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An Investigation of the Effect of Number of Steps
and Difficulty Distribution of Polytomous Test
Questions on Persons’ Ability, Questions Diffi-
culty Estimations and Information Function of

the Test According to Partial Credit Model

Dr. Nedal k. Alshraifin Dr. Zaid s. Bani - Ata

College of Education
Yarmouk Univesity
H. K. J.

Abstract

The study aims to investigate the effect of number of steps and difficulty
distribution of test questions on the accuracy of persons’ ability, questions
difficulty parameters estimation, and Information function of the test according
to Partial Credit Model (PCM). To achieve the objectives of the study, data
from three 30-question tests with varying number of steps for every question,
(three steps, four steps, and five steps) were developed using WINGEN program.
The degree of difficulty between first and last steps in those tests was equal for
all tests according to three different distributions related to difficulty of
questions: normal, positively skewed, and negatively skewed. Also, data related to
responses from 1000 persons were generated. Data were analyzed according to
Partial Credit Model and SPSS program. The results showed statistically
significant differences in the standard errors of means for persons’ ability
estimations attributed to the number of test steps and the interaction between the
number of test steps and the shape of distribution, and the results also showed no
statistically significant differences attributed to the shape of distribution. More-
over, the results showed statistically significant differences in the standard errors
of means for difficulty parameters estimation attributed to the number of test
steps and the interaction between the number of test steps and the shape of
distribution. No statistically significant differences, attributed to the shape of
distribution, was shown. In addition, no statistically significant differences were
found among estimated persons reliability coefficients, attributed to the number
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of test steps or at different shapes of distributions. The results indicated that the
five-step test provided the largest amount of information under different shapes of
distributions (normal, positively skewed, and negatively skewed), than the fourU-
step test. Finally, the relative efficiency of the five-step test was higher than that
of the three-step test. In other words, the five-step test was more accurate in

estimating persons abilities.

ity ol cddomalt/



TP s — Jo¥1 gl = 1 aall Use oy -8 cppdapddt Jlas . gl Lol

&> |

il yag 21,3V @lyud @lles oo 20 I (144Y) el oamdl - )
JERE:v) @ly gj):-._” aad! g_x.:}‘u IMS e JLaL Al g
uLo.c LBJ}:LJ.A J\:LQ ob}S) ZUL..U ‘L)‘:‘:"J CAL&.} O u:}l«a\.} L}_}:JL?S
A0,V Aaalst

o el yae ol 2 gjj:..ﬂ aaad! T9a0 ddels (V0o V)owmo eyl — Y
« alatl L‘gj.]\fd\ S aall cLee Sl 3ale 20 il glasdl Saoatie Al
.\._3.‘.’_” ‘;\Lubq.U ZU...)).’J‘ QLQ-C ?4.0.&\:. ZQLA.C ‘3)3_«1.;.4)._5& obj:SJ 2\.“.«_«.:)

2 Al ALY mmaat ailghd sae 5T L(VAAY) seme opald - Y
el Zised alumial AL Agaes @iy 2,0V @lud
.@_})3‘ ZLQ.A\:-._” :OLQ.C. ‘3)5...:2‘.?.&):!.&. obij_s MLI.U) .ujjad‘

oaibas e @, 28 ol soe JET.(YHW) asle ey, - ¢
.tﬁ}ﬂ)ﬁj‘ a.:.AL& :“\T'Jl ‘Bjji'uin )._3.2‘. abj:S.: ML.u)

onlasl Aolae 2 ddelal) julao 3oy gue (V0 0V) Jlad conany &) = 0
o yadl zoled 39y @JJ&U\ daaie A G"»J‘):J‘ PLE Leaas]
‘5)5.:2;& ):LC 0‘)5:/5.) ML‘.‘O .u_uL__..EJ\ % 2\:9_;..7_1\ Lﬂ‘j ?L“&:u.um‘
et ol ol Aoyl plee dasls plee

6 - Adams, R. J. (1988). Applying the partial credit model to educational

diagnosis. Applied Measurement in Education, 1 (4), 347-378.

7 - Beretvas, Susan N. (2000). To meet or not to meet standards: Proficiency
estimation using different polytomous IRT models. University of
Washington. Degree: PHD.

8 - Crocker, L.& Algina, J. (1987). Introduction to classical and modern test
theory. New York: Harcourt Jovanovich.

YVY gpdiatly ol el



TP s — Jo¥1 gl = 1 aall Use oy -8 cppdapddt Jlas . gl Lol

10

11

12

13

14

15

16

17

18

Dodd, B., & Koch, W. (1985, April). Item and scale information
functions for the partial credit model. Paper presented at the meeting of
the American Educational Research Association, Chicago.

Dodd, B. G., & Kock, W. R. (1987). Effect of variations in steps values
on item and test information in the partial credit model. Applied
Psychological Measurement, 11(4), 371-384.

Drasgow, H. (1982). What constitutes an adequate sample size for
calibrating the graded response model (GRM) and the three-parameter
logistic (3PL) model. Retrieved January 15, 2012 from http://www.mea-
sured progress.org/documents/.../AdequateSampleSize.pdf.

Eggert, S. & Bogehols, S. (2009). Students use of decision-making
strategies with regard to socioscientific issues: an application of the
Rasch Partial Credit Model. Retrieved December 21, 2011 from

www.interscience.wiley.com..

Embretson, S. & Reise, S. (2000). Item response theory for psychologists.
Mahawah, NJ: Erlbaum

Han, K.T. and Hambleton, R.K (2007). User’s Manual for WinGen:
Windows Software that Generated IRT Model Parameter and Item
Response. Center for Educational Assessment Research Report No 642,
Ambherst, MA: University of Massachusetts Center for Educational

Assessment.

Hakstin, A. R. & Whalen, T. E. (1976). A k- sample significance test for
independent alpha coefficients. Psychometrica, 41(2), 219- 231.

Hambleton, R. K & Swaminthan, H. (1985). Item response theory
principle and application. Boston: Kluwer: Nijhoff publishing.

Harris, J., Laan, S. & Mossenson, L. (2009). Applying partial credit
analysis to the construction of narrative writing. Retrieved January 15,
2012 from http://www.informaworld.com/smpp/title con-
tent =1t775653631, Online publication date: 14 December 2009.

Harris, J., Laan, S. & Mossenson, L. (1988). Applying partial credit
analysis to construction of narrative writing tests. Applied Measurement
in Education, 1 (4), 335-345.

ity ol cddomalt/ YV¢



TP s — Jo¥1 gl = 1 aall Use oy -8 cppdapddt Jlas . gl Lol

19 -

20 -

21 -

22 -

23 -

24 -

26 -

YVo

Hattie, J. (1985). Methodology review: assessing unidimensionality of
tests and items. Applied Psychological Measurement, 9(2), 139-164.

Lord, F. M. (1980). Application of item response theory to practical
testing problems. Hillsadle, New Jersey: Lawrence Erlbaum Associates.

Masters, G. N. (1982). A Rasch model for partial credit scoring.
Psychometrika, 2, 149-174.

Masters, G. N. (1988). The analysis of partial credit scoring. Applied
Measurement in Education, 1(4), 149-174

Ozaki, K. & Toyoda, H. (2009). Item difficulty parameter estimation
using the idea of the graded response model and computerized adaptive
testing. Japanese Psychological Research, 51(1), 1-12.

Reeve, B. (2004). Applications of item response theory (IRT) modeling
for building and evaluating questionnaires measuring patient: Reported
outcomes. Unpublished Paper.{On line} http: //outcomes.Cancer.gov/
conference/irt/reeve.pdf.

Wilson, M., & Iventosch, I. (1988). Using partial credit model to
investigate responses to structured subtests. Applied Measurement in
Education, 1(4), 319-333.

Wright, B. D. & Masters, G. N., (1982). Rating Scale Analysis. Chicago:
MESA Press.

Spiicatly oLt cdlmat!






