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Identification of consistency and conceptual understanding
of the Black principle

C. Winarti, A. Cari, I. Suparmi, J. Budiarti, H. Handhika & V. Viyanti

Universitas Sebelas Maret, Surakarta, Indonesia

ABSTRACT: The concept of physics can be understood not only in mathematical language but through
a variety of representations. By understanding the concept, someone will be consistent in addressing the
problems, even though they are presented in different representations. Consistent answers to the questions
in physics will show the level of understanding of the concepts. The purpose of this research was to identify
the consistent answers about the Black principle. This research used the descriptive qualitative approach.
The instrument used in this research was nine multiple choice questions with reasons. The essential
concept is the Black principle. Some questions were adopted from the Heat and Temperature Concept
Evaluation (HTCE). The sample for this research was 145 students of the Physics Education Program of
Sunan Kalijaga State Islamic University, Institute of Teachers’ Training and Education of PGRI Madiun,
and State University of Lampung. The results showed that 81.74% of students were inconsistent, 1.13%
of students were consistent with the correct answers, and 17.03% of students were consistent with the
wrong answers when responding to the test of multi-representation concepts.

1 INTRODUCTION into four representations, as follows: verbal rep-
resentation, diagram or images representation,
Physics is a science that studies the natural phe- mathematical representation or mathematical sym-
nomena. The natural phenomena that occur  bols, and graphic representation. Thus, solving
should be studied more deeply in order to get the  physics problems can be conducted by represent-
causal occurrence. It requires a mature under- ing the questions of physics in various forms: ver-
standing to have reasoning when solving the prob-  bal, graphic, images or pictorial, and math in the
lems that arise from the occurrence of the natural  form of formulas. A concept can be built through
phenomena. Understanding the concept gives stu-  the problem-solving task, which also involves the
dents the ability to not only remember but also to  use of the system of representation. The students’
re-explain the definition, special features, nature, = knowledge of the concept would be more signifi-
essence, and content using their own words, with-  cant if they were able to reveal the differences in
out changing the meaning of the content of the the representation of the concepts being learned.
information they receive. According to Wospakrik Various representations have the power that
& Hendrajaya (1993), physics is a branch of sci- can be used to solve the problems appropriately.
ence that aims to study and provide a quantitative =~ For instance, the problem is inadequate if it is
understanding of the various symptoms or proc-  being solved only by the verbal representation.
esses of nature and the nature of the substance  But if it is solved by the good graphic representa-
and its application. Physics is not only realized in  tion, it would provide the most appropriate solu-
mathematical language. Someone’s understanding  tion. It requires the proper consideration in using
of the concept can be judged from the language of  the representations for solving the problems. By
communication, the language of physics, the lan-  viewing the level of scientific consistency of the
guage of math, the language of intuition, and the  students’ answers, the students’ understanding of
language of definitions/provisions. When some-  the concepts could be measured. The scientific
one does not understand one of these languages, consistency is based on the number of correct
there will be no understanding of the concept answers for each concept, measured by different
and there could even be misconceptions (Search, modes of representations. According to Niem-
2016). Natural phenomena and processes in the inen et al. (2010), the consistency of the students
universe have certain consistent patterns that can  will lead them to a better level of understanding
be studied and assessed systematically. According in viewing various concepts of physics as out-
to Meltzer (2004), physics can also be translated  lined in various problems. In line with Ainsworth
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(2006), the consistency of response of the stu-
dents in understanding the concept of physics
requires a deeper understanding by the students
to view the equivalence of the problems of physics
as outlined in various ways. The results of pre-
liminary research show that there are problems
with the temperature and heat concept at the
middle school level, not only in the low national
test scores, but also in the daily tests. Based on
the interviews with the physics teacher, it is found
that the lack of understanding of the concept is
because the concepts of temperature and heat
are close to being an everyday phenomenon. In
another study on the concept of the Black princi-
ple, the students have difficulties in distinguishing
between Q... and O, ... (Winarti et al., 2015).
Many students were confused about the concepts
of heat and temperature due to the same thing,
the perception of temperature is only about hot
and cold, and temperature can be transferred.
The students memorized this concept and were
not able to make a connection between their
knowledge and the physics phenomena in every-
day life (Winarti et al., 2016). It needs to examine
the failing process of knowledge transfer in the
class. Based on the interviews with the students,
the data shows that, when teaching the subject
of temperature and heat, the teacher only asks
the students to memorize the subject and does
not embed the concept of thinking in solving
the problems. It can possibly happen to students
majoring in physics education. According to
Prince (2011), misconceptions and incomprehen-
sion in college greatly affect the performance of
teaching. As the institution producing the physics
teachers, it is important for the college to deter-
mine the readiness of the physics teacher candi-
dates to jump into the field in order not to bring
the misconceptions and incomprehension to the
students. Difficulty in the understanding of the
concepts of heat and temperature have been inves-
tigated by many educational researchers. Many
students have not understood even misconcep-
tions about the concept of temperature and heat
(Wiser & Carey, 1988; Lee, 2007). Students come
to class with an understanding that is not empty;
the students come with a variety of knowledge
from everyday life. According to Arnold & Billion
(1994), students’ understanding of the concept
of temperature and heat comes from the experi-
ence that they get from everyday life. The concept
of temperature and heat is directly related to the
environment and daily life (Ericson, 1979).

Therefore, it is important to 1) identify the con-
sistency of understanding from the answers of the
students, and 2) analyze the understanding and the
errors that occur in the students associated with
the concept of the Black principle.
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2 RESEARCH METHODS

This research used the descriptive qualitative
approach. The research was based on the depic-
tion of the phenomena or events captured by the
researchers with the existing facts. Qualitative
research is the method used to examine the con-
dition of natural objects (Bao et al., 2002). The
research was a preliminary study to see the profile
of the students’ reasoning. The instrument used in
this research was nine multiple choice questions
with reasons. The essential concept tested in this
test was that of temperature and heat. Some ques-
tions were adopted from the questions of the Heat
and Temperature Concept Evaluation (HTCE).
The research was conducted at three universities,
which are: Sunan Kalijaga State Islamic University,
Institute of Teachers’ Training and Education of
PGRI Madiun, and State University of Lampung.
For the sample, there were 52 students of the Phys-
ics Education Study Program of Sunan Kalijaga
State Islamic University, 25 students of the Insti-
tute of Teachers’ Training and Education of PGRI
Madiun, and 68 students of the State University of
Lampung. The data analysis was conducted by:

¢ Finding the average of the correct and incorrect
answers of each concept being tested.

e Determining the fraction of students who
answered correctly or those who answered incor-
rectly out of the total students.

e Determining the distribution of the consistency
of answers from the group of respondents to
each concept to determine the tendency of con-
sistency of the respondents.

e Determining the conception of the group of
respondents to each concept to determine the
tendency of not knowing the concepts and the
misconceptions.

3 RESULTS AND DISCUSSION

The results of the research showed that the level of
consistency of the students’ answers is as shown
in Table 1.

It shows the values of the consistency of the
students in answering the questions on the tem-
perature and heat concept. It can be seen that the
greatest value from the three universities is the
inconsistency of the students’ answers. The aver-
age of the inconsistency of the students’ answers
from the three universities is 81.74%. The aver-
age of the consistency with the correct answers is
only 1.13%. When facing the same question, but
in a different form of representation, the students
become confused.

On the question of the Black principle, eighteen
students correctly answered the multiple choice
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Table 1. Percentage of the level of consistency.

Percentage (%)

Institute of
Sunan Teachers’
Kalijaga State Training and
State University Education

Islamic  of of PGRI
Level of  University Lampung Madiun

consistency (N=52) (N=68) (N=25) Average

Consistent  1.92 1.47 0 1.13
with the
correct
answers

Consistent 26.92
with the
wrong
answers

Inconsis-

tent

16.17 8 17.03

71.15 82.24 92 81.74

Elemen pemanas diletakken dalam gelas A dan B yang berisi sejumlah air yang sama, sehingga
terjaci perpindahen kalor untuk menjaga gelas pada

2 ditunjukkan. Jawaban mana yang dupat

Temperatur
Ruangan

menggembarkan kelajuan kalor yang harus dipindahkan \ 3
35 256C

untuk menjaga temperatur yang ditunjukkan?

membutuhkan kalor dengan kelajuan
sekitar lima kali kelajuan B : ;

b. Gelas £ ak'n membutuhan kalor dengan kelajuan sekiter tiga keli kelajuan B fN L fg'o

¢. Gelas B akan membutuhkan kalor sedikit lebih cepat dari A 1Y “

d. Kedua gelas akan membutubkan kalor dengan kelajuan yang sama 13 - 3A
Gelas B akan membutuhkan kalor sekitar tiga kali kelajuan A

a. Gelas

Aiman:,...ﬁ}x\&\!,‘f
I b

Figure 1. Example of a student’s answer on the subject
of the Black principle.

question but gave the wrong reason. Figure 1 shows
that the student only analogized it and took into
account mathematically the calorific needs of each
glass without using or relating to the concept of the
Black principle and the rate of energy. It should be
possible to use the equation to solve the problem.
Glass B needs three times more heat than glass A
because the heat is proportional to the rate of heat
(Q ~ H), so glass B needs three times as much heat.
The most common error seen from the answers of
the students was that they only explained the differ-
ence in temperature and the thermal temperature
alone, but they did not explain the rate of heat that
occurs in glass A or glass B.

Based on the interviews, the students stated
that the rate of heat concept was abstract and they
could not find it in everyday life, so they answered
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incorrectly the questions related to the rate of heat.
If the students really understood the concept, they
should consistently answer the questions about
representations of images and graphics correctly.
A student’s answer when working on the question
about the representation of the graphic is shown
in Figure 2.

In answering the question on the representation
of the graphic in Figure 2(a), the student answered
correctly because he was able to link the question
with the concepts of physics. In solving the ques-
tion, the student should determine the relationship
between the changes in temperature (AT) and time
(t). The students should also link the case with the
concept of thermal equilibrium. In the case of glass
A, it has a temperature of 35°C, and when filled
with 100 grams of water it has a space temperature
of 25°C. If it stays still at a certain time it will reach
the thermal equilibrium. When reaching the ther-
mal equilibrium, the graphic corresponding to the
case is graph E. But for this case, actually glass A
and glass B will experience the same thing; each
will already reach the thermal equilibrium so the
right choice is graph C, where the temperature will
be inversely proportional to the time. The students
who answered as in Figure 2(b) have not under-
stood the concept because, based on the interviews,
the students stated that the final temperature of
glass A will be the same because they thought there

WJMU ‘ e Grect Bt
0 .uhpt 1Y Al LA i \ fot L,.
A e AR AN 1 11 98 1
i \-[

e WL eV oY

T T R AR R e

lllllllllllllllllllllllllllllllllllll 1 I-HHU]HH‘"‘IH‘“Y' iR
i Maveflie

Al i :{-Cr,f\rj N‘!:i'.ﬂ AT

Lk 1
‘\"".\ a .k.‘

Figure 2(a). Result of writing the description of under-
standing the Black principle.

B
" Waku g Wakiu
X7 |
R Rl P K,
R oy
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Figure 2(b). Wrong representation of the relationship
of temperature and time.
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was no change in the room temperature that affects
the water temperature in glass A. The result of the
answers of the interview on Figure B is as follows
“the student stated that the temperature reached by
an object depends on the time”.

The results of the interviews show that the stu-
dents sometimes used their intuition to answer
the questions. This happens because the concepts
presented in physics and in the questions are very
close to daily happenings. Unfortunately, the anal-
ysis conducted by the students was less detailed in
viewing the other factors that influence the case.
The students only view one side, based on the vis-
ible variables, without thinking of the connection
between the variables and the actual concepts.
This is in accordance with the opinion delivered
by Alwan (2010) in his research, who states that
the students’ concept develops based on their daily
experiences, but sometimes their intuitive under-
standing is different from the scientific concepts.
It is in line with Leura et al. (2005), who stated
that the concepts embedded in the students’ minds
comes from the interpretation of ideas derived
from their daily experiences (Leura et al., 2005).

4 CONCLUSIONS

Based on the research results and the data analy-
sis, it shows that the level of consistency of the
students’ answers consists of the following: 1.13%
are consistent with the correct answers, 17.03% are
consistent with the wrong answers, and 81.80% are
inconsistent. Based on the results of the interviews,
the lack of understanding of the concept of the
Black principle by the students was caused by the
mixture between the correct understanding and
the intuition encountered in their daily life. It is
important to have an analysis to determine how
the students’ conceptions are different from the sci-
entific explanation. The recommendations of this
research are that, when getting to know the under-
standing or even the misconceptions of the uni-
versity students or other students, we should keep
doing the interviews to explore the reasons for the
students’ answers. It is very profitable to be able to
investigate the problems that are caused by their
incomprehension and to know what treatment is
suitable to handle these problems, both in terms of
learning and for the questions provided.

ACKNOWLEDGMENT

We thank UNS. This research was supported by
Mandatory Grand UNS with contract number
632/UN27.21/LT/2016.

252

REFERENCES

Ainsworth, S. E. (2006). A conceptual framework for
considering learning with multiple representations.
A Framework for Learning with Multiple Representa-
tions. Retrieved from http://www.nottingham.ac.uk

Alwan. A. A. (2011). Misconception of heat and tem-
perature among physics student. Procedia Social and
Behavioral Sciences, 12, 600-614.

Arnold, M. & Millar, R. (1994). Children’s and lay adult
views about thermal equilibrium ‘work’ and ‘heat’: on
a road toward thermodynamics. International Journal
of Science Education, 16, 131-144.

Bao, L., Hogg, K. & Zollman, D. (2002). Model analysis
of fine structures of student models: An example with
Newton’s third law. American Journal Physics, 70(7),
77-82.

Lee, O. (2007). Urban elementary school teachers’ knowl-
edge and practices in teaching science to English lan-
guage learners. Journal Science Teacher Education, 25,
733-756.

Leura, G. R., Otto, C. A. & Zitzewitz, P. W. (2005). A
conceptual change approach to teaching energy &
thermodynamic to pre-service elementary teacher.
Journal Physics Teacher Education Online, 2(4), 3-8.

Meltzer, D. E. (2004). Investigation of students’ reason-
ing regarding heat, work, and the first law of thermo-

dynamics in an_introductory calculus-based general
physics course. I

1432-1446.

Nieminen, P., Savinainen, A., & Viiri, J. (2010). Force
Concept Inventory-based multiple-choice test for
investigating students’ representational consistency.
Physical Review Special Topics-Physics Education
Research, 6(2), 020109.

Vigeant, M. A., Prince, M. J., & Nottis, K. (2011). The
use of inquiry-based activities to repair studen mis-
conceptions related to heat, energy, and temperature.
Proceedings from American Association for Engineer-
ing Education, Vancouver, BC.

Winarti, W., Cari, Widha S. & Edi 1. (2015). Analyz-
ing Skill dan Reasoning Skill Siswa Madrasah Aliyah
di Kota Yogyakarta. Prosiding Seminar Nasional
Pendidikan Sains UNS. 19 November 2015. ISSN:
2407-4659.

Winarti, W., Cari, Suparmi, Widha, S. & Edi, 1. (2016).
Development two tier test to assess conceptual under-
standing heat and temperature. Proceedings of the
International Conference on Science and Applied Sci-
ence. UNS.

Wiser, M. & Carey, S. (1988). The differentiation of heat
and temperature: History of science and novice expert
shift. In S. Strauss (Ed.), Ontogeny, phylogeny and his-
torical development. Norwood, NJ: Ablex Publishing
Corpora.

Wospakrik, H. J., & Hendrajaya, L. (1993). Dasar-dasar
Matematika untuk Fisika. Jakarta: Ditjen Dikti Dep-
dikbud RI Proyek Pembinaan Tenaga Kependidikan
Pendidikan Tinggi.


http://www.nottingham.ac.uk
http://www.crcnetbase.com/action/showLinks?doi=10.1201%2F9781315166575-59&crossref=10.1119%2F1.1789161&citationId=p_22

	Sofyan-FITK.pdf (p.1-16)
	Half Title
	Title Page
	Copyright Page
	Table of Contents

	Identification of consistency and conceptual understanding of the Black principle
	1 INTRODUCTION
	2 RESEARCH METHODS
	3 RESULTS AND DISCUSSION
	4 CONCLUSIONS
	ACKNOWLEDGMENT
	REFERENCES


	Cit p_22:1: 


