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An Analysis of Rasch Model's Item Response Theory Using

Hierarchical Generalized Linear Models
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Abstract

This article provides a test analysis of Item Response Theory (IRT), currently considered
the most popular theory of the test theory, through Hierarchical Generalized Linear Model
(HGLM), where the structure of the data has at least 2 levels. Therefore, an HGLM technique can
be used to analyze both continuous and group variables. This article also provides an example
on how to analyze the one-parameter logistic model (1PL) or Rasch Model which comprised
of two levels of data structure: level 1 as the students’ latent traits and level 2 as the student
level. HGLM technique which is available in HLM program is for analyzing a dichotomous-item
test where 1 is for the correct answer and 0 is for the incorrect answer. By showing how to
estimate the difficulty (8 or b) and the ability (6) of the test takers, assessors can apply this
technique for measuring and evaluating students’ learning performance without using a test

analysis program directly.
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Select MDM type | 0
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g . -
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Q19
Q20 v | Graph file name | E:\RASCHKRAPUN\grapheq geq
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Q ) I
Q add variable group centered
Q add variable grand centered
Q Delete variable from model
Q.
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S22 2R Prob(Y=1ip) = 0 v
Level-2
INTRCPT1 Logls/(1-¢)l=n
Y1 N = By +B,(Q1) + B,02) + B,{Q3) + B,(Q4) + B4(Q5) + FQE) + B,(QT) + BylQ8) + Bg(QY) + B 4{Q10) + B, (Q11) + B, (Q12) + B, 5(Q13) + B, ,(Q14) + F,Q15] + B,4(Q16) + B,(Q1T) +
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Outcome | | pyEp 1 MODEL

Level-1 Probly.=1 _
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TUsunsu HLM lﬂlé’gﬂaammumLﬁaimsnzﬁwwwﬁma%mm IRT ueiusn 15139ld@7t 1eannnns
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1 7 nansheszibigualuduindudvinanrinlunanisgavine (Final Estimation of Fixed Effects)
Tupedui Coefficient lnsgualuund GOO HuA1UszIeY 700%%?]14@"1Laﬁasmmmaugﬂﬁuaq

tnEeunmuawazdududvinanisneugnuesten 30 MYudededs G10 WuaUssannues }/loﬁl:ﬁu

SvEnansnougnuesdeaeuto 1 walumsiei 1 Vo = 0378195 uaz ¥, = 0.886493

A9 1 HANTSIATIEVBNSNAAIN Nz lUAIUIAAIAINNENUBITDEBY

Final estimation of fixed effects: (Population-average model)

Standard Approx.

Fixed Effect Coefficient Error T-ratio d.f. P-value
For INTRCPT1, B®@

INTRCPTZ2, Gee 9.378195 0.844917 §.428 21e2 ©.0080
For Q1 slope, Bl

INTRCPT2, Gle ©.886493 ©.868717 12.901 63060 ©.000
For Q2 slope, B2

INTRCPT2, G2@ -0.791988 ©.062873 -12.597 63060 ©.eee
For Q3 slope, B3

INTRCPT2, G3@ -1.886576 ©.871742 -26.297 63060 ©.000
For Q4 slope, B4

INTRCPT2, G4@ -1.438477 ©.066688 -21.57@ 63060 ©.eee
For Q5 slope, BS

INTRCPT2, G5& -2.239221 ©.877455 -28.918 630680 ©.000
For Q6 slope, B6

INTRCPT2, Ge@ -1.96547¢@ 8.872876 -26.978@ 630680 6.e00
For Q7 slope, B7

INTRCPTZ2, G7@ -1.837292 ©.863892 -16.235 63060 ©.000
For Q8 slope, BB

INTRCPT2, G8e -1.317553 ©.865688 -208.e58 630680 e.ee0
For Q9 slope, B9

INTRCPTZ2, G9@ -1.713514 ©.869522 -24.647 63060 ©.000

NgATIUaNN1SA 3 A1AUEINYastaaRUTefN | lAN1AINGAT — 7,0 — 7 L5130ANTILA

PNHANMTIATIERE G uINRWaeeile 9103197l 1 vesnfegiesnsmAIAILeInde 3 4 5 6 waz 7
AINETSTU Fail ((-1.886576)0.378195 =1.508381) (-(-1.438477) -0.378195=1.060282) (-2.239221)-
0.378195=1.861026) ((-1.96547)-0.378195=1.587275) way («(-1.037292)-0.378195=0.659097) ‘f]iy,‘]/i’l‘]‘/sll
Waulafe mmenvesde 30 dslulumaiiolnfudeddasiismsdaldedsls Ansufide 4o 30
Aedefiin Q1 89 Q29 flAu 0 awaunSAY Fail

19y 2
In " =By, + B, X+ By, Xy ot By i Xy 8Uu
32AUN 1
Py
In :ﬁo]‘
1-p,
s2AUN 2
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Wufe /1 Yoo NaziluAmnlduny i, dufe aueinded 30 azArwiadldan —Yep—Yo 108
ATeuazasalng Difficulty Aaelusunsy SPSS TaetAudiuys G0 waz GOO waslduy Transform >
Compute Variable... \usngiessiansduninysznoud 7 way 8 fail

ta Difficulty.sav [DataSet1] - IBM SPSS Statistics Data Editor
Eile Edit View Data Transform Analyze Direct Marketing Graphs  Utilites Add-ons  Window  Help

SR 0 e~ BLAM A S BoE Q!

12:

ITEM EFFECT Gio Goo ‘ m Compute Variable
1 30 G00 378195 378195
2 1 G10 886493 378195 TargetVariable: Numeric Expression:
3 2 G20 -791988 378195 DELTA _  |cio-cool
4 3 G30 -1.886576 378195
5 4 G40 -1.438477 378195
6 5 G50 -2.239221 378195 L 4
7 6 G60 -1.965470 378195
8 7 G70  -1.037292 378195 E
9 8 G80 -1.317553 378195 — M/ e

awUsnaun 7 msasadikdsAanuenmieiy Transform Tulusunsy SPSS

7/ i0 §
A3IUYIN
EFFECT | Gi0 DELTA

1 30 G00 378195 ,3?8195

2 1 G10 866493 378195 -1.264688
3 2 G20 -.791988 378195 413793
4 3 G30 -1.886576 378195 1.508381
5 B G40 -1.438477 378195 1.060282
6 5 G50 -2.239221 378195 1.861026
7 6 G60 -1.965470 378195 1587275
8 7 G70 -1.037292 378195 659097
9 8 G80 -1.317553 378195 939358
10 9 G90 -1.713514 378195 1.335319
1" 10 G100 -1.077763 378195 699568
12 11 G110 -2.140756 378195 1.762561
13 12 G120 - 786037 376195 407842
14 13 G130 -1.303477 378195 925282
15 14 G140 -1.082055  .378195 703860

AMNUIENaUN 8 NswUasdnswansiiduaAinusnvetaaau

WUszanuAANEIavesiniieuseyanalagly HGLM
Tunslieszinsanaes 2 ssauiidaudsaudunisreudmausedegnseiin
Tildnansanulumasiad (Rasch Equivalent Model) #s71tindiAsizidosnisiiniuueniniloain

msdlwesaanuenn fe “annudannse (0) VBIHADU” HATDINTIATIEWMIEUTUNTU HLM FznTariu
Amsdimes Uy Tuaunisn 3 Aduauansdsssedaunuduusilasunuyana lneunilusunsy

HLM aglsidnauen vy 1Juseauliudasianailuanuuusunuves ¥, Tadeusglusuves 7,

SENANNMUTUTINYRY Uy
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nMsasslumauniniuiingdun Weginsieniadn Run Analysis glekaanslu
dwiludvdnagu (Random Effect) wainioeriusznauauulsusiuaes u, Al

1599 2 NANITIATIZNBIAUTENBUAMULUTUTINVRIANUANNTAVBEERY

Final estimation of variance components:

Random Effect Standard Variance df Chi-square P-value
Deviation Component
INTRCPT1, ue ©.31660 ©.10024 2102 3309.20173 ©.eee

Na
UABAN Too

NAITNN 2 NANITUAATIERIUAINUTZNOUN 6 ANV AMUUUTUTIUYDY Uy HALUIAY
0.10024 Tulusunsuazl¥Anin Variance Component Lilosannmen U ; ldunuanuanansavesiaaud

Tsunsulsdimanunlsy dafu 5Tafommnaunenid WaunsuazFonin “lawmia (Residual)” Tne

Tusunsuazdnuameyivesusareulild iesndaeudumiensialusedud 2 indsfomnanmy

wiaelusedudl 2 lnsdstuiinifAuen imwndeilulwdnneuen e19vsfvlusuuvulnddonnuiinigng

funtaresmnnuamsaLdazauLUUAsdnBasy ieiiulusulndteyaveslsunsumnasgiudu o

I6iun Tsunsu SPss SAS STATA Tngluunanuiazifivegluguuuuvedlug SPSs.SAV
miafalndiiuAnaumde (Residuals) U, ; szauiinGey

Msas1eldTuinAAmasEeUN 2 Yanutunausalull
O nanilay Basic Settings lUsunsuaziUantisng Basic Model Specifications-HLM2

¥

Juu
O a3nuiiu Level-2 Residual File Tusunsuazidauiing1g Create Level-2 Residual File

Yuan

© 7iv79 Residual File Type ﬁaaﬂiﬁaudwwawﬁwmq Trdndenussnnvaslngiideanis
Tuunanuiiasfuiedndluzuuuy SPSs

O §olidildifurunde uiidliFodn ability.SAV udnan OK

© 730 Run Analysis
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FE] WHLM: him2 MDM File: Rasch.MDM
File Basic Settings Other Settings Run Analysis Help
__Outcome | LEVEL 1 MODEL Basic Model Specifications - HLM2 Create Level-2 Residual File
Level-1 i o N .
>> Level2 << | To0Y;=1IF) =6 6 Distribution of Outcome Variabl | W Create Residual File
INTRCPT2 A | Logle;/(1-¢;)l=n; ¢ Normal (Continuous) , ) Variables in
ATT : Possible choices residual file
M. = By +P,(Q1.) +B,(Q| ¢ Bemoulli (0or1)
MOT ij 0j 15V 2 i ATT
l316!(016,l) + ;377/(017 " Poisson (constant exposure) MOT
LEVEL 2 MODEL ¢ Binomial (number of trials) ,”01.17
ne
Ba = T+ " Poisson (variable exposure)
9 00 o
= ¢ Multinomial
Py = To ) Number of categories l_—
B, =1 " Ordinal
2 ‘20 |
P3y = 730 [~ Over dispersion 9
B, =1 Double-click to move variables between columns
g 4 Level-1 Residual File | Level-2 Residual File |
Ps; = 7sp QResidual File Type
P = Teo Title [Run Rasch Model With Dr.Krapan * SPSS (" SAS ( Stata
Py = 170 Output file name | E-\RASCHKRAPUN\hIm2 txt © SYSTAT  C Free Format
Pg = Ta0 Graph file name IE \RASCHKRAPUN\grapheq.geq
Py = Ta0 Residual File Name [abiity sav (@)
ﬁm = Y100 Cancel OK
j = 1
- . OK Cancel
& ﬂm =~ T1o -

muwdsznaudl 9 Tufinlidirumdesyaud 2 Tl sPSs 3 ability. SAV

#&191nAAN Run Program TUsinsuazasslud ability iietiuaianuaisnsavesinbouunas
Au lnsazdaadumfgenndasiulusingy HLM Faldlanunsasuladetn mslalwd adn Open >Data
wagluflvia ability. SAV

@ Open Data

Lookin: | * RASCHKRAPUN ~| @0

g ability.sav

(@ Difficulty. sav
(@ KP_Levi.sav
(4 KP_Lev2.sav

mwusznaudl 10 m3dalld ability. SAV

Faudseng q Aeglulnd ability. SAV axfivisvun d1uau 68 HauUs Fausazfuusazidusy
wisiildduing Inefigediuusisesandreloveslndluisiuusgavine laun (2id, nj, chipct, mdist,
ebintrcp, olintrcp, fvintrep, fvgl - fvg29, ecintrcp, ecql - ecg29, pv00 Wag pvc00 MININUTENOU
fi 11
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RIS IV PR G R AR RGN

1R ability.sav [DataSet3] - IBM SPSS Statistics Data Editor ™
File Edit View Data Transform Analze DirectMarketing Graphs Utiies Add-ons Window H|

SEEe @M« ~ B3 M & B

1 ebintrcp 2432534721876 Visible: 68 o 68 Variables
12id nj chipct | mdist |ebintrcp ol Arcp fvintrcp fvql fvg2 fuqz fyqd £vqs £

1 1 30 1.556 1.542 .244 .632 .382 . 893 -.7%99 -1.502 -1.451 -2.257 —;
2 2 30 .753 .497 -.133 -.374 .382 .893 -.799 -1.902 -1.451 -2.257 =
3 3 30 .7175 .497 -.133 -.374 .382 .893 -.75%%9 -1.502 -1.451 -2.257 =
4 4 30 .762 . 497 -.133 —-.374 .382 . 893 -.7%99 -1.502 -1.451 -2.257 -
5 5 30 177 .131 -.069 -.190 .382 .893 -.799 -1.902 -1.451 -2.257 =
6 6 30 .144 .131 -.069 -.1%0 .382 .893 -.75%%9 -1.502 -1.451 -2.257 =
7 7 30 .000 .001 -.005 —-.014 .382 . 893 -.7%99 -1.502 -1.451 -2.257 -
8 8 30 1.350 1.119 -.198 -.566 .382 .893 -.799 -1.902 -1.451 -2.257 =
9 9 30 .790 .497 -.133 -.374 .382 .893 -.75%9 -1.502 -1.451 -2.257 =
10 10 30 .284 .384 -120 .319% .382 .893 -.7%9 -1.%02 -1.451 -2.257 =
11 11 30 .058 .090 .058 .155 .382 .893 -.799 -1.902 -1.451 -2.257 -
12 12 30 1.878 2.019 -.264 -.767 .382 .893 -.799 -1.902 -1.451 -2.257 =
13 13 30 2.220 2.01% -.264 -.767 .382 .893 -.7%9 -1.%02 -1.451 -2.257 =
14 14 30 2.087 2.019 -.264 —-.767 .382 .893 -.799 -1.902 -1.451 -2.257 -
15 15 30 .153 .131 -.069 -.190 .382 .893 -.799 -1.902 -1.451 -2.257 =
16 1é 30 2.331 2.388 .306 .783 .382 .893 -.7%9 -1.%02 -1.451 -2.257 =
17 17 30 .000 .00l -.005 -.014 .382 .893 -.799 -1.902 -1.451 -2.257 -
18 18 30 .030 .001 -.005 -.014 .382 .893 -.799 -1.902 -1.451 -2.257 =

15 19 30 1.601 1.542 .244 .632 .382 .893 -.75%%9 -1.502 -1.451 -2.257 -11
L [

AUsznaun 11 Aendsiulndiawrdaseaun 2

nnllddanandrsfusaglien uymuissyliluaunsd 2 wagaunsi 3 :namusznoui
11 ArAuasnsazivegludnysiidedn ebintrep WuAAvNEs NUTEIMAIL3T Empirical
Bayes Ine Kamata (2000) T31m5uUszanausneds Empirical Bayes finunaiendeiuiants Bayesian
Estimates 7iliiotioi1 EAP e MAP mauanunsadnamiafiulusulsiifide olintrep Wuanuszanm
FeTitdaestianian Fiazadetuitladagnagean (ML) fdwanainivsunsuised IRT laonss
WU 35v03 Bock waz Aitkin (1981) tlusiu ﬁhﬂizmmmwmamLﬂ?{aummgm (Standard Error) ¥4
ANLANNaTIUsTINUMETS Empirical Bayes ansnsnvgmildainnisnensiniaeavesiands PVOO 3
\umnuuUsUTILYeINIsUaNLaINEds (Posterior Distribution) Yo iwinde A5 nTidedueininy
wsUTImTeIMILINLRIMEndvesAAude szl urm uAa AR R oLIRTEIUTIRIATINAILNTD
Yogany Fuds PVO0 azagdduil 67 ann faudsitaun 68 fauds Fsamdsznaudl 12

chipct mdist ebintrcp olintrcp ecq28 ecq29 pv00 pvc00
1 1556 1542 632 -979 - 653 062
2 753 497 -133 -.374 -979 -653 065 065
3 775 497 -133 -.374 -979 -653 065 065
4 762 497 -133 -374 -979 -653 065 065
5 177 131 -.069 -190 -979 -663 064 065

awUsZNaUN 12 ﬁwmmamﬁmazmwmmmLﬂﬁaummgmmaaﬂuﬁ 1-5

'
a o

nualunimdszneudl 12 Wunisendiedennuaiuisavesiasuiisiuialagis EAP

[

(ebintrcp ) wazANLUTUTIUVBIAUAAIALAGEY (PVOO) oAUl 1 a1y 0.244 uag 0.062
PNUAIAY WaRIIIAMUARIAAREUNNSE IUYBIrEINsaliA Ty +.062 =0.249
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unasy

uneuiauslifunnuduiussyrinmsinsed 2 seiu Wesudsmudusudsuisees
Tngnsuvadlemanisnoutessugndmiudeasuiiliinzuu 2 i (gn =1, An = 0) Wuailadn (Logit) 19
seiuil 1 Judeaou sedudl 2 Hudnieu delideasuidusviunsuaslfsrssdaunudndudvinady
laaunisuifgiiuling 1 wisndwmesves IRT uazarunsauszanuAvedluna laun U, uay

— 10 — Yoo HlUunuAnduauasaaeu (0) wazanuein (6) vesdeasusede lnglduananis

aalalddeyaduselusunsy SPSS adslidanda MDM Felusunsa HLM 1oty 6.08 uazldlusunsy
Spreadsheet oA TUsunsy Excel SPSS lunisauins iiveliigeuaninsatluldeulaaseiely

LONE5D19949

o

nsgity AR, (2553). dusiidemasielonialunisneudeasugn. auiinusuivanguivads,
a1913¥139e Jama uavalAnsfne, augfnwiaans, ininedeysm.

gt euyUan. (2556). msiseuiigunmsvimhiisduvesteaay #2835 HGLM 35 MIMIC uas3s
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