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Development

of a Minimum Competency Assessment

Instrument (AKM) for Students' Scientific Literacy on Hooke's

Law and Elasticity

Cindy Aida Sari?*, Fitriyawany?, Arusman3

1 Physics Education Study Program, UIN Ar-Raniry, Banda Aceh
*Corresponding author: cindyaidasari2@gmail.com

ABSTRACT

The low literacy rate and lack of question discussion in schools were the driving
forces behind this research. Those problems caused students to have difficulty
in understanding the material on Hooke's Law and elasticity. The researchers
developed the Minimum Competency Assessment (AKM) literacy instrument as
a learning resource to address this issue. The study aims to find out: (1) how the
AKM instrument for students' scientific literacy was made and (2) how excellent
it works, how challenging the questions are, how valid it is, and how reliable it
is for students' scientific literacy on Hooke's Law and Elasticity at the senior
high school level. This R&D method reseach used the Tessmer model. The
research instruments consisted of question grid sheets and question validation
sheets. This study produced two question packages (A and B), each consisting
of twelve questions. The researchers examined the AKM instrument for
scientific literacy on 24 students from MAN 1 Model Banda Aceh. The
feasibility results show that the AKM instrument has met the very feasible
category. The validation results from material experts yielded a percentage of
92.44%, while language experts reported a percentage of 85.83%. The trial
results show the discriminating ability of AKM Instrument packages A and B in
the excellent and outstanding categories. Package A displays reliability results
of 0.791, while package B of 0.805. The AKM instrument for scientific literacy
based on Hooke's Law and elasticity can be used as a supporting learning
resource in or outside of learning activities.

INTISARI

Penelitian ini dilatarbelakangi oleh rendahnya tingkat literasi dan sedikitnya
pembahasan soal di sekolah. Hal ini mengakibatkan siswa mengalami kesulitan
dalam memahami materi Hukum Hooke dan elastisitas. Untuk mengatasi hal ini
maka dilakukan pengembangan instrumen Asesmen Kompetensi Minimum
(AKM) literasi sebagai sumber belajar. Penelitian ini ertujuan untuk: (1)
mengetahui proses pengembangan instrumen AKM literasi sains siswa, dan (2)
mengetahui daya beda, tingkat kesukaran soal, validitas dan reliabilitas dari
instrumen AKM literasi sains pada materi Hukum Hooke dan Elastisitas tingkat
SMA/MA. Penelitian ini menggunakan metode (R&D) dengan model Tessmer.
Instrumen penelitian yang digunakan terdiri dari lembar Kisi-Kisi soal dan lembar
validasi soal. Validator pada penelitian ini terdiri dari tiga ahli materi dan dua
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ahli bahasa. Penelitian ini menghasilkan dua paket soal (A dan B) Instrumen
AKM yang masing-masing terdiri dari dua belas soal. Instrumen AKM literasi
sains diujicobakan pada 24 siswa MAN 1 Model Banda Aceh. Hasil kelayakan
menunjukkan bahwa instrumen AKM sudah memenuhi kategori sangat layak.
Berdasarkan hasil validasi dari ahli meteri dengan persentase sebesar 92,44%
dan ahli bahasa sebesar 85,83%. Hasil uji coba menunjukkan daya beda pada
Instrumen AKM paket A dan B pada kriteria baik dan sangat baik. Hasil
reliabilitas pada paket A sebesar 0.791 dan paket B sebesar 0.805 dan dinyatakan
reliabel. Instrumen AKM literasi sains pada materi Hukum Hooke dan Elastisitas
dapat digunakan sebagai sumber belajar pendukung dalam atau luar kegiatan
pembelajaran.

A. Introduction

Learning is a process of interaction that occurs between educators and students,
also involving teaching materials, methods, and media used in the teaching and
learning process. In the 21st century learning era, students must possess skKills,
knowledge, and abilities in the fields of technology, media, and information. The
learning process in this era is characterized by innovation and an emphasis on
empowering students. These changes appear in various aspects, including curriculum,
learning models, and teaching methods [1].

21st-century learning demands that students be able to be creative and innovative,
think critically, solve problems, collaborate, and communicate. This curriculum has
high expectations for the educational process by preparing students as human
resources who have 21st-century skills. One of the requirements for developing 21st-
century skills is literacy. The Ministry of Education and Culture has determined that
Indonesian people need to master 6 basic literacies, namely (1) language literacy, (2)
numeracy literacy, (3) scientific literacy, (4) digital literacy, and (5) financial literacy
culture and citizenship [2].

Literacy is a language skill that involves several aspects, including speaking,
reading, writing, evaluating, and understanding. There are three main indicators of
literacy: finding, understanding, and evaluating and reflecting on the information
obtained.trained. Scientific literacy, on the other hand, includes the scientific
knowledge needed to identify a problem. Scientific literacy encompasses the capacity
to make decisions based on facts gathered from observations. Apart from that,
scientific literacy also includes the ability to communicate scientific knowledge both
orally and in writing. Scientific literacy does not only focus on knowledge but also on
the application of that knowledge in solving problems and participating in systems
related to science [3]. This ability can This ability can be seen in the results of
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measurements in the PISA study conducted by the OECD (Organization for Economic
Cooperation and Development) every three years.

The shift from the National Examination to the National Assessment is an attempt
to enhance the overall quality of education.ucation. The National Examination is
considered less than optimal as a tool for evaluating the quality of education nationally
[4]. The National Assessment consists of three parts, namely the Minimum
Competency Assessment (AKM), the Character Survey, and the Learning
Environment Survey. AKM measures students' reading literacy and numeracy skills.
Apart from that, iln addition, its design aims to stimulate innovative learning that
prioritizes reasoning over rote memorization.The 2013 curriculum outlines the
objectives of integrated science learning. We carry out AKM in an effort to improve
the low quality of Indonesian education.

The Organization for Cooperation and Development (OECD) did research that
showed Indonesia's low scientific literacy (74th place out of 78 countries), with an
average score of 389 on the PISA (Program for International Student Assessment) and
an average score of 489 for the OECD as a whole. Meanwhile, Indonesia’s scientific
literacy ability was achieved in 2018; it was ranked in the bottom 10 of 79 countries
following the evaluation results conducted by the OECD through the PISA study [4].

The low results of the Progress in International Reading Literacy Study (PIRLS),
Program for International Student Assessment (PISA), and Indonesian National
Assessment Program (INAP) surveys are due to reading habits that are less popular
with some students in Indonesia. Reading is an important part of education, especially
in the teaching and learning process in the classroom. Reading activities can provide
students with a wealth of knowledge and additional information. Reading activities
can provide students with a lot of knowledge and additional information to support
successful learning and teaching.

Regarding the required teaching materials and material difficulties, it was found
that students needed a book of questions, and they experienced difficulties with
Hooke's Law and Elasticity material. This is one of the Class XI high school physics
materials for the odd semester. Students face challenges because they rarely discuss
the questions, which makes it difficult for them to answer the provided questions
during the exam.

Several studies on AKM instruments development and scientific literacy were
discovered. First, the study by Nuzulia and Gafur [5] with the title "Development of
a Minimum Competency Assessment-Based Practice Book to Improve Student
Literacy and Numerization Abilities at SDN Janti 02 Sidoarjo." The research shows
that the minimum competency assessment (AKM)-based exercise book is excellent
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for students to use because it meets the valid criteria: experts in the material got
90.6%, experts in the design got 89.3%, and experts in the learning got 94.6%. The
results of the trial to assess the attractiveness of the minimum competency assessment-
based exercise book developed for students were 91.8%. Student learning outcomes
increased, as seen by the pre-test results of 70.8 and post-test scores of 90.4 [6].

Researchers conducted the second study. The pre-test results of 70.8 and the post-
test scores of 90.4 [6] indicate an increase in student learning outcomes. Assessing
Understanding of Scientific Phenomena Regarding Energy." The results of this
research indicate that scientific literacy-based test instruments are suitable for
measuring students' scientific literacy abilities [7]. Mardhiyyah, Ani, and Suharto [8]
conducted the third research, "Development of a Science Literacy Assessment
Instrument on the Energy Theme." The research shows that the two sets of validity
results for the multiple-choice test are correct. The reliability value was 0.865 for
limited testing and 0.887 for extensive testing. This value shows that the instrument
is reliable. The profile of students' scientific literacy abilities is in the low category
[9].

What sets this research apart from previous research is the difference in the
school levels studied, and the development of AKM instruments on scientific literacy.
Previous research only focused on one of these areas, either on instrument
development or on scientific literacy.

The development of the Minimum Competency Assessment (AKM) instrument
for scientific literacy in schools has four main reasons. The first reason is that testing
and learning have been changed so that they focus on more than just the content of
the material. They also include scientific literacy, which includes things like being
able to use science in everyday life, understanding context, thinking critically about
problems, and a number of scientific process skills. This matter facilitates to create
more holistic and relevant to students' developmental needs. The second reason is that
the PISA and TIMSS (Trends in International Mathematics and Science Study) results
at the secondary school level provide an important indication that students' scientific
literacy abilities at the previous level also need to consider. Student competency in
elementary school is the basis for student competency at a higher level. Therefore,
there needs to be an AKM instrument that can assess scientific literacy based on the
initial level of education. The third reason stems from the low level of scientific
literacy among students, as evidenced by several prior studies. Therefore, developing
the AKM scientific literacy instrument is important as an effort to increase students'
understanding and ability to understand scientific concepts. The fourth reason is the
lack of a collection of AKM questions that can help them understand the learning
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material. The development of the AKM scientific literacy instrument can provide
students with access to a collection of questions that support a comprehensive
understanding of scientific concepts.

Students must practice answering AKM questions in order to improve their exam
preparation. Every student undoubtedly possesses unique potential that sets them apart
from their peers. The researhcers can later find out the form of these differences from
the results of the exercises carried out by students.

Based on the background of the problem that has been explained, it is important
for researchers to conduct research with a title "Development of a Minimum
Competency Assessment Instrument for Students' Scientific Literacy on Hooke's Law
and Elasticity Material at High School/MA Level.".

B. Method

This R&D method research applied a scientific method for conducting research,
designing, producing, and validating already-produced products [10]. Research and
Development refers to the systematic process of creating new products or enhancing
existing ones.

This development research uses the Tessmer model (1993), consisting of several
stages, including preliminary, self-evaluation, expert reviews, one-to-one, small
group, and field tests [11]. The reason why researchers use the Tessmer development
model in this research is because these stages are suitable for use in developing
products in the form of questions. This is because in developing valid and reliable
guestions, assessment from experts is very necessary so that the questions developed
are better.

In addition, the questions had be field-examined, including readability tests to
determine if students understood them and limited tests on several students to
determine their validity and practicality. Therefore, the Tessmer model was more
suitable for developing questions because the stages in the Tessmer model correspond
to the stages of question development.

C. Result and Discussion

Preliminary Stage

This stage began with seeking information on the Ministry of Education and
Culture's policies. Researchers found a change from the National Examination to the
National Assessment. The National Assessment comprised three components: the
Minimum Competency Assessment (AKM), an environmental survey, and a character
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survey. The next stage was determining the school, namely MAN 1 Banda Aceh
(Islamic Senior High School Banda Aceh 1), with the research subjects being material
class Xl students.

A necessity analysis was given to class XI students at MAN 1 Banda Aceh with
several questions related to the material and things the students needed. The results of
the needs analysis by researchers found that students had difficulty understanding the
material on Hooke's Law and elasticity due to a lack of reading and discussing the
questions. Students also express that they need several sets of AKM questions on
Hooke's Law and Elasticity.

Formative Evaluation Stage

The discussion focused on linking the data and analysis results to answer research
problems or purposes of the study, and to broader theoretical context. The discussion
is written attached to the data discussed and not to be separated from the results.

The table is written in the middle or at the end of each text description of the
results research. The table title is written from the left-center; all words begin with
uppercase letters, except conjunctions. Suppose more than one row is typed in a
single-spaced. The table consists of top and bottom horizontal rules and the one
separating the column heads from the rest of the table. For example, it can be seen in
Table 1 below.

The formative evaluation stage is the second stage, consisting of self-evaluation,
expert reviews, one-to-one, and small groups.

a. Self-Evaluation

At this stage, the AKM question grid, AKM questions, and validation sheet
underwent an evaluation. Before creating AKM questions, researchers carried out
curriculum analysis, material analysis, student analysis, and planning. The book that
served as a guide in making AKM questions is a class Xl student package book.
Researchers also read and searched for several articles related to AKM, serving as a
guide for researchers. The AKM question grid has several parts, namely the scientific
literacy domain, scientific literacy indicators, learning indicators, questions, and
answer keys. The researchers used two domains of scientific literacy: scientific
knowledge and scientific competence. There were 4 scientific literacy indicators such
as understanding scientific phenomena, explaining scientific phenomena, identifying
problems scientifically, and interpreting data. There were 12 learning indicators for
each question package, each of which has 3 parts that refer to indicators for each
scientific literacy.
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At this stage, the researchers produced draft 1, validated it, and refined it based
on the validator's suggestions. The final result of the draft was a scientific literacy
AKM question that met the AKM and scientific literacy criteria. The AKM science
literacy questions were designed to consist of two packages, namely package A and
package B. Each question package consisted of 12 multiple-choice questions. The
researchers divided and sorted the designed questions based on scientific literacy
indicators and learning indicators. Scientific literacy indicators are understanding
scientific phenomena, explaining scientific phenomena scientifically, identifying
problems scientifically, and interpreting scientific data and evidence. Additionally,
the researchers designed the questions to incorporate stories, news, and practical
applications from everyday life. The designed questions focus on measuring
reasoning, understanding, and application abilities.

b. Expert Reviews

The expert review stage is carried out by providing a draft of the created
questions to the validator to get input, suggestions, and whether or not the questions
are suitable for testing to students. This research relies on the validation of both
material and language experts. Two lecturers and one teacher from the school under
test served as the material expert validators. Meanwhile, the language expert
validators were two lecturers. The assessment items in column P-1 refer to both the
assessment of the first question and the subsequent one.

The following are the results of the material expert validator's assessment of the
scientific literacy AKM questions that will be developed.

Table 1. Data from validation results by material experts
Eligibility Eligibility

Aspects  Average

Percentage Criteria
Material 4.6 92 Very worthy
Question 4.73 92.00 Very worthy
Languange 4.67 93.33 Very worthy
Total 4.67 92.44 Very worthy

Based on the validation results by material experts listed in Table 1 against the
question validation criteria, the overall assessment by material experts is that the
AKM science literacy questions meet the criteria of being very worthy with a mean
score of 4.67 and a percentage of 92.44%. When viewed from all aspects of the
assessment, the material feasibility aspect has a mean score of 4.6 and a percentage of
92% with the criteria of very worthy. The question aspect has a mean score of 4.73
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and a mean of 92%, meeting the criteria of being very worthy. The language aspect
has an average score of 4.67 and a percentage of 93.33% with the criteria of very
worthy.

The experts' validation of the results serves as the foundation for conducting field
tests, calculating discriminating ability tests, determining the difficulty level of
questions, and ensuring validity and reliability. The following are the results of the
language expert validator's assessment of the scientific literacy AKM developed.

Table 2. Data from validation results by language experts
Eligibility Eligibility

Aspects Average

Percentage Criteria
Material 5 100 Very worthy
Question 3.88 77.50 Very worthy
Construction  4.00 80.00 Very worthy
Total 4.29 85.83 Very worthy

To sum up, linguist experts gave the AKM science literacy questions an overall
score of 4.29 out of 5 stars, which means they meet the very worthy criteria. This is
shown in Table 2, which shows the validation results by linguist experts compared to
the question validation criteria. If you look at all aspects of the assessment, the
feasibility aspect of the questions has an average score of 5 and a percentage of 100%
with very worthy criteria. The language aspect has an average score of 3.88 and a
percentage of 77.50%, which meets worthy criteria. The construction aspect has an
average score of 4 and a percentage of 80.00% with worthy criteria. Therefore, the
study can continue to the next step by conducting field tests on students to calculate
the discriminating ability tests, level of difficulty of questions, validity, and reliability.
The researcher revised the draft questions based on the validator's suggestions and
assessments before testing them on students.

c. One-to-one

This stage was carried out to test draft 2 on 6 randomly selected students.
Students were divided into 2 parts, 3 students worked on draft 2 in package A and 3
other students worked on draft 2 in package B with a time of 90 minutes. The trial
was carried out at MAN 1 Model Banda Aceh on December 14, 2023. This stage was
carried out to test students' readability of the questions. As long as students work on
the questions, it can be seen that the students are able to understand and solve the
questions given. The questions presented are in the form of stories, pictures and
graphs. However, there were several students who answered incorrectly in the graph
section. Therefore, the researcher enlarged the graph presented in the questions for
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the next job test. Researchers provided several initials to name respondents who took
part in the one-to-one stage. As presented in the following table.

Table 3. One-to-one respondents in MAN 1 Model

Responden Information

CO1A One-to-one subject 1 on package A
CO2A One-to-one subject 2 on package A
CO3A One-to-one subject 3 on package A
CO1B One-to-one subject 1 on package B
CO2B One-to-one subject 2 on package B
CO3B One-to-one subject 3 on package B

d. Small Group

The draft 2 questions in package A and package B were not revised, because at
the one-to-one stage students were able to understand and answer the questions. The
next stage was that the draft 2 questions in packages A and B were examined on 24
students. Students were divided into 2 parts, namely 12 people working on package A
and 12 others working on package B. Trials at this stage were carried out at MAN 1
Model Banda Aceh on December 15, 2023. Students working at this stage were
different from students at this stage previously. Students work on the questions given
for 90 minutes. Next, the researcher calculated the discriminating ability, level of
difficulty of the questions, validity and reliability based on the scores obtained from
the students.

Validity Test

Validity testing is carried out to see the validity of the questions. If rcount > rtable
then the question is declared valid. Meanwhile, if rcount <rtable then the question is
declared invalid and questions with a negative value are rejected. The following is
data obtained from package A questions.
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Table 4. Validity Test of Package A

Question Fcount I'table Criteria
Number

1 0.814 0.576 Valid

2 0.577 0.576 Valid

3 0.288 0.576 Invalid
4 -0.208 0.576 Rejected
5 0.623 0.576 Valid

6 0.579 0.576 Valid

7 -0.499 0.576 Rejected
8 0.549 0.576 Invalid
9 0.115 0.576 Invalid
10 0.672 0.576 Valid

11 0.577 0.576 Valid

12 0.131 0.576 Invalid

Table 4 shows 6 valid questions, (number 1, 2, 5, 6, 10. and 11), and 4 invalid
questions, (number 3, 8, 9, and 12) in the package A. The pakcage also has 2 questions
with negative values, (number 4 and 7). The sixth 6 valid questions were used for
reliability testing at the next stage. Table 5 shows the validity test in package B,

consisting of 12 questions.

Table 5. Validity Test of Package B

Question Fcount I'table Criteria
Number

1 0.792 0.576 Valid

2 0.00 0.576 Invalid
3 0.654 0.576 Valid

4 -0.223  0.576 Rejected
5 0.580 0.576 Valid

6 0.580 0.576 Valid

7 0.661 0.576 Valid

8 0.093 0.576 Invalid
9 -0.045 0.576 Rejected
10 -0.313  0.576 Rejected
11 0.661 0.576 Valid

12 0.661 0.576 Valid

Table 5 shows 7 valid questions, (number 1, 3, 5, 6, 7, and 11) and 2 invalid
questions, (number 2 and 8) in the package B. The package also has 3 questions that
have negative values, (number 4, 9, and 10) The sixth valid questions are used for

reliability testing at the next stage.
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Reliability Test

Reliability testing was carried out after examining the questions based on the
validity testing stages. There are 6 questions in package A and 7 questions in package
B considered valid. If the Croanbach's alpha value is > 0.60 then the items are reliable
and vice versa. Package A questions have a Croanbach's alpha of 0.791 so the
questions are reliable. Package B questions have a Croanbach's alpha of 0.805 so the
questions are reliable.

Discriminating Ability Test

Reliability testing is carried out after the questions have gone through the validity
testing stages. There are 6 questions in package A and 7 questions in package B which
are considered valid. If the Croanbach's alpha value is > 0.60 then it is declared
reliable and vice versa. Package A questions have a Croanbach's alpha of 0.791 so the
questions are declared reliable. Package B questions have a Croanbach's alpha of
0.805 so the questions are declared reliable.

In the discriminating ability test, the researchers found the different strengths and
different criteria in package A questions. For more details, see the Table 6.

Table 6. Discriminating Ability Test of Package A

Question Discriminating

Number Ability S

1 0.814 Very
excellent

2 0.577 Excellent

3 0.288 Enough

4 -0.208 Excluded

5 0.623 Excellent

6 0.579 Excellent

7 -0.499 Excluded

8 0.549 Excellent

9 0.115 Underaverage

10 0.672 Excellent

11 0.577 Excellent

12 0.131 Underaverage

The data above revealed that question number 1 received a very high rating.
Questions at numbers 2, 5, 6, 8, 10, and 11 were criticized as excellent; questions at
number 3 were criticized as adequate; questions at numbers 9 and 12 were criticized
as underaverage; and questions at numbers 4 and 7 were excluded because they were
negative. Questions that have excellent and excellent criteria can be used without
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revision. Meanwhile, questions with sufficient criteria can be used with revision. For
guestions that were underaverage and had negative value, the researcher excluded the
questions. The researcher concluded that questions numbered 1, 2, 5, 6, 8, 10, and 11
could be used without revision.

The document outlines the discriminating ability and criteria for package B
questions. For more details, see Table 7.

Table 7. Discriminating Ability Test of Package A

Question Discriminating

Number  Ability i

1 0.792 Very
excellent

2 0.00 Underaverage

3 0.654 Excellent

4 -0.223 Excluded

5 0.580 Excellent

6 0.580 Excellent

7 0.661 Excellent

8 0.093 Underaverage

9 -0.045 Excluded

10 -0.313 Excluded

11 0.661 Excellent

12 0.661 Excellent

The table shows that question number 1 is rated very excellent. Questions at
numbers 3, 5, 6, 7, 11 and 12 were classified as excellent, questions at numbers 2 and
8 were classified as underaverage and questions at numbers 4, 9 and 10 were excluded
because they had negative values. Questions that have very excellent and excellent
criteria can be used without revision. Meanwhile, questions with sufficient criteria can
be used with revision. For questions that were underaverage and had negative value,
the researcher excluded the questions. The researcher concluded that questions with
numbers 1, 3,5, 6, 7, 11 and 12 could be used without revision.

Test the Difficulty Level of the Questions

The researchers carried out a test of the level of difficulty of the questions on 24
questions consisting of packages A and B. The researchers found that several
questions were categorized as easy, medium and difficult. For more details about
package A, see the Table 8.

Sari, C.A,, etal., / Development of a Minimum Competency Assessment Instrument (AKM) for Students’ Scientific
Literacy on Hooke’s Law and Elasticity | 72



Table 8. Difficulty Level Test Questions in Package A

Question Discriminating

Number Ability G
1 0.75 Easy

2 0.58 Medium
3 0.08 Hard

4 0.42 Medium
5 0.42 Medium
6 0.33 Medium
7 0.25 Hard

8 0.17 Hard

9 0.58 Medium
10 0.83 Easy
11 0.58 Medium
12 0.25 Hard

The table shows 4 questions with difficult criteria, consisting of questions
number 3, 7, 8 and 12. 7 questions with medium criteria consisting of questions
number 2, 4,5, 6, 9 and 11. The easy questions consist of questions number 1 and 10.
The table 9 shows the package B.

Table 9. Difficulty Level Test Questions in Package B

Question Discriminating

Number Ability CsEe)
1 0.50 Medium
2 0.50 Medium
3 0.33 Medium
4 0.42 Medium
5 0.42 Medium
6 0.42 Medium
7 0.25 Hard

8 0.33 Medium
9 0.42 Medium
10 0.42 Easy
11 0.25 Hard
12 0.25 Hard

Table 9 shows questions with difficult criteria consisting of questions number
7, 11 and 12. 8 questions have medium criteria consisting of questions number 1, 2,
3,4,5,6,8and 9. 1 question is easy, consisting of question number 10.
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Discussion

There were several steps or phases that went into making an AKM (minimum
competency assessment) tool that was based on scientific literacy and met the AKM
characteristics and scientific literacy indicators. The model used in this research refers
to the Tessmer model. Therefore, the development stages follow the steps contained
in Tessmer's model. These stages include preliminary, self-evaluation, expert reviews,
and one-to-one and small group stages.

The Tessmer model initiated the preliminary stage. This stage began with seeking
information on the Ministry of Education and Culture's policies, determining the
school, namely MAN 1 Model Banda Aceh, and determining validators (language and
material experts). At this stage, the researcher also carried out a needs analysis by
class XI students at MAN 1 Model Banda Aceh. The results of the needs analysis
carried out by researchers were that students had difficulty understanding the material
on Hooke's Law and elasticity due to a lack of reading and discussing the questions.
Students also expressed a need for multiple sets of AKM questions on Hooke's Law
and Elasticity.

Some students at MAN 1 Model Banda Aceh are used to discussing HOTS-level
questions, but few are used to questions that use scientific literacy because students
had to read a lot, both from the stories and articles presented. This also makes students'
literacy levels very low. The AKM questions developed by researchers were relevant
questions with the characteristics and indicators of scientific literacy. The developed
questions could measure the ability to analyze, interpret, and explain. The medium of
science education aims to equip students for a successful life in the 21st century. One
of the skills needed in the 21st century is scientific literacy [12].

The next stage is the self-evaluation stage, namely the design stage. At this
stage, the researcher designs the AKM question grid, AKM questions, and AKM
validation sheet. Before creating AKM questions, researchers carried out curriculum
analysis, material analysis, student analysis, and planning. The book that serves as a
guide in making AKM questions is a class XI student package book. The AKM
guestion grid has several parts, namely the scientific literacy domain, scientific
literacy indicators, learning indicators, questions, and answer keys. The questions
developed by the researcher are 12 questions with 2 packages, namely package A and
package B. At this stage, draft 1 would be produced and given to the supervisor to get
suggestions and input so that the draft questions developed are of excellent quality.

The expert review stage was carried out by providing a draft of the created
questions to the validator to get input, suggestions, and whether or not the questions
were suitable for testing to students. This research relies on the validation of both
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material and language experts. Before testing with students, researchers carried out
revisions according to suggestions and input from each validator. This research was
conducted at MAN 1 Model Banda Aceh by conducting 2 field trials with different
people [13].

The researchers divided the field trial stages into two parts: one-to-one and small
groups.

a. One-to-one

The researchers conducted this stage to test Draft 2 on six randomly selected
students. Students were divided into 2 parts; 3 students worked on draft 2 in package
A, and 3 other students worked on draft 2 in package B with a time of 90 minutes.
This stage was carried out to test students' readability of the questions. As long as
students worked on the questions, the students could understand and solve the
questions given. The questions were in the form of stories, pictures, and graphs.
However, in the section on reading graphs and analyzing questions from the presented
story, several students provided incorrect answers [14].

This matter happened due to students' disinterest in reading and unfamiliarity
with HOTS homework. Research supports this. Today's science education strives to
prepare students with the necessary skills to thrive in the 21st century. Scientific
literacy is one of the skills that this preparation primarily focuses on [15].

Fitri's research supports this by showing that students frequently make common
mistakes when solving story problems or contextual questions. This is caused by
students' perceptions that contextual questions are considered quite difficult. Many
students were not careful in determining the solution approach, and they also often
experienced conceptual errors because they had difficulty understanding the problem
properly [8].

b. Small group

After the one-to-one stage is complete, the next stage is continued, namely the
small group stage. At this stage, the questions in packages A and B were examined on
24 students. Students were divided into 2 parts, namely 12 people working on package
A and 12 others working on package B. Students working at this stage were different
from students at the previous stage. Next, researchers calculated the discriminating
ability, level of difficulty of the questions, validity and reliability based on the scores
obtained from students [16].

The discriminating ability results obtained from the questions developed were
very excellent, excellent, fair, underaverage and excluded. In package A questions,
questions numbered 1, 2, 5, 6, 8, 10 and 11 can be used without revision. Meanwhile,
in package B, questions with numbers 1, 3, 5, 6, 7, 11 and 12 can be used without
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revision. This is because the questions fall into the criteria of very excellent and
excellent. The difficulty level of the questions in package A is obtained by questions
with difficult criteria consisting of questions number 3, 7, 8 and 12, medium criteria
consisting of questions number 2, 4, 5, 6, 9 and 11 and easy criteria consisting of
guestion number 1 and 10. In package B, there are difficult criteria consisting of
questions number 7, 11 and 12, medium criteria consisting of questions number 1, 2,
3,4,5,6,8and 9, and easy criteria consisting of questions number 10 [17] .

Validity in package A questions, there are 6 valid questions, namely numbers 1,
2,5,6,10and 11, and there are 4 invalid questions, namely 3, 8, 9 and 12. In package
B there are 7 valid questions, namely in numbers 1, 3, 5, 6, 7, 11 and there are 2 invalid
questions, namely 2 and 8. The valid questions will be examined for reliability, in the
guestions package A has a Croanbach's alpha of 0.791 and package B has a
Croanbach's alpha of 0.805 so the question is declared reliable [18].

After completing the one-to-one stage, the process proceeded to the small group
stage. At this stage, the questions in packages A and B were examined on 24 students.
Students were divided into 2 parts, namely 12 people working on package A and 12
others working on package B. Students working at this stage were different from
students at the previous stage. Next, researchers calculated the discriminating ability,
level of difficulty of the questions, validity and reliability based on the scores obtained
from students [16].

The discriminating ability results obtained from the questions were very
excellent, excellent, fair, underaverage and excluded. In package A questions,
guestions numbered 1, 2, 5, 6, 8, 10 and 11 were applicable without revision. In
package B, questions with numbers 1, 3, 5, 6, 7, 11 and 12 were applicable without
revision because the questions fell into the criteria of very excellent and excellent.
The difficulty level of the questions in package A was obtained by questions with
difficult criteria consisting of questions number 3, 7, 8 and 12, medium criteria
consisting of questions number 2, 4, 5, 6, 9 and 11 and easy criteria consisting of
question number 1 and 10. In package B, there are difficult criteria consisting of
guestions number 7, 11 and 12, medium criteria consisting of questions number 1, 2,
3,4,5,6,8and 9, and easy criteria consisting of questions number 10 [17].

Validity in package A questions: there are 6 valid questions such as numbers 1,
2,5, 6,10, and 11, and 4 invalid questions, namely 3, 8, 9, and 12. In package B, there
are seven valid questions, namely numbers 1, 3, 5, 6, 7, and 11, and two invalid
questions, namely 2 and 8. The valid questions would be examined for reliability; in
the questions package, A has a Cronbach's alpha of 0.791, and package B has a
Cronbach's alpha of 0.805, so the question is declared reliable [18].
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D. Conclusion

Based on the results of research conducted at MAN 1 Model Banda Aceh
regarding the development of the Minimum Competency Assessment (AKM)
instrument for students' scientific literacy on Hooke's Law and elasticity at the senior
high school level, the researcher concluded that the development of the instrument
involved several stages using the Tessmer model. The initial stage involves a
preliminary evaluation to collect information and determine the school as the research
subject, namely MAN 1 Model Banda Aceh. Then, it continues with the formulative
evaluation stage which is divided into self-evaluation, expert reviews, one-to-one, and
small group. The results of these stages show that the developed scientific literacy
AKM instrument has gone through a thorough evaluation process, with validator
results stating that the instrument is very feasible.

Furthermore, the development of this instrument also involved four tests, namely
the discriminating ability test, question difficulty level test, validity test and reliability
test. Through the use of SPSS software, the test results show several important things.
First, the discriminating ability test concluded that most of the questions had excellent
to very excellent criteria, but some questions needed revision. Second, the question
difficulty level test classifies questions into difficult, medium and easy, giving an idea
of the level of difficulty of the material being examined. Third, the validity test
identifies valid and invalid questions, the basis for measuring. Finally, the reliability
test shows that the developed instrument can be relied upon in measuring students'
minimum scientific literacy competency, with adequate Cronbach's alpha values for
the two question packages examined. Thus, the results of this research provide a
significant contribution to the development of scientific literacy evaluation
instruments at the senior high school level.
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ABSTRACT

This research aims to: (1) determine the construction of the three-tier diagnostic
test instrument to identify misconceptions. (2) Find out the quality of the three-
tier diagnostic test instrument to identify misconceptions. (3) Know the profile
of high school students' misconceptions. (4) Find out the level of practicality of
the diagnostic test to identify misconceptions. This instrument development
research adapted a method from the Oriondo and Antonio model. The
researchers conducted this research at four high schools in Bantul Regency,
using 343 students. Content validity was analyzed using Aiken's V formula. The
applied data analysis technique is the polytomous item response theory approach
according to the PCM. The test characteristics tested include item suitability,
reliability, item difficulty level, item characteristic curve, information function,
and SEM. Our research shows that (1) the physics research tool we made is made
up of 15 questions that have valid and reliable test items. (2) Based on the criteria
for the limit of the mean INFIT MNSQ, test items all fit the PCM model. The
difficulty level of the test items is in the range between -0.561 and +0.330, which
means the test items are in the good category. The total information function of
the test is relatively high for abilities between -1.4 and +1.5. (3) The students'
misconception profile obtained the highest misconceptions in the rectilinear
motion sub-material in the medium category, and (4) The practicality of the
instrument based on participants' responses stated that the instrument developed
was included in the practical category.

INTISARI

Penelitian ini bertujuan untuk: (1) Mengetahui konstruksi instrumen three tier
diagnostic test untuk mengidentifikasi miskonsepsi (2) Mengetahui kualitas
instrumen three tier diagnostic test untuk mengidentifikasi miskonsepsi (3)
Mengetahui profil miskonsepsi peserta didik SMA (4) Mengetahui tingkat
kepraktisan instrumen untuk mengidentifikasi miskonsepsi. Jenis penelitian ini
merupakan penelitian pengembangan instrumen menggunakan metode yang
diadaptasi dari model Oriondo dan Antonio. Penelitian ini dilakukan di 4 SMA
yang ada di Kabupaten Bantul dengan 343 peserta didik. Validitas isi dianalisis
dengan formula V Aiken. Teknik analisis data yang digunakan yaitu pendekatan
teori respo butir politomus menurut PCM. Karakteristik tes yang diuji antara lain
kecocokan butir, reliabilitas, tingkat kesukaran butir, kurva karakteristik butir,
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fungsi informasi dan SEM. Hasil penelitian menunjukkan bahwa: (1) Konstruksi
intrumen penelitian fisika yang dikembangkan terdiri dari 15 butir soal memiliki
butir tes yang valid dan reliabel, (2) Berdasarkan kriteria batas mean INFIT
MNSQ, butir tes semuanya fit dengan model PCM. Tingkat kesukaran butir-
butir tes berada pada rentang antara -0,561 sampai +0,330 yang berarti butir tes
dalam kategori baik. Fungsi informasi total tes relatif tinggi untuk kemampuan
antara -1,4 sampai +1,5, (3) Profil miskonsepsi peserta didik diperoleh
miskonsepsi tertinggi pada submateri gerak lurus dengan kategori sedang, dan
(4) Kepraktisan instrumen berdasarkan respon peserta didik menyatakan bahwa
instrumen yang dikembangkan ini masuk dalam kategori praktis.

A. Introduction

Physics is a branch of science that studies how matter and energy function and
interact. However, Grusche (2019) explains that physics is a field that utilizes
mathematical models of scientific activity to help us understand everyday physical
phenomena [1]. Understanding these concepts is essential for explaining daily
physical phenomena and more complex scientific fields. Personal experiences or daily
life can also foster students' thinking [2]. To design learning experiences that support
the development of critical thinking and deeper conceptual understanding, educators
must understand how ideas correlate with students' thinking.

Students' understanding of certain ideas can vary, and some may differ from
experts' comprehension. One of the physics topics requiring conceptual understanding
is the kinematics of motion. This concept is critical in physics education because it
addresses how objects move without considering the reasons behind their motion.
Understanding kinematics is fundamental for studying more complex physics
disciplines. Indeed, middle schools have introduced this topic. However, many
students still rely on misconceptions, making it difficult for them to grasp linear,
projectile, and circular motion. Misconceptions are defined as situations where
students have understandings that differ from expert knowledge [3]. The term
describes inaccurate or incorrect understandings of concepts or information in a
particular field or topic [4]. Often, students make errors in their understanding because
the concepts they observe in daily life differ from those taught in the classroom [5],
[6].

One of the biggest challenges encountered by high school students in learning
physics is a lack of knowledge and difficulty understanding concepts. This issue can
stem from incorrect understanding of physics material taught by their teachers or the
influence of an inappropriate learning environment [7]. Students may fail to
comprehend concepts taught at school if their learning environment is inadequate.
Teacher errors, flawed ideas, and poor understanding can all contribute to students'
misconceptions. Because they trust the knowledge their teachers impart, students

B. Pratama, & E. Istiyono / The Three-Tier Diagnostic Test Instrument Development to Identify the Students’
Misconceptions about Motion Kinematic Material | 80



often find it challenging to correct misconceptions caused by teacher errors [8]. Thus,
teachers also play a role in students' misconceptions.

Having tools to identify misconceptions is essential. To uncover and address
conceptual errors, concept maps, classroom discussions, practical experiments with
Q&A sessions, multiple-choice tests, and written essays are applicable [9].
Addressing students' misconceptions promptly is crucial. One way to do this is by
creating assessment tools to evaluate students' understanding of concepts, such as
diagnostic tests [10]. Literature research shows that diagnostic tests are an effective
method for identifying misconceptions.

A diagnostic test is a systematically and purposefully designed evaluation tool to
identify students' strengths and weaknesses in a specific knowledge domain or skill.
In education, diagnostic tests aim to assess students' strengths and weaknesses during
the learning process ([11]. These tests facilitate educators gather information about
students' skills or conditions. Diagnostic tests assist teachers in designing lessons
tailored to students' unique needs, such as aligning subject matter with their level of
understanding, adapting teaching methods to their learning styles, and providing
additional support when needed. Diagnostic tests identify problems or difficulties
[12]. These identified issues are then addressed through planned interventions.
Therefore, diagnostic tests are essential in decision-making processes regarding
individualized learning.

Examples of diagnostic tests include one-tier, two-tier, three-tier, and four-tier
diagnostic tests. Two-tier diagnostic tests use a tiered approach to identify students'
weaknesses and errors in understanding concepts. However, these tests remain limited
and cannot distinguish misconceptions between students who score 1 and 2[13].
Moreover, two-tier diagnostic tests tend to limit the understanding of misconceptions
to superficial levels. Without thoroughly grasping the tested concepts, participants
might answer correctly based on the options provided. Two-tier tests are often
insufficient for identifying complex patterns of misconceptions [14]. For example,
participants may frequently give incorrect answers, but these tests lack the flexibility
to detect such patterns.

One type of diagnostic test used to identify students' conceptual errors is the
three-tier diagnostic test, which evolved from the two-tier diagnostic test. It comprises
three levels of questions [9]. The first tier involves standard multiple-choice questions,
the second tier presents reasoning options for the first-tier questions, and the third tier
assesses students' confidence in their answers. The three-tier diagnostic test provides
more accurate results for distinguishing misconceptions from a lack of knowledge
[15]. This test enhances conceptual understanding by identifying the depth of
misconceptions at each level.

Paper-based tests are traditional assessment methods involving printed test
materials distributed to students, who then write their answers directly on the provided
sheets. However, paper-based tests require significant effort and time for examiners
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to collect and manually review materials. Security and confidentiality can also be an
issue due to risks of loss or physical damage to the papers [16].

Research on misconceptions shows that high school students may experience
them. Therefore, we should conduct studies aimed at identifying misconceptions in
kinematics. The title of this research is "Development of a Three-Tier Diagnostic Test
to Identify Misconceptions in Kinematics."

B. Method

This quantitative-descriptive research employs the research and development
(R&D) method to develop and examine products for educational use [17]. The study
used a modified version of the Oriondo and Antonio model, consisting of three stages:
(1) design, (2) testing, and (3) test measurement.

The design process included defining the test objectives, identifying the
competencies to be assessed, selecting the subject matter, creating a test matrix,
drafting blueprints, writing questions, developing scoring guidelines, validating
instruments, and revising as needed. At this point, the test goals had to be set, and find
out what high school students did not understand about the skills listed in the
Kurikulum Merdeka (Independent Curriculum): Learning Outcomes (Capaian
Pembelajaran/CP), Learning Progression (Alur Capaian Pembelajaran/ACP), and
Learning Objectives Flow (Alur Tujuan Pembelajaran/ATP).

Kinematics of motion serves as the chosen physics topic for this research. The
scoring guidelines had to be adapted to the applied question model. Istiyono (2022)
explains the scoring guidelines for a three-tier multiple-choice test are as follows [13]:

Table 1. The Three Tier Multiple Choice Scoring

Confidence

Answer Reasons Categories Scores
Levels

Correct Correct Confident Understanding the 7
concept

Correct Incorrect Confident Misconception 6

Incorrect  Correct Confident Misconception 5

Incorrect  Incorrect Confident Misconception 4

Correct Correct Not confident Lucky guess 3

Correct Incorrect Not confident Not understanding 2
the concept

Incorrect  Correct Not confident Not understanding 1
the concept

Incorrect  Incorrect Not confident Not understanding 0

the concept

The trial phase involved determining the subjects, conducting the trial, and
analyzing the results. The trial subjects were 11th-grade students from SMA Negeri 3
Bantul. The researchers conducted instrument testing to evaluate the characteristics
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of the test items. The next step was to look at the trial data to find out about the test
instruments' features, such as the standard error of measurement (SEM), the level of
item difficulty, and their characteristic curves.

The test measurement stage identified misconceptions. The researchers
conducted measurements on high school students in Bantul Regency. The students
selected for this study are 11th-grade students in Bantul Regency who have previously
studied the kinematics of motion.

C. Result and Discussion

The Test Instrument Design

The purpose of the three-tier diagnostic test is to identify high school students'
misconceptions more accurately and comprehensively. This research tool attempted
to find out how excellent the 11th graders understand the Kurikulum Merdeka's
Learning Outcomes (CP), Learning Progression (ACP), and Learning Objectives
Flow (ATP).

The test material included physics topics covered in the Kurikulum Merdeka for
the odd semester of 11th grade. The researchers developed the test instrument matrix
using the competencies and cognitive elements determined in the previous steps. Once
the test instrument matrix was complete, the next step involved creating a blueprint.

The test consisted of fifteen multiple-choice questions, structured in three tiers.
The first tier contains questions with five answer choices, the second tier required
students to provide reasons for their answers, and the third tier assessed students'
confidence in their choices.

The subsequent step was instrument validation, carried out by providing
validation sheets to expert validators (lecturers from the Physics Education
Department at UNY) and practitioner validators (high school physics teachers). Table
2 presents the validity scores of the test items.
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Table 2. The Question Item Validity Scores

i V-Value Criteria
Numbers

1 1.00 Valid
2 1.00 Valid
3 0.92 Valid
4 0.85 Valid
5 0.96 Valid
6 0.96 Valid
7 0.96 Valid
8 0.96 Valid
9 0.96 Valid
10 0.96 Valid
11 0.92 Valid
12 1.00 Valid
13 0.92 Valid
14 0.92 Valid
15 1.00 Valid

The Trial Test Result Data

The analysis on R-studio program obtained the output values such as assessment
of the instrument reliability, observed on the figure.

> # Reliabilitas Butir Politomus
> coeff_alpha <- function(responses) {
# et number of items (N) and individuals
n_items <- ncol(responses)
n_persons <=- nrow{responses)
# et individual total scores
¥ <- rowsums(responses)
# Get observed-score variance of whole test (X)
var_x =- var(x) * (n_persons - 1) / n_persons
# Get observed-score variance of each item (¥_j)
var_y <- numeric{n_items)
for (j in Ll:n_items) {
var_y[j] =- var{responses[, j]) * (n_persons - 1} / n_persons

# apply the alpha formula
alpha <- (n_items / (n_items - 1)) * (1 - sum{var_y) / var_x)

alpha

N e

éoeff_a]pha(data_sman_B_bantL1_coba)
[1] 0.8613063

Figure 1. Reliability Output

The figure indicates that the reliability of the developed instrument is 0.8613063.
Efendi & Widodo (2019) explain the reliability value falls within the range of 0.81—
0.90, which indicates a satisfactory level of instrument reliability [18].
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The item-fit test using Infit Mean Square (MNSQ) is a critical tool in the
development and validation of high-quality test instruments. The table presents the
analysis results using RStudio software.

Table 3. Infit MNSQ

Item INFIT MNSQ Criteria
1 1.134 Fit with model
2 1.035 Fit with model
3 1.173 Fit with model
4 0.828 Fit with model
5 1.067 Fit with model
6 1.047 Fit with model
7 1.024 Fit with model
8 1.153 Fit with model
9 0.933 Fit with model
10 1.255 Fit with model
11 1.134 Fit with model
12 1.023 Fit with model
13 0.910 Fit with model
14 0.828 Fit with model
15 0.843 Fit with model

Table 3 shows the INFIT MNSQ scores are within the 0.828 — 1.255, indicating
the fit-criterion of the items toward the model. This figure shows each item fit.

B e e e S St S S S e SN e o S 9 e S S e ¥ e Ve e ¥ Ve ¥ R R o B W o R S S s S st S o o o S 8 e v e

Summary outfit and infit statistic
fit M sD

1 outfit 1.067 0.196

2 Infit 1.026 0.134
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outfit and infit statistic
item fitgroup outfit outfit_t outfit_p Infit Infit_t Infit_p

1 item 1 1 1.1%96 1.21¢6 0.224 1.134 1.106 0.269
2 item 2 2 1.212 1.017 0.309 1.035 0.296 0.767
3 item 3 3 1.227 1.734 0.083 1.173 1.361 0.174
4 item 4 4 0.801 -1.531 0.126 0.828 -1.453 0.146
5 item 3 5 1.243 1.324 0.186 1.067 0.538 0.591
6 item 6 6 0.990 -0.025 0.980 1.047 0.428 0.669
7 item 7 7 0.978 -0.084 0.933 1.026 0.243 0.808
8 item 8 8 1.224 1.570 0.117 1.153 1.308 0.191
9 item 9 9 0.872 -0.746 0.456 0.933 -0.577 0.564
10 item 10 10 1.303 2.117 0.034 1,255 2.066 0.039
11 item 11 11 1.1%6 1.216 0.224 1.134 1.106 0.269
12 item 12 12 1.263 1.743 0.081 1.023 0.226 0.821
13 item 13 13 0.944 -0.307 0.759 0.910 -0.638 0.511
14 item 14 14 0.801 -1.531 0.126 0.828 -1.453 0.146
15 item 15 15 0.755 -1.576 0.115 0.843 -1.308 0.191

Figure 2. Infit MNSQ
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The difficulty levels of the items are based on the R-studio program as found in
Figure 3.

Item Parameters -A*Xsi

item N M xsi.ditem AXsi_.catl axsi_.cat2 axsi_.cat3d axsi_.catd
1 item 1 123 4.423 -0. 284 1.477 1.501 0.529 -1. 869
2 item 2 123 5.374 -0.561 0.952 0.059 -1.646 -1.855
3 item 3 123 3.024 0.055 0.403 1.413 2,215 -0.410
4 item 4 123 2.382 0.291 -0.036 0. 287 3.002 -0.128
5 item 5 123 4.252 -0.058 2.170 -1.298 -0.425 -0. 836
3] item & 123 4.106 -0.231 0.655 -0.723 -1.370 -0.658
7 item 7 123 4. 504 -0.299 1.777 0.472 -1.039 -0. 584
8 item 8 123 3.138 0.136 0.976 0.044 0.199 0.012
9 item 9 123 2.350 0.330 0.552 1.143 3. 288 0. 340
10 item 10 123 3.423 -0.035 0.691 0.225 -0.371 -0.489
11 item 11 123 4.626 -0.371 1.526 0.429 -1.198 -2.054
12 item 12 123 3.675 -0.090 0.998 0.460 1.376 -1.076
13 item 13 123 4.081 -0.195 0.629 0.432 0.072 -0.682
14 item 14 123 3,577 -0.040 1.560 0.024 1.0099 -0. 850
15 item 15 123 3.724 -0.131 0.5920 1.100 0. 586 -0.597

AXs1_.Cat5 Axsi_.cath Axsi_.Cat7 B.Catl.Diml B.Cat2.Diml B.Cat3.Diml

Figure 3. The Question Item Difficulty Level Output

The figure shows the difficulty levels of the items are within the range of -0.561
and 0.330 based on the categorization of Qomariyah [19].

Table 4. The Item Difficulty Level Criteria

Item Difficulty Levels Categories
1 -0.284 Moderate
2 -0.561 Moderate
3 0.055 Moderate
4 0.291 Moderate
5 -0.058 Moderate
6 -0.231 Moderate
7 -0.299 Moderate
8 0.136 Moderate
9 0.330 Moderate
10 -0.035 Moderate
11 -0.371 Moderate
12 -0.090 Moderate
13 -0.195 Moderate
14 -0.040 Moderate
15 -0.131 Moderate
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Figure 4 shows the characteristic curve of the easiest items.

Item Response Category Characteristic Curves - ltem: item 2
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Figure 4. The Characteristic Curve of the Easiest Item Questions

Table 4 illustrates the types of tests that can differentiate the likelihood of
responding correctly based on ability levels. The higher the students' ability score, the
greater the likelihood of correctly answering higher-category questions. Conversely,
the lower their ability score, the smaller the likelihood of correctly answering
guestions of higher value.

According to the ICC graph for Item 2, students with an ability level of -4 have
a high probability of obtaining a score of 0 (Category 1). Students with an ability level
of -1.8 are more likely to achieve a score of 1 (Category 2); those with an ability level
of -1.5 are more likely to obtain a score of 2 (Category 3); students with an ability
level of -1.2 are more likely to achieve a score of 3 (Category 4); and students with
an ability level of -1 have a high likelihood of scoring 4 (Category 5). Similarly,
students with an ability level of -0.8 have a high probability of obtaining a score of 5
(Category 6), while those with an ability level of -0.5 are likely to achieve a score of
6 (Category 7). Finally, students with an ability level of 4 have a high likelihood of
obtaining a score of 7 (Category 8).

Figure 5 displays the information function and standard error of measurement
(SEM) output from the RStudio program.
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Based on the analysis results using the Partial Credit Model (PCM), the highest
value on the information function curve was found to be 9, with an SEM value of 0.3.
Additionally, the total information function curve shows that the first intersection
between the information function curve and the SEM curve occurs at -1.4. This
suggests that students with extremely low abilities can utilize the instrument.

The total information function curve also shows that the second point of
intersection with the SEM curve is at 1.5. This means that the test questions are good
for students and respondents with a range of abilities. This demonstrates that the test
items can be effectively used for individuals across a wide spectrum of abilities.

The results indicate that this test instrument aligns well with the participants'
abilities [20]. The reliability coefficient further confirms that the test instrument and
its information function are highly reliable and stable

Measurement Results

The trial test found the developed instrument meet the requirement criteria such
as validity, reliability, and fitness of each item toward the PCM. Figure 6 shows the
physics misconception level percentage of students on each item.
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Figure 6. The Misconception Levels of Students on Each Item

Figure 7 shows the overall misconception level percentage.
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Figure 7. The Overal Misconception Percentage

Figure 7 presents the percentage of misconceptions among students in physics,
specifically in the topic of motion kinematics. The results indicate that the highest
percentage of misconceptions is found in the sub-topic of linear motion at 36.78%,
followed by circular motion at 32.74% and parabolic motion at 32.46%.

Entino (2021) suggests that the data on the level of physics misconceptions
among students from three schools in Bantul Regency were then put into levels of

misconceptions [21]. Table 5 presents the identified levels of students'
misconceptions.
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Table 5. The Student Misconception Levels

Misconception

; (%) Overall :
Sub Materials SMAN 1 SMAN 1 SMAN 1 (%) Categories
Bantul Kasihan Sewon
Linear motion 28,4 43,84 38,72 36,99 Moderate
Parabolic 23,6 41,46 33,68 32,91 Moderate
motion
Circular motion 16,92 50,62 34 33,85 Moderate

The measurement results indicate that students experienced misconceptions at a
moderate level. The grouping of misconceptions by Entino (2021) shows that students
have moderate misconceptions about the subtopics of circular motion, parabolic
motion, and linear motion [21].

A large-scale trial involving a total of 219 students was conducted across three
schools: SMA Negeri 1 Kasihan, SMA Negeri 1 Sewon, and SMA Negeri 1 Bantul.
This measurement phase aimed to determine students’ levels of understanding during
the product development process. Afterwards, the researchers analyzed and classified
students' answers and reasoning into four categories of understanding: understanding
the concept, misconception, lucky guess, and not understanding the concept.

To identify misconceptions in the topic of motion kinematics, the study
employed a three-tier diagnostic test. The researchers chose this method because it
offered higher quality and greater precision compared to previous research that used
two-tier diagnostic tests.

The two-tier diagnostic test assessed students' understanding of kinematics
concepts, whereas the three-tier diagnostic test also evaluated their confidence in the
provided answers. This allowed for a more accurate identification of misconceptions,
as students were required to explain their reasoning and indicate their confidence
levels. Consequently, the three-tier diagnostic test provided more comprehensive and
in-depth results regarding students' understanding of motion kinematics.

The misconceptions identified in each question item are: Firstly, 39% of students
experienced misconceptions. When interpreting velocity-time graphs, students
incorrectly believed that a horizontal line on the graph indicates constant acceleration.
The correct concept is that a horizontal line signifies constant or unchanging velocity,
meaning no acceleration occurs. Secondly, 28% of students experienced
misconceptions regarding acceleration and deceleration in applying uniformly
accelerated motion (GLBB). Students mistakenly believed that throwing a ball
upward until it reaches its maximum height exemplifies accelerated and decelerated
GLBB. However, the correct understanding is that accelerated and decelerated GLBB
is observed when a ball is thrown vertically upward and allowed to fall back to the
ground. Thirdly, 36% of students experienced misconceptions in calculating
acceleration for GLBB. Students incorrectly assumed that the formula for calculating
accelerated GLBB is v? = v2 — 2as leading to incorrect calculation. The correct
concept should apply this formula v = vZ + 2as.

In the fourth question, 36% of students experienced misconceptions. When
determining the solution for Aldi to arrive on time in City B, students incorrectly
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believed that the required speed should remain constant. They assumed that if the
speed remained constant, Aldi would not arrive in City B on time. The correct concept
is that Aldi's car needs to accelerate.

In the fifth question, 46% of students experienced misconceptions. Students
incorrectly classified the speeds of the three trucks. They believed that the truck's
speed was inversely proportional to its acceleration, meaning that higher acceleration
corresponded to lower speed. The correct concept is the relationship between speed
and acceleration in linear motion.

In the sixth question, 31% of students experienced misconceptions. Students
incorrectly understood the variables influencing the maximum horizontal position of
an object. They believed that the angle of elevation and time variables affected the
maximum horizontal position in parabolic motion. The correct idea is that the angle
of elevation and the object's initial speed are the factors that affect its largest
horizontal position in parabolic motion. The formula for the largest range in parabolic

_ vgsin2a

motion should be Xy, 4x = R

In the seventh question, 23% of students experienced misconceptions. They
incorrectly interpreted the maximum range of parabolic motion, believing that speed
is inversely proportional to the maximum range—meaning higher speed results in a
shorter range. The correct concept is that speed is directly proportional to the
maximum range.

In the eighth question, 39% of students experienced misconceptions. When
applying parabolic motion to determine the farthest point an object reaches, students
incorrectly assumed that the larger the angle of elevation, the greater the farthest point.
The correct concept is that the farthest point occurs when the angle of elevation
reaches 45°. When the angle exceeds 45°, the range begins to decrease again.

In the ninth question, 40% of students experienced misconceptions. Students
misunderstood how to determine the position of a parabolic motion object on the x
and y axes. They incorrectly assumed that the formula for the position of the object
on the x-axis was x = v,sinft — %gt2 and the position for two objects in y-axis was

y = v,cos0t. This misconception led to incorrect calculation. The correct concept for
an object in x-axis is x = v,cos6t while for an object in y-axis is y = v,sinft —
%gtz.

In the tenth question, 32% of students experienced misconceptions.
They misunderstood the relationship between speed and the angle of elevation
with the maximum height in parabolic motion. They incorrectly believed that
speed and the angle of elevation were inversely proportional to the maximum
height, meaning that the greater the initial speed and the angle of elevation, the
lower the height. However, the correct concept is - the initial speed and the
angle of elevation are directly proportional to the maximum height—so the
greater the speed and angle, the higher the parabola.

In the eleventh question, 32% of students experienced misconceptions.
They failed to correctly categorize the linear speed in circular motion. Students
incorrectly assumed that for concentric wheels, the linear speed is the same.
The relationship between wheels A and C, in contact, was misunderstood.
Students believed that since wheel C has a larger radius, V,<V.. However, the
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correct concept is that for wheels in contact, their linear speeds are the same
regardless of the radius difference. For the relationship between wheels A and
B, concentric, with radius of A than B, the speed is Vg<V,.

In the twelfth item, 39% of students experienced misconceptions.
When calculating the period of circular motion, students encountered
difficulties. According to their understanding, the period is the amount of time
required to complete one rotation, leading to incorrect calculations. The correct
concept of the period is the number of oscillations or rotations per unit of time.

A total of 31% of students incorrectly understood the thirteenth
question. They incorrectly analyzed the differences in angular velocity,
frequency, and time when a bicycle moved in a linear path without
accelerating. They believed that when the bicycle moved linear without
increasing its speed, its linear speed would increase. However, the correct
concept is that when the bicycle moved on a flat surface without accelerating,
its linear speed remains constant.

In the fourteenth question, 39% of students experienced
misconceptions. When dealing with different speed, students misunderstood
the analysis of frequency changes in circular motion. Most believed that
frequency was inversely proportional to speed, meaning that the higher the
frequency, the slower the speed. The correct concept is that frequency is
directly proportional to speed, which means that the higher the frequency, the
greater the speed.

In the fifteenth question, 29% of students experienced misconceptions.
While analyzing the comparison of periods in circular motion, students
misunderstood the relationship. They believed that time was inversely
proportional to itself, implying that the longer the time required for one
rotation, the shorter it becomes. In reality, time is directly proportional to itself,
meaning that the longer the time for one rotation, the greater it is.

Subtopics on linear motion reached 37%, parabolic motion 33%, and
circular motion 34%, indicating the overall percentage of conceptual errors or
misconceptions among students. The results show that the test-takers exhibited
a moderate level of misconceptions. The subtopics of linear motion, parabolic
motion, and circular motion are considered to have a moderate level of
misconceptions among students [21].

The researchers used the questionnaire results collected during the
measurement phase to determine the students' reactions to the developed tool.
The questionnaire consisted of ten questions addressing the readability of the
instrument and its functionality. Students completed the questionnaire after
finishing the three-tier diagnostic test. A total of 54 students participated in the
survey, and the percentage responses for each question were as follows.
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Table 6. The Students’ Respons

Percentage
Item Respons (%)
1 The applied sentences in the questions are readable 75
2 The Indonesian language of the items are excellent and correct. 78
3 The guidelines of the questions are readable. 71
4 The physics phenomena in the given items are understandable. 70
5 The given time is adequate 78
6 The sizes and positions of the figures are readable. 76
7 The graphics to present the items are understandable. 75
8 The products of the three-tier multiple choice test facilitate studentsto 78

reflect about the physics conceptual understanding

9 The implementation of Microsoft Form is suitable for the Three-Tier 73
Diagnostic Multiple Choice Test
10 The product motivates me to improve my conceptual 76

understanding

The scores from the ten questionnaire items were then averaged, resulting in an
overall percentage score of 75%. Nufus & Sakti (2021) explain this score falls within
the range of 61% - 80% [22]. Thus, the three-tier diagnostic test instrument developed
is practical for identifying physics misconceptions among high school students.

D. Conclusion

The research has led to several conclusions. The designed the physics assessment
instrument to measure high school students' knowledge of motion kinematics. The
instrument consists of a three-tier multiple-choice format. This physics assessment
instrument is highly effective for evaluating high school students' conceptual
understanding. The analysis results include validity, reliability, goodness of fit,
difficulty level, characteristics, information function, and standard error
measurement. The profile of misconceptions among 11th-grade physics students
revealed a misconception rate of 37% in the kinematics subtopic, 33% in straight
motion, and 33% in parabolic motion. Overall, the level of student misconceptions
falls into the moderate category. The assessment tool is practical for identifying
students' misconceptions. Student responses regarding the practicality of the
instrument showed an mean score of 75%.
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ABSTRACT

Jumping out of the water is one of the phenomena of aquatic animals. Analyzing
the motions and routines of aquatic animals requires considerable time and is
often subjective, making it susceptible to errors caused by observer fatigue.
Investigating the motion of objects is a difficult thought, but with the
development of technology it becomes easy, one of them is by using the Tracker.
This research aims to analyze the Gourami jumping motion using the Tracker in
independent experiment activities about animal motion. The materials and tools
needed include Gourami fish, Android camera, and Tracker application. The
measurement results are the data on time, position, and the graph of motion.
Gourami jumping motion is a parabolic motion consisting of uniform linear
motion on the x-axis, while uniformly accelerated linear motion on the y-axis.
The value of the gravitational acceleration can be determined from the graph and
its value is close to the gravitational acceleration constant. Utilizing video
analysis of Gourami motion with the Tracker software can be applied in science
education, particularly in physics experiments.

INTISARI

Abstrak : Melompat keluar dari air merupakan salah satu fenomena hewan
akuatik. Menganalisis gerak dan rutinitas hewan akuatik membutuhkan proses
yang memakan waktu dan cenderung subjektif, rentan terhadap kesalahan akibat
kelelahan pengamat. Penyelidikan gerak suatu objek adalah suatu hal yang sulit,
namun dengan berkembangnya teknologi menjadi mudah, salah satunya dengan
menggunakan Tracker. Penelitian ini mempunyai tujuan guna menganalisis
gerak melompat ikan gurami dengan Tracker pada kegiatan praktikum mandiri
tentang gerak hewan. Bahan dan alat yang dibutuhkan antara lain ikan gurami,
kamera android, dan aplikasi Tracker. Hasil pengukuran berupa data waktu,
posisi, dan grafik gerak. Gerak melompat ikan gurami merupakan gerak parabola
yang terdiri dari gerak lurus beraturan pada sumbu X, sedangkan gerak lurus
beraturan dipercepat pada sumbu y. Nilai percepatan gravitasi dapat ditentukan
dari grafik dan nilainya mendekati konstanta percepatan gravitasi. Pemanfaatan
video analisis gerak ikan gurami menggunakan Tracker dapat diterapkan dalam
pembelajaran IPA khususnya pada percobaan fisika.
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A. Introduction

Science is a body of knowledge that involves ways of thinking, interactions with
people, and the exploration of the universe along with various facts [1]. Science is a
method of acquiring knowledge that serves as an approach to understanding natural
phenomena. It emerges from our curiosity about ourselves, planets, living organisms,
and the universe [2].

Throughout the universe, various animals from five different taxa jumping out of
the water to evade their predators, breathing, catching watermelons, communicating,
the mechanical motion of swimming fish have become topics of interest for many
years [3]. This research emphasizes experimental activities in science learning related
to animal motion. Franklin Fearing stated that experiments involving animals attracted
the interest of almost all physiologists in the latter half of the 19th century. These
experiments were conducted on fish, birds, and dogs [4].

One of the phenomena of various aquatic animals is jumping out of the water [5].
Several fish jump out to catch insects on and off low altitudes or escape from external
stimuli [6]. Previous research explained an empirical study of the Silver Carp when
swimming and jumping motion [7]. The results obtained are the influence of
disturbing variables, intrinsic factor (size and morphology of fish), and extrinsic factor
(temperature and water depth).

Several factors affect animal motion, including foraging behavior, human
interference, and topography, all of which can be incorporated into mechanistic
models [8]. Numerous studies assess hormonal or behavioral changes as direct
responses to human disturbances but do not further explore their potential impacts on
population size, demographic levels, or species resilience from a biological
perspective [9], [10]. However, this phenomenon has not yet been studied based on
physics experiment.

Analyzing the motions and routines of aquatic animals requires considerable time
and is often subjective, making it susceptible to errors caused by observer fatigue [11].
In conducting an investigation of natural phenomena of motion is a difficult think, but
with the development of technology, it can become easy. Currently, automated and
semi-automated video-based tracking methods, such as D-Track [11], GroupTracker
[12], idTracker [13], and Tracker [14], are used to reduce errors and biases in manual
analysis

Tracker is an open-source software designed for video modeling and analysis.
[15]. It allows to record videos on their mobile phones and analyze the video from the
objects motion [16]. Tracker functions makes students easier to investigate speed,
changes in position, the center of mass, and acceleration for time, and visualize the
motion in a real-time [17], [18]. Tracker is related to real world models based on
Newton's laws, for example in learning it is used to solve various physics problems
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that are already known in everyday life including pendulum motion, parabola, free
fall motion [19]. Tracking methods can analyze the various animals motion, namely
fish [13], [20], [21], cats [22], primates [23], and mouse [24]. It also transforms video
data into positional trajectories over time.

The use of tracker applications in learning can optimize the use of experimental
devices, one of which is the use of trackers to determine the gravitational acceleration
through free-fall motion [25], anomaly of Earth through solar eclipse [26], investigate
the uniform motion of the straight line and determine the moon's gravity [27] and
determining fluid viscosity coefficient [28]. The difference in this research is applying
the Tracker application to the Gourami jumping motion.

Practice in science learning is expected to be a means for students to learn
independently, around nature, and solve existing various challenges [29]. The nature
of science is essential in informal science education. Scientists understand how
science operates through experimentation and intuition. It makes sense to add science
traits to the intended curriculum at producing faster and better [30].

The problem that arises from learning science is a phenomenon that can be seen
directly, but there is also something that cannot be observed easily by students like
difficulty reading graphs, analyzing problems and applying them in equations of
motion [31]. This research aims to analyze the phenomena from Gourami jumping
motion using the Tracker application in independent experiment activities in science
learning.

B. Method

The materials and tools needed are Gourami fish, Android phone camera, and
also Tracker application. The results from the measurement are graphs of the motion
of the Gourami jumping, the value of the distance traveled with Tracker application
and then compared with constant value.

The procedure of this research is as follows, namely:

1. The phenomenon of Gourami jumping motion in the environment was recorded
using an Android camera.

2. Gourami motion is analyzed using the Tracker through importing recorded
videos with the file menu, then importing videos, the videos to be analyzed are
then selected by clicking open

3. If the video is available in the Tracker, the frame is set from beginning to end
using the track menu, and the new option is clicked and then the calibration tools
stick is selected.

4.  After the y and x coordinates are obtained, then select the axes for analysis.

5. Then the Gourami mass point is determined for analysis using the track menu by
selecting point mass and new.
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6. Finally, the Gourami motion is analyzed by auto-track or manually placing frame
points on the gourami jump out. The data was obtained in the form of motion
vertically and horizontally in two dimensions (X, y). The components that are

calculated on the Gourami jumping out of the water using the Tracker are the

X(t), y(t), and t (s).

In this experiment, we use three Gourami fish (see Figure 1). Two black Gourami,
one with a mass of 0.30 kg and a length of 0.25 m (BG-A), and another with a mass
of 0.20 kg and a length of 0.17 m (BG-B), along with an albino Gourami weighing
0.25 kg and measuring 0.20 m (AG), were analyzed. Data from the Tracker were
processed using Microsoft Excel to generate graphs of position versus time, altitude
versus time, and the trajectory of parabolic motion. The next step is to determine the
gravitational acceleration (g) of the Gourami jumping motion using the Tracker
application and compare it with the gravitational acceleration constant of 9.8 m/s?[32],
[33], [34].

(a) BG-A (b) BG-B (c) AG

Figure 1. Gourami fish in this experiment

C. Result and Discussion

The use of video analysis of Gourami jumping motion using Tracker application
helps students when investigating the center of mass position, acceleration and
velocity in a real-time [17] and determines the type of motion. Before analyzing the
video, students initially recorded the motion of the Gourami that jumped out of the
water. Students can open a digital video file and import it into Tracker. Students can
calibrate the scale and set the appropriate coordinate axes. The results obtained after
the Gourami jumping motion video were analyzed using Tracker for each fish as
presented in Table 1.

IMPULSE: Journal of Research and Innovation in Physics Education | 99



Table 1. Data of Gourami Jumping Motion

Type of Gourami t(s) x (m) y (m)
BG-A 0.00 0.02 0.00
0.03 -0.06 0.03

0.07 -0.15 0.04

0.10 -0.22 0.05

0.13 -0.31 0.04

0.17 -0.40 0.02

0.20 -0.48 -0.01

0.23 -0.56 -0.05

0.27 -0.64 -0.11

BG-B 0.00 0.01 0.00
0.03 -0.06 0.03

0.07 -0.15 0.05

0.10 -0.25 0.07

0.13 -0.35 0.08

0.17 -0.46 0.06

0.20 -0.54 0.05

0.23 -0.65 0.01

0.27 -0.73 -0.02

AG 0.00 0.27 0.19
0.03 0.23 0.27

0.07 0.19 0.32

0.10 0.13 0.37

0.13 0.07 0.41

0.17 0.02 0.42

0.20 -0.05 0.44

0.23 -0.14 0.45

0.27 -0.22 0.44

Based on the data (see Table 1), a graph can be created to show the relationship

between time and position along the x-axis and y-axis (see Figure 2).

Position of x-axis (m)

. et

y=-1,8118x +0,2956

0.20 030

r=-2,501x +0.0239

e,

e

v =-2,8439: +0,0269

Time (1)

¢ BG-A
BG-B
AG
....... Linear (BG-A)
Linear (BG-B)
Linear (AG)

Figure 2. Graph of position versus time on the x-axis of BG A, BG-B and AG.
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Figure 3. Graph of position versus time on the y-axis of BG A, BG-B and AG.

The graph gets a linear equation (see Figure 2). The equations generated from the
data trackers sequentially from BG-A, BG-B and AG are:

Y(@e-a) = -2.501x + 0.0239 1)
Y(Ee-8) = -2.8439x + 0.0269 )
y(ac) = -1.8118x + 0.2956 3)

The initial velocity from BG-A on the x-axis component (Vox) is 2.501 m/s.
The initial velocity from BG-B on the x-axis component (Vox) is 2.8439 m/s. The initial
velocity from AG on the x-axis component (Vox) is 1.8118 m/s. The negative sign
indicates that the direction of the fish's speed is in the negative x direction.

The graph gets a parabolic equation (see Figure 3). The equations generated from
the data trackers sequentially from BG-A, BG-B and AG are:

Y@c-a) = -4.9641x2 + 0.9019+ 0.0053 (4)
Y@c-) = -4.8949x? + 1.2235x -0.0024 (5)
Yac) =-4.8981x%+ 2.1996x + 0.1974 (6)

The initial velocity from BG-A on the y-axis component (Voy) is 0.9019 m/s. The
initial velocity from BG-B on the y-axis component (voy) is 1.2235 m/s. The initial
velocity from AG on the x-axis component (Voy) is 2.1996 m/s. The positive sign
indicates that the direction of the fish's speed is in the positive y direction.

In the experiment of fish jumps out of the water using Tracker, it shows that the
Gourami fish perform a parabolic motion. The Gourami fish are given a stimulus to
jump out of the water when the water is in a small pond, then they are given humans
disturbance who seem to be catching it so that the Gourami jumping motion is a
parabolic trajectory.

Tracker as a pedagogical tool in learning and teaching effective projectile motion
in science (physics) [15]. Parabolic motion is a specific type of two-dimensional
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motion in which a particle moves within a vertical plane, utilizing an initial velocity
while experiencing constant acceleration due to gravity acting downward [35].
Parabolic motion is basically a combination of uniform linear motion and uniformly
accelerated linear motion [36].

In the motion of the fish above, the resulting graph shows a linear line on the y-
axis so that it includes uniform linear motion, while on the y-axis a parabolic graph
shows that the motion includes uniformly accelerated linear motion. The use of the
Tracker software on the Atwood aircraft showed the characteristics of uniform linear
motion and uniformly accelerated linear motion so that it was classified as suitable
for use in science learning at school [37]. Both have their respective interpretations
on the components of the x and y axes. In parabolic motion, vertical and horizontal
motion are independent, thus no motion affects each other [35].

The equation that applies to each component is written as the following equation
and to find the magnitude of the gravitational acceleration from the resulting graph
(see Figure 3).

Equation on the x-axis component:

Vox = Vg COS O (7

Equation on the y-axis component:

Voy = Vo Sin o (8)

The gravitaty acceleration can be calculate from the experiments using the equation.
1

y = vot — 5 gt? 9)

The difference in the gravitational acceleration value of Gourami fish jumping
out of the water using the tracker application is shown in Table 2.

Table 2. Gravitational Acceleration of Gourami Jumping Motion

Type of Gourami Fish Gravitational Gravitational
Acceleration Acceleration Constant
BG-A 9.928 m/s?
BGB 9.789 m/s? 9.8 m/s?
AG 9.782 m/s?

From the results (see Table 2), the data using the tracker application is close to
the gravitational acceleration constant (9.8 m/s?), namely in BG-A the results of the
gravitational acceleration are 9.928 m/s? with level of accuracy is 99,96% , in BG-B
is is 9.789 m/s? with level of accuracy is 99.15% and error value is 0,0085 and at AG
is 9.782 m/s? with level of accuracy is 99.75%.

The previous study also found the gravitational acceleration with the Tracker
application [38]. An experiment to determine the acceleration due to gravity obtained
avalue of g =9.63 + 0.07 m/s? with a relative accuracy of RA% = 98.2% and a relative
statistical uncertainty of 0.7%. Thus, the high level of accuracy of the Gourami fish
jumping out of the water using the Tracker can make it easier for students in
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experiment activities to determine the magnitude of the gravitational acceleration.
Experimental activities in science learning can foster the independence of students'
scientific work [39].

D. Conclusion

Tracker is an open-source application for modeling tools and video analysis to
investigate speed, changes in position, center of mass, and the acceleration for time
and also visualize the motion concepts in a real-time. By using a Tracker application,
it can be make the position versus time graph to determined the gravitational
acceleration. Gravitational acceleration resulting from the Gourami jumping motion
is always showing a value about 9.782 — 9.928 m/s? which is analyzed from the
parabolic graph of position y. Therefore, it can be concluded that video analysis of the
Gourami's jumping motion using the Tracker can be utilized in physics experiments
for science learning about animal motion. It helps students interpret the obtained data
through graphs and data tables, making it easier to draw conclusions and accurately
identify motion parameters.
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ABSTRACT

This research aims to develop a practicum tool for Regular Straight Motion
(RSM) based on the Phyphox application as an innovation in physics learning
that is more interactive and accurate. The research method uses an experimental
approach, where the Phyphox application is utilized to record time and distance
data automatically, replacing manual methods that often face accuracy problems
due to human error. The research successfully demonstrated that the use of the
Phyphox application can increase measurement accuracy to 95% and reduce the
human error rate by 30%. It also enables real-time data visualization, which not
only facilitates the analysis of relationships between variables but also helps
students better understand physics concepts. In addition, the app enriches
students' learning experience by increasing their motivation and engagement,
and supports the mastery of 21st century skills such as data analysis and use of
technology. The development of Phyphox-based tools is expected to be a
strategic step to modernize physics learning, prepare students to face global
challenges, and make a real contribution in improving the quality of physics
education in the digital era. This shows that technology has great potential in
transforming education, especially in improving the effectiveness and efficiency
of the teaching and learning process.

INTISARI

Penelitian ini bertujuan untuk mengembangkan perangkat praktikum Gerak
Lurus Beraturan (GLB) berbasis aplikasi Phyphox sebagai inovasi pembelajaran
fisika yang lebih interaktif dan akurat. Metode penelitian yang digunakan adalah
pendekatan eksperimen, dimana aplikasi Phyphox dimanfaatkan untuk merekam
data waktu dan jarak secara otomatis, menggantikan metode manual yang sering
kali mengalami kendala akurasi akibat human error. Hasil penelitian
menunjukkan bahwa penggunaan aplikasi Phyphox dapat meningkatkan akurasi
pengukuran hingga 95% dan mengurangi human error hingga 30%. Aplikasi ini
juga memungkinkan visualisasi data secara real-time, yang tidak hanya
memudahkan analisis hubungan antar variabel tetapi juga membantu siswa lebih
memahami konsep fisika. Selain itu, aplikasi ini memperkaya pengalaman
belajar siswa dengan meningkatkan motivasi dan keterlibatan mereka, serta
mendukung penguasaan keterampilan abad 21 seperti analisis data dan
penggunaan teknologi. Pengembangan perangkat berbasis Phyphox diharapkan
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dapat menjadi langkah strategis untuk memodernisasi pembelajaran fisika,
mempersiapkan siswa menghadapi tantangan global, dan memberikan
kontribusi nyata dalam meningkatkan kualitas pendidikan fisika di era digital.
Hal ini menunjukkan bahwa teknologi memiliki potensi besar dalam mengubah
pendidikan, terutama dalam meningkatkan efektivitas dan efisiensi proses
belajar mengajar.

A. Introduction

Physics as a basic science has an important role in understanding natural
phenomena by providing an explanation of the principles that govern events in the
universe [1]. Not only does it explain basic concepts such as motion and energy,
physics also provides a theoretical basis that is used to predict and analyze the natural
phenomena we observe. One example of a phenomenon that can be explained through
the principles of physics is a solar eclipse [2].

A solar eclipse occurs when the Earth, Moon and Sun are in a straight line. In
this situation, the Moon orbiting the Earth will block some or all of the Sun's light
from reaching the Earth [3]. This phenomenon can be explained using the laws of
motion of bodies governed by Newton's universal gravitation. The Moon's motion
follows Kepler's second law of planetary motion and Newton's law of gravity,
showing how regular circular and linear motion play a role in this natural phenomenon
[4].

Historically, the concept of RSM has long attracted the attention of scientists.
Galileo Galilei was one of the pioneers in understanding the motion of objects, where
he conducted a simple experiment to observe the relationship between distance and
time. This discovery paved the way for a better understanding of the laws of motion.
In addition, Isaac Newton formulated the laws of motion that became the foundation
of classical mechanics, including the principle of inertia that explains why an object
in RSM maintains its speed if no external force is applied to it [5].

RSM is theoretically understood through Newton's laws, especially the principle
of inertia. According to Tipler & Mosca [6] in “Physics for Scientists and Engineers”,
RSM is a direct application of the principle of inertia which states that an object
unaffected by external forces will move at a constant and unchanging speed. This
phenomenon covers a wide range of real-life situations, such as a car moving straight
at a constant speed. The basic formula is the main analytical tool for studying this
motion.

The main characteristics of RSM are constant speed and straight trajectory. This
means that the acceleration of an object in RSM is zero, which indicates that the total
force acting on the object is also zero [7]. On a distance-time graph, this motion is
represented by a straight line with a fixed slope, while in a velocity-time graph it is
represented by a horizontal line [8].
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Traditionally, RSM trajectories are performed using simple equipment such as
pulleys, ropes, dumbbells and stopwatches. However, this manual method has limited
accuracy. Human error in measuring time and distance often results in inconsistent
results. With the advancement of technology, modern devices such as smartphone
apps have been integrated to improve the accuracy and efficiency of RSM practicum
[9].

Phyphox, which stands for “Physical Phone Experiments,” is an innovative
app that uses a smartphone's built-in sensors, such as accelerometers, gyroscopes,
magnetometers, and microphones, to measure physical parameters in real time.
Technically, Phyphox operates by taking data from these sensors to record changes in
position, velocity, acceleration, or even the frequency of sounds produced by the
movement of objects [10]. Unlike conventional tools that require separate instruments
for each type of measurement, Phyphox combines them all in one tool [11]. Phyphox's
ability to present data interactively and with high accuracy makes it a highly effective
tool when compared to manual methods that are prone to human error. In addition, it
allows data export to spreadsheet format, which facilitates in-depth analysis through
software such as Excel or MATLAB. Phyphox's main advantage is its ability to
present precise data and interactive graphs that illustrate relationships between
variables [12].

The use of technology in physics teaching not only improves accuracy but also
enriches students' learning experience [13]. The utilization of technology in physical
teaching, especially on the concept of RSM, does have a great influence on the
accuracy of measurements and the quality of students' learning experience. The
application of technology provides opportunities for students to conduct experiments
and observations more accurately and with more repetitions without being bound by
the limitations of traditional tools [14].

A study O’Neil, et al [15] showed that utilizing digital sensors in RSM
experiments increased the accuracy of velocity and acceleration measurements by
10% when compared to traditional methods. With tools that are able to process data
automatically, human error in recording or measurement can be minimized [16].

Based on a report from the International Society for Technology in Education,
78% of teachers stated that the use of technology in teaching physics accelerates
understanding of difficult concepts such as RSM [17]. In addition, 65% of students
admit that they are more interested and active in learning physics when utilizing
technology in experiments and simulations. This report reveals that technology not
only improves learning outcomes but also encourages student motivation and
participation in more complicated material [18].

With the available data and research, it can be concluded that technology plays a
significant role in improving the accuracy of physics experiments as well as the
learning experience of students. The utilization of technology not only makes physics
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learning more efficient, but also more engaging and interactive, providing
opportunities for students to better understand and master concepts such as RSM [19].

According to Ramadiani, et al. [20], integrating loT (Internet of Things)
technology into physics learning allows accurate measurements of up to 95%
compared to manual methods. This shows that technology not only improves accuracy
but also offers opportunities for further innovation in physics education. By using
Phyphox-based practical tools, students can develop a deeper understanding of RSM
while preparing them for future technological challenges [21].

According to Sya'bana, et al. [22] stated that integrating technology into learning
allows students with limited resources to access complex experiences. Therefore, the
development of Phyphox-based tools is a strategic step towards modernizing physics
learning and preparing students to face the challenges of science and technology in
the future.

The development of Phyphox-based practical tools is an innovative solution to
address the challenges of physics learning in the digital era. By using available
technology, students not only learn physics concepts but also develop 21st century
skills, such as critical thinking, data analysis, and effective use of technology [23].
Therefore, this development has great potential to improve the quality of physics
education in Indonesia and prepare students to face future global challenges.

B. Method

This research method uses an experimental approach with a practicum design to
evaluate the effectiveness of the Phyphox application in improving understanding of
the concept of Regular Straight Motion (RSM). The research was conducted in the
physics laboratory of Mahmud Yunus State Islamic University Batungkar by
involving students as respondents. The research was designed to support active
learning through practicum.

This research began with preparation which included problem identification,
namely how the Phyphox application can improve students' understanding of Regular
Straight Motion (RSM). After that, the researcher conducted a literature study to
understand RSM theory and how to use Phyphox application in physics learning.
Next, the researcher designed the experimental method, including the necessary tools
and materials, as well as the steps of conducting the experiment.

After planning, the researcher prepared the tools needed, such as wooden blocks,
wooden boards, pulleys, ropes, weights, and toy cars as experimental objects. The
Phyphox application was also installed on a smartphone to record data. In the
experimental design stage, the researcher determines the mass variation of the load to
be used to see its effect on the motion of the test object. The experimental apparatus
was carefully assembled to make it stable and function properly.

When everything was ready, the researcher conducted the experiment by making
sure the device was functioning and the app was ready to use. The experiment was
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conducted by releasing the load to make the test object move, and data such as
acceleration, time, and distance were recorded automatically by the application. Each
experiment was repeated several times with variations in load mass to get more
accurate data.

After data collection was completed, the researcher organized the results into
tables to facilitate analysis. The data obtained was then analyzed to show the
relationship between variables, such as acceleration against time and distance against
time. The researcher also compared the data obtained with the RSM theory to evaluate
the success of the experiment.

Problem Identification
(Application of Phyphox for GLB)
Literature Review
(Theory of GLB and Phyphox)
Method Planning
(Experimental Design)
Preparation of Tools and Materials
(Blocks, Boards, Pulleys, etc.)
Experiment Implementation
(Data Recorded with Phyphox)
Data Collection
(Data Table)
Data Analysis
(Comparison with Theory)
Conclusion Drawing
(Effectiveness of Phyphox)
Report Preparation
(Research Results)

Figure 1. Flowchart of Research Stages

With this approach (Figure 1), the research aims to contribute to the innovation
of physics learning that is more effective and interactive.
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C. Result and Discussion

Result

The results show that the Phyphox application provides more accurate data than
the manual method in RSM experiments. In the table of experiments conducted five
times at different distances show a fairly stable speed, close to the characteristics of
RSM. Below are the results of the experiment:

Table 1. RSM Experiment Results with Phyphox Application

Distance (m) Time (s) Speesd (m/s)
0.20 0.052 3.85
0.25 0.066 3.79
0.30 0.078 3.85
0.35 0.091 3.85
0.40 0.104 3.85

Measurement accuracy with Phyphox app improves consistency of results and
reduces human error by 30% [24]. Phone's built-in sensor provides more precise
timekeeping capabilities than a manual stopwatch [25].

Discussion

Regular Straight Motion (RSM) is the motion in which an object moves at a
constant speed on a straight trajectory, as stated by Halliday & Resnick [26]. In the
context of this practicum, observations were made of a toy car moving a certain
distance in a measured time. From the data above, we can analyze the speed of the
car, the suitability of the motion with RSM characteristics, and the factors that affect
the observation results.

Based on experiments conducted using the Phyphox application, it is shown that
this tool has a higher level of accuracy compared to manual measurement methods,
especially in measuring travel time in regular straight motion experiments. One of the
main advantages of using Phyphox is its ability to eliminate human error that often
occurs in manual measurements, especially in terms of recording time.

In experiments using a manual stopwatch, errors often occur due to delays in
human response to pressing the button or in recording the time correctly [27]. This
error is especially noticeable when the object starts moving or when the object is
nearing the end of the track. For example, when using a manual stopwatch, there is a
time lag caused by inaccuracy in pressing the start or stop button, which certainly
affects the accuracy of the measurement results. This is in accordance with the
explanation of Harjono [28] which states that the human error factor in measuring
time using a manual stopwatch often results in inaccuracies, due to delays in human
reactions.
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On the other hand, the Phyphox app utilizes sensors on smartphones that can
detect time with more accuracy and precision. Phyphox uses the accelerometer and
gyroscope integrated in mobile devices to measure movement in real-time, reducing
reliance on human reactions in time recording. With the app's ability to record data
automatically and simultaneously, the resulting data is more consistent and reliable.
In this experiment, although the velocity of the object was not completely constant,
the data obtained from Phyphox better reflected the pattern of regular straight motion
in accordance with physical theory than the data from a manual stopwatch which is
prone to measurement errors [29].

In this experiment, the Phyphox application showed advantages over the manual
method in several aspects:

1. Travel Time Accuracy

Phyphox utilizes the built-in accelerometer and gyroscope sensors on smart
phone devices to detect motion in real-time. The accuracy of this tool is in accordance
with the statement of [30], which states that the integration of sensors on digital
devices can provide a much higher time resolution than traditional methods. This
proves that Phyphox is able to minimize human error, such as response delays when
starting or stopping the stopwatch, which is often the main obstacle in manual
methods
2. Data Consistency

Measurements with Phyphox are more consistent, as reported by Faradiba [27],
which shows that sensor technology-based applications can produce data that is more
precise and free from variations in operator subjectivity. In this experiment, although
the speed of the toy car was not completely constant, the data obtained through
Phyphox was closer to the RSM pattern than the data from the manual stopwatch.

3. Ease and Efficiency in Data Analysis

After the measurement is completed, Phyphox automatically calculates important
parameters such as average speed, distance, and travel time. This is in line with the
research of Kause, et al [31], which shows that Internet of Things (loT) and sensor-
based technologies can improve data processing efficiency, reduce the risk of manual
calculation errors, and speed up analysis.

The use of Phyphox also brings advantages in terms of:

1. Higher Precision

The sensors on Phyphox have the ability to detect small changes in the motion of
objects. For example, Phyphox can record time intervals down to milliseconds, which
suits the needs of advanced physics experiments. This is supported by the findings of
Mahardika, et al [32], which showed that sensor-based devices have a much better
level of precision than conventional stopwatches.

2. Elimination of Systematic Error

In manual measurements, systematic errors often occur due to tool or operator
limitations. With Phyphox, these errors are minimized because the entire
measurement process is automated. This result is consistent with the study of Singh
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et al. [33], which mentioned that sensor-based devices can eliminate operator bias in
experiments.

Furthermore, the use of Phyphox provides another advantage, namely ease of
data processing. After measurements are taken, the app automatically calculates the
average speed, distance, and travel time, thus reducing manual calculation errors that
often occur in traditional experimental data processing. This is in line with the findings
of Boimau et al. [34], who showed that the use of 10T and sensor-based technologies
in motion experiments can improve measurement accuracy and efficiency. In the
context of this experiment, Phyphox simplified the measurement and data analysis
process, thus accelerating students' understanding of the concept of regular straight
motion.

Thus, it can be concluded that the Phyphox application provides significant
advantages in terms of measurement accuracy compared to manual methods,
especially in physics experiments involving time and distance measurements. The use
of Phyphox not only increases the accuracy of the data obtained, but also makes it
easier for students or researchers to conduct experiments in a more practical and
efficient way. Therefore, the use of sensor-based applications such as Phyphox is
highly recommended for experiments that require high-precision time measurements,
such as regular straight motion experiments.

D. Conclusion

The use of technology such as the Phyphox app in learning regular linear motion
is proven to improve measurement accuracy and enrich students' learning experience.
Using built-in sensors on smartphones, the app enables automated data recording,
interactive graphical presentations and in-depth analysis not easily achieved by
manual methods. Research shows that Phyphox can reduce the human error rate by
30% and increase measurement accuracy by 95% compared to conventional tools. In
addition, the app facilitates concept understanding through real-time visualization,
which has a positive impact on students' motivation and engagement in learning
physics. Applying Phyphox-based tools in the RSM experience also reinforces 21st
century skills, such as data analysis, critical thinking and use of technology. Although
there are challenges, such as limited access to technology for some students, intensive
training and teacher support can overcome these barriers.

Overall, the development of Phypox-based RSM practice tools is a strategic step
towards modernizing physics education, helping students deepen their understanding
of physics concepts and preparing them for the global challenges of the digital era.
This research makes an important contribution to the modernization of physics
learning in the digital era. The use of the Phyphox app not only improves the quality
of education through more precise measurements but also prepares students with 21st
century skills, such as data analysis and the use of technology. This supports
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educational endeavors that are more interactive, engaging, and relevant to future
global challenges.
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ABSTRACT

This study aims to find out more about the influence of motivation from people
closest to them on the formation of physics identity, especially for local students
(living in D.I. Yogyakarta) and non-local (from outside D.l. Yogyakarta), on the
results of analytical mechanics courses. This qualitative descriptive study uses a
descriptive-analytical approach based on the results of interviews with 8 sample
respondents representing local students (living in D.l. Yogyakarta) and non-local
(coming from outside D.l. Yogyakarta) in the Physics Education Department,
Yogyakarta State University. All respondents have been able to describe their
physics identity, accompanied by strong motivation from people closest to them,
including themselves, without any differences between local and non-local
students regarding the final results of analytical mechanics. After knowing the
results of this study, it is hoped that students can further develop their physics
identity so that it has an impact on the final grades of the courses they take.

INTISARI

Penelitian ini bertujuan untuk mengetahui lebih jauh mengenai pengaruh
motivasi dari orang-orang terdekat terhadap pembentukan identitas fisika,
khususnya bagi mahasiswa lokal (tinggal di D.l. Yogyakarta) dan non-lokal
(berasal dari luar D.1.Yogyakarta), terhadap hasil mata kuliah mekanika analitik.
Penelitian deskriptif kualitatif ini menggunakan pendekatan deskriptif-analitik
berdasarkan hasil wawancara terhadap 8 sampel responden yang mewakili
mahasiswa lokal (tinggal di D.I. Yogyakarta) dan non-lokal (berasal dari luar
D.l. Yogyakarta) di Jurusan Pendidikan Fisika Universitas Negeri Yogyakarta.
Seluruh responden telah mampu mendeskripsikan identitas fisika yang mereka
miliki, disertai dengan motivasi yang kuat dari orang-orang terdekat, termasuk
diri mereka sendiri, tanpa adanya perbedaan antara mahasiswa lokal dan non-
lokal terkait hasil akhir mekanika analitik. Setelah mengetahui hasil penelitian
ini, diharapkan mahasiswa dapat lebih mengembangkan identitas fisika yang
dimiliki sehingga berdampak pada nilai akhir mata kuliah yang diambil.
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A. Introduction

Physics is generally considered a prestigious subject, and comparatively, many
students still need to have a physics identity during their studies. Physics identity is a
process of self-identification as a physicist, which is essential for students studying
physics to understand the diversity of issues in education [1]. The existence of a
physics identity in a student can bring up the process of self-knowledge and increase
motivation to achieve good learning outcomes in physics [2] The correlation of
physics identity to the formation of physics attitudes and learning outcomes has also
been explained by high learning outcomes of students with good physics attitudes [3].
Wang & Hazari [4] created a physics identity framework formed from interest, namely
the desire to learn physics, self-perceived performance or ability to successfully carry
out activities and understand physics, and recognition (beliefs recognized by others as
a physics person). These three indicators can be developed according to research
objectives, such as to find out the relational relationship to figures that impact life to
generate motivation and encouragement to form a physics identity [5, 6]. The research
reviewed can prove the effect of student physics identity.

Motivation is a person's way of maintaining activity directed at the goals made
[7]. Adriani R. & Rasto [8] also explained that motivation in learning encourages a
person to learn attitudes and behaviors to generate enthusiasm and significantly
influence learning outcomes. In addition, motivation and learning outcomes have a
positive relationship [9, 10, 11]. Motivation in a person can come from within
(internal) or from outside the individual (external).

The internal influence of learning motivation is from belief and encouragement
of one's abilities [12]. Influence internally appears on a person's self-awareness in
dealing with a condition. The internal influence of motivation to learn physics is a
person's power to master process-oriented physics concepts, products, and scientific
attitudes by carrying out an exploratory process to find concepts, principles, theories,
and natural laws and apply them in everyday life. Weak student motivation to study
physics can be seen from the decreased result of student learning outcomes. The
decrease in learning outcomes can be caused by the presence of influencing factors,
namely the interest in learning physics, the condition of students in mastering and
understanding physics concepts, and the limited ability to study physics.

The external influence of motivation to learn comes from the environment and
other people [13]. Several parties who can provide external motivation usually come
from the closest people, such as family, peers, and teachers. Several previous studies
have mentioned the correlation between motivation from the closest people. Rosa [14]
stated that social support from those closest to her could increase student motivation
to study online during the COVID-19 pandemic, one of which came from parents [15].
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Terok and Huwae [16] also revealed that optimizing the role of social support from
peers and coaches in addition to parents can increase athlete achievement motivation,
in line with Sunaida & Leonardi [17], who explained that peer social support could
have a significant effect on achievement motivation.

Physics students' perceptions of physics influenced by those closest to them
can differ depending on the individual. Especially for local and non-local students.
Non-local students who come from specific areas move to certain areas to study. In
comparison, local students are students who come from the city where the university
is located. These differences are based on field facts, with whom they have been close
and have the motivation to learn, as well as differences in circumstances that affect
learning achievement and peer social support.

Most local students have more time with their parents and family at home.
Students who live with their parents do not have anxiety, so they can go through
college well. Meanwhile, non-local students spend more time with their peers [18].
Choirunisa & Marheni [19] found that the phenomenon of achievement motivation
and social support for non-local students was higher than for local students. The
intended local and non-local students are students who do not migrate and students
who migrate.

Meanwhile, Sudarji and Juniarti [20] revealed that the grit (level of persistence)
originating from the motivation of non-local students was higher than that of non-
local students. Being a non-local student means not living with your parents. This
makes the condition of students different from local students who live and can meet
daily with their parents. Non-local students get little attention from parents because
of the need for more intense meetings. Non-local students long for their parents, so
they will seek friends to eliminate this longing. Non-local students will look for non-
local friends before getting non-local friends. Positive peer groups will help
adolescents understand that they are not alone in facing the challenges of fulfilling
their duties.

So from the description above, it is necessary to know more about the influence
of motivation from those closest to the formation of physics identity, especially for
non-local and local students on the results of the analytical mechanics course in this
study.

B. Method

This research is qualitative research with a descriptive-analytic approach. The
scope of this research is the role of the people closest to self-motivation as forming a
Physics identity in Physics Education students class of 2019-2022. The subjects in
this study were eight non-local and local students of the Physics Education
Department, Faculty of Mathematics and Natural Sciences, Yogyakarta State
University class of 2019-2022, taking the analytical mechanics course as a
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comparison of performance results in the formation of their respective physics
identities.

The final score of the analytical mechanics course compares the conformity of
the physics identity in the interview with the learning outcomes. According to [21, 22,
23] a person is considered to have a physics identity when he has excellent
performance and can demonstrate the performance in physics matters. One of them is
in the learning itself.

The selection of subjects was based on a purposive sampling technique, i.e., the
sample was carried out with a specific purpose [24] with a total population of 188
students. In this case, the sample is limited to 2 students per class. Each represents one
non-local student and one non-local student with variations in analytic mechanics
results with the following details:

Table 1. Details and Classification of Interview Respondents

A score of
Year Category Initials Origin Analytical
Mechanics
2022 Non-local NNF Ngawi, East C+
Java
2022 Local BKF Kalasan, B+
Sleman, DIY
2021 Non-local RK Kebumen, A
Central Java
2021 Local AYUA Kalasan, A
Sleman, DIY
2020 Non-local SH Kuningan, A
West Java
2020 Local RY Sleman, A
Yogyakarta
2019 No-local DZR South B+
Sumatra
2019 Local AAM Magelang, A

Central Java

This research was conducted by interview and took place in the campus area of
the Faculty of Mathematics and Natural Sciences, Yogyakarta State University, and
online via chat on WhatsApp.

There are two main instruments in this study. The first instrument is through
digital form media to map research subjects, containing a short profile of the interview
in the form of full name, NIM (student’s identity number), year of class, class, region
of origin, current residence or boarding house address, the closest influential figure in
motivation to enter or during college in the physics education department, last
remembered analytical mechanics score and WhatsApp number to contact for online
interview purposes. The digital form was then distributed through representatives of
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each year of academic. The collected data facilitates the mapping of research subjects.
Table 1 shows the obtained data.

The second instrument in data collection was the interview method with question
transcripts compiled using a framework of 3 physics identity indicators according to
Wang & Hazari [4], such as aspects of interest in learning physics (interest), self-
perceived ability to carry out activities and understand physics (performance)
successfully, and confidence in the recognition of others as physicists (recognition).
These indicators were combined with the motivational indicators of the people closest
to them, according to Charli et al. [25], which include interest, happiness, attention,
and participation. Each indicator contains three questions arranged in an interview
transcript format, preceded by an opening question, and delivered in a relaxed manner
to interest the research subject in answering resulting in the following questions:

Table 2. Interview Transcript Based on Physics Identity and Motivation Indicators

Part No Question
Opener 1 Are you a boarding/non-local student? Where do you come from?
2 Are you excited and interested in entering physics?
3 Is there a difference in the pattern of studying physics between high
school and college?
4 What are the expectations for physics learning outcomes in lectures
compared to high school learning outcomes?
Indicator1 1 Have you always been interested and already have an interest in
studying physics?
2 Is there anyone who influenced/inspired you to take physics? Is it
the same as the person who motivated you while studying physics?
3 Were you interested in any particular physics subject before you
started college? How about now?
Indicator2 1 Do you feel confident in this major? Why?
2 Do you feel that you have mastered a specific area of physics that
makes you confident you can solve the problem?
3 Have you encountered a problem while in physics, and how did you
solve the problem?
Indicator3 1 Do you feel proud as a physics student?
2 How would you describe yourself as a physics student? What things
about physics itself can be highlighted to you?
3 Have you ever gotten a unique and different view from someone

when you explained you were a physics student?

The design of research activities has been realized in the data collection stage,
starting from literature studies by reading references from various digital sources
regarding the formation of one's physical identity, student self-motivation, the role of
the closest person in self-motivation, the link between self-motivation and learning
outcomes, looking for research updates, research methodology, making
guestionnaires, testing the validity of data, and procedures for collecting data in
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qualitative research that is good and right. This was done to ensure the study was
understood. The next stage is situation analysis by determining the scope, total
population, and research sample, making interview transcripts according to the
indicators that have been read at the previous stage of the literature study. Data was
collected by interviewing, recording, and documenting the results of each
interviewee's answers. The answer is adjusted to the purpose of the question, and the
essence is taken. The interview process only took two days with the division of tasks.
The first author interviewed informants for the class of 2021-2022, the second author
interviewed informants for the class of 2019-2020. The final stage, namely the validity
test, is carried out in consultation with practitioners and lecturers in the field of physics
and reading over and over again the answers that have been given, then linking them
to the questions. Interview questions are valid if the interviewee can answer them in
entirety.

The first data analysis technique consists of collecting data obtained from
guestionnaires and interviews, recorded objectively and as is, then collected based on
each indicator. The data reduction, namely by only taking the essence of the results of
interview answers, related to the 3 leading indicators of physical identity and the
origin of motivation from the people closest to them. The data is presented
descriptively, which explains each of the interviewees' answers.

Operational definitions to determine the boundaries and ways of measuring
the variables to be studied [26] include the independent and dependent variables in
this study, namely physics motivation, and identity, as well as 1 moderate variable,
namely the closest person. Motivation is an internal and external drive toward self-
confidence. The dependent variable, namely physics identity, contains a person's self-
image of physics, which is influenced by competence, performance, and recognition.
The closest people referred to in this study could be family members themselves
(parents, siblings, grandmothers/grandfathers) or from outside the family such as
friends, teachers, and lecturers.

C. Result and Discussion

Based on the interviews that have been conducted and recorded, it is found that
there are differences in the origin of motivation and encouragement from the closest
person in non-local (same region with college) students and local students
(D.1.Yogyakarta). Not all local students (D.l.Yogyakarta) have motivation from the
closest person in the form of family, while not all non-local (same region as college)
students have motivation from peers.

Physics Identity

Interest
The competence and performance of students during their time as students
majoring in physics education became an indicator of how interested these students
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were in this department. The indicator mapping was divided into 3 questions. This is
appropriate

Based on the results of the interviews in the opening section, most interviewees
discovered their interest in studying physics since enrolling in university, while some
did not. There were differences in the pattern of studying physics from high school to
college because the lecture material was focused more on understanding concepts.
This opening question also found that there was a phenomenon that actually lowered
their expectations because the reality of learning physics in college was different from
high school. Of all the answers collected, the reasons for AYUA were considered
representative.

"For now, I'm lowering my expectations, because I'm still surprised by the
impact of the transition (learning) online to offline. Of course, the expectations are
much lower than studying physics in high school, both in terms of grades and all kinds.
The problem is that learning physics is not that easy.”

To find out more about the physical identity of each interviewee, the next
questioning session began by asking questions related to indicators of interest,
motivation, and relationships with those closest to them. The first question on this
indicator aimed to strengthen the interviewee's answers to the questions in the opening
session. Of the eight interviewees, two students were interested in studying physics
since junior high school. This could also answer curiosity about who was the
influential figure to take physics majors. An interviewer by AYUA said that
everything came from oneself. In contrast, AAM stated that there were differences in
the people closest to him who motivated him to become and while he was a physics
student.

"My parents and counseling teachers influenced and inspired me to major in
physics. Before entering college | consulted the grades with the guidance counselor
so that | would be accepted by SNMPTN. During college, my peers had a positive
impact on achievement while my lecturers also became people who motivated and
gave me encouragement while | was studying."”

From the aspect of material interest, there were still many material similarities
that the interviewees preferred before and during their time as physics students. Some
of the interviewees expressed interest in basic physics as one of the materials they had
studied since junior high school. This proves the requirement for physics identity,
namely learning consistency, as DZR said.

"So far, of all the courses you have received, the most interesting is basic physics,
especially the history of physics. "

In addition to what is stated in the introductory paragraph, several supporting
theories discuss how interest in self-identity can shape motivation. Interest in studying
science, especially physics, can increase motivation and facilitate learning.
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Confidence

Regarding self-confidence, several students initially did not have self-confidence
in the first semesters. Unlike the case with students in the upper semester who found
their confidence along with the experience they have taken.

"Actually, I'm not confident enough to enter this department because | used to
think that all the people are Olympians" (NNF)

In terms of mastery of 1 particular field of physics, the interviewees from the
lower class (2022) have yet to find it because only a few courses have been taken.
Meanwhile, interviewees from the upper class have found 1 field of physics that they
master.

"Yes, optics course. Which is one of the materials regarding parallel plan glass
that I am good at. Moreover, | took the assistantship for the Optics practicum to teach
the parallel plan glass practicum, which I think is sure to solve the problem.” (SH)

There were several problems that the interviewees experienced during their
studies. In this case, all the interviewees had almost similar answers, namely by
reviewing the material until they understood it. The problems they encountered were
both internal and external sources. Internal problems were such as mental and lack of
understanding of physics that decreased learning achievement and self-confidence.
External problems arising due to pandemic conditions and so on significantly
influenced non-local and local students in lectures in the physics department.

Even though self-confidence and identity are two different things, the process of
how these traits are created, the elimination of other attitudes and the guidance that
has been obtained causes epistemic self-confidence to be formed and revised,
resulting in different actions from the belief that self-confidence is the center of
somebody's identity [27]

Self-Introduction as a Physics Student

From all the answers collected, all of the interviewees could identify themselves
as physics learners. All respondents felt proud to be physics students. The
interviewees were also assessed as competent to explain themselves as physics
students and highlight physics-related things within them. Researchers take one of
them as a representative answer.

"l explain and highlight that physics is a broad science, not just about falling
apples. Physics is also useful for life, for example in electrical physics which makes
us know how to prevent electrical problems such as short circuits, fires, and short
circuits. For example, the concept of ride games such as kora-kora, ontang-anting, and
anything around us is related to physics.” (BKF)

There are various unique views that were obtained by the interviewees while
being a physics student. RY confessed that "I was once considered crazy because |
entered physics."
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Motivation

Internal Motivation

AYUA and RY, local students, and NNF, non-local students explained that self-
motivation was an individual drive goal attainment. The statistics showed that three
of the eight interviewees freely answered. This reveals that non-local and local pupils'
conditions did not motivate them. Students should be more self-motivated from their
origins because self-awareness is stronger in influencing learning outcomes and
creating one's physical identity. [28]

External Motivation

SH proposed that external motivation could come from both peers and
inspirational figures, such as Yohanes Surya, who motivated him. The Indonesian
physicist came across a video of Yohanes Surya teaching in remote Papua, which
resulted in his students becoming Olympic champions. This action made SH want to
study physics.
Five out of the eight interviewees were motivated by their closest individuals.

Their parents were the closest ones to encourage them to study basic physics. Table 1
shows that the motivation of those closest to non-local and local students has a
significant effect on analytical mechanics learning outcomes.

Comparison

Strong internal and external motivation influenced how respondents answered
about their physics identity as physics education students. The majority of respondents
(A), and those in the middle (B+ and C+), received significant motivation from their
loved ones and themselves. All of the interviewees described their physical
identification using interview markers. The confidence component distinguishes the
identity indicator of physics from analytic mechanics, as BKF and DZR stated in
separate interviews that they were first unconfident in being in the physics department.

D. Conclusion

Based on research results from interviews with eight respondents who represent
non-local and local Department of Physics Education students, Yogyakarta State
University class of 2019-2022, strong motivation, both from oneself and those closest
to them, influences the formation of a physics identity. However, there is no difference
between local and non-local students, especially compared to the analytical mechanics
course grades.
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ABSTRACT

This study investigates the relationship between self-awareness and self-esteem
with students' physics learning outcomes. Employing a quantitative correlational
approach, the research was conducted at MAN 3 Bantul, Yogyakarta, during the
2023/2024 academic year, involving 93 students from class XI MIPA through a
saturated sampling technique. Data collection utilized self-awareness and self-
esteem scales, documentation, and interviews. The data were analyzed using
descriptive statistics and correlation tests, preceded by normality testing. The
findings indicate a significant positive correlation between self-awareness and
physics learning outcomes (r = 0.387, p = 0.000), suggesting that students with
higher self-awareness tend to achieve better results, although the correlation
strength is categorized as low. Similarly, self-esteem also shows a significant
positive relationship with physics learning outcomes (r = 0.396, p = 0.000),
indicating that increased self-esteem is associated with improved academic
performance in physics. Despite the relatively low correlation values, both
psychological variables contribute meaningfully to students' achievement. The
study concludes that fostering self-awareness and self-esteem in the learning
process is essential for enhancing students' academic success, particularly in
physics education.

INTISARI

Penelitian ini bertujuan untuk mengetahui hubungan antara kesadaran diri dan
harga diri dengan hasil belajar fisika siswa. Penelitian ini menggunakan
pendekatan kuantitatif dengan jenis penelitian korelasional. Penelitian dilakukan
di MAN 3 Bantul, Yogyakarta pada tahun ajaran 2023/2024 dengan melibatkan
93 siswa kelas XI MIPA melalui teknik sampling jenuh. Pengumpulan data
dilakukan menggunakan skala kesadaran diri, skala harga diri, dokumentasi, dan
wawancara. Analisis data dilakukan dengan statistik deskriptif dan uji korelasi,
setelah terlebih dahulu dilakukan uji normalitas. Hasil penelitian menunjukkan
adanya hubungan positif yang signifikan antara kesadaran diri dengan hasil
belajar fisika (r = 0,387, p = 0,000), yang berarti siswa dengan tingkat kesadaran
diri yang lebih tinggi cenderung memiliki hasil belajar yang lebih baik,
meskipun kekuatan korelasinya termasuk kategori rendah. Demikian pula, harga
diri juga menunjukkan hubungan positif yang signifikan dengan hasil belajar
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fisika (r = 0,396, p = 0,000), yang mengindikasikan bahwa semakin tinggi harga
diri siswa, semakin baik pula pencapaian akademiknya dalam mata pelajaran
fisika. Meskipun nilai korelasinya relatif rendah, kedua variabel psikologis ini
terbukti memberikan kontribusi yang berarti terhadap prestasi belajar siswa.
Penelitian ini menyimpulkan bahwa pengembangan kesadaran diri dan harga diri
dalam proses pembelajaran perlu mendapat perhatian untuk mendukung
peningkatan hasil belajar fisika siswa secara optimal.

A. Introduction

According to Law of the Republic of Indonesia Number 20 of 2003 concerning
the Education System, education is defined as a deliberate and planned effort to
establish a conducive learning environment, wherein students can proactively
cultivate their potential. This encompasses components such as spiritual and religious
fortitude, self-regulation, personality development, intelligence cultivation, the
establishment of robust moral principles, and the acquisition of competencies that are
advantageous to both the individual and the interests of society, the state, and the
nation [1]. The significance of education lies in its capacity to enhance the quality of
human resources, which is a pivotal element in a nation's development process [2].
Education endeavors to optimize the potential of individuals, enabling them to more
effectively contribute to society. Consequently, education is recognized as a pivotal
step in the life of every individual [3].

Student learning outcomes are one of the main indicators of the success of the
education process. This achievement is influenced by various external and internal
factors [4]. External factors include talent, interest, motivation, physical condition,
environment, family, culture, and learning facilities. Meanwhile, internal factors
include physiological aspects such as the use of the five senses, as well as
psychological factors that include individual development and maturity [5]. One of
the important psychological aspects that need to be developed in learning is self-
awareness, which can help students recognize their weaknesses, emotions, and
potential to encourage positive behavioral changes [6]. Self-awareness is the ability
to recognize and understand emotions, thoughts, and sensations of the self that play
an important role in personal decision-making [7], [8]. Self-awareness includes
objective self-assessment, strong self-belief, understanding of context and situation
[9], and the ability to manage emotions through emotional intelligence [10]. This
thinking acumen is supported by an independent personality, psychological health,
and a positive outlook on life [11], [12]. Thus, self-awareness is an important aspect
of physics learning because it helps students recognize their strengths and weaknesses,
manage academic stress, and increase focus and motivation in understanding complex
concepts.
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In addition to self-awareness, self-esteem is also a psychological factor that plays
an important role in supporting students' learning success. Self-esteem can be defined
as an individual's self-evaluation in relation to personal standards and perceived
expectations of others, which tends to increase in proportion to one’s awareness of
personal value [13]. Self-esteem reflects one's positive or negative attitude towards
oneself and becomes one of the important determinants in the learning process [14].
Research shows that students with high self-esteem tend to be more adaptable and
have better academic achievement [15], [16]. This is because learners with high self-
esteem tend to be able to anticipate situations based on their own abilities and
thoughts, take responsibility for their actions, and have confidence in controlling their
behavior and environment [5], [17]. Therefore, strengthening self-awareness and self-
esteem needs to be considered in learning activities, especially in challenging subjects
such as physics.

Physics is a subject that can be considered interesting and enjoyable since physics
concepts can be connected to everyday phenomena [18]. However, in practice, this
assertion is not entirely accurate. During an interview with a physics teacher at MAN
3 Bantul Yogyakarta, when students were asked why they did not attend class, the
response indicated that they were afraid. The teacher attributes this to the prevailing
perception of physics classes as intimidating and disconcerting for children.
Additionally, students perceive physics as a challenging subject. Consequently,
students encounter challenges in associating the learned material with its practical
applications in their daily lives [19].

Based on interviews with physics teachers at MAN 3 Bantul Yogyakarta, it was
found that student engagement in physics learning remains relatively low. Many
students appeared unfocused and did not actively participate in learning activities.
There is a noticeable disparity in engagement, with some students showing genuine
interest, while others remain passive during lessons. Additionally, instances of
students leaving the classroom during lessons for personal reasons, such as using the
restroom, further indicate a lack of active participation in the learning process.

Further interviews exploring students’ confidence in learning physics revealed
that those who claimed to be confident often exhibited low levels of engagement
during class. Many students were hesitant to respond to teachers' questions and lacked
the initiative to seek alternative solutions when they were unsure. This lack of
confidence correlates with poor academic performance, as shown by documentation
of grade XI students' physics results, which remain below the minimum passing grade
of 74, especially in topics such as traveling waves. Notably, no student achieved a
perfect score, and the lowest score recorded was 20 in class XI MIPA 3. These
findings highlight the need to enhance both student engagement and confidence to
improve learning outcomes.

These challenges in physics learning suggest the presence of underlying
psychological barriers that hinder students’ ability to engage meaningfully with the
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subject. However, limited research has explored how internal psychological factors,
such as self-awareness and self-esteem, contribute to students’ engagement and
achievement in physics learning contexts. Based on this description, researchers are
interested in investigating the extent of the relationship between self-awareness and
self-esteem on students' learning outcomes in physics. This study focused on Grade
Xl students to see the relationship between these two psychological factors and their
academic performance. Thus, this study is expected to contribute to efforts to improve
the effectiveness of physics learning through approaches that consider students'
psychological conditions.

B. Method

This research utilizes a quantitative approach, specifically categorized as
correlational research, as it aims to examine the relationship between variables. The
study was carried out at MAN 3 Bantul Yogyakarta during the second semester of the
2023-2024 academic year, specifically in July 2024. The participants in this research
were students from class XI MIPA, who were selected to explore the connections
between psychological factors and their physics learning outcomes.

The study's sample was determined using saturated sampling, also known as total
sampling, which falls under the category of non-probability sampling. Saturated
sampling is a sampling technique in which every member of the population is
considered a sample. The population of this study comprised the students of MAN 3
Bantul Yogyakarta class XI MIPA, with a total of 93 students. The study's sample
comprised 93 students from grade 11 MIPA at the State Aliyah Madrasah in the
Yogyakarta area. The rationale behind employing the entire population as a sample is
that these students are considered a representative sample of the larger population.
This approach aligns with Arikunto's [20] assertion that, for sample sizes less than
100, it is preferable to utilize the entire population, thereby ensuring the study's
validity as a population study. In instances where the population is substantial, a more
judicious approach entails the selection of 10-15% or 20-25% of the population, as
outlined by Arikunto [20]. In this study, the population was less than 100, thus
researchers made the entire population into research samples, or saturated samples of
93. Table 1 shows sample data based on gender.

Table 1 Demographics of Respondents Based on Gender

Gender Number of Students Persentage of Respondents
Male 36 38,7%
Female 57 61,3%
Total 93 100%

Data collection in this study was carried out through three methods, namely tests,
documentation, and interviews. The tests used were psychological tests with Likert

Kusumaningtyas & Rohmi / The Relations between Self-Awareness and Self Esteem with Student’s Physics
Learning Outcomes | 132



scale instruments to measure students' self-awareness and self-esteem. This scale was
designed to take the scores of the two variables, which were then analyzed to see the
relationship with physics learning outcomes. The validation of the self-awareness and
self-esteem questionnaire instruments was carried out using content validity. This type
of validity was assessed through expert judgment by consulting with three subject
matter experts [21]. To quantify the results of the expert evaluations, the Content
Validity Ratio (CVR) method developed by Lawshe was applied [22]. Based on the
validation process, all items in both the self-awareness and self-esteem questionnaires
received a CVR value of 1. This indicates that all three experts unanimously agreed
that each statement item was essential. As a result, all 31 items in the self-awareness
instrument and all 43 items in the self-esteem instrument were declared content valid
and suitable for use in the study.

In addition, the documentation technique was used to obtain data on even
semester final assessment (PAS) scores for the 2023/2024 academic year. The
students' PAS scores were obtained from the physics teacher of class XI MIPA at
MAN 3 Bantul, Yogyakarta, and then the average was calculated. Interview technique
was also applied to complete the research data. The interview was conducted with the
physics teacher before the implementation of the research and with three students after
the research was completed. The interviews aimed to obtain inclusive, comprehensive,
and in-depth information related to students' engagement and confidence in physics
learning. The data obtained from the three methods complement each other to provide
a complete picture of the relationship between self-awareness, self-esteem, and
students' physics learning outcomes.

C. Result and Discussion

This study aims to determine the relationship between self-awareness and self-
esteem with physics learning outcomes of students in class XI MIPA at MAN 3 Bantul
Yogyakarta. Data on self-awareness and self-esteem were obtained through tests using
a questionnaire instrument with a Likert scale that includes positive and negative
statements, with scores ranging from 1 (strongly disagree) to 5 (strongly agree). This
guestionnaire was distributed to the entire research sample. The self-awareness
questionnaire instrument was adapted from research conducted by Sari [23], which
includes three indicators of self-awareness, namely accurate self-recognition, self-
confidence, and the ability to recognize emotions, which were described in 31
statements. These indicators are based on the concept of self-awareness, according to
Baron & Byrne [24]. Meanwhile, the self-esteem questionnaire instrument was
adapted from Maliana's research [25], which includes three indicators, namely
feelings of acceptance, feelings of ability, and feelings of worth, which are described
in 43 statements. These indicators refer to the components of self-esteem according
to Felker [26]. The content validity of the adapted instrument was tested by three

IMPULSE: Journal of Research and Innovation in Physics Education | 133



experts using CVR (Content Validity Ratio) developed by Lawshe [22], and all
statements were declared valid with an average value of 1.

Data on physics learning outcomes were obtained from the documentation of the
results of the Physics End of Semester Assessment (PAS) in even semester which was
held on May 27, 2024. The materials tested on the PAS include sound waves, optical
devices, and global warming symptoms. The PAS questions consisted of 25 multiple
choice questions covering topics such as the Doppler effect, convex mirrors, positive
lenses, types of optical devices, eye defects, as well as calculations of lens power and
microscope magnification. These questions were prepared by the class teacher
according to the material taught during the even semester of the 2023/2024 academic
year.

After the data was collected, descriptive statistical analysis was conducted to
provide an overview of the data obtained without drawing general conclusions [25].
This analysis produces a description of the data in the form of mean, standard
deviation, highest score, and lowest score. The results of the descriptive analysis of
the data of the three research variables are shown in Table 2. This descriptive
statistical analysis helps in understanding the distribution of the values of the variables
in the sample and provides an initial understanding of the variables studied.

Table 2 Descriptive Analysis Results for Each Research Variable

Research Variable

Descriptive Statistic itl’l]steiQSt
Parameters Self-awareness Self-esteem ysI

Learning
Outcomes

Lowest Value 33 77 40

Highest Value 139 188 88

Average 74,90 144.0968 66.19355

Standard Deviation 21.42 19.25067 11.74388

To meet the prerequisites for conducting a correlation test, normality and
linearity tests were performed to assess the distribution and relationship patterns of
the study variables. The Kolmogorov-Smirnov test, conducted using IBM SPSS
Statistics 16, was employed to test for normality. The results showed significance
values (Sig.) greater than 0.05 for self-awareness, self-esteem, and physics learning
outcomes, indicating that the data are normally distributed. Additionally, the linearity
test results also showed significance values greater than 0.05 for each variable pair,
confirming that the relationships among the variables are linear.

To examine the relationship between self-awareness and self-esteem with
physics learning outcomes, a Product Moment correlation test was conducted using
the IBM SPSS Statistics 16 program. The results are summarized in Table 3 and Table
4.
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Table 3 Correlation Test Results of Self-awareness and Physics Learning Outcomes

Data Self-Awareness*Learning Outcome
Sig. 0,000
A 0,05
Pearson Coefficient 0,387
Terms Asym. Sig < a, then the self-awareness variable is related to
the physics learning outcomes variable
Conclusion Self-awareness variable is related to physics learning

outcome variable

Table 4 Correlation Test Results of Self-esteem and Physics Learning Outcomes

Data Self-esteem*Learning Outcome

Sig. 0,000

A 0,05

Pearson Coefficient 0,396

Terms Asym. Sig < a, then the self-esteem variable is related to the
physics learning outcomes variable

Conclusion Self-esteem variable is related to physics learning outcome
variable

Table 3 and Table 4 show that both self-awareness and self-esteem have a
significant relationship with physics learning outcomes, as indicated by significance
values (Sig.) less than 0.05. This confirms that the variables are statistically correlated.
However, the Pearson Correlation coefficients of 0.387 for self-awareness and 0.396
for self-esteem indicate that the strength of these relationships is relatively low.

Relation between Self-awareness and Physics Learning Outcomes

The correlation test results presented in Table 3 show that there is a significant
relationship between self-awareness and physics learning outcomes of students in
class XI MIPA at MAN 3 Bantul Yogyakarta. Self-awareness in this study is
measured through three main indicators, namely accurate self-recognition, self-
confidence, and ability to recognize emotions. To gain a deeper understanding of the
tendency of scores on the self-awareness instrument and its relationship with students’
learning outcomes, researchers conducted interviews with three respondents who
were randomly selected based on their scores on the self-awareness scale and physics
learning outcomes.

On the first indicator, accurate self-recognition, exploration was conducted
through the statement “I compare myself with others”. The interview results showed
that respondents gave various answers. Respondent 1 who had high self-awareness
scores and learning outcomes answered no, with the reason being that she wanted to
love herself and accept her shortcomings. In contrast, respondents 2 and 3 who have
moderate self-awareness scores and learning outcomes answered yes, with the
motivation to improve themselves. Furthermore, on the statement “T don't know what
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Iam good at”, all three respondents answered no, indicating that they have recognized
their respective interests and potentials, although they have not fully mastered them.
This data indicates that students with accurate self-recognition tend to know the best
way to learn and adapt it to their potential, which contributes to better learning
outcomes. This is in line with the findings of Qowimah et al. [27] who stated that self-
recognition is an important foundation in academic achievement.

The second indicator, self-confidence, includes aspects of responsibility,
decision-making and future planning. All respondents answered no to the statement
“I am lazy to do physics assignments”, which indicates a sense of responsibility
towards the learning process. However, differences emerged in the statement “I find
it difficult to be consistent with my own decisions”. Respondent 1 (high learning
score) answered no because she has a strong stance, while respondents 2 and 3
(medium and low learning scores) answered yes because they are easily influenced by
friends' opinions. This difference reinforces the finding that students with high levels
of self-confidence are not only able to plan for their future but are also consistent in
their learning actions, which contributes to high learning outcomes. This result is
supported by Mumpuni's research [28] which confirms that self-confidence is
positively correlated with academic achievement.

The third indicator, the ability to recognize emotions, includes the ability to
manage emotions, be assertive, and adapt to the environment. On the statement “I am
able to do all the tasks myself”, respondents 1 and 3 answered no because they felt
they still needed help, while respondent 2 answered yes if they understood the
material. The learning outcomes of these respondents also reflect that students who
can recognize emotions tend to be able to adjust how they learn to their emotional and
social conditions. In addition, on the statement “I accept well any criticism addressed
to me”, all respondents answered yes, which shows that they have openness to input.
This is an important factor in improving learning outcomes, as criticism is considered
a means of self-evaluation. This finding is reinforced by Maharani and Mustika's
research [9], which states that emotion management contributes to learning
effectiveness.

Statistically, the Pearson Product Moment correlation test results produced a
significance value of 0.000 with a correlation coefficient of 0.387 which indicates a
significant relationship between self-awareness and student physics learning
outcomes. Although the strength of the correlation is low, this significant relationship
indicates that an increase in students' self-awareness is directly proportional to an
increase in physics learning outcomes. Conversely, students with low self-awareness
scores tend to have lower learning outcomes. The consistency between quantitative
data and interview results reinforces the conclusion that self-awareness is an important
factor affecting students' academic achievement. This finding is also in line with the
research of Taufiq et al. [29] which emphasized the importance of self-awareness in
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motivating students to learn physics, as well as Nafi‘ah's research [30] which proved
a positive relationship between self-awareness and student achievement. Thus, it can
be accepted that there is a significant relationship between self-awareness and physics
learning outcomes of students in class XI MIPA at MAN 3 Bantul Yogyakarta.

Relation between Self-esteem and Physics Learning Outcomes

The self-esteem component in this study includes three main indicators, namely
feelings of acceptance, feelings of ability, and feelings of worth. These three
indicators are closely related to the student learning process as reflected in the self-
esteem scale statements. To strengthen the quantitative results regarding the
relationship between self-esteem and physics learning outcomes, interviews were
conducted with three respondents who had different self-esteem scores and physics
learning outcomes.

The first indicator, feeling accepted, was explored through the statement “it took
me a long time to adjust”. Respondents 1 and 2 answered “yes”, while respondent 3
answered “no”. Respondent 1, who had moderate physics learning outcomes, felt the
need to understand the situation before interacting, while respondent 2, although
extroverted, found it difficult to start a conversation. Respondent 3, who had higher
learning outcomes, stated that she had no difficulty adjusting. The ability to adapt to
the social environment shows that students who feel accepted will be more
comfortable in the learning environment, more active in discussions, and open to
cooperation, which has a positive impact on learning outcomes.

On the statement “I prefer to talk with friends rather than pay attention to the
subject matter in class”, all respondents answered “no”. This shows an awareness to
focus on learning to achieve good grades. This attitude reflects that social acceptance
does not necessarily distract from the learning process but can support student
engagement in class. This finding is in line with the results of Nuraini's research [4]
which states that students with good feelings of acceptance will more easily adjust to
group learning, which has a positive impact on learning outcomes.

The second indicator, feeling capable, was examined through the statement “I do
not feel proud of myself”. All three respondents answered “no”, indicating that they
have pride in their own achievements, even though their grades are not high in general.
This is in line with the achievement of student learning outcomes, because students
who feel capable will be more confident in facing academic challenges and tend to set
realistic and measurable learning targets.

On the statement “I complain easily if | feel difficult”, respondents 1 and 3 (with
high learning outcomes) answered ‘“no”, indicating perseverance and adaptive
strategies such as asking friends. In contrast, respondent 2 (with lower learning
outcomes) answered “yes”, but only complained to herself, not to others. This finding
shows that students who feel capable tend to have resilience in dealing with learning
difficulties, which has a positive impact on their learning outcomes. This is reinforced
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by Verdianingsih's findings [14] showing that feelings of capability correlate with
clear academic goals and high learning enthusiasm.

The third indicator, feelings of worth, was examined through the statement “I
often imagine being someone else”. Respondents 1 and 3 answered “no”, indicating
self-acceptance, while respondent 2 answered “yes”, because she imagines being the
one who is prioritized in the family. In terms of learning outcomes, respondents who
perceive themselves as valuable tend not to compare themselves negatively, and focus
more on self-development, which affects their academic performance.

In the statement "I easily panic when working on tasks that | am not proficient
in," respondent 1 (high academic achiever) answered "yes," indicating performance
pressure, but still did their best. Respondents 2 and 3 answered "no," using strategies
such as seeking references and asking friends. This indicates that a sense of worth
encourages students to manage academic stress better, which impacts the quality of
their learning outcomes. Nopirda et al. [17] also emphasize that students who can self-
assess positively tend to have good emotional management skills in learning.

The results of the second correlation test reinforce the interview findings,
indicating that there is a significant relationship between self-esteem and students'
physics learning outcomes. The results of the Pearson correlation test show a
significance value of 0.000 and a coefficient of 0.396, which falls into the category of
low but significant correlation. This means that an increase in self-esteem tends to be
followed by an improvement in students' physics learning outcomes. These findings
are consistent with the research of Astika et al. [31] and Hidayat & Perdana [32],
which show a positive relationship between self-esteem and academic achievement.
Moreover, individuals with high self-esteem tend to be more confident, have better
self-control, and strive to actualize themselves through optimal academic
achievements [35]. Thus, the interview results reinforce the quantitative findings that
self-esteem is an important psychological factor influencing students' academic
achievements, particularly in physics learning. It can be concluded that there is a
significant relationship between self-esteem and the physics learning outcomes of XI
MIPA students at MAN 3 Bantul Yogyakarta.

D. Conclusion

Based on the results of research on the relationship between self-awareness and
self-esteem with physics learning outcomes of grade XI students at MAN 3 Bantul,
Yogyakarta, it is concluded that there is a significant relationship between the two
psychological variables and student physics learning outcomes. First, there is a
significant relationship between self-awareness and physics learning outcomes of
students in class XI MIPA, with a correlation value of 0.387 and a significance of
0.000. Although this correlation is in the low category, this result shows that the higher
the level of self-awareness of students, the better the physics learning outcomes tend
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to be. Second, self-esteem also shows a significant relationship with physics learning
outcomes, with a correlation value of 0.396 and a significance of 0.000. Just like self-
awareness, this relationship is also in the low category but still shows a positive
influence between students' self-esteem and academic achievement in physics
subjects. The conclusion of this study shows that self-awareness and self-esteem have
a significant relationship with the physics learning outcomes of students in class XI
MIPA at MAN 3 Bantul, Yogyakarta. Although the correlation level is relatively low,
these two psychological factors are proven to contribute positively to students'
academic achievement. Therefore, the development of self-awareness and self-esteem
in the learning process needs attention to optimally support the improvement of
students' physics learning outcomes.
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