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Abstract

The mental models are internal representation possessed by students when learning a concept. This
study is intended to explore students’ mental models on Heat and Temperature concept. This research
was conducted on 11" grade students of Science program (N = 60) at one senior public school in
Malang. Data were collected through open-ended questions and analyzed using the SSI method, which
consisted of three levels of mental models. Based on the results, most of the students are still at the
synthetic level. In addition, some differences of the students in visualizing the state of solid atoms during
expansion, direction of heat conduction, and direction of heat convection. The future study is expected
to explore the mental models of students in other topics of Physics education and make use of
appropriate learning models to increase students’ mental models.
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Studi Pendahuluan: Eksplorasi Model Mental Siswa pada Materi Suhu dan Kalor

Abstrak
Model mental merupakan representasi internal yang dimiliki oleh siswa ketika mempelajari suatu
konsep. Penelitian ini berfokus mengeksplorasi model mental siswa pada materi suhu dan kalor.
Penelitian ini dilakukan pada siswa kelas 11 MIPA (N=60) di salah satu sekolah menengah di Malang.
Data dikumpulkan melalui pertanyaan terbuka dan dianalisis menggunakan metode SSl, yang terdiri
dati tiga tingkatan model mental. Berdasarkan hasil temuan, dominan siswa masih berada pada
tingkatan synthetic. Selain itu, beberapa perbedaan siswa dalam memvisualisasikan keadaan
atom-atom zat padat saat pemuaian, arah perpindahan kalor secara konduksi, dan arah perpindahan
kalor secara konveksi. Kajian selanjutnya diharapkan mampu menggali model mental siswa pada
materi fisika lainnya dan menerapkan model pembelajaran yang sesuai untuk meningkatkan model
mental siswa.
Kata Kunci: eksplorasi, model mental, suhu dan kalor
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I. INTRODUCTION

Heat and Temperature are the concept
of Physics based on three dimensions,
namely macroscopic, microscopic, and
symbolic dimensions [1]. The macroscopic
dimension examines the learning topics
according to its concepts. The microscopic
dimension examines the topics based on the
interactions that occur in atoms and
molecules that make up an object. The
symbolic dimension is the formulation
concepts of physics through mathematical
equations [2,3].

Macroscopic and symbolic dimensions
are often applied in learning process. On the
other hand, the microscopic dimension has
not been applied frequently in the learning
process. In  fact, understanding in
microscopic dimension may help students
understand other dimensions [3,4], and Heat
and Temperature are one of the concepts of
physics that are accommodated in Physics
learning through microscopic dimensions [5].
Thus, the microscopic dimension is needed to
be applied in order to facilitate the students to
understand the concept of Heat and
Temperature in Physics education [6].

The mental models are internal
representation possessed by students in
understanding a concept. Mental models
possessed by students illustrate  the
understanding upon the concepts [3,7], [8].
Mental models will be visible as the students
explore their understanding in the three
dimensions described [9]. Students’ mental
model is one of the understandings that
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should be explored as the analysis of a mental
model can be used as an initial diagnosis in
learning process [10,11]. Mental models
possessed by students vary, as they are
influenced Dby the environment and
interactions experienced by the students
[12,13]. Analysis of the mental models could
be used to observe how students think [14,15],
learn [16], and predict certain phenomenon
[3,17].

Initially, research on mental models has
been initially under the cognitive psychology
which  mainly intends to observe how
humans understand, learn, remember [18],
[19], and look for systematic explanations
related to behavior and cognition [20]. Due
to these aspects, mental models can be
applied to learn some concepts of Physics [21]
in order to provide information on students’
behavior in understanding these concepts
[11,22].

Information on  mental models
possessed by the students could be obtained
through ~ assessment. = Some  popular
assessment on mental models are employed
through interviews, verbal analysis, or even
open questions evaluation [22, 23].
Furthermore, the results of the assessment are
grouped according to the levels of the mental
models using some methods that have been
developed, namely ACSMM, MITOCAR,
SMD, DEEP, SSI, and PDE [3,24].

Previous research has found the
differences on the levels of students’ mental
models, where dominant students are likely
into synthetic and initial levels [25-27]. In
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addition, four different groups of students
were found in visualizing the state of solid
atoms during expansion [2], five differences
in visualizing the direction of heat conduction
[28], and seven differences in visualizing the
direction of heat convection [10]. Such
differences indicate that the students have
different understanding on the concepts of
Heat and Temperature.

The different levels of metal models
possessed by the students indicate that
students may have different level of
understanding of concepts in Physics
education; such differences should become
the main concern prior learning activities.
Therefore, this study is particularly intended
to describe students’ mental models that are
essential to change their mental models in
learning Physics.

Il. METHOD

This is a qualitative study by nature to
explore students’ mental models on Heat and
Temperature  through phenomenology.
Subjects involved in this study were 11
grade students (N=60) majoring on Science
Program of one public senior high school in
Malang, East Java. A set of test consisting of
a description of mental models with the
reliability of 0.667 was distributed. The detail
questions used in this research are presented
in Appendix 1.

As answers from the participants as the
data had been obtained, they were analyzed
using the SSI method which refers to the
rubrics that have been developed [26]. The
categorization of students’ mental models
includes three levels, namely: scientific,
synthetic, and initial. Scientific level
constitutes students’ scientific thinking of the
concept they learn so that they are able to
relate the phenomena arising during the
process with appropriate concepts. Synthetic
level describes that students are not
consistent in using the concepts; the students
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analyze phenomena by using irrelevant
concepts. Initial level describes that students
are not able to connect the phenomena that
arise with the actual concept [3].

In addition to grouping into the three
levels, the study also describes the
microscopic models that appear on the
students through visualization of atomic state
in the process of expansion and the direction
of heat conduction and heat convection.

I1I.LRESULTS AND DISCUSSION

This section is divided into two parts,
namely the explanation of the distribution of
levels of student’s mental models and the
visualization of students’ answers to the
microscopic  dimensions of Heat and
Temperature topic.

Level of Students’ Mental Models

The results of the analysis of the
students’ mental models categories on Heat
and Temperature are presented in Table 1.

Table 1. Students’ Mental Models Categories

. Total of Percentage
Categories
Students (%)
Scientific 10 17
Synthetic 49 82
Initial 1 2

Based on Table 1, it was found that
students are mostly at the synthetic level with

49 students (82%), while students in
scientific level are 10 (17 %). This
distribution shows the mental model

possessed by the students is considered as
moderate. Regarding the distribution, it is
expected that the Physics educators increase
the students’ mental models by implementing
appropriate learning models.
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Visualization of Students’ Mental Models
in Microscopic Dimensions

In addition to analyzing students’
mental models based on their levels, this
study found some differences of the students
in terms microscopic dimensions, including
the visualization of student’s answers, which
are elaborated as follows.
Students’ mental models on expansion

The students’ mental model on
expansion was analyzed based on the
visualization of the state of heated atoms.
Visualization models in expansion are
presented in Table 2.
Table 2. The States of Composite Atoms When

Experiencing Expansion

Visualization
Models
Before After
® | {{\ a {_‘ \
Model I i
e -
XD
Model Il | 1 ]7]
Loy | |
Model 111
Model 1V
T e veyS
Model V X 80200
9908069

Model | describes that the expansion is
caused by the increasing distance among the
atoms. Model Il describes that the expansion
is due to the increasing distance among the
atoms, and at the same time, there is reduced
quantity of the atoms [2]. Model 111 describes
the expansion process is generally similar to
the visualizations of the Model | and Model
Il. However, it describes such irregular
atomic structures before and after the
expansion. Model 1V describes the state of
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the atoms before expansion are adjacent and
regularly and expand their distance among
others as well as change the structure of the
atoms [29]. Model V describes that the
expansion occurs due to an increasing
volume of the atoms [2].
Students’ mental models on heat conduction

The students” mental model in heat
conduction was analyzed based on the
visualization of direction of heat conduction
in heated metal. Visualization models on
conduction are presented in Table 3.

Table 3. The Directions of Heat Conduction

Models

Model |

Visualization

Model I1 ~—

Model 111

Model 1V

Model V S —

Model | describes that the heat flows
continuously towards the side with lower
temperature. Model 11 shows that heat flows
towards the side with lower temperature
gradually and occurs continuously [30].
Model 111 describes that heat flows gradually
and moves to the side with lower temperature
[31]. Model 1V describes that heat flows
gradually and at the end downs on the side
with lower temperature [28]. Model V
describes that heat flows like water flow
towards the side with lower and irregular
temperature.
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Students’ mental models on heat convection

The students’ mental models in heat
convection were analyzed based on the
visualization of direction of heat convection
in the heated water. Visualization models on
heat convection are presented in Table 4.

Table 4. Directions of Heat Convection

Models Visualizations Models Visualizatio
ns
Model Model ==
| | 1 Y
8 Mga’ |
Model Model

Model | describes that heated water on
the lower side increases its temperature, the
high-temperature water rises and the cooler
one drops. Model 11 describes that the flow is
from  higher  temperature to lower
temperature water without the movement of
constituent molecules [25,32]. Model Il
describes that the heat flows to the tube sides,
the water in the middle part is not involved in
this process. Hotter water moves up and then
backs down after reaching the surface [10].
Model IV describes that the heat flows along
the tube, hotter water rises upward while
releasing the heat to the surroundings so that
all water experiences a rise in temperature.

IV.CONCLUSION

Based on the results, most of the
students are categorized into synthetic level.
In addition, differences are also found in
students’ understanding upon the
microscopic dimension. It was found that
there are five differences in students in
describing the state of solid atoms during
expansion. In addition, five models of
student’s visualization were found in the
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direction of heat conduction and four models
of student’s visualization in heat convection.

In terms of the differences of the
students’ understanding, it indicates that
there are some students have incomplete
understanding. This may cause wrong
interpretation when visualizing the expansion
and heat transfer phenomena. The future
research is expected to describe possible
causes of differences of  students’
understanding, and appropriate learning
models are needed in order to increase
students’ mental models.
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APPENDIX 1
The Questions to the Exploration of Mental Model on Heat and Temperature
No. Questions

1. A carpenter intended to make a window in the middle of the glass. The carpenter deliberately gave a gap
between wood and glass.

a. What is the use of making this separation gap?
b. Explain how the event occurs!
c. Describe the condition of glass molecules at night and day.
2. A copper wire heated at one side with the constant temperature of heater.
a. What will happen to copper wire?
b. Visualize the direction of heat transfer experienced by the copper!

c. If the copper is heated in the middle, what happens to the direction of heat transfer? Explain using
images.

3. A glass of water is heated on the buttom side as shown in figure A with constant

<
N temperature.
A
5 - b.  Visualize the direction of heat movement experienced by the water.

c. If the tube as shown in B, visualize the direction of heat transfer.

a.  What is the temperature of the water after heated?
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