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ABSTRACT 

Conceptual understanding is a fundamental aspect of physics learning. However, many studies show students still struggle 

to develop integrated knowledge structures. Resource theory offers an alternative by emphasizing the importance of 

activating and integrating students’ prior knowledge. One approach rooted in this theory is knowledge integration, which 

aims to help students build coherent networks of ideas by reinforcing central ideas. This study is a systematic literature 

review of 22 Scopus-indexed articles discussing the application of knowledge integration in physics learning since 2002. 

The method used refers to the systematic procedure of Petticrew and Roberts, including the stages of search, selection, 

critical analysis, and synthesis of findings. The study shows that the knowledge integration approach can enhance 

students’ conceptual understanding, strengthen the latent knowledge structure, and facilitate the transition from novice to 

expert student profiles. The systematic literature review results found consistency in the application of the approach in 

learning, namely: (1) the development of a conceptual framework, (2) the development of knowledge integration-based 

assessment, and (3) learning interventions. More in depth, the results of this study also offer a simple, strategic pattern 

that can serve as a guide for further research. 

 

KEYWORDS: Knowledge Integration, Physics Learning, Resource Theory, Systematic Literature Review. 

 



Knowledge Integration Approach for Building Profound Conceptual Understanding in 
Physics Learning: A Systematic Literature Review 

SCIENTIFIC CULTURE, Vol. 12, No 5, (2026), pp. 1-13 

 

 

INTRODUCTION 
 Students’ difficulties in understanding physics 

concepts have been a major concern in science 

education for decades (Chiu et al., 2007; Maries & 

Singh, 2018). Various intervention efforts have been 

made to address this issue, such as the use of learning 

models (Ruiz-Martín & Bybee, 2022; Setemen et al., 

2023), changes to textbook content (Barbieri et al., 

2023; Güven & Özmen, 2022), resource-based multi-

representation learning (Munfaridah et al., 2021; 

Waldrip & Rusdiana, 2012), using resource graphs 

(Wittmann, 2006), peer instruction learning (Wood et 

al., 2014), or the application of educational videos 

(Fyfield et al., 2022; Wray et al., 2021). However, 

several studies still indicate that certain conceptual 

aspects remain unresolved (Bahtaji, 2023; Tsivitanidou 

et al., 2021), and many students still struggle to achieve 

a comprehensive understanding of physics concepts 

(Ashley et al., 2023; Rahayu et al., 2019; Salmento et 

al., 2021). Therefore, some studies emphasize the 

importance of implementing interventions that develop 

students’ knowledge structures, as per the resource 

theory perspective, to address difficulties in students’ 

conceptual understanding (Robertson et al., 2023; 

Soeharto & Csapó, 2021). In response to these issues, 

the knowledge integration approach emerged as a 

pedagogical framework grounded in resource theory 

and has been widely adopted in both educational 

research and instructional interventions in recent years. 

Currently, the knowledge integration approach, 

revitalized and prominently advanced by Bao and 

Koenig (2019), has been widely implemented in physics 

education research across China and the United States. 

This approach emphasizes the identification, 

articulation, and refinement of students’ intuitive ideas 

to support the development of a coherent and well-

organized network of knowledge (Dai et al., 2019; Lu et 

al., 2023; Nie et al., 2019; Wang et al., 2019; Xie et al., 

2021). Such networks are structured around central 

ideas that function as conceptual anchors in the 

development of students’ understanding (Bao & 

Fritchman, 2021a; Lu et al., 2023; Xu et al., 2020; Ye et 

al., 2024). In this context, the Knowledge Integration 

approach becomes highly relevant and urgent to apply 

in physics education. Physics, as a discipline that 

emphasizes the relationships between concepts and real-

world phenomena, requires a knowledge structure that 

is not only broad but also deeply organized and cohesive 

(Bao & Redish, 2006; Lu et al., 2023). Unlike the social 

sciences and humanities, which tend to be narrative, 

interpretive, and contextual, scientific fields such as 

physics, chemistry, and biology require strong 

conceptual integration to bridge theoretical and applied 

understanding. This is evident from the dominance of 

the Knowledge Integration approach, which is currently 

more prevalent in science education contexts (Nie et al., 

2019; Wang et al., 2019;  Xu et al., 2020) compared to 

non-science fields. Even within the science field itself, 

this approach is most widely implemented in physics 

education due to the complexity of hierarchical, 

intertwined relationships among concepts such as force, 

motion, and energy (Ding et al., 2024; Lu et al., 2023; 

Ye et al., 2024). Therefore, narrowing this systematic 

study to the field of physics provides greater urgency 

and more meaningful contributions, both theoretical and 

practical. Several studies have demonstrated the success 

of the knowledge integration approach in improving 

students’ understanding of physics concepts. The 

materials studied include measurement (Lu et al., 2023), 

force and motion (Bao & Fritchman, 2021a, 2021; Ding 

et al., 2024; Nie et al., 2019), Friction (Wang et al., 

2019), momentum and impulse (Xu et al., 2020, 2023), 

work and energy (Tong et al., 2023), mechanical waves 

(Xie et al., 2021), light interference (Dai et al., 2019), 

electromagnetic induction (Xiao & Bao, 2024), dan 

electricity (Liu et al., 2022). This success was supported 

by a conceptual framework that visually mapped the 

structure of knowledge and the relationships between 

ideas (Nie et al., 2019). 

 

The knowledge integration approach based on resource 

theory has shown great potential in strengthening 

students’ knowledge structures (Bao & Fritchman, 

2021b; Ding et al., 2024; Lu et al., 2023; Nie et al., 2019; 

Xu et al., 2020). This approach has been implemented 

since 2002 until the writing of this article. Therefore, it 

is necessary to systematically summarize and analyze 

developments, intervention patterns, and research trends 

in this field (Loh et al., 2023; Moreno et al., 2024). This 

systematic review is essential for mapping how this 

approach is implemented in learning, particularly in 

physics. Furthermore, this literature review will discuss 

the development of the instruments used, changes in the 

knowledge structure, and the extent to which this 

approach contributes to the development of a profound 

conceptual understanding. Through the Systematic 

Literature Review research process, this study will not 

only identify gaps that have not been revealed in the 

literature but also provide simple patterns and strategic 

directions for further meaningful research (Banha et al., 

2022; Manso et al., 2024; Savastano et al., 2019). 

Therefore, this study attempts to answer two research 

questions: 

 

RQ 1: How are the patterns and strategies of knowledge 

integration applied in physics learning to build 

student’s profound conceptual understanding? 

RQ 2: How successful are knowledge integration-based 

learning in physics learning? 

 

RESEARCH METHOD 
This study adopts a systematic, structured approach outlined by Petticrew and Roberts (2008). The research was 

conducted using a structured, comprehensive search of articles relevant to the research questions. This began with defining 

the research questions, establishing inclusion and exclusion criteria, searching and sorting articles, critical appraisal, and 
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in-depth analysis (Myung, 2023; Sargeant & O’Connor, 2020). Various efforts were made to ensure that the articles 

obtained could answer the research questions posed (Petticrew & Roberts, 2008). Inclusion criteria were determined based 

on the research title and its details. Several considerations were taken into account, including findings on knowledge 

integration, the use of physics as a research topic, the development of a conceptual framework for the research, and the 

development of related instruments. The inclusion and exclusion criteria are clearly presented in Table 1. 

 

Table 1: Inclusion and Exclusion Criteria. 

Inclusions Criteria Exclusion Notes 

The journal is published at 

intervals between 2002 and 

2025. 

Journals published 

before the specified 

time period. 

The journal index is Scopus. Journals not 

indexed by Scopus. 

The learning approach used 

is Knowledge Integration. 

Other approaches 

such as STEM, 

STEAM, student-

centered learning, 

etc. 

The research topic is science 

and physics education. 

Articles with other 

research topics, 

such as social 

sciences, 

humanities, etc. 

The research results include 

one of three discussions: (1) 

development/application of a 

conceptual framework, (2) 

development/assessment of 

indicators, and (3) 

intervention in learning. 

Research results 

that do not include 

any of the three 

topics mentioned 

above. 

 

The article search process involved collecting research results from several main databases, namely IOP Publishing, 

AAPT Publications, and APS Publications, as well as the popular Scopus article search application. The search was 

conducted using a combination of several terms related to knowledge integration (conceptual integration, idea integration, 

conceptual linking, cognitive integration, and knowledge organization). In addition, it was specific to several keywords 

(physics, science education, physics education) and was also used several times with specific physics topics, such as 

Newton’s laws, impulse, and momentum, among others. The total number of articles obtained by entering each keyword 

into the web database was 155, with details as follows: IOP Publishing 21, AAPT Publications 10, APS Publications 44, 

Publish or Perish 58, and 22 from other sources. Additionally, the search was conducted using the snowball strategy, 

starting with referenced articles that met the criteria. The flow diagram of the paper inclusion and exclusion process is 

shown in Figure 1. 

. 

 
Figure 1: PRISMA Flow Diagram. 
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RESULTS AND DISCUSSION 

Patterns and Strategies for Knowledge Integration in Physics Learning 
The knowledge integration approach is a learning process that aims to help students develop a coherent, comprehensive 

knowledge structure (Bao & Fritchman, 2021a, 2021b; Ding et al., 2024; Nie et al., 2019). This approach was first 

researched in the field of learning by Linn and Eylon (2000), who focused on integrating knowledge to understand science 

and promote lifelong science learning (Linn & Eylon, 2000). Recent research by Bao (2019) specializes in knowledge 

integration in physics learning (Bao et al., 2019). The approach aims to help students build a deeper and more integrated 

understanding (Bao & Fritchman, 2021a). Bao’s approach can be considered an application of Linn’s principles of 

knowledge integration in physics education, with an emphasis on conceptual analysis and targeted instruction to address 

students’ conceptual difficulties. This approach has also been used across various physics concepts, and some studies 

show that knowledge integration effectively improves students’ conceptual understanding (Nie et al., 2019; Xu et al., 

2024; Xie et al., 2021; Y. Ding et al., 2024). 

 

The results of the review and critical analysis of the 22 articles studied in this study reveal consistent research patterns in 

the application of the knowledge integration approach in science learning. These patterns reflect the main focus of 

researchers in developing learning strategies that are not only conceptual but also applicable in improving student 

understanding. In general, three major patterns were found to be the main focus of the studies, namely the implementation 

of a conceptual framework (Bao & Fritchman, 2021a; Lu et al., 2023; Xu et al., 2023), the design of knowledge 

integration-based assessments (Wang et al., 2019; Xiao & Bao, 2024; Xu et al., 2020; Ye et al., 2024), and the 

implementation of learning interventions to promote more effective knowledge integration (Ding et al., 2024; Linn & 

Eylon, 2005; Nie et al., 2019; Xie et al., 2021). This subchapter will explain the first two aspects, namely the 

implementation of the Conceptual Framework and the design of knowledge integration-based assessment, while the third 

discussion on the implementation of knowledge integration in learning will be included in the next subchapter, along with 

its success. 

 

3.2 Implementation of Conceptual Framework 
The conceptual framework serves as the main guideline for knowledge Integration-based learning. In its implementation, 

the conceptual framework is used to visualize students’ thinking flows and patterns, compared with those of experts (Bao 

& Fritchman, 2021b; Lu et al., 2023; Xu et al., 2023). In general, students’ thinking patterns differ from those of experts 

when understanding a concept. Therefore, a conceptual framework helps educators identify the connections and 

differences in students’ thinking patterns. This understanding is expected to facilitate educators in designing appropriate 

learning scenarios, using students’ prior knowledge structure as the main foundation, in line with the principles of resource 

theory in learning. 

 

The first step in developing a conceptual framework is to identify the central idea of a topic (Bao & Fritchman, 2021a; 

Lu et al., 2023; Xu et al., 2023). The central idea here is a main concept that serves as an anchor for resolving various 

contexts within the topic (Dai et al., 2019; Lu et al., 2023; Nie et al., 2019). Table 2 below presents central ideas explicitly 

identified by researchers in their studies. 

 

Table 2: Central Idea of Each Topic in Physics. 

Topics Central Idea Article 

Measurement 

Uncertainty 

Systematic 

uncertainty + random 

uncertainty 

Lu et al., 

2023 

Force and 

Motion 

𝛴𝐹 = 𝑚𝑎 Nie et al., 

2019 

Newton’s 

Third Law 

Force as interaction 

and symmetrical pairs 

Bao & 

Fritchma

n, 2021a, 

2021b 

Impulse and 

Momentum 
𝛥𝑝 = 𝐹𝑛𝑒𝑡𝛥𝑡 Xu et al., 

2020 

Friction Passivity of Friction 

Force 

Wang et 

al., 2019 

Mechanical 

Waves 

Expert: 

wave interpretation 

Novice:  

particle interpretation 

Xie et al., 

2021 
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Topics Central Idea Article 

Work and 

Energy 

𝑊𝑛𝑒𝑡 = 𝑊𝑛𝑐 − 𝛥𝑈
= 𝛥𝐾 

Tong et 

al., 2023 

Light 

Interference 

Phase difference + 

wave superposition 

Dai et al., 

2023 

Simple 

Electricity 

 

Integrate three 

concepts, namely the 

principle of electric 

current, mathematical 

equations, and the 

conservation of 

charge and current. 

Liu et al., 

2022 

  

These central ideas serve as a crucial starting point for building a cohesive conceptual framework and play an important 

role in designing learning strategies and analyses oriented toward a deep understanding of the topics being studied. 

 

3.3 Design of Knowledge Integration-based Assessment 
In an effort to identify students’ level of knowledge integration, Linn et al. (2003) conducted research on Knowledge 

Integration assessment using essay questions. In this study, they used a tiered scoring rubric (from non-normative to 

complex link) to evaluate how students relate and integrate various scientific ideas. The content focus was on general 

science learning (not specific to physics), and the study aimed to develop a framework and rubric for Knowledge 

Integration assessment and inquiry-based curriculum design. Furthermore, this assessment does not merely evaluate 

answers as correct or incorrect but assesses how well students can connect and integrate various ideas in their responses 

to a problem (Schmidt et al., 2021; Sreenivasa et al., 2022). Thus, the Knowledge Integration assessment developed by 

Linn provides a relevant evaluative tool for detecting the extent to which students have constructed increasingly scientific 

conceptual representations (Mahadini et al., 2021; Ozfidan & Mitchell, 2022).  

 

On the other hand, the latest knowledge integration approach, pioneered by Bao et al. (2019), uses multiple-choice 

questions to assess students’ understanding. Bao et al. (2019) also use conceptual framework visualizations to help 

teachers map and visualize students’ thought processes. Bao et al. (2019) uses resource theory to map students’ thinking 

patterns as a dynamic system composed of various knowledge resources (resources) that can be activated and reorganized 

in a learning context. Furthermore, the knowledge integration approach by Bao et al. (2019) also classifies students into 

three categories of knowledge integration levels, namely novice, transition, and expert. To support this classification, a 

special assessment form was developed that utilizes two types of questions, namely typical and atypical (Wang et al., 

2019; Xiao & Bao, 2024; Xu et al., 2020; Ye et al., 2024). Typical questions refer to standard questions commonly found 

in textbooks, with contexts and variables that are general and familiar to students (Ye et al., 2024). In contrast, atypical 

questions are designed to challenge students’ ability to integrate concepts by presenting unusual problems that require the 

combination of various physics concepts into a single central idea in the problem-solving process (Maries et al., 2017). 

Other research conducted by Xie et al. (2021) and Liu et al. (2022) further enriched the knowledge integration assessment 

features by examining students’ abilities to solve questions at three levels of complexity: single-link typical, multilink 

typical, and integrated-link atypical. These three types of questions represent a gradation of interrelationships between 

concepts required in the solution process, ranging from simple interrelationships to complex and unusual conceptual 

relationships. Thus, students’ ability to tackle each type of question reflects the level of knowledge integration they have 

developed. To support this analysis, Table 3 was compiled to illustrate the characteristic design of each question type and 

the typical abilities demonstrated by students at various skill levels, ranging from novice to expert. 

 

Table 3: Question Design to Assess Knowledge Integration. 

Knowledge Integration Single-Link Typical Multilink Typical Integrated-Link Atypical 

Novice level Sometimes successful Rarely successful Guessing/using a novice model 

Transition Level Mostly successful Often successful Sometimes successful 

Expert level Always successful Always successful Mostly successful 

 Thus, the classification of student abilities by question type and skill level, as shown in Table 3, provides a systematic, 

measurable framework for evaluating the level of knowledge integration. Through this mapping, educators and 

researchers can better understand how students’ thinking patterns develop as their ability to connect various concepts 

improves. In addition, the information obtained from this assessment can be used to design more targeted learning 

interventions that encourage deeper, more meaningful knowledge integration. 
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Success of Intervention in Learning and Its Outcomes 

Knowledge integration-based research has been extensively conducted using a two-group experimental design, consisting 

of a control group receiving conventional instruction and an experimental group receiving knowledge integration-based 

instruction (Dai et al., 2019; Nie et al., 2019; Tong et al., 2023). In the intervention group, students were introduced to 

central ideas earlier and more explicitly. Each learning session systematically connects these central ideas with various 

relevant principles and new contexts, thereby encouraging students to build a more integrated understanding. 

Additionally, this approach consistently emphasizes the development of causal reasoning rather than merely procedural 

reasoning, prompting students to understand why a phenomenon occurs rather than just how to solve a problem. In 

contrast, the control group focused on a traditional teaching approach, which emphasized routine problem solving and 

mastery of laws or concepts in isolation, without explicitly linking concepts. This approach tends to result in fragmented 

understanding, where students know individual concepts but are not yet fully able to integrate them in understanding 

phenomena as a whole (González-Marcos et al., 2021; Overskott et al., 2024).  

 

After implementing knowledge integration-based learning interventions in the experimental class, the researchers found 

that this approach was successful. Students in the experimental class showed increased deep understanding of concepts 

(Dai et al., 2019; Nie et al., 2019; Tong et al., 2023). They were also able to connect various ideas and apply them in new 

situations. In general, students’ knowledge structure in the intervention class became more integrated and flexible. They 

did not just memorize formulas, but also understood the relationships between concepts. Students also demonstrated more 

logical reasoning based on the central ideas of a concept. In contrast, students in the control class tended to rely on 

memorization and procedures. They struggled when faced with problems in new or unfamiliar contexts. This suggests 

that the knowledge integration intervention helps construct more conceptual and transferable understanding. 

 

In a study by Xu et al. (2023) about momentum learning, students in the experimental class who received conceptual 

framework-based instruction showed significant improvements in understanding the relationship between force, time, 

and changes in momentum. They were not only able to solve momentum conservation problems but also explain the 

reasons behind the law using causal reasoning based on the impulse-momentum theorem. In contrast, students in the 

control class were more focused on formulas without a deep understanding of the concept of impulse, and they struggled 

when faced with problems in unfamiliar contexts. Similarly, in developing a framework for Newton’s third law by Bao 

and Fritchman (2021a, 2021b), the designed intervention emphasized that force results from simultaneous interactions 

between two objects. Students who received this approach demonstrated the ability to avoid common misconceptions, 

such as the assumption that larger objects exert greater force, and to identify pairs of interacting forces in various contexts 

correctly. This suggests they developed a deeper, more stable understanding than traditional approaches that rely on 

misleading “action-reaction” language. Similar findings emerged in a study by Xu et al. (2020) on measurement 

uncertainty. Students in the intervention class, who learned using a conceptual framework of uncertainty, were able to 

identify various sources of uncertainty (random and systematic) and explain the experimental process as a complex 

interaction between humans, tools, and the environment. They also demonstrated reflective thinking by comparing two 

experimental results and by understanding the statistical meaning of the experimental data. In contrast, students who 

learned only through traditional approaches tended to view uncertainty as a technical or procedural error rather than an 

inherent characteristic of scientific measurement. On the other hand, research by Nie et al. (2019) provides empirical 

evidence that knowledge integration learning can change students’ latent profiles, namely the hidden characteristics of 

their understanding patterns of style and motion concepts. Latent profile analysis is used to identify latent groups (profiles) 

within a population based on patterns across multiple variables (Bu et al., 2023; Shin et al., 2022; Spurk et al., 2020). 

Using latent profile analysis (Troia et al., 2019), students were categorized into three conceptual profiles: expert, 

transition, and novice. The results of the intervention show that knowledge-integration-based learning can encourage 

students to move from profiles 3 or 2 to profile 1 (Z. Liu et al., 2022). This transition is more significant in the knowledge 

integration-based teaching group than in the traditional teaching control group. This finding indicates that knowledge 

integration not only improves surface-level performance but also transforms students’ underlying conceptual 

understanding. Through this process, fragmented ideas are reorganized into more coherent and scientifically consistent 

knowledge structures. As a result, students can apply concepts more flexibly and engage in deeper reasoning when solving 

problems. 

 

Findings, Implications, and Future Research Directions 
By observing the conceptual framework patterns in 14 of the 22 reviewed articles, this study identifies two main design 

models: (1) a hierarchical structure from novice to expert with interconnected pathways (Bao & Fritchman, 2021a; Liu et 

al., 2024; Lu et al., 2023; Nie et al., 2019; Tong et al., 2023; Xu et al., 2023), and (2) a parallel structure contrasting 

novice and expert thinking with transitional pathways (Xie et al., 2021). These models suggest that conceptual 

understanding can develop gradually or through shifts between different ways of thinking, influenced by instructional 

strategies, learning environments, student engagement, prior knowledge activation, opportunities for meaningful concept 

integration, and continuous reflection processes that support deeper conceptual restructuring. Therefore, this study 

proposes a simplified pattern for developing conceptual frameworks, as illustrated in Figures 2 and 3. 
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Figure 2: Sketch of Conceptual Framework Second Model. 

 

 
Figure 3: Sketch of Conceptual Framework Second Model. 

 

Figure 2 presents the first conceptual framework, which organizes students’ levels of understanding hierarchically from 

bottom to top (Bao & Fritchman, 2021a; Xu et al., 2023). In this model, novice students’ thinking is placed at the bottom, 

transitional student’s thinking in the middle, and expert thinking at the top. Central ideas are the main focus points directly 

connected to transitional thinking, while novice thinking is linked through weaker, separate paths (Dai et al., 2019; Xie 

et al., 2021). The relationship to task goals or learning objectives flows from the central idea and transitional thinking, 

illustrating that transitional thinking plays an important role in the maturation of understanding. This model reflects a 

gradual development process in which students move from an initial understanding to a more scientific and integrated 

understanding by activating the central idea and strengthening conceptual connections. 

 

Meanwhile, Figure 3 shows the second conceptual framework, which organizes students’ thinking in parallel. In this 

model, there are two parallel lines of thinking: the expert model on the right and the novice model on the left. The central 

ideas for both novices and experts are placed side by side and connected to the transitional thinking. Transitional thinking 

serves as a bridge, enabling movement or shifts in understanding between the novice and expert pathways. At the bottom, 

novice students’ thinking is still shown as the foundation that needs to be transformed. This model emphasizes the 

importance of a horizontal shift in thinking patterns, in which students gradually build a more sophisticated understanding 

through exploration and comparison of novice and expert representations, rather than through linear, hierarchical 

development. 

 

The differences in the design of the two conceptual frameworks show that students’ understanding of science learning 

(including physics) is not static, but develops dynamically through distinctive stages. To understand how this shift in 

understanding occurs, it is important to examine in depth the characteristics of students at each level of understanding, 

namely novice, transition, and expert. Each level represents different ways of thinking, cognitive tendencies, and qualities 

of knowledge integration. By understanding the characteristics of each level, educators can design more targeted learning 

interventions to encourage a shift in understanding toward more scientific conceptual representations. 

 

Based on the findings described above, this study has successfully formulated a systematic framework that can serve as 

a reference for researchers and education practitioners when designing and implementing knowledge integration-based 

learning. This pattern includes a series of strategic stages to ensure the learning process is structured, starting with 
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identifying central ideas, developing a conceptual framework, preparing appropriate assessment instruments, and 

planning effective learning interventions. Each stage is described comprehensively and visualized more clearly in Figure 

4. 

 
Figure 4: Intervention Patterns in Knowledge Integration Learning Approaches.

 

 

This entire flow shows how knowledge integration 

learning can serve as a systematic framework to improve 

students’ knowledge structures, integrate conceptual 

understanding, and develop them from novice learners 

to expert-like scientific understanding. The first stage is 

the intervention process flow. The flow begins with 

students’ difficulties in mastering concepts, which can 

be caused by two things: (1) incorrect knowledge or 

misconceptions, which are ideas that contradict science 

(Bahtaji, 2023; Haryono & Aini, 2021; Laliyo et al., 

2019; Yuliasari et al., 2023), (2) correct knowledge in 

certain conditions (resource theory), which is a correct 

understanding but only applicable in a limited context 

(Richards et al., 2020; Scheer, 2007). The study then 

chose the second option, resource theory, which 

assumes that students have a correct knowledge 

structure. This correct knowledge structure then 

becomes the starting point for knowledge integration. 

Then, an intervention was carried out in the form of 

Knowledge Integration-based learning, which began by 

establishing central ideas for the topics to be further 

intervened on. At this stage, there are two main 

components: (1) resource integration, which involves 

linking students’ knowledge fragments to correct 

scientific concepts, and (2) focus on the central idea, 

which emphasizes understanding the core principles of 

a physics concept. Both are supported by the 

development of a Conceptual Framework and 

knowledge integration-based assessment, which help 

design instruction and evaluation to build a connected 

knowledge structure (Liu et al., 2024; Lu et al., 2023; 

Tong et al., 2023; Xu et al., 2023; Bao & Fritchman, 

2021a; Nie et al., 2019). The second stage is output 

(student profile development and profound conceptual 

understanding). Through this learning process, students 

can progress from one level of development to the next: 

novice to transition, and finally to expert. This process 

can be direct or gradual, depending on the effectiveness 

of integrating ideas and context. (Wood et al., 2014; Nie 

et al., 2019; Vančugovienė et al., 2024). This leads to 

the outcome: a deep understanding of the concept, 

marked by students’ ability to relate ideas across various 

contexts. In addition, changes in students’ latent 

profiles, namely the transformation of the hidden 

knowledge structure from fragmentation to integration, 

are indicators of the achievement of a deep 

understanding of the concept. Thus, the findings 

presented in this subsection are expected to enrich the 

references available to researchers and education 

practitioners in designing Knowledge Integration-based 

learning interventions. The visual presentation of the 

conceptual framework design and the systematically 

arranged intervention stages provide simpler, more 

structured, and flexible guidelines that can be easily 

adapted to various physics learning contexts. This 

design is intended not only to help students integrate 

knowledge in a more meaningful way but also to 

encourage a shift in thinking toward a more 

comprehensive, scientific conceptual understanding 

(Juliangkary et al., 2024; Widiyatmoko & Shimizu, 

2018). Additionally, these findings open opportunities 

for future researchers to explore and integrate various 

learning models aligned with the principles of 

Knowledge Integration, such as the learning cycle 

(Sharma, 2018; Jaya et al., 2023), project-based learning 

(Loyens et al., 2023; Nicholus et al., 2023; Santhosh et 

al., 2023), or model-based inquiry (Sam, 2024; Strat et 

al., 2024; Lammert, 2020). This development effort is 

expected to contribute to the creation of more effective, 

adaptive, and high-quality physics learning, ultimately 

supporting the achievement of student competencies in 

the conceptual domain and higher-order thinking skills. 
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CONCLUSION 
Based on a collection of in-depth research, the findings 

show that the knowledge integration approach follows a 

specific research pattern. The researchers’ analysis of 

the articles shows that knowledge integration research 

begins by identifying central ideas to create a path of 

thinking for experts and students within a conceptual 

framework sketch. The results are then used to develop 

a knowledge integration-based assessment. The final 

stage is to apply the conceptual framework and 

assessment in learning to determine students’ level of 

understanding. Uniquely, this systematic literature 

review not only discusses the body of research on 

knowledge integration but also examines the collection 

of research on it. This study also aims to provide a 

simple conceptual framework for the researchers, an 

explanation of assessment development indicators, and 

a research flow that can serve as a reference for readers. 

Knowledge integration-based instruction explicitly 

emphasizes connections among concepts through 

central ideas, consistently improves students’ 

understanding, reduces reliance on memorization, and 

shifts students’ latent profiles toward a more integrated 

level. Thus, knowledge integration provides a strong, 

comprehensive framework for designing learning and 

evaluation that promotes the transformation of students’ 

understanding from novice to expert levels. 
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