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Abstract. This study aims to determine the quality of the four-tier multiple choice
diagnostic test instrument and the level of students' misconceptions. The research method
used is research and development (R&D). The population in this study were class IX
students at MTs Negeri 2 Aceh Besar. The number of samples consisted of 112 students in
group A, each class consisted of 16 students during the Covid-19 pandemic. The research
instrument used is a four-tier multiple choice diagnostic test. The data analysis technique in
the validation test obtained a high and valid Aiken's V coefficient value. The results in
terms of item analysis quantitatively obtained the validity of the questions 75% valid and
15% invalid, the reliability test was 0.786 high category. The level of difficulty of the
questions includes 85% too easy questions and 15% easy questions. The differentiating
power of the questions obtained in each category is 5% very good, 55% good, 20% sufficient
and 20% bad. The results of the students' level of misconceptions using the four-tier
multiple choice diagnostic test were obtained from the results of the overall analysis of
students with an average of 21.76% and the results of the item analysis showed that the
highest student misconceptions were in question number five with a percentage of 11.6%
and the lowest found in question number four with a percentage of 0%.
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Introduction continue education at a higher level and develop

science and technology. Based on this explanation,

Science is a part of our daily life. The basic
concepts of science are based on natural phenomena
experienced in everyday life to understand science
concepts. Understanding the concept of science is one
of the important indicators to achieve success in
learning science (Yuliati, 2017). Students' difficulty in
understanding science material needs to be analyzed to
find out the cause of the difficulty so that a solution can
be determined.

In science learning, students are required to
master concepts and have the skills to develop
knowledge and self-confidence as a provision to

*Email: julianipps526@gmail.com

students are required to understand and master the
concept of science. According to Astuti (2017), science
learning in junior high schools makes students
understand and master natural concepts well. Concept
understanding is related to  misconceptions.
Understanding concepts in science learning is in the
form of mastery of concepts by scientists' agreement. At
the same time, misconceptions are misunderstandings
of concepts with scientific understanding accepted by
experts. This is in accordance with (Maison et al., 2019)
that misconceptions are interpretations of concepts that
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are not in accordance with scientific
understanding or understanding.

Conceptions or interpretations of concepts that
are not in accordance with the scientific understanding
or understanding possessed by experts in the field are
called wrong concepts. Misconceptions do not only
occur in students but can also occur in teachers, causing
misconceptions in students to be even greater
(Mursadam et al., 2017).

Students' science concepts in the teaching and
learning process can be seen by evaluating the results.
It is important for a teacher to identify misconceptions
that arise in students to improve students'
understanding of concepts (Zulfikar et al., 2017).

One program that aims to measure the ability of
students is The Program for International Student
Assessment). PISA is an international level program
conducted by the Organization for Economic
Cooperation and Development (OECD) and Trends in
International Mathematics and Science Study (TIMMS),
which shows that Indonesia's ranking is low compared
to other countries. The results of the 2018 PISA show
that the average score of Indonesia's scientific ability is
still below the standard, which is 396, while the
standard score set by the OECD is 489 (Schleicher,
2018). The low level of science ability in Indonesia can
be interpreted that the student's level of understanding
in understanding the material is still in the poor
category. The results of the 2015 TIMMS report in the
field of science, the score obtained by Indonesia is 397.
These results state that Indonesia is ranked 45th out of
48 countries (Ina et al.,, 2015). The PISA and TIMMS
reports show that Indonesia is still in the lower group
and the average score is far below the world average.

Appropriate assessment plays an important role
in improving learning outcomes, motivating students
to learn. It can be used as a reward for the efforts they
have made. The assessment carried out must be
diagnostic to improve the learning process. The
understanding of students can be identified, one of
which is a diagnostic test. Diagnostic tests are tests
used to find out students' weaknesses so that
appropriate treatment can be carried out (Jubaedah et
al., 2017). One way that can be used to determine the
initial knowledge and misconceptions contained in
students is a diagnostic test through a written test and
giving reasons (two tiers, three-tier development of
two-tier and four-tier developments of three-tier).

Based on the results of initial observations with
teachers in the field of science studies, they have never
used evaluation in the form of identifying students'
understanding using a four-tier multiple-choice
diagnostic test and students of MTsN Negeri 2 Aceh
Besar. They are stating that the excretory system
material is one of the difficult materials to understand,

experts'

so prone to misconceptions. This can be seen from the
value of many students who still have not reached the
minimum completeness criteria, namely 70. The level of
misconceptions experienced by students is very
worrying if the teacher and the students themselves do
not realize it. This can affect student achievement. The
assessment used by teachers so far has not yet
identified the understanding and misconceptions of
students.

Misconceptions have been widely studied in
the fields of teaching and learning science (biology,
chemistry, and physics). Misconceptions have been
widely studied in the fields of teaching and learning
science  (biology,  chemistry, and  physics).
Misconceptions in the field of chemistry were identified
in stoichiometric material (Astuti et al., 2016) and mass
balance (Dewantoro et al.,, 2017). Meanwhile, in the
field of physics, misconceptions are identified in the
concepts of momentum and impulse (Mahardika et al.,
2020), work and energy (Maison et al, 2019),
electromagnetic induction (Cahyaningrum et al., 2018),
and the force of motion (Anggraeni et al., 2018). In the
field of biology, misconceptions are identified in the
material of body organ systems (Kurniasih, 2017),
human reproduction (Ramadhani et al.,, 2016), and in
the material of the excretory system (Aprilanti et al.,
2016).

The most common instruments used to identify
understanding concepts in science lessons based on
research results are interviews, open-ended tests,
multiple-choice tests, and multi-tiered multiple-choice
tests. Multi-tier instruments (two-tier, three-tier, and
four-tier) have advantages compared to other
diagnostic instruments, which are more accurate in
identifying misconceptions in science lessons (Yusrizal
& Halim, 2017). The Ilatest multi-tier diagnostic
instrument that has been developed is the four-tier
multiple-choice (FTMC).

The FTMC instrument has been widely used to
identify understandings or misconceptions in the field
of science in physics lessons (Zaleha et al., 2017),
developed a vibration conceptual change inventory
(VCCI) diagnostic test instrument in the form of a four-
tier test to diagnose students' conceptual changes in
vibration material, then (Zulfikar et al, 2017),
developed a Force Conceptual Inventory (FCI)
instrument in the format of a four-tier test (four-level
test) to support the learning process of students in class
on the concept of style. Jubaedah et al. (2017) developed
a diagnostic test in a four-tier format to identify
misconceptions experienced by students on the topic of
effort and energy. (Fariyani et al., 2015), developed a
four-tier = diagnostic test to reveal students'
misconceptions on geometric optical material.
Wilantika et al. (2018) developed a four-tier diagnostic
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test instrument to reveal misconceptions about the
excretory system material.

Manually the use of diagnostic tests can help
teachers to diagnose students. One of them is with
diagnostic tests, and diagnostic tests are divided into
several levels, namely one-tier diagnostic tests, two-tier
diagnostic tests, three-tier diagnostic tests, and four-tier
diagnostic tests (Nurulwati & Rahmadani, 2019). The
four-tier diagnostic test is a development of the three-
tier diagnostic test, where the four-tier diagnostic test
can diagnose misconceptions directly without having to
conduct interviews with students (Jubaedah et al,
2017). Four-tier multiple choices is a multiple-choice
question consisting of four levels of questions, a
refinement of the three-level multiple-choice diagnostic
instrument by adding a certainty of response index
(CRI) to each answer and reason (Hermita et al., 2017).

Method

The method used in this research is research and
development (R&D) to produce a test instrument in the
FTMC format and test its effectiveness in diagnosing
the level of student misconceptions on the material of
the human excretory system (Sugiyono, 2009). The
research design used follows the Borg & Gall design,
which consists of ten stages, namely: (1) Research and
information collecting, (2) Planning, (3) Develop
preliminary from the product, (4) Preliminary field
testing, (5) Operational field testing, (6) Operational
product revision, (7) Main field testing, (8) Main
product revision, (9) Final product revision, (10)
Dissemination and implementation. The research
design used a nonequivalent control-group design.

This research was conducted at MTs Negeri 2
Aceh Besar. The total population of the study was all
students of MTsN Negeri 2 Aceh Besar class IX, which
consisted of 7 classes. The distribution of the class
population based on the existing classes in group A and
class amounted to 16 students adjusted to the research
schedule during the COVID-19 pandemic, totaling 112
students.

The research process was carried out using the
research and development design of Borg and Gall.
Development steps are gathering preliminary
information or need analysis, instrument development
planning, initial product development, initial draft
testing (internal validation), preliminary draft revision
to develop an operational product to acquire the initial
product, operational field testing conducted on a small
scale, revision operational field testing, key field
testing, product revision based on key field testing, and
product implementation.

The data collection technique in this study
consisted of qualitative analysis assessment data on
four-tier multiple-choice questions carried out by
expert validators, namely lecturers at the Unsyiah
Science Masters Education Study Program, using an
item assessment questionnaire. Studying questions or
evaluating items qualitatively is a theoretical analysis.
Theoretically, what is studied is the suitability of the
items with the purpose of the indicators and whether
the test questions have met the validity of their
contents? The test questions are also observed using
language, clarity, and brevity, as well as the clarity and
functionality of tables and figures (Yusrizal and
Rahmati, 2020). Analysis or testing of content validity
can also be done quantitatively. One of the content
validity calculations is the Aiken formula.

The validation results that expert lecturers have
carried out on items that are not in accordance with the
aspects assessed are then corrected until the results of
the analysis reach 50% (Yusrizal, 2016). The
quantitative analysis assessment data on the items
carried out after the initial test stage on students was
used to calculate the validity of the items. Students'
answers at the test stage for each item were analyzed
using the biserial point correlation technique (Arikunto,
2010). Reliability, Calculation of test reliability using
the Kuder Richardson formula. Level of difficulty,
discriminatory power, and effectiveness of distractors.
The misconception level analysis data were obtained
using a test. Tests are used in the form of test questions
categorized as good as 15 questions according to
indicators of competency achievement through test
methods and questionnaires.

The results of the initial trial analysis on a small
sample consisted of validity, reliability, item difficulty
level, and distinguishing power tests. The validity test
was carried out to find out whether the questions tested
were valid or not on students. The validity test of the
test questions aims to determine questions that can be
used as test questions in a study. The validity test
showed that of the 20 questions students gave, 15
questions were declared valid or 75% and 25% were
invalid.

The reliability test results on the four-tier
multiple-choice diagnostic test item indicate that the
item is in the reliable category. This is because the
results of the data analysis of the test questions
obtained a coefficient of r; of 0.786. Supriadi et al.
(2018) said that reliability is a criterion for measuring
whether a measuring instrument can consistently
measure something that will be measured from time to
time.

The results of the level of difficulty in this study
have varying levels of difficulty. The results obtained
showed that of the 20 questions tested, there were 16
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questions, 80% of the questions included in the too easy
category, and four questions or 20% of the questions in
the easy category. Arifin (2017) said that the level of
difficulty of an item is the percentage or proportion of
test participants to correctly answer an item.

The results of the test of differentiating power of
four-tier multiple-choice diagnostic test questions
contained 1 question or 5% of very good category
questions, 11 questions or 55% of good category
questions, four questions or 20% questions in the
sufficient category, and four questions or 20% questions
in the bad category.

After conducting operational field testing on
four-tier multiple-choice diagnostic test questions, 12
were accepted, four were revised, and four were
rejected. Based on the decision from the test results, 15
questions were taken to be tested in the main field or a
large sample to measure the level of student
misconceptions. The results of the decision on the
initial test questions can be seen in Table 1.

Table 1. Testing decisions in the operational field for
early-stage diagnostic tests

multiple-choice diagnostic test uses the CRI scale,
counting the number of CRI scales in each question and
whether the answer is right or wrong. Then the number
of correct or incorrect answers CRI values divided by
the number of students who answered correctly or
incorrectly. Each question using CRI then determines
students who understand the concept or do not
understand the concept, and the misconceptions are in
Table 2.

No Number of Questions Decision
1 12 Accepted
2 4 Revised
3 4 Rejected

The decision about whether to accept or not is
based on the final results of the differentiating power
test, which show the questions are good and very good.
This is in accordance with the research results proposed
by Nurhayati et al. (2019) that the discarded questions
were questions with an invalid category and a poor
discriminatory index. Meanwhile, questions with valid
criteria but poor discriminating power are not
discarded but are corrected by the editor. Therefore,
overall, the test questions for a large sample were taken
15 questions.

The results of the respondents' answers were
then analyzed to determine the validity, reliability,
difficulty index, discriminating power, and distractor
function. After that, wvalid, reliable, discriminative
questions are accepted, difficulty index is moderate to
difficult, distractors function well and then taken to be
given during the pretest and posttest to see the
understanding of students' concepts on the reaction
rate material. A good test that meets the requirements
can be started from when preparing the test, which is
based on the subject syllabus, making a grid first, and
arranging questions according to the rules for
preparing questions based on the type or form of the
question (Kadir, 2015).

The data analysis technique to determine the
level of students' misconceptions on the four-tier

Table 2. Provisions for distinguishing between
knowing concepts, misconceptions and not knowing
concepts
iﬁ;‘;ﬁz Low CRI (<2.5) High CRI (>2.5)
Correct The correct answer, Correct answer and
answer but low CRI means high CRI mean
Correct that you don't know mastering the
answer the concept (guess concept.
lucky).
Wrong Wrong answer and Wrong answer and
Low CRI means don't high CRI means a
answer know the concept misconception
(Tayubi, 2005).

The confidence level option used in the four-tier
multiple-choice test uses CRI with four answer choices
based on the Likert scale used by Schaffer (2013), which
is shown in Table 3.

Table 3. Confidence Level Scale (CRI) and Criteria

No CRI Criteria

1 1 guessing

2 2 uncertain

3 3 confident

4 4 very confident

(Schaffer, 2013)

Result and Discussion

Results of Development of Four Tier Multiple
Choice Diagnostic Tests on Main Field Tests or large
samples. The main field testing was carried out on 112
students at MTs Negeri 2 Aceh Besar. Evaluation
planning using a four-tier diagnostic test that has been
prepared according to the question grid. The goal is
that the developed four-tier diagnostic test can be
spread out and socialized to science teachers to
evaluate the excretory system material. This main
testing stage aims to find out the students'
misconceptions after studying the human excretory
system material.

The main field trial stage or large sample is a trial
process carried out in seven classes with a total of 112
students. This trial was conducted to determine the
level of students' misconceptions through four-tier
multiple-choice diagnostic test questions. Before
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conducting the student's misconception analysis test,
first, know the results of the item test consisting of 15
questions.

Based on the results of the item test on a large
sample consisting of 112 students and 15 questions
carried out in the main field test, the validity test results
contained 8 or 53.3% questions in the valid category
and 7 or 46.7% questions in the invalid category. Then
the reliability test results obtained -1.450 less than 0.60,
and then the coefficient r is not reliable or reliable. The
results of the item test on the difficulty index obtained 7
or 46.7% questions in the too easy category, 3 or 20%
easy, and 5 or 33.3% in the medium category. The
results of the different tests show that 14 or 93.3% are in
a bad category, and 6.7% are in a sufficient category.
This proves that the results of the test items obtained
eight questions accept or can be used and seven
questions discarded.

The data used for the analysis of students'
misconceptions is obtained from the results of tests that
students have carried out in the main field test
(Wilantika et al., 2018). The number of questions used
for the main field test is 15 questions. However, the
number of valid questions in the main field test (large
sample) consists of 8 questions that can be used.
Therefore, from the eight questions, the level of
students' misconceptions was analyzed.

The form of the four-tier multiple-choice
diagnostic test questions consists of the object of the
question, the choice of the answer key, the level of
confidence in choosing the answer, the reason for
choosing the answer, and the level of confidence in
choosing the reason for the answer. While the
percentage criteria measured from diagnostic test
questions using CRI values consist of lucky guess (LG),
lack of knowledge (LK), knowledge of the correct
concept (KCC), and misconception (MIS). According to
Ardya et al. (2015), Ardya & Fitriyani (2015) Certainty
of Response Index (CRI) is a measure of the level of
certainty of respondents in answering each question
given. The results of the data analysis can be seen in
Figure 1.

45
10 38,17
% 2924
30
25 ')1 '7(
20
15
10 5,58 5,25

5 il

0 _] -
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Figure 1. Results of CRI Analysis

Figure 1 shows that the results of the data
analysis on the level of students' misconceptions seen
from the five CRI categories, namely LG, LK, KCC,
MIS, and NC. Based on the results of the data analysis,
it proves that on average, students only experience
misconceptions of 21.76%, so 29.24% of students who
have understood the concept correctly, then the rest of
the students are included in the LG, LK, and NC
categories.

Conclusion

The conclusions in this study are: The quality of
the four-tier multiple-choice diagnostic test questions
developed on the human excretory system to determine
the level of student misconceptions in terms of
qualitative item analysis in the validation test obtained
the Aiken's V coefficient value ranging from 0-1, the
average coefficient The average obtained is 0.725, so it
is included in the high and valid category. In terms of
item analysis quantitatively, the validity of the
questions is 75% valid, and 15% is invalid. The
reliability test is 0.786 high category. The level of
difficulty of the questions includes 85% too easy
questions and 15% easy questions. The differentiating
power of the questions obtained in each category is 5%
very good, 55% good, 20% sufficient, and 20% bad. The
level of students' misconceptions on the concept of the
human excretory system using a four-tier multiple-
choice diagnostic test was obtained from the results of
the overall analysis of students with an average of
21.76%, and the results of the item analysis showed that
the highest student misconceptions were found in
question number five with a percentage of 11.6 % and
the lowest is in question number four with a percentage
of 0%.
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