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Abstract 

This study aimed to identify the level of misconceptions held by tenth-grade students on the topic of the 

Fundamental Laws of Chemistry using a summative two-tier multiple-choice instrument, as well as to 

determine which conceptual areas were most frequently misunderstood. A descriptive quantitative research 

design was employed, involving Grade X students from a public senior high school in Malang as the 

research subjects. The instrument consisted of 15 two-tier multiple-choice items with reasoning. Instrument 

validity was examined using corrected item–total correlation analysis, showing that 14 out of 15 items had 

correlation coefficients greater than 0.30, while reliability analysis using Cronbach’s alpha yielded a 

coefficient of 0.840, indicating high internal consistency. Students’ responses were analysed by 

categorising them into three levels: understanding (U), misconception (M), and lack of conceptual 

understanding (LU). The results revealed that students experienced misconceptions across several concepts 

related to the Fundamental Laws of Chemistry, with the highest percentage occurring in Avogadro’s Law. 

This study contributes to secondary high school chemistry learning by providing a valid and reliable 

diagnostic instrument for identifying students’ misconceptions in fundamental chemistry concepts. Overall, 

the average percentages of students who demonstrated understanding, misconceptions, and lack of 

understanding were 71%, 24%, and 5%, respectively. 
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INTRODUCTION  

Education can be defined as a form of 

communication between educators (teachers) and 

students with the aim of enhancing human 

potential. According to [1], education can be 

defined as a conscious effort to develop 

personality, intelligence, noble character, mental 

strength, skills, and self-confidence that are 

beneficial to individuals, society, the nation, and 

the state. Education provides insight and plays a 

crucial role in influencing, supporting, and 

protecting students throughout their development 

process, enabling them to complete life tasks 

independently without relying on others [2]. 

Education is the main foundation in the 

development process of a nation. Without a quality 

education system, achieving sustainable 

educational progress will be challenging. In the 

current era of globalization, several factors have 

influenced the world of education to become 

increasingly diverse and complex. Attention needs 

to be paid to many aspects so that the 

implementation of education can produce quality 

that meets the demands of the times. It is inevitable 

that the methods used to improve the quality of 

education still face several obstacles that hinder the 

achievement of educational success [3]. 

Chemistry learning often faces various 

challenges because the material is considered 

abstract and complex, often resulting in conceptual 

difficulties for students. A number of studies reveal 

that misconceptions about basic chemistry 

concepts, such as the basic laws of chemistry and 

stoichiometry, contribute significantly to low 

academic achievement among students [4].This 

finding is consistent with the results of a study 

conducted at SMAN 3 Bengkulu City, which 

included interviews with Tenth Grade Chemistry 

teachers and an analysis of students’ understanding 

of stoichiometry concepts [5]. The study reported 
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that students’ scores on stoichiometry material 

tended to be low and identified the presence of 

misconceptions in several basic chemistry 

subtopics, with the lowest misconception 

percentage occurring in the concept of atomic mass 

and the highest occurring in mole interconversion 

and chemical calculation topics. These findings 

indicate that students’ conceptual understanding 

remains an important issue that needs to be 

prioritised in the chemistry learning process. 

Therefore, a more effective learning approach is 

needed to minimise misconceptions and improve 

the overall quality of learning [6]. 

Misconceptions themselves are one of the 

factors that can affect the level of mastery of 

chemistry concepts. Misconceptions generally 

occur because of differences between the prior 

knowledge possessed by students and the actual 

scientific concepts. Therefore, in order to address 

these misconceptions, learning strategies are 

needed that can improve students’ understanding 

of more scientific and accurate concepts [7]. 

Various factors can cause misconceptions, 

including students’ prior experiences, the use of 

incorrect analogies, inappropriate learning 

methods, and the presentation of non-contextual 

material [8]. Therefore, it is important for teachers 

and researchers to analyse the types and levels of 

students’ misconceptions in order to determine 

more effective learning strategies. One method 

widely used to detect misconceptions is the two-

tier diagnostic test. 

Diagnostic assessments play an important 

role in identifying students’ potential, weaknesses, 

and levels of understanding of prerequisite material 

before learning new content [9]. In addition, such 

assessments help teachers to analyse in depth the 

learning difficulties experienced by students [10] 

and to design more systematic and effective 

learning interventions tailored to students’ needs 

[11]. Two-Tier Multiple Choice (TTMC) is a form 

of multiple-choice question that differs from 

conventional formats by incorporating two levels 

of questioning. This type of question consists of 

two tiers, in which the first tier measures students’ 

factual knowledge, while the second tier assesses 

the reasoning underlying their answers [12]. 

Research has shown that Two-Tier Multiple 

Choice diagnostic assessments are developed to 

analyse students’ misconceptions in the learning 

process [13]. The TTMC instrument reduces the 

likelihood of guessing, integrates 

phenomenological and conceptual domains within 

a single item, and enables more accurate 

identification of students’ misconceptions than 

conventional multiple-choice tests, while 

remaining practical and time-efficient for 

classroom implementation [14][15]. 

This study focuses on analyzing 

misconceptions among tenth-grade students 

regarding basic chemistry concepts using a Two-

Tier Multiple Choice instrument administered after 

learning activities. The test serves as a diagnostic 

summative test to describe students’ conceptual 

understanding without comparing results before 

and after learning. The research was conducted in 

one class at a public high school in Malang City, 

with the aim of identifying the types and levels of 

students’ misconceptions about basic chemistry 

laws as a basis for improving chemistry learning 

strategies at the secondary level. This research was 

based on existing problems among students, where 

motivation and interest in learning are still 

relatively low for basic chemistry material, which 

is still considered abstract and difficult to 

understand. This problem causes students to tend 

to only memorize formulas without understanding 

the underlying concepts. On the other hand, limited 

conceptual understanding and basic mathematical 

knowledge cause students to only answer questions 

procedurally without understanding the concepts in 

depth. Therefore, misconception analysis using the 

Two-Tier Multiple Choice instrument is needed to 

obtain a more in-depth picture of students’ 

conceptual difficulties.  

METHOD  

This study employed a quantitative 

descriptive research design involving one class as 

the research subject. The quantitative approach was 

naturalistic, as the study was conducted under real 

classroom conditions without manipulation of 

variables or control of the learning environment 

[16]. This approach enabled a comprehensive 

examination of the learning phenomena and 
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provided insights into students’ thinking patterns 

and conceptual understanding.. 

The population comprised tenth-grade 

students enrolled in the odd semester at a public 

senior high school in Malang City during the 

2025/2026 academic year. The research sample 

was Class X-C, selected using a purposive 

sampling method, as the class met the criteria 

required for this study. As a result, not all members 

of the population had an equal opportunity to be 

selected.. 

Data were collected using a Two-Tier 

Multiple-Choice test administered after the 

completion of the learning activities. The 

instrument functioned as a summative assessment 

designed to identify students’ levels of conceptual 

understanding of basic chemistry concepts rather 

than to measure learning gains. Students’ 

conceptual understanding was classified based on 

the combination of responses in Tier 1 and Tier 2 

of the two-tier test, as summarized in Table 1.  

Table 1. Criteria for Classifying Students’ 

Conceptions Based on the Two-Tier 

Multiple-Choice Test 

Tier 1 

Response 
Tier 2 

Response 
Category 

Correct Correct Understanding 

Correct Incorrect Misunderstanding 

Incorrect Correct Misunderstanding 

Incorrect Incorrect Lack of 

misunderstanding 

 

RESULTS AND DISCUSSION 

Validity Test 

The measure of an instrument’s validity is 

called validity, which is the extent to which an 

instrument is able to measure the construct that 

should be measured accurately and in accordance 

with the measurement objectives [17]. Instruments 

with high validity are said to be valid, reliable, and 

suitable for use in the process of measuring 

learning outcomes. In this study, the validity of 15 

two-tier multiple-choice items was tested using the 

corrected item–total correlation technique with 

IBM SPSS Statistics version 26. With 36 student 

respondents, the table r value at a significance level 

of 0.05 was 0.339. The questions can be declared 

valid if the calculated r value is ≥ the table r value 

[18]. Based on the analysis results, it was found 

that 14 of the 15 questions were valid because they 

had a correlation value of more than 0.339, namely 

questions q1 to q7, q9 to q15. Meanwhile, 1 

question (q8) had a correlation value of 0.163, 

which was below the minimum criteria and was 

declared invalid. Thus, only 14 questions met the 

validity requirements and were used as instruments 

to collect data on student learning outcomes in the 

subject of Basic Chemistry. The following is a 

summary of the validity test results for the fifteen 

questions in Table 2. 

Table 2. Item Validity of the Two-Tier Multiple-

Choice Test 

 

Scale 

Mean if 

item 

Deleted 

Scale 

Varia

nce if 

items 

Delete

d 

Correct

ed 

items- 

Total 

Correlat

ion 

Cronb

ach’s 

Alpha 

if item 

Deleted 

q1 

q2 

q3 

q4 

q5 

q6 

q7 

q8 

q9 

q10 

q11 

q12 

q13 

q14 

q15 

8,74 

8,65 

8,47 

8,41 

8,71 

8,71 

8,71 

8,76 

8,68 

8,68 

8,82 

8,79 

8,71 

8,91 

8,79 

13,594 

13,932 

14,560 

14,431 

13,487 

13,184 

13,911 

14,852 

13,983 

13,377 

13,907 

13,320 

14,032 

14,083 

13,381 

,515 

,447 

,383 

,561 

,555 

,646 

,431 

,163 

,420 

,600 

,416 

,585 

,396 

,376 

,567 

,827 

,831 

,835 

,829 

,824 

,819 

,832 

,848 

,833 

,822 

,833 

,822 

,834 

,836 

,823 

 

Reliability Test 

Reliability testing is necessary to ensure the 

consistency of measurement results, namely the 

extent to which measurements of the same object 

can produce relatively constant or unchanged data 

[16]. Test reliability in this study was analyzed 

using SPSS 26.0 for Windows software with the 

Cronbach’s Alpha method and measured on a scale 

of 0 to 1. There were 14 questions. The questions 

that were declared valid were tested for reliability 

and obtained a reliability value of 0.840. This 

indicates that the basic chemistry evaluation test 

questions have a very high level of reliability. The 

following are the results of the test reliability test 

in Table 3. 
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Table 3. Cronbach’s Alpha Reliability of the Two-

Tier Multiple-Choice Test 

Cronbach’s 

Alpha 
N of Items 

0,840 15 

 

Data Collection 

Percentage value in the question 

Data from the assessment of student 

responses to each item from 36 tenth-grade 

students were obtained from the item measurement 

table in the Rasch model, as presented in the 

Appendix. Based on the results of this study, it can 

be said that there is variation in the percentage of 

student responses for the 15 questions presented in 

Table 4. 

Table 4. Student Response Data 

Question 

Number 
Score 

Data 

Calculation % 

1 3 

1 

0 

34 

2 

0 

94 

6 

0 

2 3 

1 

0 

33 

3 

0 

92 

8 

0 

3 3 

1 

0 

32 

3 

1 

89 

8 

3 

4 3 

1 

0 

34 

1 

1 

96 

2 

2 

5 3 

1 

0 

31 

5 

0 

86 

14 

0 

6 3 

1 

0 

24 

13 

0 

64 

36 

0 

7 3 

1 

0 

26 

10 

0 

72 

28 

0 

9 3 

1 

0 

24 

10 

2 

67 

28 

5 

10 3 

1 

0 

23 

6 

7 

64 

17 

19 

11 3 

1 

0 

26 

10 

0 

72 

28 

0 

12 3 

1 

0 

24 

10 

2 

67 

28 

5 

13 3 

1 

21 

14 

58 

39 

Question 

Number 
Score 

Data 

Calculation % 

0 1 3 

14 3 

1 

0 

26 

8 

2 

72 

22 

6 

15 3 

1 

0 

8 

23 

5 

22 

64 

14 

 

Based on Table 2, there is variation in the 

overall percentage of student responses. This 

shows that: 

1. First, in all questions (1–15), there were 

students who scored 1, which indicates a 

misconception. This condition shows that 

some students were able to answer 

correctly but were unable to choose the 

conceptually appropriate reason, 

indicating that their understanding was not 

complete. 

2. Second, a score of 0 also appeared on a 

number of questions, namely questions 3, 

4, 9, 10, 12, 13, 14, and 15. This score 

indicates the category of not understanding 

the concept, where students answered 

incorrectly in both the answer and the 

reasoning. The appearance of a score of 0 

on these items indicates that there are still 

significant conceptual obstacles related to 

the material being tested. 

3. Third, there were no questions where all 

students scored 3 without any variation in 

scores. In other words, there were no 

questions that showed a uniform 

percentage in the concept understanding 

category. This indicates that for each 

question, there were still differences in the 

level of understanding among students, so 

that there were no concepts that were 

understood uniformly by all students. 

Level of student misconceptions 

The results of the study on students’ 

misconceptions are shown in Table 5. 
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Table 5. Results of the Study on Students’ 

Misconceptions 

Main 

Topic 
Subto

pic 

Questi

on 

Numb

er 

Percentage of 

Misconception 

Categories 

U M LU 

Funda

mental 

Chemi

cal 

Laws 

Law of 

Conser

vation 

of 

Massa  

A1 

A2 

A3 

94 

92 

89 

6 

8 

8 

0 

0 

3 

 

 

 

 Law of 

Consta

nt 

Proport

ion 

 

A4 

A5 

A6 

96 

86 

64 

 

2 

14 

36 

2 

0 

0 

 Law of 

Multipl

e 

Proport

ions 

 

A7 

A9 

72 

67 

 

28 

28 

0 

5 

 Law of 

Compa

rative 

Volum

e 

  

A10 

A11 

A12 

64 

72 

67 

 

 

17 

28 

28 

19 

0 

5 

 Avoga

dro’s 

Hypoth

esis 

A13 

A14 

A15 

58 

72 

22 

39 

22 

64 

3 

6 

14 

 

The results of the analysis of fourteen 

questions assessing students’ understanding of 

basic chemistry law concepts showed varied 

outcomes. Items A1, A2, and A3, which assessed 

the law of conservation of mass, demonstrated high 

levels of understanding, with percentages of 90% 

for A1, 92% for A2, and 89% for A3. These results 

indicate that the law of conservation of mass is 

relatively easy to understand, as its statement is 

clear and its numerical application involves only 

basic arithmetic operations. This finding indicates 

that misconceptions related to the law of 

conservation of mass were the lowest compared to 

other basic chemistry law concepts assessed in this 

study. This result is consistent with the findings of 

[18], who reported that most students experienced 

minimal difficulty in understanding the law of 

conservation of mass due to its simple conceptual 

structure and the use of basic arithmetic operations. 

However, a small proportion of students still 

exhibited misconceptions, accounting for 10% in 

A1, 6% in A2, and 8% in A3. One misconception 

identified in item A1 was the assumption that mass 

changes due to the formation of a precipitate, 

leading students to believe that the mass after the 

reaction is either greater or lower than before the 

reaction. In contrast, according to the law of 

conservation of mass (Lavoisier), the total mass of 

reactants and products in a closed system remains 

constant, as no substance is lost or created. 

Additionally, 4% of students in A2 and 3% in A3 

were categorized as having no understanding. 

In the Law of Constant Proportions (A4–

A6), question A4 showed a high level of 

understanding at 96%, but in questions A5 and A6, 

the level of understanding dropped dramatically to 

86% and 64%, with an increase in misconceptions 

to 14% in A5 and even 36% in A6, as well as 2% 

misunderstanding in A4 and A6. The 

misconceptions that arise in this category are 

generally related to errors in understanding that the 

mass ratio of elements in a compound is constant, 

so students often make mistakes when the sample 

mass is enlarged or reduced. Similar findings were 

reported by [19], who found that students 

commonly experience misconceptions related to 

the law of constant proportions, particularly in 

maintaining fixed mass ratios when the quantities 

of substances are increased or decreased, as 

identified through a four-tier diagnostic test.. In 

A6, with the highest misconception rate of 36%, 

students do not understand the concept of limiting 

reactants and tend to assume that all reactants will 

be completely consumed in the reaction, consistent 

with previous findings reported in the literature that 

students do not understand the concept of limiting 

reactants and tend to assume that all reactants are 

completely consumed during a reaction [20]. Some 

students still misinterpret that the mass of the 

product is obtained from the sum of the masses of 

all reactants, without considering the fixed mass 

ratio of each element in a compound, consistent 

with the findings reported in a systematic review 

by [21], which identified this misconception as a 

common difficulty among students in 

understanding fundamental chemical laws, 
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particularly stoichiometry and the law of constant 

proportions.. In fact, based on the stoichiometry of 

the reaction, O₂ is a limiting reactant, so only part 

of the Mg reacts, and the mass of MgO formed 

depends on the number of O₂ molecules available. 

This error indicates that students have not mastered 

the relationship between mass and fixed ratios and 

are unable to use balanced reaction equations to 

correctly determine the mass of products and 

remaining reactants. This indicates the need to 

strengthen students’ understanding of basic 

stoichiometry concepts and their application in 

quantitative calculations. 

In the Law of Multiple Proportions (A7–

A9), the pattern of errors becomes more complex 

because this concept requires the ability to compare 

two different compounds composed of the same 

elements. A number of recent studies show that 

there is a misconception in basic chemistry, where 

in the Law of Multiple Proportions or Dalton’s 

Law, there is a misconception among students who 

tend to only memorize a formula without 

understanding the conceptual requirements for its 

application [22]. Although student understanding 

is still dominant at 72% (A7) and 67% (A9), the 

percentage of misconceptions is quite high, namely 

28% in A7 and 28% in A9, and misunderstanding 

reaches 5% in A9. The misconceptions in both 

questions are related to students’ lack of 

understanding of the basis of the Law of Multiple 

Proportions, namely that this law only applies 

when two similar elements can form more than one 

compound and the mass of one element must be 

kept constant before comparing the mass of the 

other element so that a simple integer ratio is 

obtained [23]. In question A7, students often make 

the mistake of choosing a pair of compounds 

simply because their formulas appear similar or 

both contain two elements, without considering 

that the pair must be composed of the same element 

that forms two different compounds. In question 

A9, students tend to directly compare the total mass 

or the mass of X and Y without first equating the 

mass of element X, so that the comparison obtained 

does not show simple integers, which is a 

characteristic of Dalton’s Law. The results of this 

study are in line with the results of a literature 

review which states that misconceptions in basic 

chemistry laws occur due to a low level of 

conceptual understanding and procedural errors in 

solving mass comparison questions [24]. 

Furthermore, in the Law of Volume 

Comparison (A10–A12), students’ understanding 

tended to decline by 64% (A10), 72% (A11), and 

67% (A12), accompanied by misconceptions 

reaching 17% (A10), 28% (A11), and 28% (A12) 

and a lack of understanding of 19% in A10 and 5% 

in A12. Based on recent studies, it is still common 

to find misconceptions that the volume of gas is 

directly proportional to the mass of gas or that 

gases with a larger molecular mass have a smaller 

volume [25]. Meanwhile, Gay-Lussac’s Law of 

Volume Proportions states that the ratio of the 

volumes of reacting gases and reaction products is 

determined by the reaction coefficients under the 

same pressure and temperature conditions, not by 

the mass of the gas. Given these misconceptions, it 

can be said that students are not yet able to 

conceptually distinguish between the concepts of 

mass, volume, and reaction coefficient, as also 

found in a study or research reporting that the law 

of gas volume ratio is among the most difficult 

subjects for high school students to understand 

[22]. 

In Avogadro’s Hypothesis/Law (A13–A15), 

where student understanding was only 58% in A13, 

72% in A14, and very low at 22% in A15, while 

misconceptions increased dramatically to 39% 

(A13), 22% (A14), and 64% (A15), and lack of 

understanding to 3% (A13), 6% (A14), and 14% 

(A15). Recent research shows that the biggest 

mistake in this category stems from the 

misconception that gases with different masses 

have unequal numbers of particles or volumes 

under the same conditions, as well as a failure to 

understand the relationship between volume and 

number of particles [25]. These findings confirm 

that students are not yet able to link macroscopic 

representations (visible phenomena), 

submicroscopic representations (particles), and 

symbolic representations (reaction equations), thus 

requiring multirepresentational learning strategies, 

an emphasis on visualizing particle processes, and 

continuous diagnostic evaluation to help students 

reconstruct concepts correctly and reduce deep-

rooted misconceptions [26][27]. Based on the 
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overall concept of basic laws, the highest level of 

misconception occurred in the concept of 

Avogadro’s law in question A15 with a 

misconception rate of 64%.  This misconception 

factor was caused by several factors that could 

originate from students, teachers, or the learning 

resources used. Overall, the factors causing these 

misconceptions can be explained as follows: 

a. Preconceptions or Incorrect Initial 

Concepts 

One of the most dominant factors is 

the preconceptions that students bring with 

them before studying the material, as 

supported by [28], who emphasizes that 

students’ prior conceptions play a central 

role in shaping how new scientific ideas 

are interpreted and learned. For example, 

students often assume that the volume of a 

gas is unrelated to the number of moles, or 

that all reaction coefficients indicate the 

amount of substance in any condition. 

Incorrect initial understandings such as 

these make new concepts difficult to 

absorb and ultimately persist as 

misconceptions. 

b. Inappropriate Learning Methods and 

Strategies 

Differences in students’ learning 

styles influence their ability to understand 

abstract concepts in the fundamental laws 

of chemistry, particularly when concepts 

require the integration of symbolic, 

macroscopic, and submicroscopic 

representations; therefore, learning 

approaches that employ multiple 

representations are effective in supporting 

students’ conceptual understanding [29]. 

In this study, the learning process 

employed a discovery learning model, 

supported by learning methods in the form 

of experiments, practicums, and group 

discussions. However, this study found 

that the implementation was not yet 

optimal in helping students build their 

understanding of concepts independently. 

Materials such as the relationship between 

gas volume (Gay-Lussac’s Law) or molar 

ratios often require simultaneous skills in 

symbolic, mathematical, and microscopic 

representation. Students who only 

memorize formulas without understanding 

the relationships between concepts, even 

after participating in practical activities 

and group discussions, tend to experience 

confusion and misinterpret data in story 

problems. According to [30], 

memorization without conceptual 

understanding limits students’ ability to 

interpret information, make sense of 

quantitative relationships, and apply 

knowledge flexibly when solving 

contextual STEM problems. 

c. Limited Mathematical Skills 

Fundamental chemistry concepts are 

closely related to mathematical 

calculations, particularly proportions, 

comparisons, and the analysis of 

relationships between variables. 

Difficulties in stoichiometry problem-

solving are often associated with weak 

calculation skills, leading students to 

misinterpret molar ratios and reaction 

coefficients. According to [31], these 

difficulties arise from students’ inability to 

integrate mathematical procedures with 

chemical concepts when quantitatively 

interpreting balanced equations. 

Furthermore, the inability to convert 

between units or correctly interpret 

numerical representations further 

reinforces these misconceptions. 

d. Abstract and Symbolic Chemical 

Language 

Chemical symbols, reaction 

equations, coefficients, and ideal gas 

notation are often considered complicated 

by students [32]. The inability to interpret 

chemical symbols and equations leads 

students to misunderstand the relationships 

between substances, such as assuming that 

coefficients only indicate the number of 

particles, rather than the ratio of gas 

volumes at STP. The unique and abstract 

language of chemistry causes 

misconceptions, especially among 
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students who are not yet familiar with it 

[33][34]. 

e. Lack of Motivation and Interest in 

Learning 

Some students consider the material 

in Basic Chemistry to be calculation-based 

and difficult, which reduces their interest 

in learning. Low motivation causes 

students to pay less attention to 

explanations, practice fewer problems, and 

not try to understand concepts in depth 

[35]. This condition leads to undetected 

misconceptions that carry over to the next 

level of material [36]. 

 

Based on the results of an analysis of 

misconceptions among tenth-grade students at a 

public high school in Malang using a two-tier 

multiple-choice instrument, variations were found 

in the percentages of students who understood the 

concept (M), did not understand the concept (Mi), 

and had misconceptions. Overall, the average 

percentages for the categories of understanding the 

concept, misconception, and not understanding the 

concept reached 71%, 24%, and 5%, respectively. 

A more detailed description of the distribution of 

these categories is presented in Figure 1, Student 

Misconception Categories. 

 
Figure 1. Diagram Showing the Overall Percentage 

of Students’ Understanding of the 

Concept 

 

Based on the image, there are three 

categories of student understanding: understanding 

the concept, misunderstanding, and not 

understanding the concept. There are still students 

who do not understand the material, and some 

others have misunderstandings about the concept. 

However, the percentage of students who 

understand the concept is much higher than the 

percentage of students who have 

misunderstandings or do not understand the 

concept. The results of this study show that most 

students have understood the concepts that have 

been learned, although there are still a number of 

students who have misconceptions and a small 

number of students who do not yet understand the 

concepts properly. These results are in line with the 

results of research by [24] which concluded that 

even though there are students who fall into the 

category of understanding the concept, 

misconceptions are still found in basic chemistry 

material due to procedural rather than conceptual 

understanding. The study states that the abstract 

nature of the concept and its connection to 

mathematical reasoning are the main factors 

contributing to misconceptions among students.  

Based on the results of this study, the chemistry 

learning process needs to be directed towards 

strengthening conceptual understanding through 

the application of multirepresentation-based 

learning strategies, the integration of mathematical 

concepts with chemical concepts, and the 

continuous use of diagnostic evaluations such as 

the Two-Tier Multiple Choice instrument. This 

approach is expected to help teachers identify 

students’ misconceptions more accurately and 

prevent the continuation of misconceptions in 

subsequent chemistry lessons. 

 

CONCLUSION  

Based on the results of data analysis and 

discussion of students’ misconceptions measured 

using a two-tier multiple-choice instrument, it can 

be concluded that 64% of Tenth-Grade  students at 

a public senior high school in Malang exhibited 

misconceptions on the topic of Basic Chemistry 

Laws. The highest level of misconception was 

identified in item A15, which addressed the 

concept of Avogadro’s Law. 
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