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Abstract

The purpose of this research is to analyze the understanding and consistency of physics concepts of high
school students on temperature and heat material. This research uses descriptive quantitative research. The
population and sample in this study used 12th-grade high school students in Malang in the even semester
of the 2023/2024 school year with 33 students. Then the data collection technique here uses a multi-tiered
E-diagnostic test. The multi-tier test consists of five levels of instruments with multiple choice questions
to determine understanding and see the consistency of student concepts. The number of multi-tier tests
used was 15 items on temperature and heat material. The results of the analysis show that students'
understanding is in the low category while concept consistency produces a logit person reliability value in
the statistical table of 0.03 based on Winstep analysis. It can be understood that both students'
understanding and concept consistency are in the very low category of temperature and heat.
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1. Introduction

Quality education is education that not only prepares individuals for a particular job or position but also
to overcome the problems that students face in everyday life. By the curriculum, Hedge stated that one of
the main objectives of learning physics is to help students achieve a deep understanding of physics
concepts and principles so that they can apply them in solving problems [1]. The aim of learning in physics
is to increase students' mastery of knowledge of concepts, facts, and principles, as well as develop students'
skills [2]. However, several factors cause students to lack understanding of physics concepts, including 2
factors, namely; (1) students incorrectly respond to the meaning (interpret) of events or symptoms/events
of concepts when related to everyday life, (2) the teacher's learning is less focused so that students can
misinterpret concepts in everyday life [3,4]. This can cause students to have difficulty implementing
physics concepts in different events or situations, so this is also related to students' consistency in
understanding physics concepts. Students often lack consistency when completing or answering questions
presented in different forms [2]. One of the physics materials where misconceptions or conceptual errors
often occur is the material Temperature and Heat [2,4].
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Temperature & heat material discusses changes in objects that result in changes in heat energy in objects.
The sub-materials of temperature and heat include temperature, heat, heat changing the state of matter,
heat transfer, and expansion. These concepts are things that students need to master both physically and
mathematically [2]. However, according to the 2019 Puspendik data from the Ministry of Education and
Culture regarding student learning outcomes, especially in temperature and heat material, it shows that
only around 33-35% of students answered questions correctly. Previous research has also shown that it
was found that several students experienced difficulties with temperature and heat material at both high
school and college levels [5]. That 301 prospective teachers from various universities in Turkey
experienced misconceptions about several physics materials, including temperature and heat. So it can be
concluded that there are still many students and prospective teachers who still have difficulty
understanding the concepts of temperature and heat[6].

Generally, research that examines the understanding of the concept of temperature and heat uses multi-
tier instruments, for example in previous research conducted explained that a three-tier diagnostic test
instrument was developed on the topic of temperature and heat in handling Student misconceptions have
met the characteristics of a diagnostic test [7]. The research results (Rahayu, et al. 2018) explain that
through the three-tier diagnostic instrument, many students still have misconceptions about the material
because many students do not give the correct answers at each stage of solving the questions. The use of
the Four Tier Digital test instrument showed that overall student misconceptions were 11.08%, 45.69%
understood the concept, 33.54% partially understood, and 8.54% did not understand the concept at all [8].
Research conducted by (Syahratinnur, et al. 2023) showed the results that analysis of student
understanding of concepts and misconceptions using the five-tier diagnostic test instrument obtained a full
level of student understanding of 38.93%, a level of misconception of 38.93%, partial understanding of
13.33% and no understanding. concept altogether of 8.80%. As well as research in the context of
consistency of students' concepts also uses a multi-tier test instrument in the form of a Three Tier test
which shows the results of the level of student learning achievement after applying the Learning Cycle 7E
model in the medium category (0.69). The level of scientific consistency is in the medium category (0, 59)
[9]. Context Consistency of concepts was also researched by (Windiani, 2016) using the Three-Tier test
instrument showing the results that the application of the DSLM learning model can reduce the quantity
of students' misconceptions and can play a role in the consistency of students' conceptions of temperature
and heat material. However, some use the Quizziz-assisted test on temperature and heat material which
shows the results that students understanding the concepts in temperature and heat material are in the
medium category (48%) because there are still some students who experience errors in understanding the
concept [11].

Based on the researcher's review of previous research, the use of test instruments for understanding
concepts is still limited to the use of multi-tier instruments at the Three-tier and four-tier levels in
identifying misconceptions and there is only 1 researcher who uses Five-tier test instruments to measure
concept understanding. students on temperature and heat material but do not make a connection in
measuring the consistency of the concept. Test instruments that measure concept consistency have so far
only used three-tier test instruments. So based on this background, researchers are interested in conducting
this research to analyze students' conceptual understanding and increase conceptual consistency by using
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an instrument that is slightly different from previous studies, namely an instrument in the form of a Five-
Tier Diagnostic test on Temperature and Heat material.

2. Research Methods

The research method used in this research is descriptive. The sample for this research used one class of
12th-grade high school students in Malang in the even semester of the 2023/2024 academic year. The data
collection technique in this research used a multi-tiered form of E-diagnostic test. The multi-tier test
consists of five levels of instruments with multiple choice questions to determine understanding and see
the consistency of students' concepts. The number of multi-tier tests used was 15 questions on temperature
and heat with the following indicators.

Table 2.1 Question indicators

Coguitif Number
Indicator Level | Question of
oo Questions

1 1

3| Analyze incident equilibrium thermal on application Black
Principles

‘Students can relate the density and volume of objects which are
imverssly proporiional t changes in temperarurs of the object and
proporrional toheat absorbed fexpelled by

object

‘Because balsnced ik femperenye ice Which has

4+ | Explain the effect of heat on changes in the temperature of

Apply draft displacement
e

‘Studsnts can daten nergy aceivadby ablack |
body and e

prop
each temperature beginming of thing.

The data collection technique in this research consists of gtagjes, namely, the preparation stage, the
implementation stage, and the final stage. The preparation stage consists of several steps carried out by
the researcher, including the following: (1) searching for literature related to the research title, (2)
determining the research location, (3) determining the research subject, and (4) searching for and
compiling the instruments used in research. Next, the implementation stage is filled with giving tests to
respondents as a data collection process. The final stage is processing, analyzing data, and drawing
conclusions in the research report. The data collection technique was carried out face-to-face and
distributed to class 12th-grade high school students with a test duration of 90 minutes.

To find out how well students understand each concept, each student's answer is given a score of 1 for the
correct answer and a score of 0 for the wrong answer. Then, respondents were grouped based on each
concept, students' scores were calculated, percentages were made, and then the average score for each
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concept was calculated. These findings are used to assess students' understanding of the concepts of
temperature and heat by making a classification using Table 2.2
Table 2.2 Classification of Concept Understanding

Average skor( %) Classification of Understanding

81,00 - 100,00 Very good

61,00 - 80,00 Good

41,00 - 60,00 Enough

21,00 - 40,00 Not Enough

0,00 - 20,00 Very Less

(Arikunto,2009)

To determine consistency, test results that produce scores of 1 and 0 (dichotomous data) are analyzed
using the Rasch model using Winistep. This model is included in the item response theory. According to
the Rasch model, students with high abilities should have a greater chance of correctly answering
questions with a higher level of difficulty than other students. The Rasch model method not only considers
items but also aspects of the response and correlation. The logit person measure, item measure, person
reliability, item reliability, and Cronbach's alpha values will be given by the results of the Winstep
statistical analysis. The person measure shows the respondent's ability to answer the question, and the item
measure value states the level of difficulty of the question. Person reliability and item reliability show the
consistency of respondents. The percentage of correct consistency of respondents' answers for each item
was also calculated.

3. Result and Discussion
Result
Data on students' concept understanding is obtained from the results of the five-tier diagnostic test given
to students. The following are the results of the recapitulation of students' concept understanding data in
solving temperature and heat problems shown in Table 3.1.

Table 3.1 Recapitulation of Concept Understanding Results

Average score Student Classification

(%) Count of Concept
Understanding
41,00 - 60,00 2 Quite
21,00 - 40,00 15 Less
0,00 - 20,00 13 Very poor

Table 3.1 shows the level of students' concept understanding of the concept of Temperature and Heat as a
whole. Based on Table 1, only 2 students scored 41.00-60.00, 15 students scored 21.00-40.00, and 13
students scored 00.00-20.00. According to the classification of concept understanding, it shows that the
level of student understanding is in the moderately-very poor range with the highest percentage at the poor
level. So it can be concluded, that the understanding of the concept of temperature and heat is very poor.

Reliability is the level of consistency of a test instrument. A steady test can provide data that is in
accordance with reality, then the test is declared good. The results of data analysis using the Alpha
Cronbach formula show that the diagnostic test used in this study is declared reliable with a reliability
value of 0.985. This means that the diagnostic test used has a level of persistence in revealing the
misconceptions experienced by students about the material Temperature and Heat. Then the student
consistency data is seen based on the test results, the average student who answers consistently is only
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5.3%. This value is classified as very low because basically, students’ understanding is also weak in every
concept of temperature and heat.

The above results reflect that in general, students still have weaknesses in achieving good consistency in
scientific aspects. In other words, students' low ability causes them not to have enough strength to
consistently give the correct answer in every equivalent physics question. The high level of inconsistency
indicates that students have difficulty in seeing the relationship between related answer options within the
same concept. In addition, based on the Winstep analysis, it was found that the logit person reliability
value in the summary statistics table was only 0.03. According to the Rasch model, this value reflects that
the consistency of students' answers is still relatively low.

Discussion

Understanding physics concepts reflects individual efforts in dealing with various problems related to
physics. This ability is the main goal that must be well mastered by students during the learning process.
Concept consistency refers to the ability to maintain an understanding of a physics concept and apply it in
solving various problems tested through tests. Conceptual understanding involves aspects such as
association, comparison, assimilation, and reorganization of new knowledge, as well as the ability to
transfer it to solve problems and apply it in different contexts. In the context of this study, researchers used
the Five-tier diagnostic test to evaluate the extent of students' understanding and consistency of physics
materials, especially related to temperature and heat.

The Five-tier Diagnostic test refers to an assessment method designed to measure understanding and
consistency of concepts. Five levels or stages of questions are structured to identify the extent to which
students can apply physics knowledge in a real context. By measuring consistency in concept application,
this test helps identify the extent to which students can apply physics knowledge consistently. Based on
the data analysis that has been done, it can be seen that the level of understanding and consistency of
students is still relatively low. The low category can be caused by several factors, one of the factors that
make the level of understanding and consistency of students low is that the data collection of this study
was carried out on 12th-grade high school students while temperature and heat material taken by students
in 11th-grade high school students even semester so that the majority of 12th-grade high school students
experience problems in remembering the temperature and heat material that has previously been taken.

Then, the low understanding of concepts in students in 12th-grade high school students can also be caused
by basic conceptual errors obtained in junior high school. Another factor that plays a role is the possibility
of inadequate concept construction, with students receiving a number of Physics lessons that focus more
on mathematical aspects and less on understanding concepts. As a result, students are more likely to
memorize formulas and problem-solving algorithms rather than trying to build a deep conceptual
understanding [12]. If the results of this research are compared with previous findings, it can be concluded
that in general students face difficulties in understanding the concepts of temperature and heat. However,
some findings suggest that changing the structure of topic content or learning methods can somewhat
overcome this problem [13].
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Understanding concepts has a close relationship with students' consistency in responding and solving
problems. The results of the five-tier diagnostic test and analysis using Winstep show that in general,
students have a low level of consistency both in each sub-concept and overall regarding temperature and
heat. Sometimes, students may use the correct concept, but they do not always reapply it consistently when
the context changes, even though the test only involves basic concepts and the context is relatively similar.
The differences in different responses from students in situations that should be similar indicate that
students' conceptual understanding has not reached an optimal level of consistency.

The above results reflect that overall, students did not show sufficient consistency in the scientific aspect.
In other words, the low ability of students caused them to be less able to consistently provide the correct
answer for each question that corresponds to Physics concepts. The high level of inconsistency indicates
that students have difficulty in identifying answer options related to the same concept. This result is in line
with Sriyansyah et al. (2015) who argued that inconsistency causes poor conceptual understanding both
in the representation and scientific aspects. This proves that there is a correlation between students'
understanding and consistency. Where if the understanding of student concepts increases then the
consistency of students will also increase and vice versa.

4. Conclusion

Based on the data obtained, the student's understanding of the concept of temperature and heat is included
in the low category while the consistency of the concepts results in a logit person reliability value in the
statistical table of 0.03 based on Winstep analysis. It can be understood that the conceptual consistency of
the student is in the very low category. Therefore, overall students of class 12th grade high school students
in Malang have a low understanding and consistency of the physical concepts of matter Temperature, and
Heat.

5. Suggestion

Based on the results of this research, the author suggests that five-tier diagnostic questions can be used to
help teachers find out the misconceptions experienced by students in studying the concepts of temperature
and heat which will later need to be remedied to improve students' concepts. So with this, students are
expected to have a correct understanding of concepts and be able to support 21st-century skills.
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