqy agluseduun (X = 4.32, S.D. = 0.94) wadl

dlefansanluninsay wui aglusgaun (X= 4.4, S.D. = 0.85)

$%
Y



NTANTNTIANANITANYT URTINYIRYUAIEITAN

318 Journal of Educational Measurement, Mahasarakham University

toRniu/dotauauuy

Tun1smeuuvuasuauaLAiud TrogUluunsUsEliunsUURnudinaugy
Usengi defansuauusengd nszvsisefisssy fpouuuvasuanildlideiausuusifinduiions i
Tshguuuunsussifiufiamnmanndetu audssdudaielud

Uszifiufl 1 dafnauauussngd nsfasuvanesu gilensussifiumsufdian aiey
UsuneniauameaaiimunauauiRvesussiiuiiolamnsaldauliie azaan sand

Uszidudl 2 inuilvsunsureufiumosiugiluinsgideya teliglitouadedanisld
U Usendaeuuseann @xaangansa 5895UnSARIUAIAY Frueiifuauann Arazuuusede

Ladwihiu wagdinsimueadmngussdulianuuansieiu

[ (%
= v A

NnUsziiudsnan §ide T luusugesgduuunmsussdulvidanumnzand sty fsil
AllensUszliunsujURnudtinaunuUsengd ddansuauusengi nsenTeeRssIH (ausiw) 1
By wazuenLauRnIzaufivuanuanUAvesUTEY 7 1ay sV 8 a uaziamulUsunsy
ARUN MBS s UUsTIIanan sUselunsu UAnuddnunuUsengd d9in nsuaudseng
nsgnsngissa Tnslusunsuifenumneauiunsinsgideya uasianuagmnlunmiiluldly
aniunn$ass Wsunsudwamndulee fesemansia1sd s lnma 251 arvnidouazUssiduna

NSANYY ANEATAIENS UMNINGTTIVAUMETAY

! wan1sUsiiun1sUfuAnuvesdninaugulssngd defansuauussngd nssnssyissiu

2 dinoruaudsyuad: widgeu

OWU.NFUA; ju.nguudloi Wdnavind fuiuizuay Ailsiuanguquaryssnguenguuilui Wi

& S Y
dniodl “a dnodf Ha dniodl “a il Ha il Ha
el .01 dauisdd 6.1 daniedd 111 Faiedd .01 daisdi 6.1

st 6.1.2 st 3.1.2 g 6.1.2

vl 113 e 6.03 uedd 3,13 e 6.03

e 1.0 e 62.1 e 3,10 e 6.2.1

Wi 622 vl 315 e 622

e 623 B 1.1.6 niedi 3,16 el 623

el 624 e 3,17 et 620

i 625 wuedi 318 i 625

s 631 e 3,19 e 631
el 632 el 3.1.10 el 632
i 633 e 633
el 7.0.1 et 7.0.1

Fuedi 7.1.2 vl 7.1.2

35 el 122 e 7.03 e 7.03

el 7.1.0

Fnisdd 229 dnisdd 701 . Fonidld g0 anisdd 229 dnindied 724
TWOWHATN | HAGWWL | WAGWW2 | WAAWW3 | WA | maeuds | wadie | .. @ <«

el 7.4

27 &
nsanzoya

kv

& s - I
B8 O Type heretosearch H €@ - B & @ @ ONE T P

a3 Tsunsueeuiiumesdmiuussinananisuseiunisufiiaudninnuauusengd

[
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anUs1eNa

[

1. manmsimuILazlaymAun ngULuuNsUsEllunsujuRnudnaunuusengi dan
NIUANUTENER NTTNTIERTITY
sUuvumsUszilumsuiiaudinaunudssngi fnensuaudsyngi nsenseRsTTy

JuwnuglilassassfivansdanszuiunsvestanssunisuiRnuaunisisvesdinauauusengs

[

ieliussaidmane lneidelafnwienasuazaddemingitesiunsimunsukuunsuseiiung

[y

YR Ingdszendlins3deilisounan (futures research) inatia353deuuudaenans (EDFR
Ethnographic Delphi Future Research ) 33ufun1s3389w1@nug3sad (ethnographic research)

(Worakham, 2021) ns@inwiaudaiiuainnisdunivalfiietmgiivssaun1salnisusmsau

[

dinaurudsengd daensuauusengd nsensnesssy WislulanseuuuiAnnsideluniswamwn

[V 7]
v A =

sUwuUMsUsTluaTal dnsuszgnduuiAanisimunzuiuun1suseiduves Nevo (1983) uag

De

[

Kanjanawasee (2011) 1¢ 6 psAUsznou Ifun Tnguszasdnisuszifiu ey sszifiunagdayed
v sUsein 38msUssidiu inasinsdsadiu uwasnislideyadoundu tnegidelalduwifnngul
n1sdmansuszliulUldUsslovdidundn Taun wwafnves Stufflebeam & Shinkfield (2007) was
WNARYeY Alkin WagMqWisTULYes Siripong (2005) gaUszasdnIsUsHIliu WunsUssiiufiannse
iusansaunaiduuselonisossuunisuins nsreun nseudulasanis uagnisfaaula
TuidsusmsmuuuAauuy “Ussloviden” (Utilitarianism) &97i3jsusziduldainansia 10 #1u
yosdrtinnuuUsengd dsdansunuUsengi nsensgisssn dusuiudiu fideldadadield
Uszifiunani1suUAau a1uwuIn1euIasgIueieIAdinien1sufianuauuseng s wazwn e
n1sUseiiu Ineldinauiduysel (absolute criterion) Munguinaein1suseiiuyes Kanjanawasee
(2011) apssiuarudosmsldasaumadniunsiaunnuaudsengAnunisavesdidnaua
Usengi denansuANUTENgR NSENTI9YRsTTH

ail Phomjui (2003) na297 JUkuuNsUsHdiu Ao nseunuAaveuuuilunisUssdiu
AuandliiiudasenisimsUssiiuvienszuiunisvesnisUssliuuasilinasunisussfiuiliany
Huszuu aseunay Wuiiseusuuardenrumnglddniou uenaniuuiAnmes Getzels & Guba
(1968) d3lananlin wé’ﬂmimaa“gmwu”ﬁﬁ'}ﬁ@ Tewn gﬂLLUU%éfaﬂLﬁuﬁiamammﬁm LATLARID
AUFUNUSHI VOILUIAR s?falmﬁmLLG}'%mmmmaUﬁmmﬁLﬂﬂﬁmﬁauwhﬁgu WAL ADIAILNTE
uitymiinnuanlédnme Tssaiaweaninuayanudfusvesguuuuinasdesaunsaufoa
(Operation) wag319e8 lugUkuuBI89ANIT (Organization) la ¥H18AINTT BUIAIIUAAKAE
audiuslidfisaustanansaduumsdiiamudilavidy uwidiaunsoiamuesiaaeulidnde
wazgULuUT udasEandnniseg uui ugunensuImsvIonasuiiA ealesfunisuinanield
LuIAARazALdNTUSFanana Tnedl Hoy & Miskel (2001) na1771 UszAnSnanidnis wuneds

nad5a7 usTailvunevesesdnsnidluBausunauwasdinan 1 Jeaenndesiu Vappu (1998)
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! ! a a [ I ¥ Ao w = [ a o = (%
nanUseansuassdnisidulassaianddgusenmanddunsderninelaenaly nuneds sedu
= 3 o & o a
(degree) FpsAansuszaumnuansalunsaniiunisnudinung
2. nmsneaeslisvnuunisuseiunisyfuaauddnauaudsengd daiansuay
Usengi nIenINegRsTId wud laeamsiu sUkuunisuseidunisujiiaudauain mngay
annsalUldluaaunisalasld ilasviounmussnisujifaudinauaudsengalaiuetied
WedduliinanratekaraTauagu1sAanaIu M98 n1slasuansaumaannisuseiiu
n1suuReuerilivsuigeuds gaseurasiissuldluniswaun YSulganisufuieu
AudsENgRLiANUAImTsiely uenaindl Aulesu (reliability) vesnan1sussidiu lnenisadu
FUszidu laaaud edu wuun1susediugi windu 947 Malidumsiggduuunisuseidiv
n1suuiauddnauquuszngd dsdansuaudszngd nsznswgfsssy dediaidundniuel
(product) Na$19Tutiu 1A1ULNEIRT (validity) g9 Feanunsalinansuszidungnaes uaznseiy
< a = o v/ a & Y v v cw o s £ v v ¢ Y N
AU TUAT Feilian1sUssusaesaTaduT s Augs (FuussAnSandunus Wity .947) N5
sULuunsUszfiufianudediu (reliability) gefineazeyuiulidn susuunisusaidunisufunan
dnauauUsEngd deiansuANUTEngi NsENTINERtTIN IANUNEIRTIAIY 9N Worakham

'
% =

(2021) Teinanal ¥ auiiesass fedndunuandinddyianveaniosdoiaynuszinn sy
va a a v Y] P v av v Y] P | a o & dea
AMANUAT A 8179 UANAINAIUAIINYNA B3VBINAT LAA1NN15TR nTanandndenieife
ANLEInsaduAU TN ARSI UTENINATALA A UAINILTIASY aA T RLAlNALA U UAINLYI S
a @ | v a a ‘g = :.’1 o (Y] a :.’1 -lej va o Y o a
igsla Adeni il sannTuieady dmsusuiuunisusediuansadl (3delaaiunis

ATIVHBUAIIULT BINTUTING W NTOANUN8INTUTILATIATA (construct validity) 1148331075

1%
Y

a v a ° Y v a A A v oy A O a 9
m@ﬁUI@E’JNLGUUJGU']fy UIU 19 AU G]’JEJﬂ’]{LGUWlﬂu@ EDFR 188 UgUAIEANULYBUUINNAITUTLLUUSN

Y

Y 2 A

wad Mgeladn suuuunsUsediunsujuRnudinauaudsengd

v v

dainnsunuusengd nseNg
gisssn anunsaUszidiuldediaisansauazgnies

3. wan13UsEiugusuunsUseiun1suiRauddnauaudsengd nnauguseiy
fienumnzan eudululd pnufivsslent wazeugndesrseuagu lnenmsmegluszdvun
(X=4.44,SD. = 0.85) ﬁgqﬁ’lﬂw,wsﬁw:iﬂizl,ﬁu sUwuunsUsziumsu iR uddnauauusengd
deinnsunuUseng nznsaegfsssy dauiudn an1susziliuseniu wuln anududsslevl
finansuszifivlusefunndian (X= 4.57, SD. = 0.79) uazAugniesnsaUAgy dranisusziliu
Tusgiuann (X= 4.32, SD. = 0.94) genAaosiunleueransuANUsENgR NTensNeRsssy Tunsimwn
wmsgunaUiinudenaungarnduiionndn viliiduinesgud dmuetudy Tiands
A MYeIHan sz Fsazifudeiivnglunmsdadulaasuasmsdidunuldodieiinunim
Foteld Fannuaenndesiuteiausuarauufgulunguinsussidunulszdiuves Kanjanawasee
(2022) finanlidn wamsUszduiidnuet msidusanisussfiuiiaansahluldusglonilunns

Anaulavesfuinisla uagdamasianisiudsuwdamseinuinisandunusdelulueuinan
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sunvumMsUszilumsufdiaudinaunuusengi fnensuaudsyngi nsenseeRsIsy

' Yy v
a Ya o v =

ARATeWu Tl AanwarauwuINIvemg vl nsussidunulssiiy vsen1seAuunuyseiiy
(theory of meta-evaluation) iieg3delfihsunuunsuszifiulunaasdltluaniunisalaie wanns
Uszidiunisneaedldsduuunisusedivasvilinsvisganmeeanisussiuazedlusedulanied
aunmannienifisdatugeniuegiuinmsgunisussduiilfifunausilunimnaseuisaonadesiiy
Kanjanawasee (2011) N&1331 A1UkUIAAYDING A N15UELIUIUUTELITU (theory of meta-
evaluation) “n13Uszidiusulssidiu”iunisandunmninvesnisusadiy d1nsuszdulananin
nsussdiuiuasdessenoumeamnmues maruuafauwesnsUssdiu” ¢ 3Bn1susediu’ uay
“nan13Useidin’ n1suseiduaudsedu Jeenaldnalnvesnisaivquamninveanisuseiiiy
Taganusanseyilarisni1sinnunsiaeuni1suseiiu M133nny n1sieuieuiunueinInggiu
vosufuinamanisUssidunielnensgyia dmiunisussiiuadsd fideldunssiunisUsadu
ﬁﬂ’mm%ﬂmmmzmmmaﬁmmmmsﬁmmg’mn’ﬁﬂﬁzLﬁumqmsﬁnm (The Joint Committee on
Standard for Education Evaluation) AN3iNeusidInsgIun1susEilun1eniIsAny) 4 nuinuinsgiu
Ao winsgrunuaululsslovid (utility standards) urmsgiuniuainuidulule (feasibility
standards) 11753 1UAUANNWILNZEY (propriety standards) LagdIfTgIUAIUAIINYNABIATOUARY

(accuracy standards) (Mookdee, 2011)

Ualauauuy
1. Yarauanuzlunisinadagluly
1.1 msihguuuumsuseliunsuunaudinauaudsengd dain nsuRuusengi
WY msfinuseasiBenvessuuunisuseifiuangilonisussiiu ieliAnnmidlalngaziden
Tunnusziduiomoutiluldluaniunisaiass
1.2 Mmsthguuuunsvszdiululddesienudladunadeiifeades eliidn
arudnlafiesstuiatudimane / Saquszasdnsussdiu unummiiivesudasing aaents
wsesileldlunsuseiiiu
2. forauauurlumsideaedoly
msfimsiseiewaungUluunsUssifiudiinauguusengd dada nsuuUsengd
N55N3198A5530 #2835 ne1n193deluguuuudu 9 Wy nsisedalfvansuuuiidiuson
(participatory action research), N15338LTINAADY (experimental research), N15338UsELIUAIY
#osnssuu (needs assessment research) iudu ileiUSsuiiisuansaumnailéainnsusziduin
stwuulelvinanisuseiliuiifiguamanniign W omuuuuyssfiunilsnu/esdnns fiflaana

IS a a A
WLzl LazaUeansnmuinygn
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