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Abstract. This study aims to analyze the instruments and abilities of students on material
number patterns using the Rasch model. The instrument was tested on 29 8th grade junior
high school students consisting of 15 female students and 14 male students. Instrument
analysis and student ability using the Rasch model based on instrument difficulty (item
measure), student ability level (person measure), Wright map (person-item map), and
instrument analysis. The results showed that there was one difficult question, six medium
questions, and one easy question. In addition, there were five students with high abilities,
sixteen students with medium abilities, and eight students with low abilities. The level of
difficulty of the diversity instruments is not far adrift, but the level of student ability varies.
The interaction between students and instruments as a whole is bad. The consistency of
answers from students is weak, but the quality of the instrument is sufficient.
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1 Introduction

Algebra is a fundamental material in school mathematics. This material is important for
students to master because algebra is widely used in everyday life [1]. One of the material in
algebra is the number pattern [1], [2]. Number patterns are associated with arithmetic
generalizations that are generally difficult for students to master [3], [4]. To improve the quality
of learning in material number patterns can be done by analyzing the instruments and abilities
of students using the Rasch model.

The Rasch model was introduced by a mathematician Goerg Rasch from the University of
Copenhagen, Denmark. This model deals with a group of statistical techniques that are used as
a mathematical approach to assessing measurements [5]. Rasch developed a measurement
model that determines the relationship between the level of student ability and the level of
difficulty of the problem by using the logarithmic function to produce measurements with the
same interval. The unit used in the Rasch model is a logit (log odds unit) which shows the level
of student ability and the level of difficulty of the questions. So based on the logit value obtained,
it was concluded that the level of success of students in working on problems depends very
much on the level of student ability and the level of difficulty of the questions [6]. The Rasch
model was later popularized by Benjamin Wright of the University of Chicago, United States
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The Rasch model can produce good and accurate measurement instruments, because the
Rasch model meets five objective measurement criteria, namely: (1) providing a linear scale
with the same interval, (2) can predict the missing data, (3) providing estimates more precisely,
(4) capable of detecting model inaccuracies, (5) producing replicable measurements [6].

2 Methods

This study aims to analyze the instruments and abilities of students on material number
patterns using the Rasch model. The form of the instrument used was ice say eight questions.
The instrument was tested on 29 8th grade junior high school students consisting of 15 female
students and 14 male students. The data collected was then analyzed using Winsteps software
version 4.4.5. The Rasch analysis model used is the instrument difficulty level analysis (item
measure), student ability level analysis (person measure), Wright map analysis (person-item
map) and instrument analysis.

3 Result and discussion

Here are the results of the analysis of instruments and students' abilities on material number
patterns using the Rasch model based on the level of difficulty of the instrument (item measure),
the level of student ability (person measure), Wright map (person-item map), and instrument
analysis

3.1 Instrument difficulty level (Item Measure)

Analysis of the difficulty level of the instrument is useful to find out the problems that are
classified as difficult, moderate, and easy. Analysis of the level of difficulty of the instrument
in the material number patterns can be seen in Figure 1 through detailed logit information
(measure) of each question. Data are displayed sequentially from the largest logit value to the
smallest. A large logit value indicates a high level of problem difficulty (difficult), while a small
logit value indicates a low level of problem difficulty (easy). If the logit values are the same,
this shows the difficulty level of the problem is the same [6].
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Fig. 1. Instrument Difficulty Level.

Based on Figure 1, the question that has the highest level of difficulty (difficult) is the N2
question with a logit value of +0.38 with a total score of 72. This is because the N2 question
requires students to make generalizations from the sequence of numbers. Generalizing rows of
numbers is one part of arithmetic generalizations, which are generally difficult for students to
do [9]. While the questions that have the lowest level of difficulty (easy) are questions N1 with
a logit value of -0.36 with a total score of 130. Questions N3 and N6 have almost the same logit
value, namely -0.10 and -0.11, respectively this shows the difficulty level of the two questions
is almost the same.

The resulting scale has the same distance, so the value of the question logit can also explain
other things. For example, the N4 logit value is +0.07 and the N7 logit value is +0.21, so it can
be said that the difficulty level of the N7 question is three times the N4 question.

In Figure 1 there is also information about the logit mean value and the logit standard
deviation values, 0 and 0.21. Based on the average value and the standard deviation value, the
level of difficulty of the instrument can be grouped [10]. The grouping of instrument difficulty
levels is shown in Table 1 below.

Table 1. Instrument difficulty level grouping.

Range Group
Logit Value > 0,21 Difficult
-0,21 < Logit Value <0,21 Medium
Logit Value <-0,21 Easy

So based on Table 1, there is one difficult question, namely N2. There are six medium
questions, namely N7, N4, N5, N3, and N6 questions. And there is one easy problem which is
about N1.

3.2 Student ability level (person measure)

In addition to analyzing the difficulty level of the instrument, in the context of educational
assessment also needs to be done an analysis of the level of student ability to work on the



instrument. Analysis of student ability levels is useful for knowing students who have high,
medium, and low ability levels in working on a given instrument. The analysis of the ability
level of 29 students in working on the instruments on material number patterns can be seen in
Figure 2 through detailed logit information (measure) of each student with the same scale. Data
are displayed sequentially from the largest logit value to the smallest. A large logit score
indicates a high level of student ability, while a small logit value indicates a low level of student
ability. If the logit scores are the same, this shows the level of student ability is the same [6].
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Fig. 2. Student Ability Level.

Based on Figure 2, students who have the highest level of ability are 23L students with a
logit score of +1.85. While students who have the lowest level of ability are 22L students with
a logit value of -0.16. Students 11L and 19P have the same logit value of +0.27, this shows the
level of ability of the two students are the same.

The resulting scale has the same distance, so the student logit value can also explain other
things. For example, student 17P's logit score is +0.20 and student 07L's logit value is +0.40, so
the student's O7L ability level is twice that of 17P's student, in the context of being able to work
on the question.

In Figure 2 there is also information about the logit mean value and the standard deviation
value of logit, 0.41 and 0.39. Based on the average value and the standard deviation value, the
ability level of students can be grouped [10]. The grouping of student ability levels is shown in
the following Table 2.



Table 2. Grouping Student Ability Levels.

Range Group
Logit value > 0,80 High
0,02 < Logit value < 0,80 Medium
Logit value < 0,02 Low

So based on Table 2, there are five students who belong to the group of high-ability
students, namely students 23L, 03P, 13L, 16P, and 26L. There are sixteen students included in
the group of moderately capable students, namely students 05P, 06P, 04P, 09L, 20L, 15P, 25P,
29P, O7L, 21L, 14P, 11L, 19P, 10P, 18P, and 17P. And there are eight students who belong to
the group of low-ability students, namely students 01L, 24P, 27L, 08L, 28P, 02L, 12L, and 22L.

3.3 Wright map analysis (Person-ltem Map)

One of the strengths of the Rasch model is that it produces a Wright map that illustrates the
distribution of student ability levels and instrument difficulty levels on the same scale [6], [11].
The following is a Wright map that illustrates the distribution of the ability levels of 29 students
and the distribution of the difficulty level of the material instrument of number patterns.

Map of Wright on the left in Figure 3 shows the ability level of 29 students from the highest
to the lowest. 23L students when compared with other students the level of ability is the highest
with a logit value above 1. In addition, 23L students also have a high level of ability that is
different (outlier) because the logit value is more than the limit of two standard deviations (T).
Whereas 22L students when compared with other students the level of ability is the lowest with
a logit value below 0. In addition, there are also four students who have the same level of ability
namely 10P, 11L, 18P, and 19P with a logit value above 0.

The Wright map on the right shows the difficulty level of the questions in the material
pattern of numbers from the highest (difficult) to the lowest (easy). Problem N2 has the highest
difficulty level (difficult) with a logit value above 0, meaning that the probability of all students
to work on this problem correctly is small. While N1 questions have the lowest difficulty level
(easy) with a logit value below 0, meaning that almost all students can work on this problem
correctly. In addition, there are two questions with the same difficulty level, namely N3 and N6
questions.

There are thirteen students (23L, 03P, 13L, 16P, 26L, 05P, 06P, 04P, 09L, 15P, 20L, 25P,
and 29P) who can work on all N2 questions. This is because the ability level of the thirteen
students is above the difficulty level of N2 questions. This can be seen from the 13th-grade logit
of the student is more than the N2 logit value. The student's logit value is greater than the value
of the item'’s logit meaning the probability to work on the problem correctly is more than 50%.
Thirteen students will get the maximum value that can be obtained

The level of ability of 17P students is the same as the level of difficulty of N7 questions.
This can be seen from the 17P student's logit value is the same as the N7's question logit value.
The student logit score is the same as the value of the logit about the meaning of the probability
to do the problem correctly is 50%.

There are four students (01L, 08L, 24P, 27L) who cannot work on N7 problems because
the level of ability of the four students is below the difficulty level of N7 questions. This can be
seen from the value of the fourth student logit below the logit value of question N7. The student's



logit score is less than the value of the item's logit meaning the probability to work on the
problem correctly is less than 50%.
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Fig. 3. Wright Map.

When compared to the distance between the M-S-T (mean, 1 SD, and 2 SD) on the Wright
map, it can be seen that the distribution for students' level of ability (left) is wider than the
distribution for instrument difficulty level (right). This shows that the level of difficulty of the
diversity instruments is not far adrift, but the level of student ability varies.

The logit value of the average level of difficulty of the instrument is 0, while the logit value
of the average level of student ability is above 0. So the average value of the level of student
ability is greater than the average value of the level of difficulty of the instrument. This shows
that the average level of student ability is above the average level of difficulty of the instrument

The Wright map analysis can provide information about the quality of the instruments
being tested. So that information can be obtained about the questions which many students
successfully work on and the questions which many students fail to work on. So that we can
provide assistance to students who need help.

3.4 Instrument analysis



In the Rasch model, instrument analysis can be carried out in more detail in the form of
statistical summaries. The statistical summary provides information about the overall quality of
student response patterns, the quality of the instruments used, and the interaction between
students and instruments [6]. The following is a statistical summary of 29 students who
answered 8 material number material instruments presented in Figure 4.
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Fig. 4. The statistical summary.

Based on Figure 4 person measure value is +0.41 which shows the average value of all
students working on the given instrument. The average value that is greater than the logit value
of 0 indicates a tendency for students to have a greater ability than the instrument difficulty
level. INFIT MNSQ and OUTFIT MNSQ, for the person table the average values are 0.97 and
0.99, the ideal value is 1 (the closer to 1 the better). In addition, for INFIT ZSTD and OUTFIT
ZSTD the average values are respectively 0.14 and 0.18, the ideal value is 0 (the closer to 0 the
better). Likewise the MNSQ INFIT and MNSQ OUTFIT for the item table, the average values
are 1.05 and 0.99, the ideal value is 1 (the closer to 1 the better). In addition, for INFIT ZSTD
and OUTFIT ZSTD the average values are respectively 0 and -0.10, the ideal value is 0 (the



closer to 0 the better). Cronbach's alpha value of 0.37 shows the interaction between students
and the instrument as a whole is bad. In addition, the value of person reliability is +0.14 and
item reliability is +0.64. So it was concluded that the consistency of students' answers was weak,
but the quality of the instruments was sufficient.

4 Conclusion

Based on the results of the analysis using the Rasch model, it was found that there was one
question that was included in the difficult questions group, six questions that were included in
the medium questions group, and one question that was included in the easy questions group. In
addition, there are five students who belong to the high student group, sixteen students who
belong to the medium student group, and eight students who belong to the low student group.
The level of difficulty about diversity is not far adrift, but the level of student ability varies. The
average level of student ability is above the average level of difficulty of the questions. The
consistency of answers from students is weak, but the quality of the questions is sufficient.
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