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Abstract

This study aims to analyze the quality of mathematics exam tests in elementary schools using the
Rasch model. This research is a type of descriptive quantitative research. The subject of this study were
all items of School Examination Mathematical Questions in SDN Region 111 of Donri Donri Subdistrict,
Soppeng Regency. The Mathematics Problem is 40 items. Besides that, in this study, 125 answer sheets
from the participants were collected from 125 participants. The technique of data collection is done
through documentation. This data collection technique is used to get a set of questions, answers, and a
list of names of examinees. The data obtained were analyzed using the Rasch Model. The results showed
that based on the Rash Model of 40 items on the mathematics exam 33 items (82.5%) were in a good
category, while the other seven items (17.5%) were in a bad category. Test results indicate that the test

information value is 13.8 on the ability scale -1.5 with a measurement error of 0.26.
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Introduction

In an effort to achieve national education
goals, every level of education must work hard,
especially in basic education. At the level of basic
education, especially elementary school, where
students get the basics of knowledge from various
disciplines to be developed at the next level of
education. Educational programs commonly
known in various education units are learning
programs. Learning programs are programs
implemented by teachers in schools to develop
competencies, indicators and learning goals in a
learning process in the classroom.

The implementation of the learning prog-
ram is, of course aimed so that all competencies,
indicators and learning objectives can be achiev-
ed and owned by students who are the main
targets in learning activities. The success of
learning programs is very dependent on the extent
to which competencies, indicators and learning
objectives can be achieved properly. This infor-
mation can be obtained by evaluating learning
with appropriate instruments and procedures.

Assessment is one of the important
components in the implementation of education.
In education, assessment is an important matter
in order to identify an educational success. The
results of the educational assessment have a
major function that will be useful in further
educational processes (Retnawati, Kartowagiran,
Arlinwibowo, & Sulistyaningsih, 2017, p. 257).
It becomes the basis that the implementation of
the assessment must be of quality to obtain an
objective decision.

School exams are part of educational
assessment. One of the government's efforts to
measure aspects of results is usually by holding
school examinations. School exams are routine
activities every year, especially for elementary
school levels. School examinations are held to
measure the achievement of student compe-
tencies carried out by educational units in gaining
recognition of learners' learning achievements
(Herwin & Heriyati, 2016, p. 91).

The implementation of school exams is the
obligation of every school. In addition to the
aspects of implementation, the funding aspect is
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borne by the government every year at a consi-
derable cost. This becomes the basis that the
school exam must be conducted as well as
possible. One of the focuses of this research is the
quality of the test instruments used. The quality
of the assessment instrument is an important
component in realizing a good testing system
(Herwin, 2016, p. 276). If the test instrument has
good quality, the measurement function on the
test will run well and obtain the right test results
and decisions.

Analysis of the quality of the tests for
elementary school examinations in Region 111 of
the District of Donri-Donri, Soppeng Regency
still requires an expansion of the analysis to
obtain more detailed item quality information.
During this time, the school exam tests developed
by the teacher group only went through the ana-
lysis of the classical test theory model. This has
an impact on the quality of test items depending
on the ability of participants to respond to
answers. In this study item analysis uses the
Rasch Model so that the quality of test items no
longer depends on the ability of participants to
respond to answers.

Given the importance of implementing a
school exam, the tests used must also be of high
quality. In this study, the quality of one of the
school exam tests on Mathematics subjects in
primary schools has been assessed based on the
Rasch Model. Based on some of these things, the
formulation of the problem in this study is "how
is the quality of elementary school test tests based
on the Rasch model?

Method

This research is a type of descriptive quan-
titative research. The subject of this study were
all items of School Examination Mathematical
Questions in SDN Region 11l of Donri Donri
Subdistrict, Soppeng Regency. The Mathematics
Problem is 40 items. Besides that, in this study,
125 answer sheets from the participants were
collected from 125 participants. The technique of
data collection is done through documentation.
This data collection technique is used to get a set
of questions, answers, and a list of names of
examinees. The data obtained were analyzed
using the Rasch Model as follows (Hambleton,
Swaminathan, & Rogers, 1991; Linden &
Hambleton, 1996; van der Linden & Hambleton,
2013).
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P(0) probability answers correctly item i
on ability
bi . difficulty level parameter of item i
n . the number of items
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Also, this study analyzed the item informa-
tion function and the test information function.

The item information function, denoted by I, ()
, is expressed in the equation (Retnawati, 2014, p.

18).
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The test information function is the sum of
the information functions of the test items.
Mathematically formulated as (Hambleton et al.,
1991; Linden & Hambleton, 1996; van der
Linden & Hambleton, 2013).
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With [, (0) is the information provided by the

itemion 0, P. (0) isa derivative of P,(6) to
0, P(0), and Q,(0)=1-P(0). The item
information function depends on the slope of the
item response function and conditional variance
at each level of ability 6. The greater the slope
value and the smaller the variance value, the more

information is generated, and the measurement
error will be minimized.

Results and Discussion

Rasch is a model where only the level of
difficulty of an item is observed while the
discrimination parameter is assumed to be the
same for all items and guessing parameter is
assumed to be equal to 0 (Rizopoulos, 2006)
(Baker & Kim, 2017; Baker, 2001). In the Rasch
model, the characteristics of the items are focused
on parameter b or the level of difficulty. The
results of the quality estimation of school exam
math questions in terms of the Rasch Model are
presented as follows (Table 1).
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Table 1. Item Difficulty

Items bi Items bi
1 -3,07 21 -1,39
2 -2,90 22 -1,99
3 -1,54 23 -0,71
4 -1,60 24 -0,90
5 -1,02 25 -0,86
6 -1,15 26 -0,98
7 -2,52 27 -0,82
8 -1,72 28 -0,74
9 -0,56 29 -0,24
10 -1,02 30 -0,98
11 -1,15 31 -2,14
12 -0,60 32 -0,78
13 0,13 33 -1,66
14 0,001 34 -2,31
15 -0,56 35 -1,49
16 0,32 36 -1,60
17 -1,06 37 -3,85
18 -1,15 38 -0,94
19 -1,44 39 -1,85
20 -0,98 40 -2,90

The coefficient b; shows the level of
difficulty of an item. Based on the data presented
in Table 1, information is obtained that item 1 is
the easiest item and item 16 is the hardest item.
Both items can be compared based on the charac-
teristic curve of the item as follows.

Item Characteristic Curves
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Figure 1. Item 1 (the easiest item)

As examinee ability approaches the diffi-
culty of the item, the probability of a correct
response increases gradually. When examinee
ability matches the item difficulty, the probability
of a correct response is 0.5. Finally, examinees
with very high ability have virtually a 1.0 proba-
bility of a correct response. The ability measures
and item difficulties can be expressed in the same
logit unit. The difference between the examinee

ability and item difficulty can be translated
directly into the probability of correct response
(Yang, Tsou, Chen, Chan, & Chang, 2011, p.
126).

Figure 1 shows the characteristic curve of
item 1 (the easiest item) tends to lean to the left.
This shows that to answer item 1 correctly only
requires low ability. Therefore item 1 is classified
as an easy item in this test. The item 1 question
can be observed as follows.

1. 625 + 25 -5 -199 = .
a. 456 c. 413
b. 431 d. 313

Figure 2. The item 1 question

Based on item 1 question (Figure 2), it can
be observed that the content in question in item 1
is about mixed counting operations. Empirically
the items with this question content are the easiest
compared to other items. Another thing that can
be observed in item 16 on the item characteristic
curve as follows.

Item Characteristic Curves
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Figure 3. Item 16 (the hardest item)

Unlike item 1, item 16 (the hardest item)
in Figure 3 shows a characteristic curve that tends
to lean to the right. This shows that to answer
item 16 correctly requires a higher ability than
item 1. Therefore item 16 is classified as an item
that is more difficult than item 1.

16. 275m* = __ liter
a. 275 c. 27.500
b. 2.750 d. 275.000

Figure 4. The item 16 question
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Based on item 16 question (Figure 4), it
can be observed that the content in question in
item 16 is about converted cubic and litre system
volume units. Empirically the items with this
guestion content are the hardest compared to
other items. In general, the characteristic curve of
40 items can be observed as follows.

Item Characteristic Curves
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Figure 5. The characteristic curve of 40 items

Figure 5 is a characteristic curve of 40
items. The curve shows various characteristics on
each item. From this curve, it can be observed
that item 1 is the easiest while item 16 is the
hardest. Besides that, other items have different
characteristics from one another.

The Rasch model can be used to prove the
validity of an item (Bond & Fox, 2001). The same
was stated by (Ariffin, Omar, Isa, & Sharif, 2010;
Mohamed, Aziz, Zakaria, & Masodi, 2008) that
measurements with the Rasch Model could be
more efficient, valid and obtain reliable measure-
ment results that answer the problems of validity
and reliability. This is one measurement tech-
nigque with consistent and accurate results (Yasin,
Yunus, Rus, Ahmad, & Rahim, 2015).

According to (De Ayala, 2013, p. 15;
Hambleton & Swaminathan, 1985, p. 13; van der
Linden & Hambleton, 2013) that the bi value or
index of difficulty of good items ranges from -2
to 2. The value that approaches the negative line
indicates that the item is too easy, getting closer
to the positive line shows the item more difficult.

If viewed from the Rasch Model, then the
categorization of school exam math problems can
be stated that as many as 33 items or about 82.5%
of school exam math questions are in a good
category, and as many as seven items or about
17.5% school exam math questions are in the not

good category. For more details, the information
can be observed in Table 2.

Table 2. The item quality categorization is
reviewed from the Rasch Model

Good Not Good
3,4,5,6,8,9,10,11, 12,13,14,15, 1, 2,7, 31,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 34, 37,40
26, 27, 28, 29, 30, 32, 33, 35, 36, 38,

39

33 items (82,5%) 7 items

(17,5%)

Based on the data presented in Table 2,
information is obtained that in general, the school
exam math test instruments in Region 111 Donri-
Donri of Soppeng Regency are dominated by
good items. Nevertheless, there are still a small
number of bad items that need further attention
and evaluation. This is important for a better test
in the future.

For measurements that support valid
results, the Rasch model is one solution to prove
validity. To prove validity, the Rasch measure-
ment model has provided statistics used to
evaluate this (Bond & Fox, 2001). The Rasch
model analyzes the performance of test-takers
thoroughly in answering each question item.
These questions can be used to help evaluators to
detect the ability of each test participant to
answer each question correctly. Besides, the
parameters of the difficulty level of the items can
be evaluated and continuously improved for the
implementation of better tests in the future. We
can conclude that by using the Rasch model, the
ability to test participants to answer question
items can be evaluated. Each test participant
certainly has strengths and weaknesses as well as
general abilities in the measured dimensions of
ability (Abdullah et al., 2012, p. 123).

Another thing that becomes the unit of
analysis in this study is the information function.
Basically the information function shows how
much information is given by items specifically
and tests in general if given to participants with
certain abilities. Figure 6 presents the results of
the analysis related to the function of item
information as follows.

Figure 6 presents information that of the 40
items in the mathematics exam test instruments,
the results were varied. some items provide
maximum information if given to participants
with low ability, some items provide maximum
information if given to participants who are high
ability. According to (Zigba, 2014, p. 90) that the
peak of the curve is the maximum information
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that an item can give. Therefore, the 40 items
seem to give maximum information at a value of
0,4.

Item Information Curves

Information
01 02 02 04
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|
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Figure 6. The item information function

Producing high-quality test items requires
substantial time and effort in developing and
examining each test item. In developing test
items, it takes a long time to obtain better quality
items. Besides, substantial effort is needed to
examine each test item that is suitable for use.
The process of developing quality test items is
suggested to be improved by a large collection of
test items along with their measurement charac-
teristics which are included as bank items. How-
ever, items that have been included in bank items
are items that have gone through development
and validation procedures that have met the
quality criteria of the test (bin Abd. Razak, bin
Khairani, & Thien, 2012, p. 2205).

The Rasch model can be used in the case
of measurement using the objective test. Besides,
the application of this model is also used to docu-
ment individual abilities related to the content
being tested and find rankings and classify indi-
viduals based on their strengths and weaknesses
(Jennings, Slack, Mollon, & Warholak, 2016, p.
32).

Another thing was stated by (Retnawati,
2014, p. 18) that the item information function is
a method to explain the strength of an item on the
test device, the selection of test items, and the
comparison of several test devices. The item
information function is one method that is used
as the basis for selecting test items. With the
value of information, evaluators can find out the
strength of the item in expressing the latent traits
obtained. Also, the value of information can be

used to understand items that are suitable for a
particular ability group.

The same thing was stated by
(Moghadamzadeh, Salehi, & Khodaie, 2011, p.
1362) that the contribution and effectiveness of
each item to the test kit as a whole could be
known through the value of the test information
function. Therefore the test information function
is very dependent on the characteristics of the
item so that the better the quality of the item the
higher the value of the test information function.
The test information function describes the abi-
lity of a test to provide information if participants
with certain abilities use it. It can also be used to
compare and evaluate various tests.

Identification of the parameter level of
difficulty for each item that is difficult to find
through analysis of tests using the Rasch model.
Also, using the model, differences between test
participants and other participants in the group
can be identified through the ability parameter.
The Rasch model can also be used to find out the
thinking skills of higher participants with greater
ability to answer more difficult questions (Jacob,
Duffield, & Jacob, 2019, p. 196).

In addition to the item information
function, the research information function was
analyzed in this study. Basically the test informa-
tion function is the sum of the item information
functions. The value of the test information
function is general for the whole item. The test
information function shows how much the
information provided by the test instrument is
generally given to participants with certain
abilities. The results of the analysis of the test
information function are presented as follows.

Test Information Function
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Figure 7. The test information function
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Figure 7 shows the test information
function of 40 items. The curve shows that this
test provides maximum information if it is given
to participants with abilities of around -1.5.
Another thing that can be explained from this
curve is the maximum value of the test infor-
mation function, which is at the value of 13.8 on
the ability scale -1.5. This can be interpreted that
the measurement error is 0.26.

Item response theory advances the concept
of the item and test information to replace
reliability. Information is also a function of the
model parameters (Pathak, Patro, Pathak, &
Valecha, 2013, p. 9). A test information function
is a number that indicates the high and low value
of information held by the test. The function
value of the information contains a match
between the test participants' ability parameters
(e) and item parameters. The value of the test
information function is the sum of the value of
the item information function.

The level of information contained in the
function of test information is influenced by the
quality and number of items that compile the test.
The slower the item response function slope, the
more information it contains. And, the smaller the
item variance, the greater the information provid-
ed by the test. The function of the test information
does not depend on a particular combination of
the items making up the test. Each of the items
composing the test is independent of each other.
(Hambleton, Swaminathan, 1985: 104).

The parameter values of the items and the
parameters of the participants are the results of
estimations whose truth is probable and cannot be
separated from measurement errors. In item
response theory, measurement errors (standard
error measurement, SEM) are closely related to
information functions. SEM values are inversely
proportional to the value of the square root of the
information function (Hambleton &
Swaminathan, 1985).

If the opinion is related to the results of this
study, the information function in this test is high
and inversely proportional to the relatively small
measurement error, which is only 0.26. There-
fore, the higher the test information function, the
smaller the measurement error of the test.

In item response theory, the function of
item information is inversely proportional to the
uncertainty of an item. Uncertainty of a question
item is related to the characteristic parameters of
the test participant (ability) and the characteristic
parameters of the item (the difficulty level of the
question, the discrimination power of the item,

and the false guess value). The greater the
uncertainty value, the smaller the function value
of the information obtained from the item. Thus
the information function of the item or test is
guantitative information that shows the extent to
which the item or test provides maximum infor-
mation if it is imposed on certain competent (o)
participants (Hambleton & Swaminathan, 1985).

Information functions related to ability
scale. The information function curve that in-
creases on a certain capacity scale shows the
accuracy of the test is given to participants with
that ability scale. This means that the test will
work better if given to participants with a capa-
city scale that is around the information function
area (Moghadamzadeh et al., 2011, p. 1362).

If seen based on the information function
curve of the item obtained (Figure 7), it can be
concluded that the mathematical test instrument
in this elementary school exam provides maxi-
mum function if given to low-ability participants.
It can be seen that the curve's tendencies are more
likely to the left or towards a low ability.

Conclusion

Based on the results of research and
discussion, it can be concluded that based on the
Rash Model of 40 items on the mathematics exam
33 items (82.5%) were in a good category, while
the other seven items (17.5%) were in a bad
category. Test results indicate that the test infor-
mation value is 13.8 on the ability scale -1.5 with
a measurement error of 0.26. The mathematical
test instrument in this elementary school exam
provides maximum function if given to low-
ability participants. It can be seen that the curve's
tendencies are more likely to the left or towards a
low ability.

Based on the conclusions of this study, it is
suggested that the Rasch model be used in
analyzing the quality of the test instruments in
administering examinations such as school
examinations. Besides, in the Rasch model only
controls one parameter, namely the level of
difficulty, it is also recommended to be able to
use the model 2 parameters and three parameters.
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