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Abstract

There are limited studies on the diagnosis of heat and temperature misconceptions using a four-tier instrument
diagnostic test. Therefore, this study aims to identify misconceptions in heat and temperature material. The survey
research was conducted on 164 students at SMAN 2 Bantul. Students were selected using a convenience
sampling technique. Identification of student misconceptions using the Four Tier Heat and Temperature Diagnostic
Test (4T-HTDT). Students' conceptual understanding is calculated using the percentage technique. The results of
this study indicate that there are still many students who have misconceptions on the concept of "heat-temperature
as an extensive quantity" and "heat-temperature depends on material objects". The findings are expected to be a

strategic step for designing appropriate remedial teaching.
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INTRODUCTION

The misconception is one of the classic
problems that occur in the world of education.
Until now, this misconception is still often
experienced by students. Misconceptions are
not only experienced by students in Indonesia
(Angraini & Prahmana, 2019; lzzati &
Rochmah, 2020; Nasrudin & Azizah, 2020; Nisa
et al., 2019; Ramadianti et al., 2019), but
experienced by students in almost many
countries in the world (Cox et al., 2016; Korur,
2015; Onder, 2016; Park & Johnson, 2016;
Taslidere, 2016; Tuysuz et al., 2016).
Misconceptions also occur at every level of
education. For example Elementary School
(Anjarsari, 2018; Ramadianti et al., 2019),
Junior High School (Ramadianti et al., 2019),
Senior High School (Fenditasari et al., 2020;
Lusiana et al., 2016; Wijaya et al., 2016),
Undergraduate (Safriana & Fatmi, 2018;
Sholikah et al., 2020) and Postgraduate level
(Eryilmaz, 2010; Sukarelawan et al., 2019).
Students' misconceptions  will impact

p-ISSN 2549-905X | e-ISSN 2549-9076

understanding more complex advanced
concepts so that the handling of students who
experience misconceptions is essential.

Misconceptions are ideas, thoughts,
ideas or explanations about a phenomenon that
are not accurately supported by accepted
physical principles (Turkmen, 2015). Apart from
using the term misconception, various literature
also shows that there are several other terms.
For example: alternative  conceptions,
conceptual difficulties, misconceptions and
others (Soeharto et al., 2019). Of the various
terms used, misconception or alternative
conception is a term that is more commonly
used today. Misconceptions can come from
physical experience, direct observation,
intuition, teaching at school, teaching outside of
school, social environment, culture, language,
textbooks or other teaching materials, and
teachers (Kaltakci-Gurel et al., 2016).

In the field of physics, misconceptions
almost occur on various topics (e.g. Angraini &
Prahmana, 2019; Annisa, Astuti, & Mindyarto,
2019; Kaniawati et al., 2019; Nisa et al., 2019;
Safriana & Fatmi, 2018; Slater, Morris, &
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McKinnon, 2018; Wulandari, 2019). One of the
most exciting topics to research is heat and
temperature. Heat and temperature are
fundamental topics in physics. Misconceptions
on the topic of heat and temperature are urgent
to study because it will impact subsequent
mastery of material such as the kinetic theory of
gases or thermodynamics. Apart from being
used in physics, the topics of heat and
temperature are also used in chemistry and
engineering.

Various previous studies have analyzed
misconceptions on the topic of temperature and
heat (e.g. Alfiani, 2015; Aykutlu, Bezen, &
Bayrak, 2017; Fitriah, 2017; Putri, Suliyanah, &
Rohmawati, 2016; Silung, Kusairi, & Zulaikah,
2016; Wahidah, Kusairi, & Zulaikah, 2015).
However, there is a limited study using the 4-
tier instrument in diagnosing heat and
temperature misconceptions in students. The
four-tier diagnostic test is an extension of the
three-tier multiple-choice diagnostic test. This
development is found in the added level of
student confidence in choosing answers and
reasons. Although the three-level test is
considered validly identifying misconceptions
that are free from error and lack of knowledge,
it still has limitations because the level of
confidence at the first and second levels is not
differentiated. This situation can lead to two
problems: (1). Underestimating the proportion
of lack of knowledge, and (2). Too high scores
of students' misconceptions (Kaltakgi, 2012).
The advantage of the four-level diagnostic test
is that teachers can: (1). Carry out a large
number of misconceptions diagnostic tests on
students, (2). Determining the state of the level
of students' conceptual understanding is more
accurate (3). Determine the part of the material
that needs more emphasis (4). Can
immediately plan lessons to reduce
misconceptions that students own.

SMAN 2 Bantul is a school where the
author serves. Therefore, the authors feel
interested in identifying the misconceptions of
heat and temperature experienced by students.
As is well known, misconceptions experienced
by students are individual. This means that the
types of errors experienced by students may
differ from one another. This research is one of

the strategic steps to design remedial teaching
that is personally oriented. This study aims to
identify ~ misconceptions in heat and
temperature material in students of SMAN 2
Bantul using the Four Tier Heat and
Temperature Diagnostic Test (4T-HTDT).

METHOD

This study used a survey research design
conducted at SMAN 2 Bantul. This study
involved 164 students as respondents (Male =
25.6% and Female = 74.4%). Respondents
were selected using a convenience sampling
technique. The average age of the respondents
was 16.6 years, with a standard deviation of 0.7
years.

Identification of student misconceptions
using the 4T-HTDT. Items adapted from
Sukarelawan et al. (Sukarelawan et al., 2019).
The number of items used is 4 items. The item
descriptions are presented in Table 1. Figure 1
is an example of a 4T-HTDT used. At the
second and fourth tier, the confidence levels
use a 6-level belief scale, from 1 (guessing
only) to 6 (Very Strongly Sure). The level of
conceptual understanding consists of Scientific
Knowledge (SK), False Positive (FP), False
Negative (FN), Lack of Knowledge (LK), and
Misconception (Misc). The criteria for assessing
the level of conceptual understanding refer to
Table 2. The distribution of the conceptual
understanding of students as a whole, students
with misconceptions and students with scientific
knowledge, is calculated using the percentage
technique.

Table 1. Item Description

No. Forms of
Misconception
1 Temperature

Item Description

Comparison of the

asan temperature of hand-
extensive held large and small ice
quantity cubes

2 The Comparison of

temperature temperature on the
depends on aluminium table and
the material

plastic table

3 Heatasan Comparison of the heat
extensive of long and short metal
quantity ruler

4  Heat depends Comparison of Heat of
on the material metal and plastic ruler
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1. 1. Doni mengambil dua potong es batu dari dalam kulkas (satu berukuran besar dan
yang lainnya berukuran kecil). Doni merasakan bahwa es batu yang lebih besar
lebih dingin. Apakah anda setuju terhadap pernyataan Doni?
a.  Tidak setuju. Semakin besar ukuran es batu maka semakin tinggi suhunya.
b. Tidak setuju. Suhu kedua es batu tidak ada perbedaannya
¢.  Setuju. Semakin besar ukuran es batu maka semakin rendah suhunya.

. Apakah anda yakin dengan pilihan anda?

)

1 2 3 4 5 6
Hanya Sangat Tidak | Yakin | Sangat Amat
menebak tidak Yakin Yakin Sangat

yakin Yakin

3. Apa alasan yang melatarbelakangi pilihan anda?

a. Suhu tidak bergantung pada ukuran benda

b.  Suhu sebanding dengan ukuran benda

c. Suhu berbanding terbalik dengan ukuran benda
4. Apakah anda yakin dengan alasan anda?

1 2 3 4 5 | 6
Hanya Sangat Tidak | Yakin | Sangat |  Amat
menebak tidak Yakin Yakin Sangat
yakin | Yakin

Figure 1. Example items in the 4T-HTDT

Table 2. Decision making for four-tier test

1Sttier  2Mtier 3dtier 4hgier DeciSion
making
C >3,5 C >3,5 SK
C >3,5 W >3,5 FP
W >3,5 C >3,5 FN
% >3,5 w >3,5 Misc
C >3,5 C <35 LK
C <35 C >35 LK
C <35 C <35 LK
C >3,5 W <35 LK
C <35 W >3,5 LK
C <35 W <3,5 LK
W >3,5 C <35 LK
" <35 C >35 LK
" <35 C <35 LK
" >3,5 % <35 LK
" <35 % >35 LK
W <35 W <35 LK

W = Wrong; C = Correct; SK = Scientific Knowledge;
FP = False Positive; FN = False Negative; Misc =
Misconception; LK = Lack of Knowledge.

(Kaltakgi, 2012)

RESULTS AND DISCUSSION

RESULTS
The average distribution of
conceptual understanding

The average distribution of students'
conceptual understanding of heat-temperature
misconception as an extensive quantity and
heat-temperature depending on the material is
shown in Figure 2.

students'
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40.0%
35.0%
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25.0%

20.0%

15.0%

10.0% I
5.0%

wome neowe W

Misc K

SK
M Female 3.4% 4.9% 4.1% 34.3% 2.0%
H Male 2.0% 1.7% 3.2% 14.2% 0.2%

Figure 2. Distribution of students' conceptual
understanding

Figure 2 shows that almost half of the
respondents experienced misconceptions
(48.5%). The dominant female gender
experienced misconception as much as 34.3%
and male as much as 14.2%. Apart from
experiencing misconceptions, the number of
students who experienced a lack of knowledge
was 31.8%. Female students who experience
lack of knowledge are 7 times that of male. Only
5.4% of students have Scientific Knowledge
(3.4% Female and 2.0% Male).

Meanwhile, the conceptual
understanding of FP and FN was 6.3% and
7.3%, respectively. Based on Figure 2, it
appears that the number of students with
misconceptions and Scientific Knowledge is at
the maximum and minimum scores. So that
further analysis is needed.

Distribution of student misconceptions

The results of the identification of
students who experience misconceptions in
more detail are shown in Figure 3.

60.0%
50.0%

40.0%

30.0%

20.0%

10.0% I I .
0.0% .

Item 1 Item2 Item 3 Item 4
mF 32.3% 48.2% 26.8% 29.9%
M 13.4% 21.3% 10.4% 11.6%

Figure 3. Students who experience
misconceptions

Based on Figure 3, students experienced
the most misconceptions in item 2 at 69.5%. As
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many as 45.7% of students had misconceptions
in item 1, 415% of students had
misconceptions in item 4, and 37.2% of
students had misconceptions on item 3. Item 2
"Temperature depends on material objects"
was the concept with the most misconceptions.
As many as 48.2% experienced by female
students, and 21.3% experienced by male
students. While item 3 "Heat as an extensive
quantity" is the concept with the least
misconceptions. As many as 26.8%
experienced by female students, and 10.4%
experienced by male students.

Distribution of Student Scientific Knowledge
The results of identification of students
who have Scientific Knowledge are depicted in

Figure 4.

10.0%

9.0%
8.0%
7.0%
6.0%
5.0%
4.0%
3.0%
2.0%
1.0% l
0.0%

ltem 1 ltem?2 ltem 3 Iltem 4
mF 4.3% 0.0% 9.1% 0.0%
M 0.0% 0.0% 6.1% 1.8%

Figure 4. Students who experience Scientific
Knowledge

Based on Figure 4, it was identified that
15.2% of students experienced scientific
knowledge in item 3. As many as 4.3% of
students had scientific knowledge on item 1.
Meanwhile, in items 4 and 2, 1.8% and 0%,
respectively. Item 3 "Heat as an extensive
quantity" is most well understood by students,
namely 9.1% by female students and 6.1% by
male students. While item 2 "Temperature
depends on material objects", both male and
female students, none of the students had
scientific knowledge.

DISCUSSION

This study aims to identify the
misconceptions that high school students have
using 4T-HTDT. The 4-tier instrument is
considered an ideal instrument to diagnose
large-scale respondents' misconceptions (Liu

et al., 2011). Based on the analysis results, the
average student who experienced
misconceptions was the highest compared to
other levels of conceptual understanding. The
form of conceptual understanding in the form of
Lack of Knowledge is in second place—
meanwhile, students who have the lowest
understanding of Scientific Knowledge.

When viewed based on the form of
misconception, many students understand that
an object's temperature depends on the
material that makes up the object. This can be
understood when we touch two objects made of
different materials, metal and non-metal. It will
seem that metal objects are cooler than non-
metals. When two objects are in the same room
for a long enough time, the two objects'
temperature will experience thermal equilibrium
with the ambient temperature. In other words,
the temperature of the two objects is the same.
In principle, metal objects that seem cooler are
not the same as objects that have low
temperatures. Metal objects feel cooler to the
touch due to differences in metals and non-
metals to absorb/conduct heat. When touched,
more heat flows from the hands to the metal
than towards the non-metals because metals
can absorb heat better than non-metals. This is
what gives students the impression that metal
objects have a lower temperature than non-
metal objects. Students who experience
misconceptions cannot be corrected by
ordinary learning because the concept that is
understood is believed to be true. Need special
treatment to reduce misconceptions that are
owned. Teachers need to design exceptional
learning that can change the understanding and
beliefs that these students have. One of the
learning models that can be used to reduce
misconceptions is Posner's conceptual change
learning model (Soysal, 2020). This learning
model offers a series of stages in embedding
more precise concepts. One of the stages is to
raise doubts in students about the concepts
they currently understand.

Based on the analysis of students who
understand scientific knowledge, only a small
proportion of students understand the scientific
knowledge of the four concepts that were
tested. As many as 15.2% of students
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understand very well that the heat possessed
by an object is an intensive quantity. This
means that the object's dimensions do not
affect the heat it contains when two objects are
in the same room for quite a long time. Whereas
in the concept of "temperature depends on
material objects”, none of the students
understood correctly. The distribution of
students' conceptual understanding is in False
Negative, False Positive, Misconception and
Lack of Knowledge. False Positive conditions
occur because students do not understand the
reasons why a concept applies but are believed
to be true.

Meanwhile, the False Negative condition
is a condition where students understand the
reason for a concept to be valid but do not
understand the existing concept's truth. The
terms False Negative and False Positive are
also known as deficiency understanding and
less information (Hestenes & Halloun, 1995).
False Positive conditions are more challenging
to repair than False Negative conditions
(Istiyani et al., 2018).

This finding does not only occur in high
school students but also at lower and higher
levels of education as previously reported
(Baser, 2006; Chu et al., 2012; Eryilmaz, 2010;
Gurcay & Gulbas, 2015; Paik et al., 2007;
Sukarelawan et al., 2019; Yeo & Zadnik, 2001).
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CONCLUSION

Based on the findings previously
described, students still experience a
misconception of the concept of "heat-
temperature as an extensive quantity" and
"heat-temperature  depends on material
objects". On average, students who
experienced misconceptions were 48.5%, and
scientific knowledge was 5.4%. As many as
69.5% of  students experienced a
misconception on the concept of "Temperature
depends on material objects”, and only 15.2%
of students understood the concept of "Heat as

Moh. Irma Sukarelawan, et al.

an extensive quantity".

These findings make a significant
contribution to teachers who teach heat and
temperature material. For teachers, the
identification results that have been done can
be used as a first step in designing effective
learning. For schools, it can facilitate teachers
to have skills in designing various effective
learning models to reduce misconceptions.
These findings are limited in identifying
students' conceptual understanding. Further
research can be developed to reveal the source
of the misconceptions that occur. So that more
comprehensive information is obtained.
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