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Abstract
This study is aimed at estimating the difficulty level of essay tests and the accuracy of students’ ability in
Real Analysis essay test using the Rasch model with the QUEST program and R 3.0.3 package eRm
program. The population in this study was all students of the Department of Mathematics Education,
Universitas Pancasakti Tegal in the academic year 2016/2017, who were enrolled in the Real Analysis
course. The data were analyzed using the R 3.0.3 package eRm program and QUEST program. The
students’ ability was obtained from the result of the course final exam of the first Real Analysis course.
The analysis shows that: (1) by using Rasch model for partial credit scoring, the difficulty level shows that
100% of essay questions in Real Analysis final exam is categorized as difficult, (2) the estimation of
students’ ability in Real Analysis course using Rasch Model with CML method is better than the

estimation of students’ ability using Rasch Model with JML approach.
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Introduction

One important component in the for-
mation of quality human resources is educa-
tion. The most important factor to be able to
compete globally in the 21st century is educa-
tion. According to Mardapi (2012, p. 12),
efforts to improve the quality of education
can be pursued through improving the quality
of learning and the quality of the assessment
system. Thus, in the process of education in
Higher Education, for example in learning
mathematics must strive to implement the
learning process and assessment as well as
possible. A good process of learning mathe-
matics can certainly be done by providing
flexibility for students to develop and explore
their abilities.

Today, education in Indonesia is still
considered very low, especially for mathe-
matics. Even though mathematics is the main
science taught from elementary school to uni-
versity. This indication can be seen from the
low student achievement in each academic
year. Ironically, mathematics is a subject that
is not liked. Many students are afraid of math-
ematics. For them, math is like a frightening
enemy they want to avoid. Schwartz (2005, p.
1) suggests the basic success of mathematics
education is to support the development of
intelligence in mathematics from a variety of
life conditions. Student's mathematical skills
in living conditions at the School can be seen
when students take the test. The implemen-
tation of the test is basically to assess the suc-
cess of students during the learning process.
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The test is very necessary so that the educator
in this case the lecturer can know the stu-
dent's learning achievement after being given
the subject matter in the learning process.
Therefore, making a good test needs to be
pursued by considering the ability of students,
so that the tests carried out as a measuring
tool to test student achievement can reflect/
describe the true abilities of students.

Students of the Mathematics Education
program at Universitas Pancasakti Tegal all
this time consider the most difficult subjects
to be Real Analysis. Real Analysis comprises
deductive and axiomatic topics. Previous ob-
servation on the performance of students of
Universitas Pancasakti revealed the students’
ability in this course is relatively low. It is indi-
cated by their ability to prove a convergent
sequence yet, they found it difficult in solving
some problems related to convergent se-
quence as there are many theorems are in-
cluded.

Student learning evaluation activities are
one of the important tasks that must be done
by lecturers. In the field of education, evalu-
ation of student learning achievements is con-
ducted to determine the progress of students
in the curriculum that has been taught. One
effort to evaluate students is to give exami-
nations in the middle of the semester and at
the end of the semester. However, sometimes
giving questions that are too difficult or too
easy causes it to be difficult for lecturers to
distinguish students' abilities. Therefore, an
analysis of exam questions is needed in the
hope that the exam results present the ability
of students.

Evaluation is a series of activities in im-
proving the quality, performance, or produc-
tivity of an institution in carrying out its pro-
gram. Through evaluation, information about
what has been achieved and which have not
will be obtained, then this information is used
to improve a program. According to Tyler
(1950), evaluation is a process of determining
the extent to which educational goals have
been achieved. According to Griffin and Nix
(1991), evaluation is a judgment on the value
of the measurement results or implications of
the measurement results. Tyler emphasizes
the achievement of the objectives of a pro-

gram, while Griffin and Nix emphasize the
use of assessment results. Thus, the focus of
evaluation is a program or group, and there is
a judgment element in determining the suc-
cess of a program (Mardapi, 2012, p. 4).

The form of real analysis subject evalu-
ation is the midterm and the final semester
examination. The test is in the form of a de-
scription test, the advantages of the descrip-
tion form test are easy in the preparation.
This form of description will also train stu-
dents in expressing opinions both systematic-
ally and logically (Buckley, Winkel, & Leary,
2004). A lecturer will be able to find out
where the weaknesses of the students are in
the material that has been taught so that they
will give input on what things must be im-
proved. Scoring on the description form tests
takes a long time and is relatively more dif-
ficult so the form of the description test is
difficult to use for large-scale tests. An assess-
ment will be meaningful if the results can be
used to improve the quality of the learning
process. An assessment will be meaningful if
the results can be used to improve the quality
of the learning process (McMillan, 2005).

The existence of the midterm and final
semester exams in the Real Analysis course is
to evaluate the ability of students. Some the-
ories and models that can be used to analyze
test items are the ones with the Rasch Model.

In this study, Rasch model was employ-
ed to analyze test items. According to Imaroh,
Susongko, and Isnani (2017), the items para-
meter does not depend on the sample. Fur-
ther, Ningsih and Isnani (2010) revealed the
different reliability levels of essay test items
analyzed using Item Response Theory model
(1PL, 2PL, 3PL) and Rasch model.

The concept of objective measurement
in the social sciences and the assessment of
education, according to Wright and Mok
(2004), must have five criteria, namely: (1)
producing linear measurements with equal in-
tervals, (2) exact estimation process, (3) iden-
tifying inaccurate (misfits) or uncommon i-
tems (outliers), (4) able to handle missing da-
ta, (5) produce measurements that are inde-
pendent of the parameters studied. Of the
five conditions, so far only the Rasch model
can fulfill these five conditions. The quality of

96 - Copyright © 2019, REiD (Research and Evaluation in Education), 5(2), 2019

ISSN 2460-6995



Estimation of college students’ ability on real analysis conrse...

Isnaini, Wikan Budi Utami, Purwo Susongko, & Herani Tri Lestiani

measurements in the assessment of education
carried out with the Rasch model will have
the same quality as the measurements made in
the physical dimension in the field of physics
(Sumintono & Widhiarso, 2015). In meas-
uring modern test theory, the Rasch model is
seen as the most objective measurement mod-
el. The use of the Rasch model in measuring
education has advantages in specific objec-
tivity and the stability of high grain parameter
estimates (Wu & Adams, 2007).

The main characteristic of the Rasch
Model is that this model considers all re-
sponses of a test taker regardless of the se-
quence in solving the problems. It means that
the level of difficulty of each test item is not
necessarily in consecutive order. The main ad-
vantage of the Rasch model is that the mental
process used by participants in solving the
problems is more accurate. Moreover, com-
pared to other models (particularly classical
test theory) this model has the ability to
predict the missing data based on a systematic
response pattern. This model has been ap-
plied to mathematics and reading tests, e.g., at
the National Assessment of Educational Pro-
gress (NAEP) (Susongko, 2014). This model
is also suitable for analyzing personality scale
responses that have a multi-point scale.

Unlike the Rasch model which includes
all responses without considering the se-
quence in solving the problems, the Grada-
tion model requires sequential responses of
the test takers from a low to a high category.
In the Gradation model, the level of difficulty
of each test item is arranged in sequence,
while in classical test theory, the pattern of
students’ answers is not considered as classical
test theory merely considers correct and
incorrect answers. Gradation model is suitable
for a course that requires regularities or se-
quential responses of each test item, such as
mathematics, physics, and chemistry.

According to Lababa (2008), one of the
oldest test theories about behavioral assess-
ment is classical true-score theory. Classical
test theory has an easy application. Moreover,
it is a practical model to describe how meas-
urement errors can affect the observed score.

Quantitative item analysis emphasizes
the analysis of internal test characteristics

through empirically obtained data. Internal
characteristics include test item parameters
which are the level of difficulty and discri-
mination power of a test.

Rasch model is a dichotomous scoring
model that merely has two categories, namely
the correct answer with a score of 1 and the
incorrect answer with a score of 0. Currently,
it has been developed more extensively in
polytomous scoring. According to Retnawati
(2014, p. 32), the polytomous scoring model
is an item response model that has more than
two scoring categories. In the Rasch model, it
is assumed that all items have the same discri-
mination index (Isgiyanto, 2011).

To deal with polytomous data with vari-
ous ranks, a new type of analysis of the Rasch
model is developed, namely the Partial Credit
Model. However, the main purpose of the
Rasch model is to create a scale measurement
at equal intervals. Meanwhile, as the raw
scotes are not shown in interval form, the
scores cannot be used directly to interpret the
students’ ability. Rasch model requires both
per person score data and per item score data.
These two scores become the basis for esti-
mating true scores that indicate the level of
individual ability as well as the degree of dif-
ficulty of the test.

Rasch modeling uses both per person
score data and per item score data. These two
scores become the basis for estimating true
scores that indicate the level of individual abil-
ity as well as the degree of difficulty of the
test. The advantage of the Rasch Model com-
pares to other models, particularly classical
test theory, is the ability to predict the missing
data, based on a systematic response pattern.

Some studies had been carried out re-
lated to the use of the Rasch Model in ana-
lyzing test items. A study by Kurniawan and
Mardapi (2015) showed that the Rasch model
provides complete information about test i-
tems, including its difficulty level. This study
is aimed at estimating the difficulty level of
the essay test on the first Real Analysis course
by using the Rasch Model and describing the
estimation of students’ ability in Real Analysis
course by using the Rasch Model, QUEST
program, and R 3.0.3 package eRM program.
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Method

This research is an explorative descrip-
tive study of data sets of items and responses
of participants in the semester's final exami-
nation of the real analysis subject in the aca-
demic year 2016/2017. This research is a
post-hoc diagnosis that is described as a retro-
fitting approach (Gierl, 2007). The retrofitting
approach is carried out through analysis of the
items and item response data in the final
semester exam in the real Analysis 2016/2017
academic year.

Some studies have implemented the
Rasch model by involving 30 to 300 students
as the sample (Bond & Fox, 2007; Keeves &
Masters, 1999). The subject of this present
study was 82 students of Mathematics Edu-
cation Department of Universitas Pancasakti
Tegal in the academic year 2016/2017 who
took the first Real Analysis course.

The sampling technique used in this
study is purposive sampling. It is one of the
non-random sampling techniques where the
researcher determines sampling by specifying
specific characteristics suitable with the objec-
tives of the study so that it is expected to
answer the research problems. Based on the
explanation of the purposive sampling, there
are two things that are very important in using
the sampling technique, namely non-random
sampling and setting specific characteristics
according to the research objectives by the
researchers themselves.

The instrument used in this study was
the final exam test on the first Real Analysis
course. The test items include the introduc-
tion material, Real Numbers, Sequences and
Series, and Limit (Bartle & Sherbert, 2000).

Rasch model was applied to analyze the
collected data. This analysis resulted in a de-
scription of the difficulty level of the test
items. By using the eRm package in R Pro-
gram version 3.0.3, the analysis generated the
estimation of item parameters on the exam of
Real Analysis. :

Measurement modeling explains the
procedure of how to organize raw scores into
more meaningful information. Moreover, it
can utilize a mathematical model that can in-
terpret raw scores into a score that provides
more valid and accurate information. The

analysis of raw scores leads to a new finding:
the opportunity for students to correctly an-
swer an item is the same as the comparison of
students’ ability and the difficulty level of the
test items.

P, (@)
P,,(8)+P,(8)

— sxp(By—&;, ) [:1]
1+exp (B —&;,) T

(Bryan, 2004)

P, (6)=

OCFs (Ogive Curve Function) become
a prototype of Rasch model development for
polytomous items. Ifiis a polytomous item
with score category = 0, 1, 2,. . ., mi, then the
probability of participant n with score x on
item 1 is later described in Category Response
Function (CRF), which is illustrated in the
following equation (Glas & Verhelst, 1989):

expl51o(60 — 6,)
o [EXP [Efzu{en - al}"}]]

P (8)= e (2)

Equation (2) can be elaborated by the
number of categories in the test items. For
example, if a scale has three categories of the
score of 0, 1, and 2, then there will be a cate-
gory (j) as many as three individual probability
equations for each category. Probability in
category 0 is:

1

Fiol8) = T exp(6, — G1) + expl(6y — By) + (B — G2)] o (3)

Probability in category 1 is:
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Probability in category 2 is:
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In the probability of category 0, there is a
number 1 in the numerator since Rasch Mod-
el requires the following equation:

E_?:I}(é —d;)=1 .. (6)
(Glas & Verhelst, 1989)
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Findings and Discussion

The parameter of the difficulty level of
test items has the same value interval as the
parameter of participants’ ability (), which is
bi; = 0. The bi; value ranges from - to +00.
However, the values which are practically (or
rationally) used are only between -4.0 to +4.0.
It means that the more negative the difficulty
level of an item or close to -4, the easier the
problem. On the other hand, the more posi-
tive the difficulty level or approaching +4, the
more difficult the problem (Naga, 2003, p.
224).

In case the parameter of the difficulty
level of a test item meets 4 < -2, the item is
then categorized as a very easy item. If it
meets -2 < 4; < 0, the item is then categorized
as an easy item. Furthermore, if it meets 0 <
< 2and b, = 2, the item is then categorized as
a difficult and very difficult item, consecu-
tively (Hambleton, Swaminathan, & Rogers,
1991).

The analysis of the question number 1
showed that &1 = 0.861, 812 = 0.374, and 613
= 0.45. It implies that the difficulty level of
the first, second, and third steps is included in
the difficult category. In question number 2,
the difficulty level of the first step is included
in the difficult category (8,1=1.731), while the
difficulty level of the second step is identified
as very difficult (8,,=2.787). In question num-
ber 3, the results obtained were 65=1.149
and 85= 1.796, which suggest that the dif-
ficulty level of the first and second steps can
be included in the difficult category. The ana-
lysis of question number 4 resulted 64=-0.363
and 84=-0.963. It indicates that the difficulty
level in both steps is in included in the easy
category.

The results showed that there are three
categorties (D12, 21, O41) which are identified as
easy, one category (O11) is identified very easy,
and six categoties (D, Os1, O3, Ou, bsi, and &
0sy) are categorized as difficult. In general, the
score of difficulty level of those items was
0.594, thus the four test items were identified
as difficult.

It can be inferred from the aforemen-
tioned results that the final exam items of
Real Analysis course are categorized as dif-
ficult for the participants, even though all

topics in the questions had been discussed
during the course. The value of the difficulty
level of item varies (typically) from about -2.0
to +2.0. Item number 1 with sub-topic of the
Completeness of Real Numbers was identified
as a difficult item. Likewise, item number 2
and item number 3 with sub-topic of the
Limit of a Sequence and the Theorems of
Limit of a Sequence, respectively, were cate-
gorized as difficult items. On the contrary,
item number 4 with sub-topic of the Theo-
rems of Limit of a Sequence was identified as
an easy item. To make it clearer, Figure 1,
Figure 2, and Figure 3 present the questions
in the test and the sample of student’s an-
swers.

From the students’ answers which are
presented in Figure 1, Figure 2, and Figure 3,
it can be foreseen that the student was in-
capable to solve the problems number 1, 2,
and 3 systematically, because of the incapacity
in understanding some theorems and define-
tions which are related to the problems. The
students could not recognize and analyze the
relation between the theorems and defini-
tions.

Figure 1. Student’s answer on Problem 1
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Figure 3. Student’s answer on Problem 3

It is presented in Figure 4 that in the
fourth problem, the student seemed to com-
prehend the topic. The theorems related to
sequences and series were analyzed before the
implementation for solving a problem. It can
be seen from the sample in which the student
could use the theorems systematically as
suggested in solving the problem.

Figure 4. Student’s answer on Problem 4

The result of the analysis showed that
the ability of the test participants was quite
diverse. In fact, merely a small number of
students can solve questions number 1, 2, and
3 correctly. Most of the students could not
determine specific theorems and definitions
to solve the problems, especially in the second
and third problems. In contrast, most of the
students already understand the theorems
used to solve the fourth problem, which are
the sequences and series theorems, even
though they faced a difficulty to analyze the
theorems.

The estimation of the students’ ability is
presented in the interval scale (-3, +3). The
category score in Rasch Model shows the
number of the required steps to solve an item
correctly. A high score indicates a good ability
category. On the contrary, a low score indi-
cates a low category of ability as well. The
output of the estimation of ability parameter
obtained from QUEST program and the
package eRM with partial credit modeling or
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Rasch Model is used to illustrate the com-
parison between the students’ ability esti-
mated using the Joint Maximum Likelithood
(JML) approach with the package eRM and
those estimated using the Conditional Maxi-
mum Likelihood (CML) approach with the
QUEST program.

In JML approach, the students’ ability
could not be expressed in score 0 and score
100. Meanwhile, in CML approach, the stu-
dents’ ability can be expressed in score 0 (ap-
proximately a value of -3.09) and score 100
(as approximately a value of 85). Therefore, it
can be inferred that Rasch Model using CML
approach is more suitable than Rasch Model
using JML approach to estimate the students’
ability in understanding the subject-matter.

The result of analysis meets the
OutfitMSQ criteria if the value is 0.035 <
OutfitMSQ < 3.239. The analysis resulted a
value of 0.5 < OutfitMSQ < 1.5, thus it ful-
fills the range of OutfitMSQ. The criteria of
INFIT MNSQ is 0.5 < MNSQ <1.5. Accord-
ing to the mean value and the standard
deviation of Rasch model, the CML approach
with the package eRM is eligible since the
mean and the standard deviation meets the
criteria. On the contrary, the JML approach
with Quest program is less appropriate as
indicated by the mean and the standard
deviation that do not meet the criteria.

In conclusion, the result of analysis on
the estimation of students’ ability reveals that
the estimation of students’ ability using Rasch
model with CML approach and eRm program
is more accurate than the estimation of stu-
dents’ ability using Rasch model with JML ap-
proach and QUEST program. Similarly, based
on OutfitMSQ, Rasch model using CML ap-
proach with eRm program has better perfor-
mance than Rasch model using JML approach
with Quest program.

Conclusion

Based on the results and discussions, it
can be concluded that the essay test items on
the first Real Analysis course that have been
tested to the students of Mathematics Edu-
cation Department, Universitas Pancasakti
Tegal can be classified as a good test. Besides,
the students’ ability can be estimated precisely

by using Rasch Model with CML approach
and eRm package. The estimation of
participants’ ability was quite diverse. A small
number of students can solve questions num-
ber 1, 2, and 3 correctly despite these ques-
tions were classified difficult. Meanwhile,
most of students already understand the theo-
rems used to solve the fourth problem. The
students are capable to apply the theorems
systematically to solve the fourth problem.
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