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ABSTRACT
Keywords: Misconceptions can prevent students from mastering the material more
deeply. This is because misconceptions can hinder the process of receiving
Misconception; and integrating knowledge. Therefore, the teacher must identify the
Thermochemistry; misconceptions that occur in students. This study was conducted to identify
Three-Tier Multiple misconceptions about thermochemistry using a three-tier diagnostic test for
Choice students at senior high school with a total of 33 students. The research

design used is descriptive research. The research subjects were determined
by purposive sampling technique. Data collection used was three-tier
multiple choice diagnostic test and interview. Data was analyzed using
descriptive statistics with percentages and criteria for misconceptions. The
results showed that 16.72% of students understood the content, 36.36% had
misconceptions, guessed 18.54% and 28.27% did not understand the
concept. Through this finding, in the hope is that teachers could analyze
the causes of students' misconceptions, and find appropriate learning
methods and media to reduce misconceptions occurred.
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A. INTRODUCTION

Chemistry is one of the science branches that is difficult for students to understand
compared to other branches of science (Chang, R. and Overby, 2011). Difficulties in
understanding chemistry are caused by the characteristics of concepts in chemistry which are
abstract and difficult (Stojanovska et al, 2017). The abstractness and difficulty of concepts
require students to have good conceptual understanding. It is due to if chemical concepts are not
well understood, students will have learning difficulties. In the classroom, students sometimes
do not include new concepts being taught, but depending on the context that already exists in
students’ minds (Rodriguez & Towns, 2021). Thus, the new concept finally stands alone and has
no meaning, and is not related to other concepts (Kaltakci-gurel et al., 2017; Sreenivasulu et al.,
2013). As a result, it leads to misconceptions due to the inability of students in connecting the
knowledge.

Misconceptions can prevent students from mastering the learning material more deeply.
This is because misconceptions can hinder the process of receiving and integrating knowledge.
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Kirbulut (2014) stated that misconception is students' understanding of a concept, but it is
different from scientific concepts. Misconceptions can also be interpreted as an unequal
understanding of concepts between students and experts (Loh et al, 2014). For example,
Sihaloho et al. (2021) found that 48.05% of the students of senior high school had
misconceptions about the buffer solution, while another study conducted by Permatasari et al.
(2022) at senior high school Kediri showed the percentage of students' misconceptions ranging
from 43,91-62,06 %. Another chemical concept that is considered difficult and has potential
misconceptions is thermochemistry (Karpudewan et al., 2015). Thus, this study shows that the
chemical material is prone to misconceptions, so it is necessary to identify misconceptions so
that the misconceptions experienced by students can be immediately identified and immediately
corrected.

Relevant research has been conducted by Ade Monita & Suharto (2016) showing that the
three tier multiple choice instrument can identify misconceptions about chemical equilibrium in
Banjarmasin High School with moderate misconception results. Another study was conducted by
Astuti et al (2016) to identify stoichiometry misconceptions in senior high school with the
results that misconceptions occur in all concepts, namely the concept of reaction equations,
Ar/Mr, and the concept of moles. As many as 40.46% of students had misconceptions about the
concept of the reaction equation, 38.36% of students had misconceptions about the concept of
Ar/Mr, and as many as 53.77% of students had misconceptions about the concept of moles.

The misconception is important to be identified and corrected immediately so as not to
interfere with the next learning process. Misconception can be identified in several ways
including making concept maps, interviews, open-ended tests, and multiple-choice tests.
Multiple choice test is a misconception identification method that is often chosen because it is
easier to manage, process, and analyze compared to other methods (Tan et al., 2019). Nowadays,
multiple-choice tests have developed into multi-tier multiple-choice tests. This multi-tier
multiple choice test has several types, including two-tier tests, three-tier tests, and four-tier tests
(Yan, 2017).

This three-tier diagnostic test is a diagnostic test composed of three levels of questions. The
first level (one-tier) is in the form of ordinary multiple choice, the second level (two-tier) is a
choice of reasons, and the third level (three-tier) is an affirmation question about the beliefs of
the answers that have been selected at levels one and two (Habiddin & Page, 2019; Halmo et al,,
n.d.). Meanwhile, the definition of a diagnostic test is a test that aims to identify students’
learning difficulties in terms of understanding key concepts on a particular topic (Kanli, 2015;
Suwarto, 2013). The benefit of the results of this diagnostic test is to be a reference for teachers
to determine effective learning patterns in the future (Milenkovi¢ et al., 2016).

The result of the preliminary study found that chemistry teachers had not fully
implemented learning in accordance with the student-centered as demands of the curriculum.
The teachers are still more active than the students, where students only listen to the
explanation from the teacher and take notes on the material given. It indicates that students are
passive in learning. It is confirmed by the results of the interview, which found that the average
score of thermochemistry subject matter is also still low and there have never been identified
students’ misconceptions so far. Therefore, this study aims to identify students' misconceptions
of thermochemistry using a three-tier diagnostic test.
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B. METHODS

The research design used is descriptive research. Descriptive research aims to investigate
conditions or circumstances whose results are described in a straightforward manner and as
they are (Ismail et al., 2015). The subjects in this study were students at senior high school as
many as 33 students who had studied thermochemistry. The research flow can be seen in Figure
1.
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Figure 1. Research Flow (Pesman & Eryilmaz, 2010)

The instrument used in this research is a diagnostic test in the form of a Three-Tier Test
with 15 questions that have been developed. Furthermore, to obtain additional information
related to the factors causing misconceptions, an interview sheet was used to obtain additional
information from teachers and students. All questions are given blank choices to allow students
to provide their own answers (Sreenivasulu et al., 2013). The criteria for grouping students'
conceptions can be seen in Table 1.

Table 1. Criteria for grouping students' conceptions

Tier 1 Tier 2 Tier 3 (CRI) Decision
Correct Correct Sure Understand
Correct Correct Not Sure Guess
Correct Incorrect Sure Misconception
Correct Incorrect Not Sure Guess
Incorrect Incorrect Sure Misconception
Incorrect Incorrect Not Sure Don’t Understand
Incorrect Correct Sure Misconception

Incorrect Correct Not Sure Guess
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The answers given by students are then made in the form of percentages. Calculating the
number of samples that have conceptions in the form of percentages based on written test data
analysis using the following formula:

%TK == x 100% (1)
TTK

WTTK = T x 100% (2)

%MK = % x 100% (3)

%MB == x 100% (4)

With: TK is group of students who know the concept; TTK is group of students who do not
know the concept; MK is group of students who show misconceptions; MB is group of students
who guess the answer; N is number of students. Enter the category of level of misconception
that students get from the previous percentage calculation according to the category of level of
misconception in Table 2.

Table 2. Category Levels of Misconception

Percentage Category
0 % <Misconception < 30% Low
30% <Misconception < 70% Medium
70% <Misconception < 100% High

(Kurniawan & Suhandi, 2015)

C. RESULT AND DISCUSSION
1. Result

a. Problem Identification
The results of the interview with chemistry teacher of senior high school showed that
the student's learning achievement in thermochemistry had not yet reached the
minimum completeness criteria set by the school. The average daily test score of
students in thermochemistry is 70 while the minimum completeness criteria is 75. The
low learning outcomes of students can be caused by several factors, one of which is the
error factor in understanding the concept or what is called a misconception.

b. Instrument Making
Before developing the instrument, a syllabus analysis was carried out so that the
concepts were not out of concept being taught. After analyzing the syllabus, it was found
that there were 4 main concepts of thermochemical material studied, namely, system
and environment, exothermic and endothermic reactions, level diagrams and cycle
diagrams, and standard enthalpy changes (AH®) for various reactions. The concepts are
described in form of 15 questions and some of them are adapted from journals, and
theses. The adapted questions are changed or modified while still referring to the
existing questions.

c. Classification of Educator Conceptions
The data in the study were collected through a diagnostic test using three-level multiple-
choice questions consisting of 15 items representing each concept of thermochemistry.
Furthermore, based on the test results, students were classified into 4 categories, namely
students who knew the concept, misconceptions, guessing and students who did not
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know the concept (Brady, 2003). Classification of students' conceptions is done per item.
The number of each classification can be seen in Table 3.

Table 3. Conception Classification based on the number of Students

Question Amount per Classification (students)

Number Understand Misconception Guess Don’t Understand
1 6 13 8 6
2 11 6 11 5
3 8 13 10 2
4 2 14 10 7
5 12 15 1 5
6 2 12 10 9
7 6 19 1 7
8 2 9 3 19
9 3 2 8 20
10 2 18 3 10
11 4 13 3 13
12 4 9 1 19
13 3 19 3 8
14 3 9 11 10
15 5 10 6 12

d. Percentage of Classification of Students Per Item
After the students are grouped based on their conceptions, then the percentage of each
student's conception is calculated per item. The percentage of students' conceptions can
be seen in Table 4.

Table 4. Percentage of Students Conceptions per Item Test

Question Percentage per Classification (%)

Number Understand Misconception Guess Don’t Understand
1 18,1% 39,3% 24,4% 18,1%
2 33,3% 18,1% 33,3% 15,1%
3 24,2% 39,3% 33,3% 6,06%
4 6,06% 42,4% 33,3% 21,2%
5 36,3% 45,4% 3,33% 15,1%
6 6,06% 36,3% 33,3% 27,2%
7 18,1% 57,5% 3,33% 21,2%
8 6,06% 27,2% 9,09% 57,5%
9 9,09% 6,06% 24,2% 60,6%
10 6,06% 54,5% 9,09% 30,3%
11 12,1% 39,3% 909% 39,3%
12 12,1% 27,2% 3,03% 57,5%
13 9,09% 57,5% 9,09% 24,2%
14 9,09% 27,2% 39,3% 30,3%
15 15,1% 30,3% 18,1% 36,3%

e. Percentage of Classification of Students Per Concept
In addition to identifying misconceptions based on questions, the research results also
determine the percentage of students' conceptions per key thermochemical concepts.
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For more details, the following is the percentage of student conceptions per concept, as
shown in Table 5.

Table 5. Percentage of Students Conceptions of Each Concept
Percentage of Conceptions Per Concept (%)

No Material . . Don’t
Description Understand Misconception Guess Understand

1. System and 27,2% 42,4% 13,6% 16,6%
environment

2. Exothermic and 20,4% 37,8% 24,2% 17,4%
endothermic

3. Reaction level 10,2% 26,2% 24,2% 39,3%
diagrams and cycle
diagrams

4. standard enthalpy 9,09% 38,8% 12,1% 39,8%

change (AH®) for
various reactions

f. Category of Students' Misconception Level
After calculating the percentage of each conception, then proceed with determining the
category of the level of students' misconceptions. The category of students' level of
misconception can be seen in Table 6.

Table 6. Categories of Students' Misconception Levels
Misconception Level Category

No Description Material Low Medium High
1. System and environment V
2.  Exothermic and endothermic vV
3. Reaction level diagrams and cycle N
diagrams
4. Standard enthalpy change (AH®) N

for various reactions

2. Discussion
Problems obtained through interviews and preliminary research indicate that the low
learning achievement of students in thermochemical material is caused by students' errors in
understanding the concepts of thermochemical material or often called as misconceptions. The
occurrence of misconceptions in students is caused by several factors, both those that come
from within the students themselves as well as those that come from outside. The following
sections are explanations of misconceptions in thermochemistry:
a. Concept of System and Environment
The identification of misconceptions in the system and environment concept used 2
questions, namely question number 1 and 5. Based on the analysis of these questions, it
turned out that 42.4% of students experienced misconceptions about the concept of the
system and environment. The percentage of students' misconception indicates that the
level of misconception on the concept of systems and the environment is moderate. That
is because according to the theory proposed by Kurniawan & Suhandi (2015), if students



312 | UJECA (International Journal of Education and Curriculum Application)
Vol. 5, No. 3, December 2022, pp. 306-316

are in the range of 30% - 70%, it is categorized as moderate level. The details of the
misconception can be seen clearly in Table 7.

Table 7. Student’s misconceptions in Item Numbers 1 and 5

No. Misconceptions Correct concept

1 The system is something that is observed, such as the The system is
air around the hydrochloric acid and the magnesium something in the
metal. The system is an isolated part so that there is center of attention
no exchange of energy and matter, namely water such as hydrochloric
solvent. acid and magnesium
The system is the part that is on the outside that can metal (Brady, 2003).
affect the system, namely hydrochloric acid and
magnesium metal. The system is part of the
environment that allows the observed reaction to
occur, namely a solution of hydrochloric acid

2 The environment is something that is being observed, The environment is
namely the beaker. something that is
The environment is something that can affect the outside the system
system in a chemical reaction, namely PbCl; sediment. that is being
The environment is something that is outside the observed and can
system that is being observed and can affect the affect the system,
system in a chemical reaction, namely a solution of namely the beaker
HCI, Pb(NOs3)2 and PbCl; and air (Brady,

2003).

b. Concept of exothermic and endothermic reactions
To identify misconceptions about the concept of exothermic and endothermic reactions,
this study used 4 items, namely questions number 2, 3, 6, and 7. The results of this study
showed that the percentage of students' misconceptions about the concept of exothermic
and endothermic reactions was 37.8%. According to Kurniawan & Suhandi (2015), if
students who experience misconceptions in the range of 30% - 70% of students, it can be
categorized as a level of misconception on the item is a category of moderate level of
misconception. In this case, students experience misunderstandings in interpreting
different exothermic and endothermic reactions. The following is an analysis of students’
misconceptions in question number 7. Question number 7 aims to identify
misconceptions about exothermic and endothermic reactions, in which this question
contains equations and pictures of examples of exothermic and endothermic reactions in
everyday life. As for examples of misconceptions experienced by students, as shown in

Table 8.
Table 8. Student’s misconceptions in ltem Number 7
Question Students Misconceptions Correct Concept
Number
7 Rusted iron, Photosynthetic events, Burning fuel in motor vehicles

Burning wood, Fireworks burning (Chang, 2010).

c. Level diagram and cycle diagram
In identifying misconceptions on the concept of level diagrams and cycle diagrams, the
questions used are questions number 4, 9 and 15. These questions are questions that
identify misconceptions about thermochemical material using level diagrams or cycle



Irfandi, Identification and Analysis... 313

diagrams. From the answers given by students, it turns out that 26.2% of students have
misconceptions. Based on the level of misconception by Kurniawan & Suhandi (2015), if
students who experience misconceptions are in the range of 0% - 30% of students, it can
be categorized that the level of misconception on the item is included in the category of
low level of misconception. One of the students' misconceptions on this indicator can be
seen in question number 15 as shown in Table 9.

Table 9. Students' misconceptions in Item Number 15

Question Students' Misconceptions Correct Concept
Number
15 . Evaporation of water is a process of change Evaporation of

of state from the liquid phase to the gas
phase H,0(1) - H20(g) which undergoes an
exothermic reaction, where the heat
released is obtained from the enthalpy
value of the reactants

. Evaporation of water is a process of change

of state from the liquid phase to the gas
phase H,0(1) - H,0(g) which undergoes an
exothermic reaction, where the heat
released is obtained from the enthalpy
value of the product.

. Evaporation is the process of changing the

state of water from the liquid phase to the
gas phase H;0 (1) = H20 (g) which
undergoes an endothermic reaction, where
the heat absorbed is obtained by reducing
the enthalpy of the products by the
enthalpy of the reactants divided by 2
moles

. Evaporation of water is a process of

changing state from the liquid phase to the
gas phase H;0 (1) = H20 (g) which
undergoes an endothermic reaction, where
the heat absorbed is obtained from
reducing the enthalpy of the products with
the enthalpy of the reactants

water is a process of
changing state from
the liquid phase to
the gas phase H,0(1)
— H>0(g) which
undergoes an
endothermic
reaction, where the
heat absorbed is
obtained by
reducing the
enthalpy of the
products by the
enthalpy of the
reactants multiplied
by 2 moles (Chang,
2010).

d. Concept of Standard Enthalpy Change (AH°) For Various Reactions

In identifying misconceptions about the concept of standard enthalpy change (AH®) for
various reactions, there are 6 questions, namely questions number 8, 10, 11, 12, 13 and
14. In the concept of calculating Kc, the percentage of students' misconceptions about the
concept is 38.8%, This shows that the category of students' level of misconception on
this concept is a moderate level of misconception Kurniawan & Suhandi (2015). One of
the students' misconceptions about this indicator can be seen in Table 10 where the
questions identify misconceptions about how to calculate the standard enthalpy change
(AH®) for various reactions, as seen in Table 10.
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Table 10. Students' misconceptions in ltem Number 14

Question Students' Misconceptions Correct Concept
Number
14 a. Csz(g)+ 5/2 02 (g)_>2C02(g)+ Hzo m AH°f Csz(g)+ 5/2 02 (g)_>2C02
reactor =-XAH°f result - AH reaction @+ H20 @
b. C:H: @t 5/20; - 2C02+ H20 AH°f AH°freactor =-X AH°f
reactor =AH result + X AH°f result result + AH reaction
C. Csz (g + 5/2 02 (g) - 2 COz 6] + Hzo m AH°f =225 k]/mol
reactor = X AH°f result + AH reaction (Chang, 2010)

d. C2H2g+5/2 02 g-2CO0z+ H20 gyAHf
reactor =+XAH°f result - AH reaction

Based on the explanation above, it can be categorized that students experience
misconceptions on theoretical concepts with a moderate level. This happens because in the
learning process, students are more likely to practice doing arithmetic problems than
understanding the basic theories and concepts of thermochemical material. This is reinforced by
the results of interviews conducted on 33 students at senior high school that the cause of
students' misconceptions or errors in understanding thermochemical material is caused by
students’ mistakes in understanding and constructing thermochemical concepts. The student's
explanation was strengthened by obtaining information that the teacher had only used
textbooks and the lecture method in teaching the concept of thermochemistry. It is concerning
because the concept of thermochemistry should be understood and constructed by students
themselves through appropriate learning media that focuses on student-centre learning. When
students use a lot of references, they will be able to develop their own knowledge (Adadan &
Savasci, 2013; Bain et al., 2018).

D. CONCLUSION AND SUGGESTIONS

Misconceptions occur in every thermochemical concept that is tested on students in Senior
High School with a different percentage of misconceptions in each question. It found the average
percentage of students who understood thermochemical material was 16.72%, 36.36% of
students experiencing misconceptions,18.54% of students guessing, and 28.27% of students
didn’t understand the concept. Based on the results of students' responses and interviews, it can
be concluded that the factors that caused misconceptions in students are students' errors in
understanding and constructing thermochemical concepts. Teachers should teach using quality
teaching methods and materials so that students understand and have no misconceptions. For
further research, it is better to use the latest research instruments and a larger number of
questions.
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