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Abstract

This study is part of developing a four-tier online diagnostic test for geometry in junior high schools
in Indonesia. After wrote the items and validated by experts, items were tested on 249 students in
Yogyakarta, one of the Special Regions in Indonesia. This study aims to identify the characteristics
of a four-tier online diagnostic test, from a classical test theory (CTT) perspective. This test contains
20 items of four-tier multiple choice with four options. The students’ responses were analyzed
using Item and Test Analysis (ITEMAN) package. Item difficulty index, discriminant index, and
reliability coefficient were three attributes analyzed. The average of item difficulty index is 0.384
(moderate category). The average item discriminant index is 0.513 (good category). The estimation
of the reliability coefficient using the Cronbach-Alpha formula is 0.706 (good category).
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INTRODUCTION
Misconceptions arise when there is a gap between the concepts understood by the
participants and the actual concepts. Misconceptions are misunderstandings and
misinterpretations based on the wrong meaning (Ojose, 2015). Misconceptions that
are not handled will have a bad impact because it makes students have an
understanding that is far from the correct concept. This is because they build their
own concept (Aydin, Keles, & Hasiloglu, 2012). Therefore, the students’
misconceptions need to be identified by a teacher urgently (Kula & Giizel, 2014).
Students have the opportunity to experience misconceptions in various subjects,
including mathematics. Various studies have focused on analyzing students'
misconceptions about learning mathematics (Gooding & Metz, 2011; Roselizawati,
Sarwadi, & Shahril, 2014; Mohyuddin & Khalil, 2016; Aliustaoglu, Tuna, & Biber, 2018)
Students who have misconceptions in mathematics materials will have cognitive
development obstructed (Kusmaryono, Basir, & Saputro, 2020). This is because the
characteristics of mathematics learning materials are interrelated and continuous with
other materials, so a misconception results in a continuous misconception. Studying
any of the mathematical topics at an advanced level must be based on reasoning from
basic knowledge or prior prerequisite knowledge. If someone experiences
mathematical misconceptions in lower grade learning and is not immediately
addressed, it will have an impact on mathematics learning in higher grades (Flevares
& Schiff, 2014). Thus, the identification and handling of misconceptions needs to be
done as early as possible.
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Mathematics is a subject studied by Indonesian students at various levels of
education. Mathematics has a major role in various fields of science (Shim, Shakawi, &
Azizan, 2017), such as physics, mechanical engineering, and statistics (Muijs &
Reynolds, 2005). One indicator of mastery of competence in the field of mathematics
can be seen based on the results of the national examination. The last three years of
the implementation of the national examination (2017 to 2019), showed that the
average mastery of junior high school students in mathematics subjects tended to be
below 50% (Prabowo, Anggoro, Rahmawati, & Rokhima, 2019).

The mathematics material tested at the national examination of junior high school
in Indonesia consists of numbers, algebra, geometry and measurement, and statistics
and probability (Prabowo, Anggoro, Rahmawati, & Rokhima, 2019). The percentage of
correct answers for the four materials is presented in Table 1.

Table 1. Percentage of Students Who Answered Correctly on the Junior High School

Mathematics National Examination

No Material 2016 2017 2018 2019 Average
1 Number 52.74% 51.05% 44.99% 39.71% 49.59%
2 Algebra 52.97% 48.60% 41.88% 51.24% 47.82%
3 Geometry 47.19% 48.57% 41.40% 42.27% 45.72%
and
measurement
4 Statisticsand 46.73% 56.40% 45.71% 55.60% 49.61%
Probability

Based on Table 1, it can be seen that in the last four years, geometry and measurement
materials have become the material with the smallest average percentage to be
answered correctly by junior high school students participating in the national
examination. The low mastery of the material is closely related to the occurrence of
misconceptions about the material (Kusmaryono et al., 2020). Thus, it is possible that
junior high school students in Indonesia tend to have high misconceptions about
geometry and measurement materials. This is in line with studies (Retnawati,
Arlinwibowo, & Sulistyaningsih, 2017) which show that students in Indonesia
experience difficulties and misconceptions in understanding geometric concepts.
Misconceptions in geometry and measurement materials also occur in students in
various countries in the world such as Cyprus (Ozerem, 2012), Pakistan (Mohyuddin &
Khalil, 2016), and Brunei Darussalam (Roselizawati, Sarwadi, & Shahril, 2014).

Misconceptions identified early on will be easier to correct. One way to find out
students' misconceptions is through a diagnostic test (Fariyani, Rusilowati, & Sugianto,
2017). Diagnostic tests were developed into several models. The model that is able to
provide the most complete information in making a diagnosis is the four-tier model. In
this model, an item is equipped with answer choices, reasons for choosing answers,
and the level of confidence in each answer and reason(Caleon & Subramaniam, 2010).
The addition of the level of confidence in each answer and reason can measure the
difference in the level of student’s knowledge so that it will help in detecting the level
of student misconceptions. This test model was initially developed on physical
materials, such as optics (Caleon & Subramaniam, 2010), fluida (Diani, Alfin,
Anggraeni, Mustari, & Fujiani, 2019), energy (Anggrayni & Ermawati, 2019), and
Newton Law (Sundaygara et al, 2021). The most informative diagnostic test in
diagnosing students' strengths and weaknesses is the four-tier model that has not
been developed in mathematics, especially geometry.
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The four-tier diagnostic test for geometry was developed prior to this study. It
has been implemented for 249 students in Indonesia. Each item contains stem,
alternatives, degree of belief to choose the alternatives, reasons why they choose the
alternative, and degree of belief they choose the reason. The quality of this test has
been known until the characteristics of the items are identified. This study aims to
identify the characteristics of the items consisting of item difficulty index, discriminant
index, and reliability from the classical test theory (CTT) perspective. It has been
widely used in the item analysis process (Ravand & Baghaei, 2020). The fundamental
tenet of classical test theory is that the observed score is a random variable that
includes the measurement error, a random latent variable (Traub, 1997).

RESEARCH METHOD

This research used a descriptive approach as a part of the research and
development of a four-tier diagnostic test of geometry for students in grade VII. This
test has been developed based on the procedures of test development. After creating
the items based on the blueprint and judging by experts as valid tests, it was
implemented on 249 students in Yogyakarta, Indonesia. The pilot study compiled
responses to four-tier diagnostic tests from respondents. The response analyzed only
the students’ first answer, not including the degree of belief, reasons, and degree of
belief in choosing the reason. The type of response contains options A, B, C, or D. It was
analyzed using ITEMAN to identify the difficulty index and discriminant index and use
SPSS to estimate the reliability coefficient. The formula used to estimate reliability was
a Cronbach-Alpha.

RESULTS AND DISCUSSION

This research was one part of the research and development of a four-tier
diagnostic test of geometry. This test focuses on geometry material for students of
junior high school, grade VII. The developer chose geometry because it was one of the
most difficult subjects for junior high school students in Indonesia (Prabowo, Anggoro,
Astuti, & Fahmi, 2017; Prabowo, Anggoro, et al., 2019). All the processes to develop
were planning, writing items, assembling the test, providing directions, preparing the
scoring key and marking scheme, and reviewing the test. One of the procedures at the
last step is to review the test based on empirical data. It means the quality of the test
was reviewed from the data of responses based on the pilot study. Data collected from
the pilot study were students' answers (A, B, C, D), reasons, and degree of belief in
choosing the answer and reason (sure, not sure).

Items Difficulty index

Items difficulty index means the proportion of respondents who correctly
answered an item. It usually was represented by pi.. Table 2 presents the items'
difficulty index from the pilot study of 249 students.
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Table 2. Items Difficulty Index

No Difficulty Category
Index
1 0.386 Moderate
2 0.478 Moderate
3 0.394 Moderate
4 0.450 Moderate
5 0.494 Moderate
6 0.598 Moderate
7 0.345 Moderate
8 0.313 Moderate
9 0.398 Moderate
10 0.418 Moderate
11 0.486 Moderate
12 0.474 Moderate
13 0.606 Moderate
14 0.329 Moderate
15 0.301 Moderate
16 0.321 Moderate
17 0.141 Too difficult
18 0.257 Too difficult
19 0.177 Too difficult
20 0.321 Moderate

The average of the items difficulty index is 0.384 (moderate). It is ideal because the
expected item difficulty index is in interval 0.3 to 0.7 (Musa, Shaheen, & Elmardi,
2018).

Of 20 items, 17 are moderate and 3 are too difficult. Item 17 is the most difficult.
Only 35 students answer it correctly. This item needs an analysis thinking to compile
the information provided to answer the question. Here is the stem of item 17. Given
the sketch of the house below.
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Figure 1. Sketch of House
Taken from https://www.99.co/blog/indonesia/gambar-denah-rumah-sederhana

The developer want to tile all of the floor. The owner want that tiles in main sleeping
room (ruang tidur utama) and guess room (ruang tamu) are same. The question is
how m? of tiles needed to tile the floor. It is not easy for students because to solve the
problem students need to identify the area of both room. To identify it, they need to
analyze the sketch. After identify the dimension, they must measure the booth area.
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They also need to convert of unit from centimeter (cm) to meter (m). In other hand,
the stem is not clear. By asking how m?, it is actually has same meaning with asking the
area of both room. So, by revise the stem it is expected to make the item more clearly
for students.

Discriminant index
Discriminant index (DI) means the ability of an item to distinguish test takers based
on their level of ability. Table 3 presents the items discriminant index from the pilot

study of 249 students. Items are good when they have a discriminant index of more
than 0.2 (Fernandes, 1984).

Table 3 Items Discriminant Index

No Discriminant Category
index
1 0.531 good
2 0.545 good
3 0.524 good
4 0.658 good
5 0.517 good
6 0.612 good
7 0.290 good
8 0.424 good
9 0.539 good
10 0.608 good
11 0.717 good
12 0.654 good
13 0.581 good
14 0.347 good
15 0.528 good
16 0.355 good
17 0.528 good
18 0.244 good
19 0.639 good
20 0.488 good

The average of the items discriminant index is 0.513 (good). It is ideal because the
expected item discriminant index is more than 0.25 (Dhakne-Palwe, Gujarathi, &
Almale, 2015). Even, 0.2 is enough (Fernandes, 1984). All items in this test are in good
category in distinguishing students’ ability.

Reliability

Reliability means consistency in test results. The test is reliable if the observed
score has a high correlation with the actual score. There are various methods to
estimate reliability. The first method is external consistency, and the second is internal
consistency. The estimation of coefficient reliability of the test was estimated using
internal consistency, Cronbach Alpha. Analysis using the SPSS package showed the
coefficient reliability of the test is 0.706. It has already enough to state that the test is
reliable because the minimum coefficient of reliability is 0.70 (Reynolds, Livingston, &
Willson, 2010). It means this test will provide consistent results.
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CONCLUSION

This study has identified the characteristics of the four-tier online diagnostic test, from
a classical test theory perspective. This test contains 20 items of four-tier multiple
choice with four options. The average item difficulty index is 0.384 (moderate
category) The average item discriminant index is 0.513 (good category). The
estimation of the reliability coefficient using the Cronbach-Alpha formula is 0.706
(good category). From a CTT perspective, this test is appropriate to be used to
diagnose students' understanding in geometry and measurement.
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