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Abstract 
This study aims to identify the profile of students' misconceptions on chemical equilibrium and to determine the 

sources of these misconceptions. This study used a descriptive method with quantitative and qualitative approaches 

and was conducted at SMA Negeri 7 Pekanbaru. The research subjects involved 187 11th-grade students who had 

studied chemical equilibrium. Data collection was conducted using a five-level diagnostic test instrument 

consisting of 15 questions and structured interviews. Data were analyzed quantitatively by calculating the 

percentage of students in each misconception category and interpreting the results descriptively. Qualitative 

interview data were analyzed through data reduction, data display, and conclusion drawing to identify the sources 

of misconceptions. The results showed that the average percentage of students experiencing misconceptions was 

relatively low, at 20.93%. Analysis of the sources of misconceptions showed that the main cause of misconceptions 

came from students' personal thoughts, with a percentage of 24.15%. Other contributing sources included friends 

(20.66%), teachers (18.78%), the internet (18.35%), and books (18.06%). These findings indicate that students' 

misconceptions are more influenced by independent constructions of understanding that do not align with scientific 

concepts than other external factors. 
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INTRODUCTION 

Understanding chemical concepts is 

fundamental in chemistry learning because these 

concepts are interconnected and hierarchical. 

Misunderstanding a basic concept can lead to 

errors in subsequent concepts (Jere & Mpeta, 

2024), which ultimately give rise to 

misconceptions due to incorrect understanding. 

Misconceptions experienced by students can 

result in low learning outcomes and academic 

achievement. One topic of chemistry that is 

prone to misconceptions is chemical equilibrium 

(Mukhlisa, 2021). This material is complex and 

abstract in nature, requiring the active 

involvement of students in the learning process 

so that the concepts can be understood correctly 

(Indriani & Suryadharma, 2017). 

Misconceptions in chemical equilibrium 

material also have the potential to affect students' 

understanding of other related chemistry 

materials, such as stoichiometry and 

electrochemistry, given the interrelationship 

between concepts in chemistry.  

Previous studies (state of the art) have 

documented that common misconceptions in 

chemical equilibrium involve 

misunderstandings of reaction rates, equilibrium 

constants, and factors affecting equilibrium 

shifts such as changes in concentration, 

temperature, and pressure (Mayasri et al., 2023). 

Students often experience confusion in 

understanding the relationship between 

equilibrium constants and reaction rates, as well 

as in determining the effect of changes in 

conditions on the equilibrium position 

(Arikunto, 2010). In addition, students also often 

have difficulty distinguishing between reactions 

that have reached equilibrium and those that 

have not (Sugiarti & Sukarmin, 2019). These 

findings indicate that misconceptions in 
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chemical equilibrium remain a persistent issue 

that requires accurate diagnostic identification. 

Preliminary observations as a research 

background through interviews with a chemistry 

teacher at SMAN 7 Pekanbaru revealed that 

student achievement in chemical equilibrium is 

still relatively low. The average daily test scores 

for 11th grade students are in the range of 62–65, 

which is still below the minimum passing score 

of 75. Although some students are able to 

complete the questions up to the final stage, 

conceptual errors are still frequently found, such 

as the assumption that the reaction stops when 

equilibrium is reached, that catalysts can shift 

the position of equilibrium, and errors in 

interpreting the factors that affect the 

equilibrium constant. This condition suggests the 

presence of underlying misconceptions that may 

hinder students’ mastery of subsequent 

chemistry topics. 

Identifying students' misconceptions can be 

done through various methods, such as the 

Certainty of Response Index (CRI) and tiered 

diagnostic tests, ranging from two-tier to five-

tier multiple choice. However, CRI has 

limitations because it cannot reveal the reasons 

behind students' answers. The development of 

diagnostic instruments shows that five-tier 

multiple-choice tests have advantages in 

identifying misconceptions more deeply, 

because they not only measure answers and 

confidence levels, but also the reasons and 

sources of information used by students (Danar 

et al., 2024; Erwinsyah et al., 2020; Tika et al., 

2023). Thus, this instrument is considered more 

effective and comprehensive in revealing 

students' misconception profiles. 

Previous studies have shown the 

effectiveness of five-tier multiple choice 

diagnostic tests in identifying students' 

misconceptions on various chemistry topics. 

Danar et al. (2024) found that most students had 

partial understanding with misconceptions 

influenced by personal thinking, while Lestari 

(2012) reported that the sources of students' 

misconceptions came from various factors, such 

as their own thinking, friends, teachers, books, 

and the internet. 

Despite prior research, several gaps remain. 

Previous studies have largely focused on topics 

such as acids–bases, stoichiometry, or chemical 

bonding, with limited investigation of chemical 

equilibrium at the senior high school level. 

Furthermore, few studies have simultaneously 

examined misconception types, confidence 

levels, reasoning consistency, and sources of 

misconceptions using a five-tier diagnostic 

framework. 

Accordingly, this study offers novelty by 

applying a five-tier multiple-choice diagnostic 

test to systematically analyze students’ 

misconceptions on chemical equilibrium among 

class XI MIPA students at SMAN 7 Pekanbaru. 

The study integrates analysis of conceptual 

understanding, reasoning patterns, confidence 

levels, and sources of misconceptions within a 

single diagnostic framework. This 

comprehensive approach is expected to provide 

deeper insight into the complexity of students’ 

misconceptions and to generate empirical 

evidence for developing more targeted 

instructional and remedial strategies in 

chemistry education. 

 

METHODS 

This study uses a descriptive method with a 

quantitative and qualitative approach. The 

descriptive method was chosen because this 

study did not aim to test hypotheses but rather to 

systematically and accurately describe the 

profile of students' misconceptions on chemical 

equilibrium material (Arikunto, 2010). The 

quantitative approach was used to calculate the 

percentage of students' misconceptions, while 

the qualitative approach was used to reveal the 

sources of these misconceptions. 

The study was conducted at SMAN 7 

Pekanbaru on grade XI MIPA students in the 

2025/2026 academic year, with data collection in 

December 2025. The population in this study 

was all grade XI students at SMAN 7 Pekanbaru 

who had studied chemical equilibrium material. 

The research sample consisted of 187 students, 

comprising 105 female students and 82 male 

students, who were selected because they had 

received instruction on chemical equilibrium 

material from the same subject teacher. 

https://ojs.umrah.ac.id/index.php/zarah/index
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Data collection was conducted through tests 

and interviews. The test instrument used was a 

five-tier multiple-choice diagnostic test, which 

aimed to identify students' misconceptions and 

their causes. This instrument consisted of five 

levels, namely multiple-choice answers, level of 

confidence in the answers, reasons for choosing 

the answers, level of confidence in the reasons, 

and sources of information used by students in 

answering the questions. The five-tier diagnostic 

test is considered to provide a more 

comprehensive picture of students' 

understanding and misconceptions compared to 

other multi-level diagnostic instruments (Danar 

et al., 2024). 

The diagnostic test used consisted of 15 

items adapted from Akbar (2017), Damayanti 

(2025), and Azizah (2023). The instrument, 

which was originally a four-tier form, was 

modified into a five-tier form with the addition 

of information source identification. All items 

have undergone a validation process and are 

classified as excellent, and their validity and 

reliability were retested before being used in the 

study. 

In addition to tests, structured interviews 

were conducted as supporting data to deepen the 

analysis of the causes of students' 

misconceptions. Interview subjects were 

selected using purposive sampling techniques, 

namely students who were identified as having 

misconceptions based on the results of 

diagnostic tests. Interviews were conducted to 

obtain information related to the reasons and 

sources of understanding behind the students' 

answers. 

Data analysis was carried out by grouping 

students' responses based on the combination of 

answers and confidence levels from the first to 

the fourth tiers to determine the categories of 

correct understanding, lack of understanding, 

and misconceptions. The fifth tier was used to 

identify the sources of misconceptions, 

including books, teachers, friends, the internet, 

and personal thoughts. The percentage of 

misconceptions was calculated using the 

following formula: 

𝑷 =  
𝒇

𝑵
 × 𝟏𝟎𝟎% 

where 𝑷 is the percentage of students in each 

category, 𝒇 is the number of students in the 

category, and 𝑵 is the total number of students. 

The obtained percentages were then categorized 

into low, medium, and high levels as presented 

in Table 1 (Suwardika et al., 2024). The 

interview data were analyzed qualitatively to 

reinforce and explain the quantitative findings 

related to the sources of students' 

misconceptions. 
Table 1. Misconception Criteria Based on 

Percentage 

Category Percentage 

High 61%-100% 

Medium 31%-60% 

Low 0%-30% 

 

RESULTS AND DISCUSSION 

This study used a five-tier diagnostic test to 

identify students' level of understanding of 

chemical equilibrium concepts. Based on the 

data processing results of 187 students, it was 

found that the average percentage of students 

with misconceptions was 20.93%, which was 

categorized as low (0%–30%). Overall, the 

distribution of students' level of understanding is 

presented in the following categories (Figure 1): 

no understanding of the concept (29.38%), 

understanding of the concept (20.92%), 

misconception (20.93%), false positive 

(18.65%), and false negative (10.12%). Details 

of misconceptions based on sub-material can be 

seen in Table 2.  
Table 2. Percentage of Misconceptions Among 

Students per Sub-Topic 

Main 

Material 

Description 

Question 

Item 

Percentage of 

Misconceptions 
Category 

Basic 

Concepts of 

Equilibrium  

1 19,25 Low 

2 19,25 

3 25,67 

Calculation 

of Kc and 

Kp 

4 16,58 Low 

5 33,16 

6 35,29 

Factors 

Affecting 

Equilibrium 

7 11,77 Low 

8 17,11 

9 13,90 

10 18,72 

11 17,11 

12 28,34 Low 

https://ojs.umrah.ac.id/index.php/zarah/index
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Main 

Material 

Description 

Question 

Item 

Percentage of 

Misconceptions 
Category 

Application 

of the 

concept of 

equilibrium 

in life 

13 25,67 

14 13,90 

15 

18,18 

 

The relatively low percentage of 

misconceptions indicates that many students 

have begun to develop scientifically acceptable 

conceptions of chemical equilibrium, although 

their understanding is not yet fully robust. One 

plausible explanation is that equilibrium is a 

topic that is repeatedly practiced through 

algorithmic exercises in high school chemistry, 

which can reduce the surface appearance of 

misconceptions even when conceptual 

understanding remains partial (Chang, 2005; 

Indriani & Suryadharma, 2017). This condition 

is consistent with the view that students may 

arrive at correct answers procedurally without 

fully restructuring their conceptual frameworks 

(Bodner, 1986; Taber, 2003). 

In addition, the use of a five-tier diagnostic 

instrument applies stricter criteria for identifying 

misconceptions because students must 

simultaneously demonstrate incorrect answers, 

high confidence, and consistent reasoning. 

Multi-tier diagnostics are known to filter out 

weak or uncertain misconceptions and more 

accurately detect strongly held alternative 

conceptions (Caleon & Subramaniam, 2010; 

Danar et al., 2024; Muzakki et al., 2023; Tyson 

et al., 1999). Therefore, the low misconception 

percentage in this study should be interpreted 

carefully not as the absence of conceptual 

problems, but as an indication that 

misconceptions exist alongside other response 

patterns such as lack of understanding and false 

positives. 

 
Figure 1. Categories of Student Understanding 

Based on the results of the five-tier 

multiple-choice diagnostic test presented in 

Table 2, grade XI MIPA students at SMAN 7 

Pekanbaru still have misconceptions about all 

indicators of chemical equilibrium material, 

including basic concepts, equilibrium 

calculations, equilibrium shifts, and the 

application of equilibrium concepts. The 

distribution of answer categories shows that 

misconceptions appear with varying percentages 

for each indicator but are still in the low 

category. These misconceptions are 

characterized by answers that are not in 

accordance with scientific concepts but are 

accompanied by a high level of confidence, 

indicating the strength of the alternative 

understanding possessed by the students. 

In the basic concept of chemical 

equilibrium indicator (questions 1–3), as shown 

in Table 2, some students still have 

misconceptions about the nature of chemical 

equilibrium. This misconception reflects a well-

documented tendency to interpret equilibrium as 

a static condition rather than a dynamic process 

occurring at equal forward and reverse reaction 

rates (Jere & Mpeta, 2024; Kang & Wallace, 

2005). Students tend to assume that chemical 

reactions stop when they reach equilibrium. The 

percentage of misconceptions on this indicator 

shows that students' understanding of the 

dynamic nature of chemical equilibrium is still 

not optimal. This finding is in line with Jere & 

Mpeta (2024), who stated that misconceptions 

about equilibrium as a static condition are 

common conceptual errors. The high level of 

Misconception, 
20.93%

Not 
understandin

g the 
concept, …

Understanding 
the concept, 

20.92%

False 
Negative, 
10.12%

False 
Positive, 
18.65%
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confidence of students in incorrect answers 

indicates that an inaccurate intuitive 

understanding has been formed and has not been 

conceptually corrected (Suparno, 2013). 

In the chemical equilibrium calculation 

indicators (questions 4–6), the results in Table 2 

show misconceptions related to the use of 

equilibrium constants (Kc). Students tend to use 

formulas directly without understanding the 

chemical meaning of the quantities being 

calculated. The percentage of misconceptions on 

this indicator shows that a procedural approach 

still dominates students' thinking in solving 

problems. Chang (2005) asserts that the 

separation between mathematical processes and 

conceptual understanding is one of the main 

causes of errors in equilibrium material. This is 

reinforced by Indriani & Suryadharma (2017), 

who state that the use of formulas without 

conceptual understanding can reinforce students' 

misconceptions. 

The misconception with the highest relative 

percentage was found in the equilibrium shift 

indicator (questions 7–11) as shown in Table 2. 

Students had difficulty determining the direction 

of equilibrium shift due to changes in 

concentration, temperature, and pressure. The 

high percentage of misconceptions on this 

indicator shows that students tend to memorize 

Le Chatelier's principle without understanding 

the cause-and-effect relationship in equilibrium 

systems. This finding is in line with Mayasri et 

al. (2023), who stated that misconceptions about 

equilibrium shifts arise from the mechanical 

application of rules. According to Suparno 

(2013), misconceptions accompanied by high 

confidence are classified as strong 

misconceptions that are difficult to correct 

without a conceptual change strategy. 

In the indicator of the application of the 

concept of chemical equilibrium (questions 12–

15), based on Table 2, students' misconceptions 

were related to errors in identifying the type of 

system and the nature of equilibrium reactions. 

The percentage of misconceptions in this 

indicator shows that students are not yet able to 

integrate the basic concepts of equilibrium with 

the applied context. Students tend to simplify the 

concept by assuming that all reactions are 

homogeneous and can occur in both directions. 

Lestari (2022) states that misconceptions at the 

concept application stage are a continuation of 

incomplete understanding of basic concepts, 

while Mukhlisa (2021) emphasizes that errors in 

chemical equilibrium material have the potential 

to affect understanding of advanced chemistry 

material. 

 
Figure 2. Percentage of Sources of Misconceptions 

The analysis of the sources of 

misconceptions was conducted after the analysis 

of misconceptions from 15 questions had been 

completed. The results of this analysis of the 

sources of misconceptions can be seen in Figure 

2. Based on the results of the analysis of the 

sources of misconceptions presented in Figure 2, 

it is known that the students' misconceptions 

originated from personal thoughts, books, 

teachers, friends, and the internet, with personal 

thoughts being the most dominant source 

(24,15%). 

The dominance of personal thoughts can be 

explained through the constructivist perspective, 

which emphasizes that learners actively 

construct knowledge based on prior conceptions 

and everyday experiences (Bodner, 1986; Taber, 

2003). When these initial ideas are not explicitly 

challenged during instruction, they tend to 

persist as stable misconceptions (Novak & 

Treagust, 2018; Suparno, 2013). 

Chemical equilibrium concepts are abstract 

and often counterintuitive; therefore, students 

frequently rely on everyday reasoning (e.g., 

“reactions stop at equilibrium”) to interpret the 

phenomenon. Research has shown that such 

Teacher, 
18.06%

Book, 
18.78%

Personal 
Opinion, …

Friends, 
20.66%

Internets, 
18.35%
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intuitive reasoning strongly contributes to 

internally generated misconceptions (Barke et 

al., 2009; Kang & Wallace, 2005). This finding 

is in line with Erwinsyah et al. (2020) and Lestari 

(2022), who stated that personal thoughts 

become the main source of misconceptions if 

they are not systematically identified and 

clarified in learning. In addition, learning 

resources and material delivery that do not 

emphasize concept clarification also contribute 

to the reinforcement of misconceptions 

experienced by students. 

Another explanation for the higher 

percentage of personal thought (24,15%) 

compared to external sources is that learning 

materials and teacher explanations may already 

present scientifically correct information, 

thereby reducing their direct contribution to 

misconceptions. In such contexts, 

misconceptions more often arise from students’ 

misinterpretation, oversimplification, or 

incomplete integration of correct information 

(Caleon & Subramaniam, 2010; Tyson et al., 

1999). 

Furthermore, cognitive factors such as 

overconfidence and belief perseverance can 

cause students to maintain their self-generated 

explanations even when confronted with correct 

information. Without instructional strategies that 

explicitly promote conceptual change, these 

internally constructed ideas tend to remain 

dominant (Arslan et al., 2023; Taber, 2003). 

Overall, the synchronization between the 

results in Table 2 and Figure 2 shows that 

students' misconceptions about chemical 

equilibrium are comprehensive, covering 

conceptual, procedural, and applicative aspects. 

The five-tier multiple-choice diagnostic test 

instrument proved to be effective in identifying 

patterns of misconceptions and their sources 

comprehensively. Therefore, chemical 

equilibrium learning needs to be directed at 

strengthening conceptual understanding and 

exploring students' initial conceptions so that 

misconceptions can be minimized continuously 

(Danar et al., 2024). 

 

CONCLUSION 

Research conducted at SMA Negeri 7 Pekanbaru 

shows that grade XI students have 

misconceptions about chemical equilibrium 

material with an average percentage of 20.93% 

(low category), where the highest level of 

misconception was found in the sub-material of 

Kc and Kp calculations (28.34%) due to the 

dominance of algorithmic thinking rather than 

conceptual understanding. These findings 

confirm that misconceptions are spread across all 

indicators, from basic concepts to real-life 

applications, triggered by five main sources, 

with the most dominant contribution coming 

from the students' own personal thinking 

(24.15%). Although quantitatively the 

percentage of misconceptions is relatively low, 

the pattern of errors that occur is fundamental 

because students tend to develop independent 

intuitions that are not in line with scientific 

concepts. This implies the need for teachers to 

conduct diagnostic assessments at the beginning 

of learning and provide special reinforcement on 

the submicroscopic aspects and 

interrelationships between concepts to minimize 

misunderstandings on an ongoing basis. 
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