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Science learning

There are a lot of very interesting scientific concepts to learn in natural and
social science. The initial concepts that the student possesses may contradict
the actual concepts, which is what causes misconceptions. Misconceptions
are identified using misconception detection test tools. In fact, the
development of the use of diagnostic test instruments in Indonesia is still
very limited. The objective of the study is to create a diagnostic exam
instrument that is two tiers and multiple-choice using certainty of response
index (CRI) to identify misunderstandings that students have about changes
in matters form in science learning. The research design was research and
development (RnD). Development starts with literature studies, design and
drafting product drafts, testing product validation with expert validation, and
empirical testing. The result analysis showed that the two-tier multiple-
choice diagnostic test has a high validity of 0.791. The difficulty level
belongs to the moderate category, with a coefficient between 0.2 and 0.8 and
a good differential and decaying power. Diagnostic tests are said to be
suitable for the detection of misconceptions in science learning in
elementary school. The outcome of this study contributes to increasing
students' knowledge, understanding, critical thinking, and reducing the level
of student misconceptions.
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1. INTRODUCTION

Education in Indonesia has improved since the introduction of the merdeka curriculum in early
2022. The merdeka curriculum is a form of perfection of the prototype curricula applied to the Sekolah
Penggerak (driving schools) in Indonesia. The learning activities on the merdeka curriculum are expected to
improve the accessibility of learning outcomes of students in a holistic way from both cognitive, affective,
and psychomotor competence aspects. Educators should pay attention to the planning and implementation of
learning so that no conceptual errors occur in the pupils. One of the topics in the merdeka curriculum at the
elementary school is natural and social sciences. Learning natural and social sciences at elementary school
makes an important contribution to students in terms of developing scientific thinking skills to solve
problems in everyday life [1]. Students who study science are highly motivated to take an active role in
protecting the environment and honoring nature and everything in it as a gift from God [2].
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Pupils already possess the expertise, experience, and information that make up the foundational
ideas in natural science learning before attending school learning activities [3]. The initial concepts of the
student may be contrary to the concepts put forward by the experts, which is the cause of misconception.
Allen revealed some misconceptions in the natural sciences, one of which was about changing the essence of
matter [4]. For example, the loss of fluid in the evaporation process, the process of cloud formation, or the
difference in the weight of ice and water. Misunderstandings of concepts experienced by students will cause
difficulties in understanding other science concepts and result in poor learning performance [5]. Incorrect or
incomplete knowledge stems from the experience of the student, the teacher conveys incorrect information,
and misunderstandings in examining the information in the textbook will affect the concept of the learner [3],
(1. [7].

Students encounter five different kinds of misconceptions: i) prejudice, ii) non-scientific views,
iii) conceptual misunderstandings, iv) regional misconception (vernacular misconception), and v) fact
misunderstanding [8]. Correction of conceptual misunderstandings that occur in students is critical to
learning achievement [9]. Diagnostic tests become one way to identify misunderstandings among pupils [10],
[11]. There are many types of diagnostic tests, one of which is a two-tier multiple-choice diagnostic test.
Multi-tier testing is the most widely used diagnostic tool to identify scientific misunderstandings [3]. Using
the multi-layer multi-choice exam, which 33.06% of scientific education researchers employed between 2015
and 2019, as the most often utilized evaluation technique [12]. One kind of multitier tool for identifying
student misconceptions is the two-stage diagnostic test, which has two tiers that evaluate the material of the
scale and the consideration of the student [13]. If students properly respond to the content questions and
arguments, they are deemed to have an understanding of science topics. A two-level, multiple-choice exam
was created using the relationship between the student's conception and contemplation as the foundation [14].

The development of the use of diagnostic evaluation instruments in Indonesia is still very limited.
As with researchers [15], [16], testing instruments are still rarely developed to measure 21st-century skills,
and Indonesia is still very open in terms of developing assessment instruments for problem-solving.
Therefore, it is necessary to develop a test to determine to what extent the student understands the concept
and to measure student misconceptions [17]. A variety of diagnostic tools can be utilized, among others,
interviews, open questions, two-level double-optional test instruments, and concept maps [12], [18]. The two-
level double-choice test has two levels of choice of answers and reason of choice [19]. However, the results
of previous research have not been able to identify students' misconceptions by knowing explicitly pupils'
degree of confidence or assurance in completing every single question. The certainty of response index (CRI)
is used in this study to create a two-tier multiple-choice exam. CRI participation is used to measure the
degree of confidence in student's choice of answers so that teachers can know the level of understanding of
students in greater depth [20], [21]. CRI techniques are assessed as effective in identifying misunderstandings
in students [22]. This method can identify misunderstandings and pupils who comprehend and don't know
and are easy to develop [20].

This study is crucial in assisting educators in determining students' comprehension of IPA concepts,
weaknesses as well as strengths of pupils. So, in terms of evaluation, the teacher not only sees the scores
obtained by the pupils but also knows the conceptual misplacement experienced by the students. Therefore, a
two-tier multiple-choice diagnostic test with CRI is an effective alternative in detecting student
misconceptions on sub-explanations of changes like objects. Tes two-tier multiple-choice can assess pupils'
comprehension of an idea as it makes it easier for them to make the connections between concepts [23].
Aside from that, what makes this research new is the test instrument's CRI capability, which allows it to
distinguish between pupils who lack conceptual understanding and those who have misunderstandings [24].

The goal of this research is to create a diagnostic exam instrument that is two tiers and multiple-
choice using CRI to identify misunderstandings that students have about change matters form in learning
science. The study's contribution be useful to lessen the misunderstandings that students have about learning.
In addition, it helps enhance pupils' comprehension and critical thinking skills.

2. METHOD

The design of this research was research and development (RnD). The steps in this research include
studying previous research findings, determining product characteristics, developing products, and
conducting product trials. The product development cycle in this study was repeated until the product
developed is fit for use [25]. The stage in this research consists of the preliminary stage, the development
stage, and the testing stage. The subjects of this research were 54 students from State Elementary School of
Jeron, State Elementary School of Purworejo, State Elementary School of Sembungan 1 Boyolali Regency,
Central Java, Indonesia. The determination of this sample was based on considerations of research subjects
experiencing misconception problems in science learning. The data collection techniques used were a test,
questionnaires, and an interview The results of the two-level multiple choice instrument test were validated
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by experts in the material of science, language, and learning evaluation. The experts who validated this test
instrument consisted of 5 expert lecturers and 3 teachers. The validity technique used Aiken's formula with
five criteria and a validity coefficient of 0 to 1.00 [26]. Aiken's formula is as (1):

V=2s/[n(c-1)] @)

Descriptions:
s: r—Co
c: highest validity assessment number
Lo: lowest validity assessment number
n: the total number of appraisers
The value categories given by validators consist of five categories. These categories range from
irrelevant to very relevant. The following more detailed assessment categories given by validators in
validating instrument items are presented in Table 1 [27].

Table 1. Aiken's validity criteria
Criterion Value
Irrelevant
Less relevant
Quite relevant
Relevant
Very relevant

a b wN -

The reliability of the two-tier multiple-choice test instrument in this study used Cronbach's alpha
formula. Test instrument items are said to be reliable if they are equal to or exceed 0.7. The CRI identification
method in this research aims to detect the occurrence of misconceptions, as well as be able to distinguish them
from not understand the concept [28]. The CRI depends on a scale that measures the respondent's trust in
responding each question. The level of trust or confidence in the answer is reflected in the CRI scale.
Respondents who experience misconceptions can be differentiated simply by comparing whether the answer to
a question is correct or not with the level of confidence scale when answering [28]. The following CRI
categories in assessing students' level of confidence in answers can be seen in Table 2 [29].

Table 2. Respondent answer criteria as shown by CRI value

CRI Criteria Descriptions
0  Guessing If the answer to the question is guessed
1 Uncertain If you are not sure when answering a question
2 Confident If you answer the question confidently
3 Very confident If you answer the question very confidently

3. RESULTS AND DISCUSSION

The RnD that has been carried out begins with a preliminary study. The preliminary study aims to
find out the problems and necessary needs. The preliminary study carried out included interviews and
distributing questionnaires. Based on researchers' findings regarding teachers' needs in the field, it is known
that teachers only use formative and summative test instruments in learning activities. Even though the
assessment instruments used by teachers are in the form of ordinary multiple-choice or short entries or
descriptions, they are unable to differentiate between students who understand the concept and have
misconceptions and those who do not understand the concept. As the class teacher said:

... “Yes, usually only formative tests (daily tests) and summative tests (mid-semester assessment or
final semester assessment). | have never used diagnostic tests in science learning” ...

Most classroom teachers have never developed diagnostic test instruments. Teachers thought that
diagnostic tests were not very important and did not know the purpose of carrying out diagnostic tests, either
at the beginning of learning or at the end of learning. Assessment instruments that should be developed by
the provisions for implementing the Independent Curriculum are diagnostic assessment instruments,
formative assessment, and summative assessment.
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... “At the end of the sub-chapter discussing material and changes, | created questions for daily
assessment. Then, near the end of the semester, | made summative questions. The questions | make
are usually multiple-choice, short answers, and descriptions. Sometimes | just copy questions that
are already in the book” ...

Class teachers realize that the instruments currently available do not meet learning needs. Instructors
acknowledged that they were ignorant about the needs, shortcomings, and learning challenges of their pupils.
Lastly, teachers are unable to distinguish between pupils who get the topic already, those who have
misunderstandings, and those who do not.

... “Usually, I ask students. Have they understood the material or not? | have never created a test to
detect misconceptions in them. The assessment | carry out is only to determine students' learning
achievements (completed or not)” ...

The results of interviews with class teachers were supported by the results of a needs analysis
questionnaire that was given to 54 students. The aim of distributing the questionnaire is to gather information
about science learning activities in class and to find out the needs of students, especially in assessment
activities. As many as 82.15% of students still have difficulty understanding the topic of material and
changes in the states of substances in science learning. The majority of students experienced differences in
knowledge with existing knowledge regarding the topic of changes in the state of substances, reaching 86%.
As many as 85.57% of students had never been assessed at the start of learning (diagnostic assessment) and
72.3% had difficulty working on the assessment questions given by the teacher.

Based on the preliminary studies that have been carried out, researchers are trying to develop
diagnostic test instruments to detect misconceptions in students. The product development stage begins with
preparing a product draft. The procedure for preparing a product draft is to determine the purpose of the test,
arrange the test grid, determine the form of the test, and determine the length of the test. Next, the draft two-
tier multiple-choice diagnostic test instrument product was tested to determine its feasibility. Product trials
are divided into three stages, namely limited-scale trials, medium-scale trials, and wide-scale trials. Limited
trials were carried out in three schools with five students in each school. Limited trials were carried out by
reading instruments and distributing questionnaires. Meanwhile, medium-scale and wide-scale trials aim to
see the quality of the instrument in terms of constructs including validity, reliability, level of difficulty, and
distinguishability. Meanwhile, extensive testing was carried out to see the effectiveness of the test
instruments in detecting misunderstandings of concepts experienced by students.

A test instrument is said to be suitable for use if the test instrument goes through several stages of
validation. The validation carried out is in the form of content validation and construct validation. Content
validation was carried out by five validators from lecturers and three experienced elementary school teachers.
Meanwhile, construct validity is carried out by calculating the validity, reliability, level of difficulty, and
differentiation of each item.

3.1. Question quality analysi

Aiken's content validity was calculated using the results of the assessment of a two-tier multiple-
choice diagnostic test instrument from eight assessors who work as expert lecturers and senior teachers.
Analysis of fifteen question items using the Microsoft Excel program shows a validity value of 0.791 to 1,
which means that each question item has high validity. Briefly, the validity analysis of the question items is
presented in Table 3.

Table 3. Aiken's validity using Microsoft Excel
Item -1 -2 i3 i4 5 i6 7 -8 -9 10 i-11 i-12 13 i-14 i-15
V. Aiken’s 0.958 00916 0.916 0.875 0.916 0.958 0.791 0.916 0.875 1 0.958 0.833 0.916 00916 0.916

The first stage of testing is a limited-scale trial. This testing was carried out with the help of students
who were randomly selected in each representative school. The two-tier multiple-choice diagnostic test
questions were distributed to fifteen students to read. After that, a questionnaire was given which aimed to
find out responses and input from students regarding the readability of each item on the instrument. The
results of limited-scale testing are presented in Table 4.
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Table 4. Limited scale trial results

No Question Answer (%)
Yes No
1  Are the question sentences clear and easy to understand? 33.33 66.67
2 Is the writing in these letters easy to read? 86.67 13.33
3 Is the language in the questions easy to understand? 40 60
4 Are the images presented clear and easy to understand? 93.33 6.67
5  Are the answer choices varied/diverse? 93.33 6.67
6  Are the reasons for the answer choices easy to understand? 46.67 53.33
7 Are the answer choices and reason choices appropriate? 80 20
8 Is there enough time to complete the questions? 93.33 6.67

Based on the results of limited trials in Table 4, it is known that as many as 66.67% of students rated
the question sentences as unclear and difficult to understand, 60% of students stated that the meaning of the
language in the question items was difficult to understand and the same was true for 53 choices of reasons for
answers. 33%. The two-tier multiple-choice diagnostic test instrument in the initial product given to students
still needs improvement, especially in terms of grammar, both sentences, and the language used. Based on the
results of the questionnaire, it is necessary to improve the question items which are difficult to understand in
sentences or language. An alternative that can be done is to change the sentence or add an image so that
students better understand the meaning of the question. Meanwhile, the image aspects, variations in answer
choices, letters used, suitability of answers and reasons, and processing time are sufficient. The following are
the results of the revised test question items in the limited trial and are presented in Table 5.

Table 5. Results of revision of question items in limited trials

No. Question Initial form of questions Improvement results
1 Books and cupboards are examples of Bricks are an example of an object that has the
objects.... shape of...
a. Liquid a. Liquid
b.  Congested b.  Congested
c. Gas c. Gas
d. Liquid d. Box
6 Objects that always have a constant shape are Tini took the water from the bottle and then put the
objects... water into the glass. The following statement is
a. Gas appropriate to the activities carried out by Tini,
b.  Liquid namely...
c.  Congested a.  The volume of water changes
d. Hard b.  The shape of the water remains
c.  The water changes according to the container
d.  The amount of water increases
14 An example of a melting event is... The change from solid to liquid occurs when...

a. Make jelly a.  Make pudding
b.  Make ice lollies b.  Make ice lollies
c.  Blowing glass c. Blowing glass
d.  Melting ice cream d.  Heat margarine

The second stage of testing is a medium-scale trial. The initial product, which had been improved in
the previous testing stage, was given to students in each class at each representative school. A total of 54
students were given the same questions to work on. After completing the questions, the student's test results are
analyzed to determine the quality of the questions which include reliability, discrimination, level of difficulty,
and distraction index. Question quality analysis was carried out using ITEMAN software. The results of the
analysis at this testing stage are used as a basis for revising the product to make it more suitable for use as an
assessment instrument. The third stage of testing is the final test of the test instrument. The third stage of testing
is a wide-scale trial. The fourth stage testing mechanism is more or less the same as the third stage testing. The
difference lies in the number of respondents who take the test questions. The following are the results of the
analysis of differentiating power, level of difficulty, and distraction index in medium-scale trials in Table 6.

Table 6 shows that several questions have a distractor index value of 0.000. This means that the
instrument was not chosen at all by the test takers and must be corrected. Apart from that, there are still
several questions that have negative differentiating power values. This means that students in the high ability
category tend to choose the wrong answer, while students with low ability tend to answer questions correctly.
Improvements to question item number 1 were made to tier 1 answer choice (distractor) D because this
option was not yet effective. Improvements to question item number 4 were made to answer choices
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(distractors) A and D in tier 1. Meanwhile, improvements to question item number 10 were made to answer
choice C and improvements to the use of question sentences so that students could more easily understand
the meaning of the question. Meanwhile, improvements to question number 11 include tier 1 answer options
B and C (distractor). Improvements were also made at tier 2 on items with negative differentiating power
values, namely numbers 1, 4, 10, and 11.

Table 6. Results of analysis of discriminating power, level of difficulty, and distraction index in medium-

scale trials
No Tier Differentiating  Difficulty Distraction index
power level A B C D
1 Tier1 0.331 0.833 0.000
Tier 2 -0.078 0.760
4 Tier 1 0.267 0.667 0.000 0.000
Tier 2 -0.061 0.667
10 Tier 1 0.460 0.250 0.000
Tier 2 -0.021 0.667
11 Tier1 0.577 0.750 0.000 0.000
Tier 2 -0.067 0.750

The third trial is the field implementation trial (wide scale) and final revision (operational field test
and final product revision). At this stage, the two-tier multiple-choice instrument equipped with CRI was
given to 6 classes in different schools, with high, medium, and low categories. The instrument is given back
to students to determine the performance of the instrument after improvements have been made in medium-
scale trials. The following results of the analysis of discriminating power, level of difficulty, and distraction
index in wide-scale trials are presented in Table 7.

Table 7. Results of analysis of discriminating power, level of difficulty, and distraction index in wide-scale
trials

No  Tier  Differentiating power Difficulty level Distraction index

A B C D
1 Tier 1 0.556 0.698 0.210  0.230
Tier 2 0.538 0.484
4  Tierl 0.325 0.516 0.080 0.050
Tier 2 0.601 0.560
7  Tier1 0.626 0.308 0.030 0.070  0.100
Tier 2 0.616 0.473
10 Tier 1 0.575 0.505 0.210
Tier 2 0.381 0.368
12 Tierl 0.494 0.588 0.045
Tier 2 0.491 0.341

Table 7 shows that the five questions that have been corrected have a good distractor index value,
namely above 0.02. This means that the answer choices and reason choices for each test item function well.
The discriminating power index is positive, meaning that students in the high-ability category tend to choose
the correct answer, while students with low ability tend to choose the wrong answer or just guess. The
difficulty level of the questions is included in the medium category, so it can be said that the test questions
can be used. Table 8 shows the reliability of the two-tier multiple-choice diagnostic test instrument.

Table 8. Reliability of the two-tier multiple choice (TTMC) diagnostic test instrument

Test phase Tier Reliability value Conclusion
Limited scale trials - -
Medium scale trial Tier 1 0.765 Reliable

Tier 2 0.729 Reliable
Wide-scale trials Tier 1 0.783 Reliable
Tier 2 0.741 Reliable

An instrument is said to be reliable if its reliability coefficient is more than equal to 0.70 (ri1>0.70)
[30], [31]. The reliability of the two-tier multiple-choice diagnostic test instrument in medium-scale trials
was 0.765 in the first tier and 0.729 in the second tier. Meanwhile, in the wide-scale trial, the test instrument
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reliability results were 0.783 in the first tier and 0.741 in the second tier. Assessment must follow the
characteristics of a good test or assessment, namely: i) valid, ii) reliable, iii) objective, and iv) practical so
that it can be used well [32]. This is the case with the results of the empirical analysis of the diagnostic test
instruments in this research. The items in this diagnostic test instrument have met the criteria for internal
consistency and high reliability for Cronbach's alpha (0.82) [33]. Thus, it can be concluded that the two-tier
multiple-choice diagnostic test instrument developed meets the reliable criteria.

Based on Table 9, a percentage comparison of the differentiating power in each category can be
obtained, namely bad, fair, good, and very good. In the medium scale trial, the poor category in tier 2 had a
percentage of 26.67%, the fair category in tier 1 was 40% and tier 2 was 20%, the good category in tier 1 was
13.33% and tier 2 was 26.67%, as well as the very good category in tier 1 at 46.67% and tier 2 at 26.67%.
Meanwhile, in the wide-scale trial, questions in the good category in tier 1 amounted to 13.33% tier 2
amounted to 6.67%, and the very good category in tier 1 amounted to 86.67% and tier 2 amounted to 93.33%.
The percentage comparison of the differentiating power of the questions can be seen in Figure 1.

Table 9. Differentiating power of the TTMC diagnostic test instrument
Differentiating power

Quzls(.)tion Tier Medium scale trial Wide scale trial
Point biser (%) Description Point biser (%)  Description
1 Tier 1 0.331 Good 0.556 Very good
Tier 2 -0.078 Poor 0.538 Very good
2 Tier 1 0.440 Very good 0.475 Very good
Tier 2 0.369 Good 0.594 Very good
3 Tier1 0.285 Fair 0.335 Good
Tier 2 0.391 Good 0.536 Very good
4 Tier 1 0.267 Fair 0.325 Good
Tier 2 -0.061 Poor 0.601 Very good
5 Tier 1 0.500 Very good 0.649 Very good
Tier 2 0.375 Good 0.629 Very good
6 Tier1 0.500 Very good 0.664 Very good
Tier 2 0.421 Very good 0.604 Very good
7 Tier 1 0.110 Fair 0.626 Very good
Tier 2 0.078 Fair 0.616 Very good
8 Tier 1 0.258 Fair 0.438 Very good
Tier 2 0.229 Fair 0.648 Very good
9 Tier 1 0.376 Good 0.426 Very good
Tier 2 0.401 Very good 0.412 Very good
10 Tier 1 0.460 Very good 0.575 Very good
Tier 2 -0.021 Poor 0.381 Good
11 Tier 1 0.201 Fair 0.591 Very good
Tier 2 0.310 Good 0.525 Very good
12 Tier 1 0.577 Very good 0.494 Very good
Tier 2 -0.067 Poor 0.491 Very good
13 Tier 1 0.423 Very good 0.680 Very good
Tier 2 0.296 Fair 0.513 Very good
14 Tier 1 0.463 Very good 0.644 Very good
Tier 2 0.517 Very good 0.639 Very good
15 Tier 1 0.277 Fair 0.529 Very good
Tier 2 0.409 Very good 0.591 Very good
100 9333
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80
@ 70
60
% © w0 4667
g 10 2667 2667
% 30 . 67
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Figure 1. Percentage of differentiating power in medium scale and wide scale trials
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The level of difficulty states the proportion of test takers who answered correctly on each question
item to all test takers. The level of difficulty is symbolized by the letter P, which means proportion. The
greater the P value, the easier the question's difficulty level, and the smaller the P value, the more difficult the
question’s difficulty level. One of the criteria for a good test question is that it has a difficulty level that is not
too difficult or not too easy. Based on the results of the analysis of the questions using ITEMAN software,
the level of difficulty can be determined from the value obtained in the prop correct column. The following is
presented regarding the difficulty level of the two-tier multiple-choice diagnostic test instrument in Table 10.

Table 10. Difficulty level of the two-tier multiple-choice diagnostic test instrument

No Difficulty level
; Tier Medium scale trial Wide scale trial
Question Prop.correct (%) Description  Prop.correct (%) Description
1 Tier 1 0.833 Easy 0.698 Middle
Tier 2 0.760 Easy 0.484 Middle
2 Tier 1 0.667 Middle 0.401 Middle
Tier 2 0.833 Easy 0.445 Middle
3 Tier 1 0.583 Middle 0.412 Middle
Tier 2 0.667 Middle 0.500 Middle
4 Tier 1 0.667 Middle 0.516 Middle
Tier 2 0.667 Middle 0.560 Middle
5 Tier 1 0.750 Easy 0.621 Middle
Tier 2 0.667 Middle 0.582 Middle
6 Tier 1 0.250 Difficult 0.571 Middle
Tier 2 0.583 Middle 0.429 Middle
7 Tier 1 0.667 Middle 0.308 Middle
Tier 2 0.750 Easy 0.473 Middle
8 Tier 1 0.833 Easy 0.330 Middle
Tier 2 0.916 Easy 0.357 Middle
9 Tier 1 0.750 Easy 0.654 Middle
Tier 2 0.667 Middle 0.396 Middle
10 Tier 1 0.250 Difficult 0.505 Middle
Tier 2 0.667 Middle 0.368 Middle
11 Tier 1 0916 Easy 0.324 Middle
Tier 2 0.760 Easy 0.418 Middle
12 Tier 1 0.750 Easy 0.588 Middle
Tier 2 0.750 Easy 0.341 Middle
13 Tier 1 0.583 Middle 0.434 Middle
Tier 2 0916 Easy 0.341 Middle
14 Tier 1 0.833 Easy 0.643 Middle
Tier 2 0.833 Easy 0.346 Middle
15 Tier 1 0.750 Easy 0.538 Middle
Tier 2 0.667 Middle 0.379 Middle

The distribution of questions is uneven in medium-scale trials and wide-scale trials. Questions in the
easy category in the medium scale trial were (53.33%), the medium category was (33.33%) and the difficult
category was (13.34%). Meanwhile, in the wide-scale trial, there were no questions in the easy or difficult
categories, all the questions were in the medium category. The percentage comparison of the level of
difficulty of the questions can be seen in Figure 2.

100 100
100

%0

80

70

s 5333 53.33

.

10 33

30

% 34

10 0 0 0 0 o

A A

Tier 1 Tier 2 Tier 1 Tier 2
HEasy @ Middle mDifficult

IN PERCENT (%)
=
2

QUESTION TIER FOR EACH NUMBER

Figure 2. Percentage of difficulty levels on medium scale and wide scale trials
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3.2. Two-tier multiple-choice diagnostic test instrument to detect student misconceptions

Previous research stated that learning will be effective if teachers can understand students'
difficulties and misconceptions. Therefore, it is necessary to carry out diagnostic measures to detect student
misconceptions. One way to diagnose misconceptions is to use diagnostic instruments. Diagnostic tests are
useful for identifying student difficulties and for planning efforts to solve identified difficulties. The
appropriate form of diagnostic test instrument is a two-tier multiple-choice equipped with CRI. Cullinane and
Liston [34], stated that the inclusion of reasons in tier 2 may be applied to enhance higher-order thinking
abilities (HOTS) and assess pupils' capacity for justification. The two-tier multiple-choice form has
weaknesses because it is not always accurate in distinguishing students' levels of understanding. Therefore, to
overcome this weakness, the CRI technique was included. The CRI scale is useful for knowing the
respondent's level of confidence in answering the first and second tiers.

The importance of using test instruments that can detect students' misconceptions in science learning
in the classroom is a strong reason for developing a TTMC instrument equipped with CRI to detect students'
misconceptions in science learning which can be seen from the test taker's confidence in the answers given
and the consistency of the answers where if the test taker consistently answers correctly then the student is
declared to understand the concept if he consistently gives wrong answers or misconceptions then the test
taker is declared to have a misconception and likewise if the test taker shows inconsistent answers then it can
be stated that they do not understand the concept.

The development of a two-tier multiple-choice test instrument equipped with the CRI. Apart from
being able to measure students' cognitive abilities, this instrument is also able to detect students'
misconceptions. The development of this instrument is based on indicators of competency achievement. The
following are the criteria for the level of understanding of the concept which are depicted in Table 11.

Table 11. Concept understanding level category

No Answer CRI Reason  CRI Category
1 Right High Right High ]
2 Right High Right Low DU
3 Right Low Right High DU
4 Right High False High M
5 False High Right High M
6 Right High False Low DU
7 Right Low False High DU
8 False Low Right Low DU
9 False High False High U
10 False Low False High DU
11 False High False Low DU

*Note: U=Understand, DU=Don’t Understand, M=Misconception

Table 11 is a guide to criteria for understanding concepts to identify misconceptions that occur in
students. To determine the level of students' understanding of concepts, the author here combines the two-tier
model developed by David Treagust and the CRI developed by Saleem Hasan. By combining the two
instruments, it is hoped that students' misconceptions regarding the concept of matter (a form of matter) and
its changes can be identified. The results of the analysis of students' level of understanding in the field
implementation trials are presented in Table 12.

Table 12. Analysis of students' concept understanding level in field implementation trials

Student understanding level Result (%)
Understanding concepts (U) 41.88
Not understanding the concept (DU) 29.91
Misconceptions (M) 28.21

Table 12 shows the results of the analysis of students' level of understanding of concepts at the field
implementation trial stage. The percentage of students with a level of understanding of the concept was 41.88%,
not understanding the concept was 29.91%, and misconceptions were 28.21%. At this test stage, the percentage
of students who have misconceptions and don't comprehend the idea has gone down, while the percentage of
students who understand the concept has gone up. In this research, students' misconceptions can be identified by
the student's level of confidence in providing answers. If a student has a high level of confidence in this matter
with a CRI of 3 to 5, but the answer given is wrong then it is stated that the student has a misconception. If
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students have a high level of confidence in this case with CRI at a value of 3 to 5 and the answer is correct, then
the student is declared to understand the concept. Meanwhile, if students have a low level of confidence, but the
answers given are right or wrong, then the students are said to not understand the concept.

Consequently, it can be said that this study's development of a TTMC test instrument with CRI can
lower or lower the percentage of misconceptions and conceptual misunderstandings in the material on object
shape changes while raising the percentage of conceptual understanding. The findings of this study
corroborate those of other studies that showed TTMC could assess students' conceptual knowledge,
misunderstandings, and ignorance of the respiratory system content [35]. The study's findings also show that
37.7% of students understood the concept of the respiratory system content; 41.6% of students had
misconceptions; and 20.7% of students didn't grasp the concept. Then, this research is also in line with
previous research which states that TTMC which has been developed and tested for content validity,
construct, and reliability can be used by practitioners to diagnose students' initial concepts, whether they
already understand the concepts or whether there are still misconceptions [36]. Apart from identifying
misconceptions, TTMC may be used to assess pupils' HOTS [37]. Furthermore, previous relevant research
also demonstrated that the inclusion of CRI to assess students' degree of confidence in their responses and the
introduction of TTMC to demonstrate students' level of comprehension and further thought [38]. The CRI
provides a gauge for how certain a student is in his or her ability to choose and apply concepts, laws, or
information to arrive at the desired response [39].

The development of a two-tier multiple-choice diagnostic test instrument equipped with CRI. Apart
from being able to measure students' mastery of concepts, can also differentiate and identify students who do
not understand the concepts and students who experience misconceptions. The complete distribution of
students' conceptual understanding can be seen in Table 13.

Table 13. Distribution of students' understanding of concepts

No Indicators of competence achievement M (%) U (%) DU (%)
1 Identify the shape or form of objects 21.67 40.00 38.33
2 Analyzing the form of matter in an object 21.33 36.67 42.00
3 Explain the change in form 19.33 45.00 35.67
4 Distinguish between change of form events 28.00 30.00 40.33
5 Analyzing shape change events 13.00 43.67 43.67

*Note: U=Understand, DU=Don’t understand, M=Misconception

Table 13 shows that the distribution of students' conceptual understanding is presented in the
competency achievement indicator (GPA) data. The results above show that there are students who still have
wrong concepts on the sub-discussion topic of material forms and their changes. For example, in question
number 11, students do not yet understand the process of changing state from gas to solid, this indicates that
students do not understand the concept of changing from one state to another well. Students are still confused
between sublimation and crystallization changes. In this case, the type of misconception that occurs is included
in the category of preconceived notions. This type of misconception occurs because students' initial conceptual
understanding was wrong regarding the concepts of sublimation and crystallization for these indicators.
Understanding the initial wrong concept gives rise to misconceptions in students.

However, the results of this research can conclude that the level of understanding of students in
understanding the concept of material changes in the form of objects in science learning using TTMC with
CRI is greater than students who experience misconceptions. The results of this research correlate with
previous research, which revealed that the development of the TTMC test can measure students'
misconceptions about science learning [17]. The test instruments developed in previous research were tested
for validity and reliability only through trials on students. Meanwhile, before the research test instrument
was tested on a limited and extensive basis on students, it had received validity from experts in the fields of
learning materials, language, and learning evaluation.

The results of this research show that the development of TTMC equipped with CRI is better at
measuring students' misconceptions using the RnD research method. This is corroborated by earlier studies
that measure a person's misunderstandings using the CRI, which gauges an individual's answer to questions
[40]-[42]. This is different from previous research in developing TTMC using the qualitative descriptive
research method [43] although without reducing the benefits in identifying cases of misconceptions among
students in learning. The results of this research were developed through the RnD method so that the results
of the instrument product followed the results of the initial study of student needs.

Several ways that can be done to reduce and prevent misconceptions in students are knowing about
several causes and the ability to diagnose [44]. Apart from that, using the Cocoaer learning model [45]. The
two main theories that underpin the Cocoaer learning model are: i) Vygotsky's social constructivism theory,

A two-tier multiple-choice diagnostic test to find student misconceptions about ... (Rita Arfi Astuti Ningroom)



1154 O3 ISSN: 2089-9823

which emphasizes social learning and scaffolding, particularly for students in their zone of proximal
development; and ii) Bandura's social learning theory acknowledges that learning happens by watching the
behavior of people and the environment (in which processing information includes attention, memory,
creation, and motivation). Cocoaer learning models with the syntax: i) committee and expose beliefs, ii)
confront beliefs, iii) assimilate and accommaodate the concept, iv) extend the concept, and v) reflect beliefs.

The results of this research contribute to increasing students' knowledge, understanding, critical
thinking, and higher thinking. Apart from that, the development of TTMC accompanied by CRI can also
reduce the level of student misconceptions. The results of this research are more resilient than previous
research because the development of the TTMC test has two levels which function to answer questions on
the topic of changes in the state of objects in science learning and the reasons for answering this topic.
Apart from that, CRI is useful for knowing students' level of confidence in answering these questions.
Future research may explore more widely other learning materials related to science and social learning.

However, this research was only developed within the district scope at the elementary school level
so it needs to be developed again with a wider scope and at a higher school level. Apart from that, this
TTMC instrument needs to be further developed with other subject matter concepts and can be developed
into a three-tier or four-tier multiple-choice development so that students' ability to understand concepts is
further improved. This is necessary because it requires further and in-depth study to ensure students'
confidence in answering each question on a topic and the reasons for answering that topic.

4. CONCLUSION

The purpose of this study is to develop a two-tiered, multiple-choice diagnostic test tool that uses
CRI to identify students' misconceptions about change matters form in learning science. Based on the
findings of the content validity study, it is possible to infer that the two-tier multiple-choice diagnostic test
instrument has high validity, namely 0.791 to 1, according to the expert's score and the calculation of content
validity using Aiken's formula. If the validity coefficient exceeds 0.75, the instrument is considered to have
excellent validity. Meanwhile, the construct validity study revealed that numerous items did not match the
standards, thus they were improved. The diagnostic test instrument's overall difficulty index falls into the
medium group, with a coefficient ranging from 0.2 to 0.8. Two items had limited distinguishing power; thus,
they were changed to be usable. A total of 45 distractors were used, 5 of which (11.11%) did not work well
since less than 5% of respondents picked them. The designed diagnostic test instrument is practicable and
may be used to identify primary school students' misunderstandings in scientific classes, as well as content
sub-discussion and adjustments. The degree of knowledge of students' concepts in the main field trial stage
and field implementation trials was varied. Specifically, the proportion of those who grasped the concept was
41.88%; those who did not comprehend it was 29.91%; and those who had misconceptions were 28.21%. At
this test stage, the percentage of students who have misconceptions and don't comprehend the idea has gone
down, while the percentage of students who understand the concept has gone up. According to indicators of
skill accomplishment, there are still kids who don't comprehend the topic of changing from one form to
another. Students are indicated to experience misconceptions of the preconceived notions type, namely initial
concepts that are wrong, giving rise to misconceptions in subsequent concepts. This research results and
discussion provide a TTMC instrument equipped with CRI to detect misconceptions in students. Therefore,
to overcome misconceptions in the future, a learning model is needed to reduce and overcome problems
regarding misconceptions.
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