WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS

Zuhaira Muhammad Zain

Application of Rasch Model in Evaluating the Reliability and Quality of
Examination Paper for Object-oriented Design Course
ZUHAIRA MUHAMMAD ZAIN
Information Systems Department, College of Computer & Information Sciences
Princess Nourah Bint Abdulrahman University
Riyadh
KSA
zmzain@pnu.edu.sa
Abstract: - Exam has been used enormously as an assessment tool to measure students’ academic performance
in most of the higher institutions in KSA. A good quality of a set of constructed items/questions on mid and
final exam would be able to measure both students’ academic performance and their cognitive skills. We adopt
Rasch Model to evaluate the reliability and quality of the first mid exam questions for Object-oriented Design
course. The result showed that the reliability and quality of the exam questions constructed were relatively
good and calibrated with students’ learned ability.
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teaching and learning process is required to measure
students’ understanding and ability. In this paper,
the mid examination questions for IS223D for
Semester 2 Session 2015/2016 is taken into account
as the assessment tool. Furthermore, in the process
of constructing these examination questions, it is
vital to have fairly distributed examination questions
based on Bloom’s cognitive thinking skills, the level
of students’ ability and level of questions/items
difficulty. Morales reported that in evaluating the
quality of the questions, a discussion of reliability is
essential [3]. The reliability is the degree to which
an instrument consistently measures the ability of an
individual or group. Typically, in CCIS, there is no
measurement on reliability of any examination
questions. The questions were only checked for their
format, spelling, and the relevance of questions by
the course specialist. Thus, there is no statistical
evidence to prove that a set of examination
questions is reliable.
The purpose of this study is to measure the
reliability and quality of the mid examination
questions of the Object-oriented Design (IS223D)
course. This is to evaluate whether these questions
calibrated with students' learning abilities and the
course contents. It is part of the study to enhance
and improve students' cognitive thinking skills and
ability in designing UML diagram based on given
requirements. The measurement is based on the mid
examination questions and the raw marks will be

1 Introduction
Object-oriented Design (IS223D) is a new course in
the Information Systems (IS) Department at the
College of Computer and Information Sciences
(CCIS) at the Princess Nourah Bint Abdulrahman
University (PNU). It is one of the core subject that
must be completed by the IS students before they
can graduate. The main objective of this course is to
introduce various of UML diagrams to the students
and they need to apply them in the Object-oriented
Software Development environment.
CCIS needs to comply to the American
Accreditation
Board of
Engineering and
Technology, 2000 (ABET) program accreditation
requirements. One of the ABET criteria is to have a
quality student performance measurement. In CCIS,
student performance measurement has been
essentially dependent on the students’ performance
in carrying out tasks such as quizzes, assignments,
mid examinations,
projects and final exams.
Measuring students’ performance is essential in
education in order to monitor the students’ learning
pattern [1]. A quality task should provide the same
level of cognitive thinking skills to all students on
what they have learned. In order to increase the
students’ performance quality, well organized and
constructed tasks, which are based on Bloom's
cognitive thinking skills [2] and the level of
students' ability should be taken into consideration.
A reliable and high quality assessment tools in
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analyzed by the Rasch Measurement Model. The
model fulfill the guidelines that has been
emphasized by Wright and Mok [4] that a
measurement model must produce linear measures,
overcome missing data, provide estimates of
precision, detect misfits, and distinguish the
parameters of the object being measured from those
of the measuring instrument. Thus, it can generate
meaningful inferences by transforming an ordinal
score into a linear, interval-level variable, through
estimating the fit of data to the Rasch model’s
expectations. The basic principle underlying the
Rasch Model is that the probability of a
respondent/student
successfully
verifying
a
particular item/question is governed by the
difference between the item/question’s difficulty
and respondent/student’s ability [5, 6, 7]. The logic
underlying
this
principle
is
that
all
respondents/students have a higher probability of
answering easier items/questions and a lower
probability
of
answering
more
difficult
items/questions accurately [5]. The model has been
used to assess the reliability and quality of
examination paper of some Engineering courses in
Malaysia [8, 9, 10, 11, 12] yet it has not been
applied for Information Systems courses especially
in Saudi Arabia. Furthermore, Rasch Model is one
of the reliable and appropriate method in assessing
students’ ability [9, 11, 12]. Aziz et al. stated that
the model’s Wright Map can give a precise
overview of the student’s achievement on a linear
scale of measurement [13]. Another study by Rashid
et al. showed that Rasch Model Wright Map could
provide meaningful information on the students’
learning effectiveness [14].

answers all questions. The questions covering three
learning topics in IS223D, UML Overview, UML &
Object-oriented Software Development, and Use
case modeling. The course learning outcomes for
the three learning topics for IS223D expected for the
students to achieve is shown in Table 1.
The questions were entered as entry number as
shown in Table 2. The item was labelled as
Question No., and Taxonomy Bloom Level of
Learning, which the students expected to develop
three Level of Bloom’s Taxonomy, namely
Remembering/Understanding
(Level
1),
Applying/Analyzing (Level 2), Evaluating/Creating
(Level 3). Thus, for entry item number 1, the item
was coded as “A01_1” (refer to Table 2), where
“A01” is equal to Question No., and “_1” is equal to
Level of Bloom’s Taxonomy.
Score from final examination results were
gathered and compiled. As these raw score have
different total marks for each question, a
standardization method was used. The formula for
the standardization is given below [8]:
𝑧𝑖𝑗 =

𝑥𝑖𝑗 −𝑚𝑖𝑛 𝑥𝑗
max 𝑥𝑗

(1)

where i = the ith students (i = 1, 2, ... , 59), j = the
jth questions (j = 1, 2, ..., 22), zij = standardized
marks for ith student and jth question, xij = marks
for ith student and jth question, min xj = minimum
marks for jth question, and max xj = maximum
marks for jth question.
Responses from the students’ exam results were
analysed using rating scale in which the students
were rated according to their achievement. From
(1),
𝑧𝑖𝑗 ∗ 10 = 𝐴
(2)
Then, A is classified correspond to the rating
scale in Table 3. This grade rating was tabulated in
Excel*prn format. Using Rasch software,
Bond&Fox Steps, this numerical coding is necessary
for further evaluation of the students’ achievement
and also the reliability and the quality of items. The
analysis outputs obtained from the Bond&Fox Steps
were analysed and studied.

2 Methodology
The data was obtained from the mid examination
questions of IS223D course, which was taken by the
second year Information Systems students of CCIS,
PNU. Data from 59 students were collected and
studied. The mid examination consists of 22
questions which was divided into four parts, Part A,
Part B, Part C and Part D. Students were required to
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Table 1. Course learning outcomes for three learning topics for IS223D
No Course Learning Outcomes
1
Able to analyze requirement.
2
Able to design use case diagram.
3
Able to determine Object-oriented modeling fundamental.
4
Able to explain the purpose of modeling and UML.

Part
A

B

C
D

Marks (A)
Rating scale

Qs.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Table 2. Entry number coded for each exam question
Entry No. Learning Topics
A01_1
UML Overview
A02_2
UML & Object-oriented Software Development
A03_1
Use case modeling
A04_1
UML Overview
A05_1
UML & Object-oriented Software Development
A06_2
Use case modeling
A07_1
UML & Object-oriented Software Development
A08_2
UML Overview
A09_2
UML & Object-oriented Software Development
A10_1
UML Overview
B11_1
UML Overview
B12_2
UML Overview
B13_2
UML Overview
B14_1
UML Overview
B15_2
Use case modeling
B16_2
UML & Object-oriented Software Development
B17_2
UML Overview
B18_1
UML Overview
B19_2
UML & Object-oriented Software Development
B20_2
UML & Object-oriented Software Development
C21_3
Use case modeling
D22_3
Use case modeling

Table 3. Marks (A) and corresponding rating scales
0-1.49
1.50-3.49
3.50-6.49
6.50-8.49
1
2
3
4

for items are close to its expected values, +1 and 0,
respectively. Moreover, the item reliability (Rasch
equivalence to Cronbach’s alpha) is significantly
good, .90. This means that all the items/questions
in the IS223D mid examination can be used

3 Data Analysis and Discussions
The summary statistics for the analysis of the
sample of 59 students on the 22 scale items
comprising the IS223D mid examination
items/questions are shown in Fig. 1. The summary
fit statistics for items show satisfactory fit to the
model. The mean square fit (IMNSQ and OMNSQ)
statistics and the z statistics (Infit and Outfit ZSTD)
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Fig. 1. Summary statistics
students involved in the IS223D mid examination
have the tendency to answer well most of the
questions.
Fig. 3 shows the item statistics in Measure
order. The Rasch fit statistics disclose that four
items, B12_2, A01_1, A06_2, and A07_1 behaved
more erratically than expected with an Outfit
MNSQ value > 1.4. However, after confirming that
the Infit MNSQ is within the range, it is accepted in
this analysis. Other items fit sufficiently to the
model, with their Infit and Outfit Mean-square
values and Infit and Outfit Z-std values all lying
within the acceptable range.
The principal contrast analysis of the Rasch
residual variance is shown in Fig. 4. The variance
explained by measures is good (50.5%). The unidimensionality of the IS223D mid examination
instrument is strongly confirmed by having a good
unexplained variance in the first contrast (6.1%).
Thus, it proved that the questions are only related
with the content of this subject.

The Wright map in Fig. 2 establishes the
distribution of persons/students on the left,
represented by R01-R59, and the distribution of
items/questions on the right, represented by the
entry number (refer Table 2). The easiest question
is A04_1 (UML consists of only two elements,
diagram and relationship?) located at -.62 logits
(SE .21), while the question that is most difficult to
answer is B12_2 (Which of the following is NOT
TRUE about OMG?) located at the top of the
item/question distribution at +1.04 logits (SE .11).
This is because B12_2 is a negative question that
might confuse the students. It is recommended that
any negative questions should be omitted in any
examinations in the future. The person/student
distribution confirms the result from the summary
statistics. The most capable students are R16, R31,
and R33 located at +.84 logits (SE .23), while the
least capable student is R20, located at the bottom
of the person/student distribution at -.16 logits (SE
.13). The mean of the person/student distribution is
higher than the mean of the item/question
distribution. This indicates that majority of the
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Fig. 2. Wright Map
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Fig. 3. Item Measure
Note: Acceptable range for Infit and Outfit Mean-square is between 0.6 to 1.4 [15] and acceptable range for
Infit and Outfit Z-std is between -2 to +2 [5]

Fig. 4. Principal Contrast Analysis
Note: Variance explained by measures should be ≥ 50% and unexplained variance in the first contrast should be
≤ 15% [16]
students have learned. It also precisely classified
the students according to their capability to answer
the questions.
For future work, the other assessment tools such
as quizzes, project and final examination questions
for other IS courses will be evaluated to check for
their reliability and quality in order to comply to

4 Conclusion
This study discovered that the questions of the mid
examination paper for IS223D is reliable and in a
good quality to measure students' academic
performance. However, any negative questions

should be omitted in any exams in the future.
This findings can be future references for questions
construction of other Information Systems courses.
As a conclusion, Rasch Measurement Model can
be an effective tool in evaluating the reliability and
quality of any assessment tools for Information
Systems courses. Hence, this study showed that, by
using Rasch Measurement Model, the result
accurately classified the questions according to
students learning ability and their cognitive
thinking skills. It allows each question (item) to be
evaluated discretely and calibrated with what
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