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Development of Four-tier Multiple-choices Test to Diagnose
Student's Misconception

Abstract

Studies in Indonesia delineate that junior high school studentsin Indonesia have lofiastery of circle material.
Students with low mastery of the material tend to have misconceptions. The goal of this study is to develop a
four-tier diagnostic test for circle material to identify the level of their understanding, including misconception
in circle material. This development used the ADDIE model. It comprises four phases: Analysis, Design, Devel-
opment, Implementation, and Evaluation. The test developed consists of 20 items which four experts in learn-
ing mathematics have validated. They are two lecturers and two teachers of mathematics who have teaching
experience of more than ten years. The validated test was implemented on 34 grade 8 students in Yogyakarta.
From the test results obtained information, of the 20 test items, on average, have an ideal difficulty level. All
items have a good discriminant index. Test reliability was estimated using the Cronbach Alpha formula. The
estimation results show a test reliability coefficient of 0.72. Students as test respondents stated that the tests
developed contained easy-to-understand instructions, easy-to-understand language, sufficient test time, clear
pictures, and enough items. This test can help junior high school mathematics teachers in Indonesia to identify
their students' misconceptions and level of understanding, especially regarding circle material.

Keywords: circle, diagnosis, four-tier, test

Abstrak

Hasil-hasil studi menunjukkan siswa sekolah menengah pertama di indonesia memiliki ffilguasaan yang rendah
pada materi lingkaran. Siswa dengan penguasaan materi yang rendah terindikasi mengalami miskonsepsi.
Penelitian ini bertujuan untuk mengembangkan tes diagnostik tipe four-tier pada materi lingkaran untuk mendiag-
nosis level pemahaman siswa pada maten lingkaran, termasuk miskonsepsi yang dialami siswa. Pengembangan
ini menggunakan model ADDIE (Analysis, Design, Devalopment, Implementation, Evaluation). Tes yang dikem-
bangkan terdiri atas 20 butir yang telah divalidasi oleh 4 orang ahli dalam p@§lbelajaran matematika yang terdiri
atas z orang dosen pembelajaran matematika dan 2 orang guru matematika yang memiliki pengalaman mengajar
lebih dari 10 tahun. Tes yang sudah divalidasi divjicobakan k§Ellda 34 siswa kelas 8 di Yogyakarta. Dari hasil uji
coba didapat informasi bahwa dari zo butir soal tes rata-rata memiliki tingkat kesukaran yang ideal. Keseluruhan
butir memiliki daya pembeda yang baik. Keandalan tes diestimasi dengan menggunakan formula Cronbach Alpha.
Hasil estimasi menunjukkan koefisien reliabilitas tes sebesar 0,72. Siswa sebagai responden uji coba menyatakan
bahwa tes yang dikembangkan memuat petunjuk yang mudah dimengerti, bahasa yang mudah dipahami, waktu
tes yang cukup, gambaryang jelas, dan jumlah butir soal yang cukup. Tes yang dikembangkan inidapat membantu
guru matematika sekolah menengah pertama di Indonesia untuk mengidentifikasi miskonsepsi dan level pema-
haman siswanya, khususnya pada materi lingkaran.

INTRODUCTION even daily activities. In science, for exam-

ple, mathematics supports the develop-

Recently, STEM was being integrated into
teaching. "STEM" refers to a multidiscipli-
nary educational perspective combining
mathematics with science, technology,
and engineering (Chesky & Wolfmeyer,
2015). Mathematics has a more vital role
in those fields because it supports stu-
dents in mastering other fields (Shim,
Shakawi, & Azizan, 2017). There are a lot
of occupations, notably in science, tech-
nology, and engineering, that depends on
mathematics (Li & Schoenfeld, 2019),

ment of formulas to find unknown geo-
metric and parameter values related toin-
heritance, measurements, and relation-
ships of points, numbers, angles, and lines
in space (Swaranjit, 2015).

The important role of mathematics
makes it necessary for Indonesian stu-
dents to learn mathematics from elemen-
tary education to higher education. To
evaluate students’ performance in mathe-
matics, several types of assessments are
conducted in Indonesia education system,
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such as assessments by teachers, schools,
and the government. The type of assess-
ment used to evaluate is formative and
summative. Summative evaluations are
used to assess students' learning, skill de-
velopment, and academic achievement,
whereas formative assessments are uti-
lized by teachers to modify their teaching
and learning practices and increase stu-
dent progress (Bhat, 2019).

The national examination was the
formative assessment conducted by Indo-
nesia government. The subjects tested,
especially at the junior high school (JHS)
level, consist of mathematics, Indonesian,
English, and sciences. The results of the
national exam on several occasions
showed that the average mathematics
score of students taking national exams in
Indonesia was the lowest among other
subjects tested in the national examina-
tion (Prabowo, Rahmawati, & Anggoro,
2019). Only 46.19 out of a possible 100
points were earned on average by Indone-
sian students in mathematics in the last
period. Mastery of Indonesian, English,
and Sciences material was 66.12, 50.96,
and 49.43, respectively. It indicates that
mathematics is the most difficult for JHS
students in Indonesia. Studies also reveal
that mathematics is complicated (Se-
tiana, Ili, Rumasoreng, & Prabowo, 2020)
and commonly perceived to be difficult
(Fritz, Haase, & Rasanen, 2019).

The content of mathematics in In-
donesia JHS students contains numbers,
algebra, geometry and measurement,
statistics, and probability. In more detail,
of the various mathematics materials
tested, geometry and measurement ma-
terials are classified as materials with a
small average percentage of being an-
swered correctly by students taking the
national examination (Prabowo,
Anggoro, Adiyanto, & Rahmawati, 2018;
Retnawati, Arlinwibowo, & Sulistyaning-
sih, 2017).
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One of the subjects tested on geom-
etry and measurementis circle. At the last
national exam, the average score of stu-
dents' mastery of circle material was only
35.77. The low mastery of students in In-
donesia on circle material also occurred in
previous years. Indonesian students' mas-
tery of circle material ranged from 40 to
50. The low student mastery of circle ma-
terialis also described in various study re-
sults (Rejeki & Putri, 2018). The low mas-
tery of the circle concept is related to de-
termining the circle elements such as the
center point and radius (Sudihartinih &
Purniati, 2019), determining the length of
the circular (Lestari, Mardiyana, & Slamet,
2020).

Low mastery of the material is
closely related to misconceptions about
students’ comprehension of the material
related (Kusmaryecno, Basir, & Saputro,
2020). Misconceptions are misunder-
standings and misinterpretations based
on wrong meanings (Ojose, 2015). It
harms students' cognitive development
because they build their own concepts
(Aydin, Keles, & Hasiloglu, 2012), which
are far from the correct concept.

Misconceptions detected early will
be easy to be corrected. To identify the
students' misconceptions, the following
tools might be used: interviews, open-
ended questions, and multiple-choice
with two or three tiers (Ojose, 2015). Us-
ing interview, students can set their own
schedules and have the opportunity to
learn more in-depth information. How-
ever, this technique needed a lot of time,
and there were few respondents. For
open-ended tests, which provide re-
spondents the chance to create answers
based on their own word choices, it is pos-
sible to test with a greater number of par-
ticipants than in interviews. Butthe open-
ended test has a drawback in that it takes
a long time to evaluate the data and con-
cluded. It enables ease of administration




and analysis for multiple-choice examina-
tions and can be given to many respond-
ents. Multiple-choice exams, however,
cannot distinguish between students' ac-
curate and incorrect responses, making it
impossible to undertake in-depth study
on them (Kaltakci-Gurel, D., Eryilmaz &
McDermott, 2017).

Development of a diagnostic test
that not only has a simple administration
method but can also be used with a
greater number of test takers and pro-
vides detailed information on students'
level of knowledge is required to address
the shortcomings of previous approaches.
Two-tier and three-tier multiple choice
are two of the test formats that are feasi-
ble (Ojose, 2015). However, it still has lim-
itations, one of which is that it cannot
identify the reason why students actually
encounter misunderstandings (Gurel, Ery-
ilmaz, & McDermott, 2015).

The four-tier model is the diagnostic
test model that can provide the most
complete information in making a diagno-
sis. In this model, an item is equipped with
answer choices, reasons for choosing an-
swers, and the degree of confidence for
each response and the reason (Caleon &
Subramaniam, 2010a). This test model
was originally developed on physics mate-
rials, such as optics (Caleon & Subrama-
niam, 2010b), optical tools, and waves
(Zaleha, Samsudin, & Nugraha, 2017).
This model has not been developed inthe
field of mathematics yet. The models de-
veloped in the field of mathematics are
only two-tier (Lin, Yang, & Li, 2016). This
model has a lack because it only provides
alternative answers and underlying rea-
sons for answering questions, regardless
of the level of confidence students choose
answers (Kutluay, 2005). Hence, it is es-
sential to develop a four-tier diagnostic
test to identify students' misconceptions
about circles material.
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METHOD

The diagnostic test is a kind of assessment
that is part of instruction. Therefore, the
ADDIE model was used in developing the
diagnostic testin this study. It is one of the
most widely used models for instructional
design, which serves as a manual for cre-
ating successful designs, systematic, and
easy to apply so that the resulting product
is 73 |-tested (Aldoobie, 2015). The steps
of the ADDIE model are Analysis, Design,
Development, Implementation, and Eval-
uation (Lu & Sides,gfp22). The tasks and
output of each step are presented in Table
1.

Table 1. Student Response Criteria

Steps Tasks Output
Analysis Needs as- Problem
sessment Statement
Design Write objec-  Measurable
tives objective
Create test Test blue-
blueprint print
Development Developdi-  Four-tier di-
agnostic agnostic
items test item test
Implementation  Try out Items char-
acteristic
Evaluation Revise the Revised the
product product

In the analysis phase, a need assessment
was conducted to identify the problem
that occurred. The problem is needing a
four-tier diagnostic test to identify stu-
dents' misconceptions in circles. In the de-
sign phase, objectives were determined.
In this phase, the blueprint for the test was
set (see Table 2).

Table 2. Test Blueprint

. Number
Competency Indicator of item
Explain and Identify theele- 1,2,3, 4

solve prob- ments of a circle
lemsrelatedto Determine the 7,12
central angles, circumference
inscribed an- and area of acir-

gles, arc cle

- JOURNALS




376 Prabowo, A., et al. Development of Four-tier Multiple-choices Test to Diagnose Student's ...

lengths, and Determine the 5, 6,13
the sectorofa  relationship be-

circle, and tween the cen-

their relation-  tralangle and

ships the inscribed an-
gle

Determine the 8, 9,10,
relationshipbe- 11,14, 15
tween arc length

and the area of

sector

In the development phase, diagnostic
items were developed based on the blue-
print. At this stage, the test was validated
by four experts. They are two mathemat-
ics lecturers and two mathematics teach-
ers with more than ten years of teaching
experience. In the implementation phase,
the developed diagnostic item test was
implemented with 34 junior high school
students in Yogyakarta, Indonesia. In the
evaluation phase, evaluation was carried
out in all of the stages (analysis, design,
development, and implementation). In
this phase, the test was revised based on
implementation, including the character-
istics of the difficulty index (Dif-1), discrim-
inating index (Dis-1), and reliability.

Instruments and Data Collection

The instruments used in this study were
the validation sheet and student response
questionnaire. The type of validity analy-
sis for the test was content validity. It rep-
resents the evidence of the degree to
which the assessment components of the
instrument are pertinent and represent a
specific construct forfgd given assessment
purpose, known as content validity. In
contrast to ofgger types of validity, this va-
lidity relates to test-based validity rather
than score-based validity (Almanasreh,
Moles, & Chen, 2019). It is determined by
using expert agreement (Retnawati,
2016). The validated aspects include ma-
terial, construction, language, and ap-
pearance. Aspects of student responses
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that were asked in the questionnaire in-
cluded: instructions for clarity, material
studied and tested, ease of language se-
lection, time effectiveness, picture clarity,
and the adequacy of the number of items.

Analysing of Data

To establish the test's validity, content va-
lidity analysis of expert judgment data
was performed. The test is declared valid
if it meets the criteria: in accordance with
the indicators to be measured, the items
are formulated clearly, use clear and in-
formative Igguage, and contain clear in-
structions. The validity was analyzed by
using Aiken's V index formula. The follow-
ing is the formulation of Aiken's item va-
lidity index.
»s

V represents the validity index of theftem.
s means the scores the rater gave minus
the lowest score in the category used.

s=r—I,

r is the score given by the rater and [, is
the lowest score in the category used.

ltem Difficulty Index (Dif-1) is the
proportion of test takers who answered
an item correctly (Sayyah et al, 2012).
The following is the formulation to iden-
tify Dif-1.

n;
=y

P; is the difficulty Index of item-i. n; is the
number of students who answer the item-
i correctly. N is the total of students who
answer the item-i. ltems with Dif-l <0.3
are classified as too difficult, Dif-1> 0.7 are
classified as too easy, and if Dif-I ranges
from 0.3to 0.7, it is recommended (Musa,
Shaheen, & Elmardi, 2018).

ltem discriminating index (Dis-1) is
the difference between the percentage of
examinees with high ability and those




with low ability who get the items cor-
rectly. Dis-1 describes how well the items
differentiate student abilities (Dhakne-
Palwe, Gujarathi, & Almale, 2015). Before
identifying the Dis-l, students were di-
vided to two groups (high and low group)
based on their total score. The following is
the formulation to identify Dis-I.

. nUi nLi

b = NU; NL;

D; igghe discriminating index of item-i.
nl; is the number of students in the high
group who answer the item-i correctly.
NU; is the total ¢gjstudents in the high
group. nL; is the number of students in
the low group who answer the item-i cor-
rectly. NL; is the total of students in the
low group. The acceptable Dis-l is be-
tween 0.2 to 0.2g, while more than 0.2gis
good and excellent (Shete, Kausar,
Lakhkar, & Khan, 2015).

The reliability of the diagnostic test
was estimated using Cronbach's Alpha
Formula.

_n Y s2(X)
a_n—l(l_ s2(Y) )

a is the coefficient of reliability. nrefersto
the number of items. s2(X,) is the vari-
ance of item-i and s%(Y) is the variance
of total scores. The test is said to be relia-
ble if it has a reliability coefficient of more
than o.5 (Gugiu & Gugiu, 2018).

This study also identifies the stu-
dent’s responses to the test. A question-
naire with 8 items/statements wasused to
explore the quality of instructions pro-
vided, language used, time allotted, pic-
tures presented, and number of items pro-
vided. Eachgpm contains four alternative
responses: very good (4), good (3), poor
(2), and very poor (1) were used. The aver-
age of students’ responses (x) is cate@-
rized based on the following criteria (Ta-
ble 3).
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Table 3. Student Response Criteria

IPterval Criteria
M, +185B; < x Very good
M;+185B; =2 x > M; +0.65B; Good
M;+065B;=x>M; —0.65B; Moderate
M; — 0.6 SB; ;f >M;—1,8B; Poor

M; —185B; > x Very poor

= 1 .
X=average score, M; = s (ldeal maximum score +

, - 1 ‘
ideal minimum score), and SB; = < (Ideal maximum
score - ideal minimum score).

To identify the level of students’ under-
standing, Table 4 presents the criteria.

Table 4. Analysis offfEjur-tier Diagnostic Test

Items
Tier: Tier2 Tier3 Tier4 Conclusion
F S F Misconceptions (M)
F S F NS Does not under-
F NS F S stand the concept
NS F NS (NU)
R S R S Understands the
R 5 R NS concept (UQ)
R NS R S
R NS R NS
R S F S
R S F NS
R NS F S Partial understand-
R NS F NS ing (PU)
a S R S
F 5 R NS
F NS R S
F NS R NS

(Rawh, Samsudin, & Nugraha, 2020)
F = False; R = Right; 5 = Sure; NS = Not Sure

Students are categorized as having mis-
conceptions if they are wrong and sure in
answering questions and giving reasons.
Students are categorized as not under-
standing the concept if they are wrong
and sure about answering questions and
wrong and not sure in giving reasons,
wrong and not sure about answering
questions and wrong and sure in giving
reasons, and wrong and not sure about
answering questions and giving reasons.
Students are categorized asffder-
standing the concept if they are correct
and confident inffiswering questions and
giving reasons, correct and confident in
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answering questions and correct but not
confident in giving reasons, correct but
unsure in answering the question and cor-
rect and confident in giving reasons, cor-
rect but not sure in answering the ques-
tion and giving reasons, correct and confi-
dent in answering questions but incorrect
and confident in giving reasons, and cor-
rect and confident in answering questions
butincorrect and unsure in giving reasons.

Students are categorized as having
partial understanding of the concept if
they are correct and confident in answer-
ing questions and giving reasons, correct
and confident in answering questions and
correct but not confident in giving rea-
sons, correct but unsure in answering the
question and correct and confident in giv-
ing reasons, correct but not sure in an-
swering the question and giving reasons,
correct and confident in answering ques-
tions but incorrect and confident in giving
reasons, and correct and confident in an-
swering questions but incorrect and un-
sure in giving reasons.

RESULTS AND DISCUSSION
Results

The Stages of Four-Tier Diagnostic Test
Development

The development of a four-tier diagnostic
test for 8t students in Indonesia at circle
material was started with the analysis
phase. In this phase, problems in instruc-
tion were identified. First, junior high
school students in Indonesia had difficul-
ties in mastering circle material. Second,
this difficulty needs to be diagnosed to
identify students' strengths and weak-
nesses in circle material. The diagnosis
can also give a preview of the category of
students’ misconceptions in ggfle.

Based on the analysis, the objective
of the design phase of the study was tode-
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velop a four-tier type diagnostic test in-
strument for circle material. The blueprint
of the test was created. The content of the
material referred to the curriculum in In-
donesiaregarding the basic competencies
that students in Indonesia want to
achieve, especially in the basic compe-
tency points for mathematics of 8" grade
(competency numbers 3.7 and 4.7). The
blueprint consists of the measured basic
competency, indicators, type, and num-
ber of items.

The test was developed based on
the blueprint. Four-tier items with four
options are the type of test. The level of
confidence is “sure” and “not sure”. The
test consists of 20 items. It had been vali-
dated by two experienced mathematics
lecturers and two experiencgfmathemat-
ics teachers. Their judgmentwas analyzed
by using Aiken's V formula. Its Aiken's V
index was 0.95. The minimum index to
state the valid instrument (4 raters with 4
options) is a minimum of o0.92 (Aiken,
1985). It means the test is valid.

Table 5 presents one of the sample
questions. This item measures the stu-
dent’s ability to show the elements of a
circle, inthis case, the sector of the circle.

The valid test was implemented on
34 junior high school students in Yogya-
karta. They did 20 items test and gave the
response of the implementation of the
test. It was conducted by using a paper-
based test. The responses were analyzed
toidentify the Dif-I, Dis-I, coefficient of re-
liability, students’ responses, and their
level of concept understanding in circle.

Table EFfour-Tier Diagnostic Test Item
Tier Question




Tier : 1. Look atthe following picture!

The sector of a circle is indicated
by the number....

Al
B. 1
C o m
D. IV
Tier : My level of confidence in choosing
2 the answer:
oSure oNotsure
Tier : Thereasonlchose the answer:
3 A. because the sector is the
area bounded by arc and
chord

B. because the sector is the
area bounded by diameter
and arc

C. because the sector is the
area bounded by an arc and
two radiuses

D. because the sector is the
areaboundedby a chord and
two radiuses

Tier : My level of confidence in choosing
A the reason for the answer:
oSure oNotsure
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Item number Dif-I iteria
9 0.65 Moderate
10 0.35 Moderate
11 0.60 Moderate
12 0.65 Moderate
13 0.75 Too easy
14 0.55 Moderate
15 0.80 Too easy
16 0.40 Moderate
17 0.75 Too easy
18 0.45 Moderate
19 0.60 Moderate
20 0.60 Moderate

Table 7. Percentage of Each Level of Difficulty

Criteria Items Quantity Percent-
Number age
Tooeasy 3,13, 15, 4 20%
17
Moderate 1,2, 4, 5, 16 80%
67,89
10,12, 14,
15, 16, 18,
1g, 20
Too diffi- - o 0%

cult

The Difficulty Index Items of Four-tier Diag-

asﬁc Test

The results of the student's answers were
analyzed quantitatively to determine the
DIf-l, Dis-l, g3l reliability of the test. Table
6 presents the level of difficulty of each
item and the percentage of each level.

Table 6. The Level of Difficulty of the Items

Item tBnber Dif-I Criteria
1 0.45 Moderate
2 0.55 Moderate
3 0.75 Too easy
4 0.55 Moderate
5 0.45 Moderate
6 0.65 Moderate
7 0.60 Moderate
8 0.60 Moderate

Tables 6 and 7 show that of the 20 items,
there are four items (20%) that are too
easy (items numbers 3, 11, 13, 17). The
other items are moderate.

The Discriminant Index Items of Four-tier
Diagnostic Test

The Dis-l is of each item presented in Ta-
ble 8.

Table 8. The Discrimination Index of the Items

Iltem number Dis-I Criteria
1 Excellent
2 0.5 Excellent
3 0.3 Excellent
4 0.5 Excellent
5 0.3 Excellent
6 0.3 Excellent
7 0.4 Excellent
8 0.2 Acceptable
9 0.3 Excellent
10 0.3 Excellent
11 0.4 Excellent
12 0.4 Excellent
13 0.3 Excellent
14 0.3 Excellent

oo JOURNALS
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Item number Dis-I Criteria
15 0.2 Acceptable
16 0.2 Acceptable
17 0.3 Excellent
18 0.3 Excellent
19 0.4 Excellent
20 0.4 Excellent

Table g. Percentage of Each Criterion of the Dis-
crimination Index
Criteria Items Number Quantity %

Acceptable 8,15,16 3 15%
Excellent 1,2,3,4,5,6 17 85%

7 9, 10,11, 12,

13, 14, 17, 18,

19, 20

Table 8 and g present that of the 20 items,
all of them (100%) have acceptable and
excellent Dis-1.

The Reliability of Four-tier Diagnostic Test

The reliability of the test is indicated by
the coefficient of reliability. It was esti-
mated by using Cronbach Alpha formula.
Measured by using the SPSS package pro-
gram, obtained the reliability coefficient
of 0.72.

The Response of the Students toward the
Four-tier Diagnostic Test

Students’ responses to the tests devel-
oped are shown intable 10.

Table 10. Student Responses

Statement Score Cate-

gory

The instructions provided are 3.44  Very
r and easy to understand good
The language used inthe ques-  3.50  Very
tions is easy to understand good

The time allotted is sufficient 2.94 Good
to complete the test

The pictures in the questions 3.26  Good
are clear and easy to under-

stand

The number of items is suffi- 3.09 Good
cient

To get the test runs well, the instructions
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were provided. It consists of the instruc-
tions to guidance students during the test.
Their responses toward the instructions
are clear and easy to understand. This
makes them focused on the process of
test. Thelanguage used inthe test is Indo-
nesia, their daily language. The structure
of the sentences was constructed based
on the General Guidelines for Indonesian
Spelling. It makes students familiar and
easy to understand the meaning of each
statement. To answer 20 items, they have
80 minutes. In means in average, they
have 4 minutes for each item. Student
stated that it was enough to answer 20
items with four-tiers. From 20 items of, 15
of them provide the picture as the addi-
tional information of the item. Students
stated that the pictures were clear and in-
formative in supporting the information
of the item. This type of test is four-tier.
Each item contains four questions. This is
a consideration in determining the num-
ber of questions. For the students, 20
items are enough and ideal for them to do
it in their best performance.

The Level of Student’s Understanding

The level of student’s understanding re-
ported based on their answer in each item
and the criteria at Table 4. Table 11 pre-
sents the samples of responses of 3 stu-
dents in answer item number 1.

Table 11. Sample of Students’ Responses
Stu  Tier Tier Tier Tier  Conclusion
dent 1 2 3 4
1 R S R S

Understands
the concept
2 F S F S Misconceptions
3 R NS F NS Partialunder-
standing

The indicator of item number 1is the
student can identify the element of a cir-
cle. Student number 1 understands the
concept of the element of a circle because
he/she was sure and correct in answering




tier-1 and tier-3. Student number 2 has a
misconception in identifying the element
of a circle because hefshe was sure and
wrong in answering tier-1 and tier-3. Stu-
dent number 3 has a partial understanding
of identifying the element of a circle be-
cause hefshe was sure and right in answer
tier-1, but he/she was unsure with his/her
wrong answer in tier-3.

Discussion

In instructional, diagnostic testing is one
type of test. It is also called the analytical
test. Teachers use this test to obtain evi-
dence that details a learner's progress on
a given subject (Adom, Mensah, & Dake,
2020). In this study, 20 items of afour-tier
diagnostic test were developed. After ex-
perts judged its validity, it was tested on
34 students. 80% of items are moderate,
and 20% of items are too easy. The Dif-I of
these (too easy) items is close to the ideal
category. Their Dif-1 spread from 0.75 to
0.80. The ideal Dif-l is between 0.3to 0.7
(Musa et al., 2018).

Theoretically, too-easy items are
less informative. This is because all stu-
dents, both those with high and low abili-
ties, answered the questions correctly. As
a result, these items do not discriminate
well between students' abilities (small dif-
ference). ltems that are too easy or diffi-
culttend to have poor discriminant power
(Musa et al., 2018; Quaigrain & Arhin,
2017), although it may not always be like
that (Hingorjo & Jaleel, 2012). In this test,
item numbers 3, 11, 13, and 17 tend to
have low discriminating power (0.20, 0.43,
0.38, and 0.32, respectively). Because the
tests developed are diagnostic tests to
identify student strengths and weak-
nesses and diagnose student misconcep-
tions, they can still be used because they
provide information on student strengths.

The consistency of the measure-
ment results of these items is shown by
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the reliability coefficient obtained from
estimation using the Cronbach Alpha for-
mula. In the social, behavioral, and educa-
tional sciences, it stands for the most
widely used indicator of internal con-
sistency. It isusuvally interpreted asthe av-
erage of all possible split-half coefficients
(Mohajan, 2017). The test reliability coef-
ficient is 0.72. This exceeds the minimum
criteria for the reliability coefficient set by
experts. The expected reliability coeffi-
cient is at least 0.8 (Quaigrain & Arhin,
2017), 0.5 (Gugiv & Gugiu, 2018), or 0.6
(Rudner & Schafer, 2002). Studies on the
meta-analysis of the reliability coeffi-
cientsreveal that the average reliability of
published studies is only about 0.75, with
a reporting coefficient of 75% greater
than o.70, a reporting coefficient of 49%
greater than 0.80, and only 14% reporting
coefficient greater than o.go (Peterson,
1994). It indicates that the diagnostic test
developed gives consistent measure-
ment. It means that an observed score for
a measure actually matches its true score
(Mohajan, 2017).

The test was also responded either
by students as test users. They stated that
the test instructions are easy to under-
stand. The language used in the items is
appropriate with their age and daily lan-
guage. It is important because test ques-
tions must use language that is complies
with the language used in learning (Clay,
2001) so that it is easy to understand so
that they can understand the meaning of
the problem.

Regarding the time to do the test,
Haladyna's study in 2002 reviewed 27 psy-
chology textbooks and 27 research on the
taxonomy of multiple-choice texts, show-
ing that there were no references that
mentioned the ideal time to take the test
(Brothen, 2012). Because it was devel-
oped in Indonesia, the time is adjusted to
the time that is often used in national
mathematics exams, 4 minutes for the
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one-tier type. Because this test is four-tier
where students still must determine the
level of confidence in answering, choosing
reasons, and determining the level of con-
fidence, the test developers added 2
minutes. Thus, the time to work on one
test item is an average of 6 minutes. For
20 items, tester provides 120 minutes.
Most of the students state that the time
allotted sufficient for them to complete
the test.

The pictures on the test are also pre-
sented clearly, and the number of test
items is enough for them so that the con-
centration of students to do the testis sta-
ble. Based on this information, the diag-
nostic test developed is ideal for wider im-
plementation to diagnose students' mis-
conceptions of circle material. Identifica-
tion of student misconceptions and their
sources will assist teachers in overcoming
and planning appropriate learning for
their students (Ojose, 2015).

Using this test, the level of student’s
understanding of circle material can be
identified based on the student's re-
sponses. Because each item represents
the indicator of the competency meas-
ured, the analysis reports the level of their
understanding of the indicator related.

Implication

This four-tier diagnostic test will help
mathematics teachers at junior high
schools in Indonesia to identify their stu-
dents’ level understanding at circle mate-
rial. Whether they understand the con-
cept, do not understand the concept, have
partial understanding, or have miscon-
ception. For the students, it canbe used to
evaluate their comprehension of circle
material. For the parents, its result will
give information about their child’s
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strengths or weaknessesin circle material.
This report can be used as a consideration
for following up by providing programs,
for example by giving enrichment or re-
medial program. For the following re-
search, this type of test can be developed
for the other material in mathematics or
other subjects.

Limitation

This study was only tried on 34 students
from one school in Yogyakarta. If the par-
ticipants came from more schools, the
data would be more representative to get
information on the test. From the aspect
of the validity of the test, although it has
been analyzed by three experts, it would
be more valid when the experts are more.

CONCLUSION

The product of this development research
is a four-tieggliagnostic test for the circle
material of junior high school students in
[B)donesia. The test consists of 20 items. It
has been validated by three experienced
experts in the field of mathematics learn-
ing. Of the 20 testitems, on average, they
have an ideal level of difficulty and have a
good discrimination index. The con-
sistency of the test isindicated by the reli-
ability coefficient of 0.72. It was estimated
using the Cronbach Alpha formula. Stu-
dents as test users stated that the tests
developed contained easy-to-understand
instructions, easy-to-understand lan-
guage, sufficient test time, clear pictures,
and enough items.
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