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Chemistry learning difficulties among senior high school students often 
arise due to the abstract and hierarchical nature of chemical concepts, 
which require strong reasoning and problem-solving skills. These 
difficulties are closely related to students’ thinking processes when 
understanding concepts and solving problems. This study aims to 
analyze patterns of students’ thinking processes that contribute to 
learning difficulties, identify the stages where obstacles most frequently 
occur, and summarize recommended instructional strategies. This 
research used a descriptive qualitative literature review of 20 selected 
journal articles. The findings show that students’ thinking processes are 
generally unsystematic, as they tend to apply formulas without sufficient 
conceptual understanding. The most dominant obstacles occur at the 
conceptual and mathematical stages, followed by procedural and 
representational difficulties. Recommended strategies include 
diagnostic assessments, strengthening prerequisite concepts, contextual 
learning, and integration of multiple chemical representations. 
 
Keywords: thinking processes, chemistry learning difficulties, senior 
high school students, literature review  

 

1. Introduction 
 

  Chemistry learning at the senior high school level is characterized by abstract, 

hierarchical, and interconnected concepts, which require students to understand basic concepts 

accurately in order to learn more advanced topics effectively (Evangelista et al., 2022). This 

condition often causes chemistry to be perceived as a difficult subject, as students are required 

to integrate conceptual understanding, procedural skills, and mathematical abilities in solving 

chemistry problems (Utami et al., 2021). Several studies have reported that a significant 

proportion of students experience difficulties in learning chemistry, with more than 50% of 

students showing inadequate understanding of fundamental concepts in various topics 

(Basyiroh et al., 2022; Evangelista et al., 2022). Learning difficulties in chemistry are evident 

in various topics that require mastery of fundamental concepts and calculation skills, such as 

stoichiometry, acid–base reactions, equilibrium, solubility, and hydrolysis (Hayati et al., 2018; 

Utami et al., 2021; Basyiroh et al., 2022). 
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  Chemistry learning difficulties are not only reflected in low achievement scores but are 

also indicated by misconceptions or incorrect conceptual understanding. For example, in the 

topic of Lewis structures, students experience difficulties in determining electron 

configurations, valence electrons, Lewis symbols, and the final Lewis structures of compounds, 

indicating conceptual obstacles in understanding the relationships among prerequisite concepts 

(Kristiana et al., 2020). For instance, a considerable number of students fail to correctly identify 

valence electrons and bonding patterns, which leads to incorrect structural representations and 

misconceptions at the conceptual level (Kristiana et al., 2020). Similar difficulties are found in 

the topic of the common ion effect on solubility, where students fail to build scientific reasoning 

about the relationship between the addition of common ions, equilibrium shifts, and their 

connection to Qsp and Ksp (Sibarani et al., 2019). A comparable condition is also observed in 

chemical equilibrium, where the greatest difficulties occur in understanding dynamic 

equilibrium and equilibrium constants, influenced by internal factors such as conceptual 

mastery and intelligence (Basyiroh et al., 2022). 

  These learning difficulties are closely related to students’ thinking processes when 

understanding and solving chemistry problems. Students’ thinking processes may be hindered 

at the conceptual stage when they fail to understand concepts or incorrectly relate prerequisite 

concepts. Difficulties may also arise at the procedural or algorithmic stage when students 

struggle to organize solution steps, at the mathematical stage when they have weak calculation 

skills, and at the representational stage when they fail to interpret chemical symbols, models, 

or representations (Hayati et al., 2018; Utami et al., 2021). Previous studies also indicate that 

these difficulties are interconnected, where weaknesses in conceptual understanding often lead 

to errors in procedural and mathematical stages, ultimately affecting the overall problem-

solving process (Evangelista et al., 2022). Studies employing diagnostic instruments such as 

two-tier, three-tier multiple-choice tests, and testlets have been able to identify both the location 

of learning difficulties and the incorrect thinking patterns of students through answer–reason 

analysis and interviews (Kristiana et al., 2020; Basyiroh et al., 2022; Evangelista et al., 2022). 

This highlights the importance of examining students’ thinking processes in a more structured 

manner, as conventional assessments are often insufficient to capture the underlying causes of 

learning difficulties. Therefore, a literature study that synthesizes findings from various studies 

is needed to obtain a comprehensive understanding of students’ thinking processes that 

contribute to learning difficulties in chemistry. 

  Based on these considerations, this study was conducted as a literature review of 20 

selected journals. This study aims to analyze the patterns of senior high school students’ 

thinking processes in chemistry learning that contribute to learning difficulties, identify the 

stages of thinking that most frequently experience obstacles in terms of conceptual, 

procedural/algorithmic, mathematical, and representational aspects, and summarize the 

instructional strategies recommended in the literature to improve students’ thinking processes 

and minimize chemistry learning difficulties (Basyiroh et al., 2022; Lestari et al., 2024). By 

synthesizing findings from multiple studies, this research is expected to provide a more 

comprehensive and evidence-based understanding of students’ thinking processes and support 

the development of more effective chemistry learning strategies. 

 

2. Methods 
 

  This study employed a literature review using a descriptive qualitative approach. The 

literature review was conducted by analyzing research findings related to learning difficulties 
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in chemistry among senior high school students, particularly those that reveal students’ thinking 

processes in solving chemistry problems. These difficulties include misconceptions, procedural 

errors, and mathematical calculation errors. The review focused on studies that used diagnostic 

and structured evaluation instruments, such as two-tier multiple-choice tests, three-tier 

multiple-choice tests, and testlets, because these instruments are able to identify the location 

and types of students’ learning difficulties more specifically (Kristiana et al., 2020; Basyiroh et 

al., 2022; Evangelista et al., 2022). 

  The data sources consisted of 20 selected journal articles relevant to chemistry learning 

at the senior high school level. The articles were chosen because they discussed learning 

difficulties in various chemistry topics, such as Lewis structures (Kristiana et al., 2020), limiting 

reagents in stoichiometry (Hayati et al., 2018), the common ion effect on solubility (Sibarani et 

al., 2019), chemical equilibrium (Basyiroh et al., 2022), and difficulties in solving acid–base 

problems (Utami et al., 2021). In addition, some articles examined the factors contributing to 

learning difficulties from both internal and external aspects, as well as instructional conditions 

(Lestari et al., 2024). The selected articles were predominantly conducted in Indonesia, 

reflecting the context of chemistry learning in senior high schools. In terms of indexing, the 

articles were primarily derived from national journals, many of which are accredited under the 

Indonesian national indexing system (SINTA). This selection ensures the contextual relevance 

of the findings to the Indonesian educational setting. 

  Data collection was carried out through three stages: identification of relevant articles, 

selection based on their relevance to the research focus, and determination of 20 articles as the 

primary data sources. The selected articles met the following inclusion criteria: (1) the research 

subjects were senior high school students, (2) the studies focused on chemistry learning 

difficulties and/or conceptual understanding, (3) the studies were empirical research, and (4) 

the studies contained data that could be used to interpret students’ thinking processes through 

answer patterns, reasoning, or interviews. This stage is consistent with studies emphasizing the 

importance of diagnostic instruments in identifying students’ learning difficulties in more 

detail, as such difficulties are not always reflected in final scores (Kristiana et al., 2020; 

Basyiroh et al., 2022). The articles were retrieved through an online database search using 

Google Scholar as the primary search engine, supported by keywords such as “chemistry 

learning difficulties”, “misconceptions in chemistry”, and “students’ thinking processes”. The 

selection process emphasized relevance to the research focus and the credibility of national 

academic publications. 

  Data analysis was conducted using thematic analysis through a coding process of the 

findings from each article. The findings were classified into four stages of thinking process 

obstacles: conceptual, procedural/algorithmic, mathematical, and representational difficulties. 

These patterns were then synthesized to identify the thinking processes that most frequently 

contributed to learning difficulties, as well as the instructional strategies recommended in the 

literature. The strategies included the use of diagnostic tests for remedial instruction, 

strengthening prerequisite concepts, contextual learning, variations in teaching methods, and 

collaborative learning as alternatives to reduce chemistry learning difficulties (Evangelista et 

al., 2022; Lestari et al., 2024; Hidayanti et al., 2020). 
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3. Result and Discussion 

3.1 Patterns of Students’ Thinking Processes Leading to Chemistry Learning Difficulties 

  The synthesis of 20 selected articles indicates that chemistry learning difficulties among 

senior high school students are closely related to students’ thinking processes when solving 

problems. In many cases, students do not start from conceptual understanding, but directly 

apply formulas or procedures. This pattern causes difficulties when students face problems that 

require reasoning or conceptual application. For example, in chemical equilibrium topics, 

students tend to memorize the characteristics of equilibrium without understanding the meaning 

of dynamic processes, which leads to errors in problem-solving (Basyiroh et al., 2022). The 

main patterns of students’ thinking processes that lead to learning difficulties are summarized 

in Table 1. 

Table 1. Patterns of Students’ Thinking Processes 

Thinking Pattern Main Characteristics Impact on Learning Source 

Memorization based 

thinking 

Memorizing formulas 

without meaning 

Errors in contextual 

problems 

Kristiana et al. 

Partial thinking Focusing on only one 

aspect 

Failure to solve 

complex problems 

Febriani et al. 

Pseudo-procedural 

thinking 

Following steps without 

conceptual understanding 

Systematic errors Evangelista et al. 

Non-integrative 

thinking 

Separated chemical 

representations 

Repeated 

misconceptions 

Hayati et al. 

  Table 1 shows that students’ difficulties are strongly influenced by unstructured 

thinking patterns. Memorization-based thinking leads students to rely on formulas without 

understanding the underlying concepts, making them prone to errors in contextual problems 

(Kristiana et al., 2020). Partial thinking indicates that students focus only on certain aspects, 

such as calculations, without understanding the overall concept (Febriani et al., 2018). Pseudo-

procedural thinking reflects the tendency to follow solution steps mechanically, resulting in 

systematic errors (Evangelista et al., 2022). Meanwhile, non-integrative thinking shows that 

students fail to connect macroscopic, microscopic, and symbolic representations, which leads 

to recurring misconceptions (Hayati et al., 2018). These patterns confirm that incomplete 

conceptual understanding and weak representational integration are major causes of chemistry 

learning difficulties. 

 

3.2 Stages of Thinking Processes that Most Frequently Experience Obstacles 

  In addition to general thinking patterns, the literature also reveals that students’ 

difficulties can be classified into several stages of the thinking process. These obstacles occur 

at conceptual, procedural, mathematical, and representational stages. Each stage reflects a 

different type of difficulty, but they are interconnected and often appear sequentially. The stages 

of thinking process obstacles are summarized in Table 2. 
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Table 2. Stages of Thinking Process Obstacles 

Thinking Stage Type of Obstacle Example of Error Related Topic Source 

Conceptual Misconception, weak 

prerequisite concepts 

Misunderstanding 

dynamic equilibrium 

Equilibrium Basyiroh  

et al. 

Procedural/ 

algorithmic 

Unsystematic steps Incorrect solution 

sequence 

Stoichiometry Evangelista 

et al. 

Mathematical Calculation and 

conversion errors 

Incorrect mass to 

mole conversion 

Stoichiometry Zakiyah  

et al. 

Representational Failure to connect macro-

micro-symbolic levels 

Misinterpreting 

reaction symbols 

Hydrolysis Hayati et al. 

  Table 2 shows that conceptual and mathematical obstacles are the most dominant. 

Conceptual obstacles are reflected in misconceptions and weak understanding of prerequisite 

concepts. For example, students often misunderstand the concept of dynamic equilibrium, 

treating it as a static condition (Basyiroh et al., 2022). Procedural obstacles occur when students 

cannot determine the correct sequence of steps in problem-solving, as shown in studies using 

testlets where students fail from the initial steps (Evangelista et al., 2022). Mathematical 

obstacles appear when students struggle with calculations or unit conversions, especially in 

stoichiometry (Zakiyah et al., 2018; Evangelista et al., 2022). Representational obstacles occur 

when students cannot connect macroscopic, microscopic, and symbolic representations, which 

leads to incomplete understanding of chemical concepts (Hayati et al., 2018). These findings 

suggest that conceptual weaknesses often trigger other types of difficulties in subsequent stages. 

3.3 Recommended Instructional Strategies to Improve Students’ Thinking Processes 

  The literature also highlights several instructional strategies that can help improve 

students’ thinking processes and reduce learning difficulties. Most studies emphasize the 

importance of diagnostic assessment and meaningful learning approaches. These strategies aim 

to identify students’ misconceptions and support conceptual understanding rather than focusing 

solely on final answers. The recommended strategies are summarized in Table 3. 

Table 3. Recommended Instructional Strategies 

Instructional Strategy Obstacle Addressed Form of Implementation Source 

Two-tier/ Three-tier test Conceptual Misconception diagnosis Kristiana et al. 

Testlet Procedural Analysis of thinking steps Evangelista et al. 

Contextual learning Conceptual Real-life problem contexts Prayunisa 

Strengthening prerequisite 

concepts 

Conceptual & 

Mathematical 

Review of basic concepts Ariani et al. 

  Table 3 shows that diagnostic assessments such as two-tier, three-tier, and testlet 

instruments are effective in identifying students’ misconceptions and thinking obstacles. These 

tools enable teachers to detect errors at specific stages and design appropriate remedial 

instruction (Basyiroh et al., 2022; Evangelista et al., 2022). Studies have shown that more than 

50% of students experience misconceptions that are not detected through conventional 

assessments, with diagnostic instruments revealing detailed patterns of incorrect reasoning in 
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students’ responses (Kristiana et al., 2020; Basyiroh et al., 2022). Contextual learning is also 

recommended because it helps students connect abstract chemical concepts with real-life 

situations, thereby improving conceptual understanding and critical thinking (Prayunisa, 2020). 

For example, contextual-based instruction has been reported to improve students’ conceptual 

understanding by enabling them to relate chemical concepts to everyday phenomena, resulting 

in more meaningful learning experiences (Prayunisa, 2020). In addition, strengthening 

prerequisite concepts is essential, as many learning difficulties stem from weak foundational 

understanding. Several studies indicate that students who lack prerequisite knowledge tend to 

experience repeated errors in subsequent topics, particularly in concepts that require 

hierarchical understanding such as equilibrium and stoichiometry (Basyiroh et al., 2022; Hayati 

et al., 2018). Overall, instructional strategies that focus on improving thinking processes are 

more effective than those that only emphasize procedural practice. 

  The findings of this literature review indicate that chemistry learning difficulties do not 

occur randomly, but are closely related to students’ thinking processes. Students’ thinking 

processes in chemistry involve several stages, including conceptual understanding, procedural 

planning, mathematical calculation, and representational interpretation. When one of these 

stages is disrupted, it affects the entire problem-solving process and leads to learning difficulties 

(Evangelista et al., 2022; Basyiroh et al., 2022). This pattern is consistently reported across 

studies, where errors at the conceptual stage frequently lead to subsequent errors in procedural 

and mathematical stages, indicating that students’ thinking processes are sequential and 

interdependent.  

  Conceptual obstacles appear to be the primary source of difficulty. Many students 

develop misconceptions because they do not fully understand prerequisite concepts. For 

instance, students often interpret equilibrium as a static condition rather than a dynamic process 

(Basyiroh et al., 2022). In fact, studies report that a considerable proportion of students 

misunderstand equilibrium concepts, particularly in distinguishing between dynamic and static 

systems, which significantly affects their ability to solve related problems (Basyiroh et al., 

2022). Similar patterns are observed in Lewis structure topics, where students struggle with 

electron configurations and valence electrons, which are essential prerequisites (Kristiana et al., 

2020). These findings highlight the hierarchical nature of chemical concepts. 

  Procedural and mathematical obstacles further reinforce these difficulties. Students 

frequently fail to organize solution steps logically, especially in stoichiometry problems 

(Evangelista et al., 2022). Research findings indicate that many students make errors in 

structuring solution steps, such as incorrect sequencing of procedures and failure to identify 

relevant variables in problem-solving tasks (Evangelista et al., 2022). Mathematical 

weaknesses, such as incorrect conversions or calculation errors, also disrupt the thinking 

process (Hayati et al., 2018). These errors often include mistakes in unit conversion and 

numerical calculations, which hinder students from obtaining correct final answers even when 

they understand the underlying concepts (Hayati et al., 2018). Additionally, representational 

obstacles occur because students are unable to connect symbolic representations with 

microscopic particle-level explanations. 

  The literature consistently suggests that diagnostic assessment is essential for 

identifying students’ thinking obstacles. Instruments such as two-tier, three-tier, and testlet tests 

provide detailed information about students’ reasoning, enabling teachers to design more 

appropriate instructional interventions (Kristiana et al., 2020; Basyiroh et al., 2022; Evangelista 

et al., 2022). These instruments not only identify whether students answer correctly or 



Edumatsains, Volume 10, Issue. 4, April 2026, pp 213-221 

219 

 

This is an open access article under the  HYPERLINK "https://creativecommons.org/licenses/by-sa/4.0/" CC BY-SA license.  
Copyright ©2022 by Author. Published by Universitas Kristen Indonesia 
 

 

incorrectly but also reveal the reasoning behind their answers, allowing for more targeted and 

effective remediation strategies (Kristiana et al., 2020). Contextual learning and the 

strengthening of prerequisite concepts are also recommended to build meaningful 

understanding. 

  Overall, chemistry learning difficulties among senior high school students are primarily 

caused by obstacles in conceptual and mathematical thinking, which subsequently lead to 

procedural and representational difficulties. Therefore, instructional strategies should focus on 

improving students’ thinking processes through diagnostic assessment, contextual learning, 

strengthening prerequisite concepts, and integrating multiple chemical representations. 

However, these recommended instructional strategies are most directly applicable to the 

Indonesian context or similar educational environments, and further studies are needed to 

examine their applicability in broader regional or global contexts. 

 

4. Conclusion 

  This literature review of 20 selected studies shows that chemistry learning difficulties 

among senior high school students mainly result from thinking processes that are not yet 

systematic. Students tend to rely on formulas without sufficient conceptual understanding, 

which leads to errors when solving conceptual problems. The most dominant obstacles occur 

at the conceptual and mathematical stages, followed by procedural and representational 

difficulties. To address these issues, the literature recommends the use of diagnostic 

assessments, strengthening prerequisite concepts, and applying contextual learning approaches 

to improve students’ thinking processes. 
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