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The Effectiveness of Polytomous Logistic Models in Analyzing
Mixed Data According to Item Response Theory

Abstract:

The study aimed to reveal the most effective logistic model and its ability to deal
with multiple Item parameters in one test. To achieve this, the experimental
approach was followed in conducting the study. Hypothetical data simulating
mixed data was used on a test consisting of (60) hypothetical items, including
(20) items that follow the one-parameter model, (20) items that follow the two-
parameter model, and (20) items that follow the three-parameter model. (1000)
virtual subjects who were generated using (WinGen) software answered it. So
that their abilities follow a normal distribution with an arithmetic mean (0) and a
standard deviation (1), these responses were analyzed according to each of the
three logistic models. The results showed that the percentage of matching Items
favors the model with the most parameters, that is, the percentage of matching
Items is positively correlated with the number of model parameters. The study
recommended relying on models with more parameters when analyzing data

that follows multiple models that appear as mixed data.

Keywords: Logistic models, mixed data, item response theory, polytomous.
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il el 3 el AL el i) Ailae dunsi 3(2) g

e Sl =3 5l

3PLM 2PLM 1PLM

) = 2 = 7 >
1 4352 1 437|233 4 37)| 2a
EEN I R Fo4 Y59 g g %

~y T el
Gae 2 | 8 10.0047 |22.1 G 2 | 9 10.0091 |21.9 e | 8] 0166 | 11.7 | 1
&ke | 808538 4 Ghe | 910.7983| 5.4 Gl [81]06826| 57 |2
&he | 9(0.2979 |10.7 &he | 910.3817 | 9.6 Gihe | 901949 123 |3
&ihe | 804122 8.2 Glae | 8(0.2789| 9.8 || & 2 | 8| 0.022 | 17.9 | 4
&ihe | 9(0.0828 |15.3 Gae | 9 10.0565 [16.5| | e 2 | 9 [0.0421| 175 | 5
Gihe | 9109589 3.1 Gihae | 9109848 2.3 Gihe | 901831 126 |6
Gihe | 805377 7 Gihae | 910.8022 | 5.4 Gihe | 8]06593| 59 |7
Gihe | 81]0.2722| 9.9 e | 8 10.6637 | 5.9 || Ghae x| 8 10.0222| 179 | 8
Gihe | 9(0.2596 |11.2 e | 910.7749 | 5.6 Ghe [ 9] 0978 | 26 |9
Gihe | 9105687 | 7.7 e 52 | 9 10.0384 |17.7 | | &ae 2 | 9 [ 0.0389 | 17.7 |10
Gihe | 9]0.3492 | 10 e | 910.7549 | 5.8 Gihe | 91]0.0716| 15.8 |11
&he | 903943 | 9.5 Ghe | 91]0.1768 |12.7 Gike | 8]0.4903| 7.4 |12
&he | 909605 | 3.1 &he | 9| 0.866 | 4.6 Gike [ 9]0.0937 | 14.9 |13
Gihe | 904152 | 9.2 &he | 91]0.1602 |13.1 Gilae [ 9101117 | 14.3 |14
Ghe |8 0.811 | 45 &he | 910.8909 | 4.3 aie | 81]0.5007| 7.3 |15
&ihe | 9(0.7766 | 5.6 Ghe | 91]0.2627 |11.2 aike | 8108017 | 4.6 |16
&ihe | 91]0.8616 | 4.7 Gilae | 9] 0.728 | 6.1 || Gihe 22 | 8| 0.033 | 16.7 |17
Gihe | 909422 | 35 e | 910.7864 | 5.5 Gihe | 8]05251| 7.1 |18
Gihe | 8(0.4657 | 7.7 e | 9105788 7.6 &ihe | 8102938 9.6 |19
Gihe | 9(0.2461 |11.4 Ghe ¢ | 9| 0.006 [23.1|| &idae ¢ | 9 {0.0013 | 27.1 |20
Gihe | 9108261 5.1 s | 9 10.8666 | 4.6 | | Ghae 2 | 9 [0.0037 | 24.4 |21
Gihe | 201722 | 35 Gibae | 205447 | 1.2 || Gidae 12 | 3 0 145 |22
Gihe | 905171 8.2 Giae | 910.9999 | 0.6 &ihe | 8106927 | 5.6 |23
Gihe | 9(0.2592 |11.2 @he | 91]0.1574 |13.1 aie | 8]0.5086| 7.3 (24
&he | 91]0.3672| 9.8 Gihae | 9]0.3457 |10.1| | ke 5 | 9 0 56.1 |25
&ihe | 8(0.7493 | 5.1 &bhe [ 8] 0755 | 5 aile | 8]05851| 6.6 |26
Gihe | 407322 2 Gihe | 3]0.2933| 3.7 || Gihae 12 | 6 0 44.4 |27
&ihe | 9(0.7062 | 6.3 &he | 9106258 7.1 aihe | 81]0.1218 | 12.7 |28
Gihe | 809248 | 3.1 Giae | 810.6384 | 6.1 || Gk 22 | 8 (0.0013 | 25.5 |29
Gihe | 7]0.8465| 3.4 Gihae | 7106813 | 4.8 || Gl s | 7 0 69.2 |30
aihe | 6(0.3682| 6.5 Gihae | 7106981 | 4.7 || Giae s | 6 0 62.8 |31
Gihe | 2] 0.098 | 4.6 Gibae e | 2 [0.0041 | 11 || Gidae 22 | 3 0 |180.7 (32
Gihe | 7]0.3657 | 7.6 Giae | 6]0.4866 | 5.5 || Gihae s | 6 0 55.9 33
e 2 | O 0 0.2 Gidae e | O 0 0 e 2 | 3 0 |[172.8(34
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Ghe | 502073 7.2 Gihae | 4 10.6759 | 2.3 || Gibae e | 4 0 |156.5|35
Gtae 2 | 9 10.0071 | 22.6 @tas | 9104655 | 8.7 | | ke ¢ | 8 | 0.0061 | 21.4 |36
aitke [ 3]0.2573| 4 Gihae | 207173 0.7 || Gae 52 | 3 0 |158.5(37
&tae 2 | 41 0.0007 [19.3 Gihe ¢ | 4 10.0164 |12.1| | Gl 52 | 4 0 238.2(38
sike [ 9109804 2.5 e [9]08311] 5 Gl [ 9]0.7061| 6.3 (39
Gike | 4]0.2155 | 5.8 Gihae | 305067 | 2.3 || Gihae s | 4 0 26.1 |40
sike | 8(0.2167 |10.7 Ghe | 9(05819| 75 aie | 81]0.6313| 6.1 |41
Gihe | 5(0.7129 | 2.9 Gibae e | 4 0 |34.6||stw 2|5 0 445 |42
&l | 809589 | 2.6 & | 8(0.6583| 5.9 &ihe | 8106163 | 6.3 |43
&le | 8]0.5905 | 6.5 & | 710.8516 | 3.3 Gihe | 7] 0.861 | 3.2 |44
Gihe | 908765 4.5 e e | 9 [ 0.0054 [23.4| | Gibae 5 | 9 0 51.7 |45
Gl | 909488 3.4 G | 9| 0.233 [11.7]| e 2 | O 0 44 |46
Gl [ 8]0.8595| 4 Gihe 2 | 8 0 (387 &the e |7 0 37.2 |47
Gl | 7106141 | 5.4 Gilhe 2 | 7 0 |77.7|| sthae e | 7 0 79.1 |48
st [ 9] 0.713 | 6.3 Gihe | 909545 3.2 || ke 5 | 9 0 43.4 |49
sl | 91]0.8681 | 4.6 Glae 2 | 9] 0.017 [20.1| | 3idae 22 | 9 [ 0.0001 | 33.2 |50
aihe [ 909757 | 2.7 Ghe | 9103527 | 10 aike | 8]0.0746 | 14.3 |51
Gihe | 902444 115 Gihe | 910.1009 |14.7 Gile 9107417 6 |52
sike | 8(0.7677 | 4.9 &he | 8| 0.373 | 86 aike | 81]0.0832| 13.9 (53
&ihe | 601577 | 9.3 Gihe 2 | 5 0 54 | | Gtk e | 7 0 |136.7|54
Gl [ 9]0.8061 | 5.3 Gihe | 9]0.1758 |12.7 &ihe | 9]0.0835| 15.3 |55
Gihe | 9108287 | 5.1 Gibs | 9 10.6871| 6.5 || Gile ¢ | 8 [0.0197 | 18.2 |56
Gihe | 908738 4.5 Gihe | 910.1394 |13.5| | Gk 5 | 9 0 40.8 |57
Gihe | 8(0.7706 | 4.9 Gidae e | 9 0 |[52.7||&taee|9 0 81.1 |58
Gihe | 7]0.1058 |11.8 Gibae e | 7 0 34 || Gt e | 7 [0.0013 | 23.8 |59
st | 6]0.3582 | 6.6 Gbe 2 | 5 10.0002 [24.5| | 3ike 22 | 5(0.0004 | 22.4 |60
56 45 26 dagdadll Q\J&\ Qe

%93 %75 %43 Al @l el dans

s gl CAJM.J\ AL Aglaall i B A dgag Badl AGladll il 4l (e
Aaleall ala¥) s slll 73 poill Ailas L 5 8 (26) O Landly Cum il (3 paiindl
e &8l cdalaall AU 23 gadll aladiul o Ledic 5 58 (45) daaall &l sl dae @m\}
(%93) @il dlas Aoy daleall SO #35aill aladinl e 38 (56) <l il
On Gl pandl (GlS) aoye il aladiul 23 O ) G CRY) AN Ganil
N e () dsaally STy s
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0.000 2 36.957
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Aabaall A (e ol G GRY) andl 7 LA aladiinly dpaey 45 a8 ol #1553
AV Al )l

o) G
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ol LS gl il
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3PLM 2PLM 1PLM *
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-2.751 - 0.000 2PLM
- 0.006 0.000 3PLM
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Al e Ayl A 8150 ali I alleall e daladll e 23 saill 3508 DA (e el
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48l giall <l il ae Jaladll o 1508 daleall 336 z3saill (IS cpa il y il

138 o 3 edalrall AU 5 dadrall Al Cpad gaill (e IS pe A8 giall ) pa s 42
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ST AN 23 gail) G La 130 ¢ AN 5 DA 3 gaill i ol i) apead Suaill dales

& (0) s bassy g osh cpaddll o Jle) L) Al L sala¥) zasaill (e dllad

fg_‘ﬂ.lﬂb Lﬁd\;‘)f\ Caad gatl) (ilaa QM\ G..JJA..\M & 3 sia 138 5 ¢ saall e calidy jraddl)

Uaa g ddalidall GUlal pe Jalail) 3 4lad z3lail) ST OGN 73 gail) (e Jan Lo 128 g

e G355 <l i 3 g g oy Adalidall i) ae Jalill gl Y 5 dpe gae SSY) 23 gaill

I8l e gana (30 0.33 Zagal IS auii ) ) jaal) A Gualy Cua 3 gail) f2a

r b gil)

(i o Calall (i Ll Jea il 3 3 il ¢ guim A

8y smar i Baasie pilad auii clily Jalad ie SV Al @l ziladll e slaie ) e
Akl Gty

8 cllall 3 eall dildas sae o HdeS z3saill bl dilas sae (e Gisdll e
1Y) a8 g ol a8 allee a8 e g3 sad e slaic Y]

Aalas g daerdl Leruag C_IJJ.IM P ARERPY th\ e\di:u.u\_j dplia Ol 2 ¢l a) e



e oll) o 3lall) Aded Al b jall g & gaall &y )

AR <l g )3 2025 (pald a3 ((27) aal)
raalally sibaal)
rd ad) gl sal)

5a_all lain) Ak aladiuly el il ddabise <ol HUAY) 3 (2022) O o
(32)117 dipusiil) il Hall 4y peaall aall dlagl) saaxie s Lala¥) zilall G 45l
40-23

Sl s aiil) ale B Q) @l saY & e Spndl pailadll (2023) Wi «sied
40-21 «(1)7

Au ol lis) Gl dalas (2020) Gres cameall 2ie 5 231 (s aall s el ¢ ile )
i) ok ity glee diblay (PIRLS 2011) 36l Al @l jlea oall 4 sall
.93-68 ¢(15)15 « sk dxala 4350 yill o slall dlaa 33 jaall



i oll) 7 3lall) Ao Al bl jall g gl Wy 5
AR <l g )3 2025 (pald a3 ((27) aal)

Aia¥) aal al)
Baker, F. B., & Kim, S. H. (2017). The basics of item response theory using
R (pp. 17-34). New York: Springer.
Birnbaum, A. (1968). Some latent trait models and their use in inferring an
examinee’s ability. In F. M. Lord & M. R. Novick (Eds.), Statistical theories of
mental test scores. Reading, MA: Addison-Wesley.
Clark, L. A., & Watson, D. (2016). Constructing validity: Basic issues in objective
scale development.
Crocker, L., & Algina, J. (1986). Introduction to classical and modern test theory.
Holt, Rinehart and Winston, 6277 Sea Harbor Drive, Orlando, FL 32887.
Hambleton, R. (1990). Iltem response theory: introduction and bibliography.
Psicothema, 2(1), 97-107.
Hambleton, R. K., & Swaminathan, H. (2013). Item response theory: Principles
and applications. Springer Science & Business Media.
Lord, F. & Nonvick, M. (1980). Application of item Response Theory to practical
Testing problem. Hillsdale, NJ: Lawrence Erlbaum Associates.
Reise, S. P., & Revicki, D. A. (Eds.). (2014). Handbook of item response theory
modeling: Applications to typical performance assessment. Routledge.
Rijmen, F., Tuerlinckx, F., De Boeck, P., & Kuppens, P. (2003). A nonlinear
mixed model framework for item response theory. Psychological methods, 8(2),
185-205.
Supriyati, Y., Falani, I., & Maulana, S. (2021, March). The information function of
mixed-format test of physics learning outcomes measurement. In AlIP
Conference Proceedings (Vol. 2320, No. 1). AIP Publishing.
Swaminathan, H., Hambleton, R. K., & Rogers, H. J. (2006). 21 Assessing the
Fit of Item Response Theory Models. Handbook of statistics, 26, 683-718.
Verhelst, N. D., & Glas, C. A. (1995). The one parameter logistic model.
In Rasch models: Foundations, recent developments, and applications (pp. 215-
237). New York, NY: Springer New York.
Wright, D. & Stone, M. (1979). Best Test Design a handbook for Rasch
measurement. Chicago: MESA Press.
Zickar, M. J., Gibby, R. E., & Robie, C. (2004). Uncovering faking samples in
applicant, incumbent, and experimental data sets: An application of mixed-
model item response theory. Organizational Research Methods, 7(2), 168-190.



