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Abstract 

This systematic literature review explores the integration of learning-style-based 

differentiated instruction with active learning models, particularly Problem-Based 

Learning (PBL) and Project-Based Learning (PjBL), in secondary chemistry 

education. The purpose of the review is to identify, synthesize, and critically 

analyze how a differentiated learning approach based on learning styles can be 

effectively activated with active learning models such as PBL and PjBL in the 

context of secondary chemistry education. Drawing on eleven peer-reviewed 

studies published between 2015 and 2025, the review identifies how differentiation 

strategies, when aligned with students' visual, auditory, and kinesthetic preferences, 

can enhance conceptual understanding, motivation, and critical thinking. The 

review reveals consistent positive outcomes across various learning domains, with 

differentiation applied through content, process, and product adjustments. 

However, it also uncovers persistent implementation challenges, including limited 

teacher training, resource constraints, and lack of institutional support. The 

situation analysis finds these findings within the frameworks of constructivist 

pedagogy and responsive teaching, emphasizing the importance of adaptable, 

student-centered instruction in chemistry education. The study concludes by 

recommending stronger systemic support, longitudinal research, and professional 

development to ensure the sustainable application of differentiated instruction in 

diverse chemistry classrooms. 
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INTRODUCTION  

Chemistry is often perceived as a challenging subject by students (Fajrin et al., 2020), primarily 

because its content involves abstract concepts that require understanding at multiple levels, i.e., 

macroscopic, microscopic, and symbolic. Many students struggle to connect these 

representations, which are crucial for understanding chemical phenomena (Holme & Murphy, 

2012). This difficulty can lead to confusion, low confidence, and a general decline in interest 

and academic achievement in chemistry. Sedeṅo et al. (2021) found that when teachers use the 

same teaching method for all students, without considering individual differences in how 

students learn, it tends to exacerbate these problems. In Indonesia, although the 2013 

Curriculum and the newer Merdeka Curriculum promote 21st-century skills and more student-

centered learning, traditional lecture-based methods are still dominant in many classrooms 

(Samura, 2019).  

To help overcome these issues, one approach that has gained attention is differentiated 

instruction (Marantika et al., 2023). This method is based on the understanding that students 
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have diverse learning styles and therefore benefit from teaching strategies that consider their 

readiness, interests, and learning profiles (Subban, 2006; Tomlinson, 2014). Rather than 

applying the same method to all learners, differentiation aims to make learning more responsive 

and inclusive (Subban, 2006; Tomlinson, 2014). In science education, especially in chemistry, 

where students must grasp complex and abstract concepts, this approach can be beneficial. It 

supports students not only in understanding key concepts but also in developing essential skills, 

such as critical thinking, problem-solving, and laboratory work (Minarni et al., 2024; Wardani 

et al., 2024). Salar & Turgut (2021) also observed that students who learned in differentiated 

classrooms felt more confident and took a more active role in science learning. 

A practical way to begin applying differentiated instruction is by recognizing students’ learning 

styles, such as visual, auditory, and kinesthetic (Cuevas, 2015; Maher et al., 2023). When 

teachers design lessons that align with these preferences (Fadhila et al., 2024), students are 

more likely to participate actively and remain motivated in class  (Anggraini et al., 2024). Still, 

many teachers find it difficult to adjust their teaching methods, especially without clear 

guidance or structured support. Lavania & Nor (2020) highlight that time constraints, limited 

resources, and a lack of training often become significant barriers in classrooms that attempt to 

implement differentiated strategies.  

To support teachers and make differentiation more effective, some educators have turned to 

active learning models like Problem-Based Learning (PBL) and Project-Based Learning 

(PjBL) (Nestiyarum & Widjajanti, 2023; Safitri & Haryani, 2025). These models offer students 

the opportunity to collaborate, explore real-world problems, and express their learning in 

various ways. When combined with differentiation, they enable the flexible use of learning 

materials, classroom tasks, and methods for students to demonstrate their knowledge. There 

has been little research that systematically examines how these two approaches can be 

combined, particularly in chemistry lessons.  

Most existing studies focus on either active learning or differentiation, but not on how these 

approaches can be combined. For example, Wahyuni et al. (2023) studied the benefits of PBL 

in chemistry, but didn’t consider students’ different learning styles. Prima & Abdurahman 

(2024) compared PjBL and Discovery Learning, while (Juliani et al., 2024; Rohim et al., 2024) 

explored readiness-based differentiation; however, neither of these studies examined how the 

two strategies might be combined. These gaps indicate that further research is necessary to 

bridge the gap between theory and practice more closely.  

Recent work, suggests that combining problem-based learning (PBL) and differentiation 

enhances students’ ability to analyze and interpret experimental data, a crucial skill in 

chemistry (Nestiyarum & Widjajanti, 2023; Safitri & Haryani, 2025). These models not only 

provide a framework for meaningful and collaborative learning contexts but also enable 

flexible differentiation of content, process, and products. In this combined framework, students 

can engage with material in ways that match their preferences while also fostering learner 

autonomy, reflective thinking, and metacognitive skills.  

Nevertheless, to date, there has been no systematic literature review that examines explicitly 

how learning-style-based differentiation is integrated with active instructional models, such as 

PBL and PjBL, in the context of secondary chemistry education. Most existing studies remain 

descriptive and focus on single strategies or models without exploring the combinatory 

potential or thematic synthesis across approaches. These gaps highlight the absence of strategic 

and theoretical integration in current chemistry education literature. Additionally, practical 

challenges such as teachers’ lack of preparation, limited access to teaching materials, and the 

time required for planning are rarely discussed in depth (Muhab et al., 2024). Frerejean et al. 
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(2021) also noted that some teachers remain unfamiliar with the fundamental concepts behind 

differentiated instruction, thus applying it superficially Frerejean et al. (2021). Existing studies 

are often fragmented and fail to critically synthesize the impact of these strategies across 

multiple learning domains, including cognitive, affective, and psychomotor (Hasanah, 2019).  

Although various studies have proven the effectiveness of active learning models such as 

Problem-Based Learning (PBL) and Project-Based Learning (PjBL), as well as differentiated 

instruction approaches in improving student engagement and learning achievement, no 

systematic review has explicitly explored the integration of both based on students' learning 

styles in the context of secondary chemistry education. 

This gap includes several important aspects, such as the limited number of structured literature 

reviews critically discussing the implementation of integrated differentiated approaches and 

problem/project-based learning. Furthermore, interdisciplinary research in the learning domain 

linking the combined impact of these strategies on students' cognitive, affective, and 

psychomotor domains is still very limited. Existing research often focuses solely on cognitive 

aspects, without considering how this combined model can shape students' scientific attitudes 

or practical skills  

Thus, research is needed that not only describes the effectiveness of each approach but also 

develops an explicit and systematic framework on how learning-style-based differentiation can 

be designed and implemented within the context of PBL or PjBL to improve the quality of 

secondary school chemistry education. 

In Indonesia, the importance of differentiated instruction is clearly stated in the Merdeka 

Curriculum (Suryanti et al., 2025). However, even with this support from policy, many science 

teachers still struggle to apply differentiation consistently. According to a national survey 

(Kemdikbudristek, 2023), only 32% of secondary science teachers feel confident in regularly 

using this approach. This highlights a significant gap between policy and practice, emphasizing 

the need for sustained professional development and effective teacher support systems.  

To better understand and respond to these gaps, this study conducts a systematic literature 

review (SLR) that aims to: 1) Identify and categorize chemistry instructional models that 

integrate learning-style-based differentiation; 2) evaluate the effects of these approaches on 

student learning outcomes, including conceptual understanding, motivation, and practical 

skills; 3) analyze the challenges and opportunities associated with implementing these 

combined approaches in secondary chemistry classrooms. 

This review synthesizes current knowledge and helps construct a clearer understanding of how 

active learning and differentiated instruction can be integrated in chemistry education. The 

primary contribution of this paper is a practical framework that demonstrates how these 

strategies interconnect and can be utilized to create more inclusive and effective science 

classrooms. The results are expected to support future curriculum design and teacher training 

that is grounded in real classroom needs. The key contribution of this review lies in its 

integrative mapping of active instructional models, principles of differentiation, and learning 

style categorizations, which may serve as a foundation for evidence-based curriculum 

development and teacher training initiatives. 

 

METHOD  

This study employed a Systematic Literature Review (SLR) method following the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et 
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al., 2021). The SLR aimed to identify, evaluate, and synthesize empirical studies that examined 

the integration of differentiated instruction based on students’ learning styles with active 

learning models in secondary chemistry education. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA flow diagram (Page et al., 2021) 
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Inclusion and Exclusion Criteria 

Studies were included if : 

a. Were peer-reviewed empirical research articles (quantitative, qualitative, or mixed 

methods); 

b. Focused on secondary school chemistry education; 

c. Discussed the use of differentiated instruction based on learning styles; 

d. Involved integration with active learning models (e.g., PBL, PjBL, inquiry-based); 

e. Full-text. 

Studies were excluded if they: 

a. Focused solely on higher education or primary school settings; 

b. Were theoretical/conceptual papers without empirical data; 

c. Did not specifically address chemistry or science as the subject area. 

After removing duplicates, titles and abstracts were screened, followed by a review of the full 

text. The SLR process was documented using a PRISMA flow diagram (see Error! Reference 

source not found.) to ensure transparency and replicability. 

Data Extraction and Synthesis 

Data from the selected studies were extracted into a coding matrix that included publication 

details, research design, focus of differentiation, model used, learning outcomes, and key 

findings (see Table 1). Thematic synthesis was employed to identify recurring patterns, 

challenges, and outcomes associated with the implementation of differentiated instruction in 

chemistry education. 

 

RESULTS AND DISCUSSION  

Overview of Selected Studies 

The final selection included ten empirical studies that examined the use of differentiated 

instruction based on students’ learning styles in chemistry or science classrooms. Summarizes 

the key characteristics and findings at Table 1. 

The reviewed studies predominantly adopted combinations of differentiated instruction with 

either Problem-Based Learning (PBL) or Project-Based Learning (PjBL). Most were 

conducted in Indonesian secondary school contexts, with one study from Nigeria (Ojelade et 

al., 2024) offering a comparative international perspective. 

Thematic Synthesis 

Impact on Student Learning Outcomes 

The impact of differentiation and the role of active learning models first, the results indicate 

that when learning is tailored to students’ learning styles (visual, auditory, or kinesthetic), 

student engagement, conceptual understanding, and higher-order thinking skills (such as 

analysis and evaluation) increase significantly. These findings are even stronger, however, 

when differentiation is combined with active learning models such as Problem-Based Learning 

(PBL) and Project-Based Learning (PjBL), which are the focus of the second theme. These 

models provide flexible, contextualized structures, thereby allowing teachers to design learning 

experiences that are responsive to students’ needs.
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Table 1. Summary of Reviewed Studies 

Author(s) Year Study Design Differentiation 

Focus 

Model Used Learning Outcome Key Findings 

Jannah et 

al.  

2023 Classroom 

Action Research 

Content & 

Process 

PBL Engagement, 

Achievement 

Differentiated instruction integrated with PBL increased 

student activity and improved chemistry learning outcomes. 

Agustina 2023 Qualitative Case 

Study 

Product DI only Meaningful learning, 

Personalization 

Students produced varied outputs aligned with their learning 

styles; the approach aligned with Merdeka Curriculum and 

Ki Hajar Dewantara’s educational philosophy. 

Muhab et 

al.  

2024 Descriptive 

Qualitative 

Interest, 

Readiness, 

Learning Style 

DI only Engagement, Anxiety 

Reduction 

Differentiated instruction improved student engagement and 

reduced fear of chemistry, though not all teachers 

implemented it. 

Nestiyarum 

& 

Widjajanti  

2023 Quasi-

Experimental 

Process & 

Product 

PjBL Collaboration, 

Achievement 

PjBL with differentiation improved collaboration (17.11%) 

and post-test scores (29.38%). 

Minarni et 

al.  

2024 Quantitative 

Descriptive 

VAK (Content, 

Process, 

Product) 

PBL Conceptual 

Understanding, 

Motivation 

82% of students achieved adequate understanding of acid-

base concepts; students responded positively to VAK-based 

differentiation. 

Ojelade et 

al.  

2024 Quasi-

Experimental 

Process DI only Achievement, Retention Significant improvement in academic scores and retention; 

effective across genders. 

Sulistiawati 

et al.  

2025 Experimental Process PjBL Critical Thinking Differentiated PjBL improved critical thinking in acid-base 

topics. 

Wardani et 

al.  

2024 Descriptive 

Qualitative 

Contextual, 

Readiness-

based 

Culturally 

Responsive 

Teaching (CRT) 

Chemical Literacy Integrated CRT and differentiation improved literacy; 

learning became more meaningful and relevant. 

Safitri & 

Haryani 

2025 Quantitative Learning Style PBL Critical Thinking Average improvement of 60.01% in critical thinking; highest 

gain (76.82%) in 'moderately skilled' group. 

Raehani et 

al.  

2023 Classroom 

Action Research 

Process PBL Motivation Student motivation increased significantly from pre-study to 

cycle II (from 60% to 63.33%). 

Astuti 2023 Classroom 

Action Research 

Process Discovery 

Learning 

Laboratory Skills, 

Cognitive, Psychomotor, 

Emotional 

Laboratory performance increased to 97%; improvements 

observed across cognitive, psychomotor, and emotional 

domains. 
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The evidence gathered across the reviewed studies supports the idea that when instruction is 

adapted to align with students’ individual learning profiles, meaningful engagement is more 

likely to occur, particularly in complex subjects such as chemistry. Students who received 

instruction tailored to their learning styles demonstrated greater involvement, improved 

motivation, and a deeper understanding of the concepts. For instance, studies reported that 

visual learners benefited from the use of diagrams and conceptual maps, while auditory learners 

gained more through discussions and oral explanations, and kinesthetic learners responded well 

to laboratory-based or hands-on activities (Minarni et al., 2024; Nestiyarum & Widjajanti, 

2023; Sulistiawati et al., 2025).  

In chemistry, a subject that often requires students to visualize invisible processes and integrate 

abstract concepts, aligning instructional methods with learning styles becomes not only a 

pedagogical preference but a necessity. Misconceptions in topics such as chemical bonding, 

reaction mechanisms, or stoichiometry are reduced when students can process information in 

a mode that aligns with their cognitive preferences. This finding is consistent with those of 

Minarni et al. (2024) and Sulistiawati et al. (2025), who also found that differentiated strategies 

enhanced conceptual retention. 

Furthermore, the integration of differentiation with active learning models amplified these 

gains. When students were not only learning in a way that matched their profile but were also 

engaged in problem-solving or project-based contexts, their depth of understanding and 

confidence in scientific reasoning increased. This supports Tomlinson (2014) framework of 

responsive teaching, which argues that instruction should be continually adjusted to meet the 

needs of diverse learners. 

Constructivist learning theory also provides a strong underpinning for these outcomes. From a 

constructivist perspective, students build understanding based on prior knowledge, active 

involvement, and personal interpretation of experiences. Differentiation enables teachers to 

scaffold learning in ways that align with these principles, thereby enhancing both cognitive and 

emotional connections to the content (Cuevas, 2015; Tomlinson, 2014). 

Models and Strategies Used 

The most commonly used instructional models found in the reviewed studies were PBL and PjBL, both 

of which were frequently integrated with differentiation strategies. These models provided a flexible 

and student-centered environment in which instruction could be tailored to meet individual learning 

preferences. Teachers typically differentiated instruction through three main pathways: content (what 

students learn), process (how they learn), and product (how they demonstrate learning) (Nestiyarum 

& Widjajanti, 2023). 

In most implementations, teachers first assessed students’ preferred learning styles using 

informal observations, questionnaires, or direct interviews. Based on the results, activities were 

tailored accordingly. For example, visual learners worked on diagram labeling or visualizing 

chemical processes through animations (Minarni et al., 2024), while auditory learners 

participated in structured discussions and recorded reflections (Raehani et al., 2023). 

Kinesthetic learners, on the other hand, were given hands-on tasks such as assembling 

molecular models or designing simple experiments (Astuti, 2023). 

The use of active learning models such as PBL and PjBL helped create a rich instructional 

environment that supported this differentiation. Through group investigations, open-ended 

questions, and authentic tasks, students had multiple entry points to access the material. 

Nestiyarum & Widjajanti (2023) emphasized that the success of such integration also depended 

on grouping strategies that allowed learners to collaborate across styles and ability levels. 
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Several studies also pointed out that culturally responsive teaching enhanced the effectiveness 

of differentiation. Wardani et al. (2024), for instance, incorporated ethnochemical elements 

into differentiated instruction, making the content more relatable for students and building a 

stronger connection between their cultural background and the subject matter. These 

innovations supported student identity and engagement. 

Despite the creative practices reported, a recurring limitation was the lack of detailed 

documentation on how differentiation was planned and executed. Only a few studies explicitly 

described the process of matching instructional activities to learning styles or explained how 

they evaluated the effectiveness of such matches. This gap underscores the need for more 

explicit instructional design guidelines and comprehensive documentation frameworks to 

support future implementations. However, only a few studies clearly described how learning 

style assessments were conducted and how differentiation was operationalized in lesson 

planning. 

Despite the promising results, several challenges were consistently reported across the 

reviewed studies, particularly from the perspective of classroom teachers. A primary concern 

was the limited time available for designing and implementing differentiated lessons. Creating 

multiple pathways for content delivery and assessment demands considerable planning, which 

many teachers, especially those handling multiple classes, found unsustainable (Muhab et al., 

2024). 

Another significant challenge was the lack of professional development and training. Frerejean 

et al. (2021) found that many teachers had limited or incorrect understanding of what 

differentiated instruction entails, often interpreting it as simply varying group activities or 

assigning different worksheets. Without a clear theoretical grounding and practical training, 

teachers struggle to apply differentiation in meaningful ways, particularly in chemistry, where 

poorly designed tasks can reinforce misconceptions. 

Resource constraints were also frequently cited. Schools with limited access to technology, 

laboratory equipment, or even basic instructional materials found it difficult to support a range 

of differentiated activities. This problem was particularly evident in rural or under-resourced 

contexts. Lavania & Nor (2020) emphasized that effective differentiation is challenging to 

implement in the absence of materials that support varied learning modes. 

Moreover, assessing students' learning styles and readiness levels requires tools and time that 

many schools do not provide. Teachers often rely on intuition or informal observations, which 

may not accurately reflect student needs. This lack of diagnostic accuracy can lead to 

mismatches between student preferences and instructional approaches, thereby reducing the 

potential benefits of differentiation. 

Finally, institutional support, both administrative and curricular, was found to be inconsistent. 

In some cases, rigid assessment systems or standardized lesson planning formats limited 

teachers’ autonomy to implement differentiated approaches. The findings underscore the 

importance of a systemic commitment to differentiation, including time allocation, curriculum 

flexibility, and leadership support, to ensure its sustainability and effectiveness in real 

classrooms. 

These three areas are not isolated, but rather interrelated, illustrating how differentiation can 

(and cannot) be fully implemented in science education practice. By bringing these three 

themes together, it becomes evident that the success of differentiation in chemistry education 

is highly dependent on the alignment between pedagogy, context, and implementer capacity. 

Without the support of an adaptive learning model, the differentiation approach will easily 
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devolve into merely a symbolic practice. Likewise, without teacher readiness and institutional 

support, the active model will lose its potential as an inclusion tool. Therefore, the success of 

this strategy is not determined by a single element, but rather by the interconnectedness and 

balance among the three. This analysis also emphasizes the importance of a systemic and 

transformative approach in designing inclusive and sustainable learning innovations in 

chemistry. 

Synthesis with Broader Literature 

The themes identified in this review resonate with broader international research on 

differentiated instruction and its effectiveness in science education. For example, studies in 

North America and Europe have consistently shown that differentiation, when applied 

systematically, improves student motivation, achievement, and classroom participation 

(Tomlinson, 2 

014). The findings from Indonesia and Nigeria echo this trend, suggesting a degree of 

universality in the benefits of matching instruction to diverse student needs. 

However, the global discourse also warns against over-reliance on fixed learning styles. 

Cuevas, (2015) argue that while recognizing preferences is useful, teaching should remain 

flexible and avoid rigidly assigning students to categories. Instead, teachers should provide a 

variety of experiences so students can build multiple ways of processing information. This 

“balanced flexibility” approach was reflected in some of the stronger studies reviewed here, 

which encouraged all students to engage with tasks outside their preferred modes. 

The integration of differentiated instruction with PBL and PjBL aligns well with constructivist 

pedagogy, which emphasizes active knowledge construction through exploration and 

collaboration. Across several studies, it was evident that students not only understood 

chemistry concepts better but also developed metacognitive and social skills, such as planning, 

teamwork, and communication, when differentiation was combined with inquiry-based 

models. 

Yet, the literature also points to the need for more rigorous empirical evidence. Many of the 

reviewed studies were limited in scope, lacking control groups or long-term follow-up. Future 

research should aim to investigate not just the short-term effects but also how differentiated 

instruction influences students’ learning trajectories, resilience, and scientific identity over 

time. 

 

CONCLUSION  

This systematic literature review highlights the positive impact of integrating differentiated 

instruction, particularly those based on students’ learning styles, with active learning models 

such as PBL and PjBL in chemistry education. Across eleven studies, the synthesis indicates 

that such integration not only improves academic outcomes like conceptual understanding and 

critical thinking but also enhances student motivation, engagement, and collaborative 

competencies. Differentiation in content, process, and product allows chemistry teachers to 

address classroom heterogeneity in meaningful ways. 

The review also reveals that despite the theoretical appeal and practical success of these 

strategies, implementation remains uneven. Challenges such as insufficient teacher training, 

limited instructional time, lack of access to diverse learning resources, and institutional rigidity 

continue to hinder the widespread adoption of differentiated approaches in chemistry 
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classrooms. These issues are particularly pronounced in under-resourced educational contexts, 

both within Indonesia and beyond. 

From a pedagogical perspective, this study affirms the relevance of constructivist theory and 

responsive teaching in shaping inclusive chemistry learning environments. When instruction is 

aligned with students’ learning preferences and supported by inquiry-driven pedagogies, it 

creates opportunities for deeper understanding, sustained interest, and improved self-efficacy. 

Future research should move beyond short-term gains and investigate the long-term effects of 

differentiated instruction on students' learning identities, scientific resilience, and performance 

in standardized assessments. Policymakers and curriculum developers must also provide 

teachers with structural support, such as professional development, assessment flexibility, and 

collaborative planning opportunities, to make differentiation a sustainable practice in science 

education. 

 This systematic literature review significantly impacts the development of chemistry learning 

by demonstrating that the integration of differentiated, learning-styles-based instruction with 

active models such as PBL and PIBI can improve students' conceptual understanding, critical 

thinking, motivation, and collaboration. This article also highlights implementation challenges 

in the field, such as a lack of teacher training and limited resources, thus underscoring the need 

for structural support from education policy. In terms of novelty, this study explicitly combines 

differentiation strategies with active learning approaches in the context of chemistry and 

emphasizes the importance of constructivist theory and responsive teaching in creating 

inclusive classrooms. Furthermore, the call for longitudinal research on the impact of 

differentiation on students' learning identity and resilience makes this study relevant for the 

future. 

 

RECOMMENDATION  

Based on these observations, further research is recommended to explore the long-term impact 

of integrating differentiated learning with active learning models on the development of 

students' learning identities, scientific resilience, and performance on standardized 

assessments. Furthermore, in-depth field studies are needed to assess the effectiveness of 

implementing differentiation in educational contexts with limited resources, especially in 

remote and rural schools. Research should also examine the influence of teacher professional 

training on the appropriateness and consistency of implementing differentiated learning, as 

well as developing adaptive and sustainable mentoring or training models. On the other hand, 

the development of evaluation instruments that are able to measure student achievement based 

on learning styles and involvement in PBL and PjBL is also important for further research. 

Thus, further research can strengthen the pedagogical and operational basis for implementing 

differentiation in educational science that is more inclusive and effective. 
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