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	Abstract
	This meta-analysis study aims to analyse the effect of the 5E learning cycle model on physics learning. The method used is quantitative research on SINTA accredited national articles, proceedings and international articles with the latest ten years, namely 2013-2023. By analysing data obtained from articles on the effect of the 5E learning cycle model on physics learning in terms of education level, grade level, type of research, subject matter and based on the needs in physics learning. Data analysis using the effsct size equation. The results of the analysis showed that overall the learning cycle 5E model had an effect on physics learning with an average effect size of 1.058 with a high interpretation of the effect. At the junior high school level of education with a very high interpretation while the high school level gives a high effect. The grade level aspect gives a very high effect on grade VII and grade XII, while grade VIII, X, and XI give a high effect. In the aspect of research type, it gives a very high influence effect on the type of research Mix Methods and True-Experiment. In the aspect of subject matter, it gives a very high influence on the material of principal and derived quantities, the solar system, sound waves, and the photoelectric effect. The aspect of learning needs gives a very high influence on problem solving and critical thinking skills. In this case, the learning cycle 5E model as a whole can improve students' learning achievement and can be used as an alternative in learning science, especially physics.
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INTRODUCTION
Science develops along with the times. Scientific standards are information systems of the physical world and related phenomena, which require impartial observation and systematic testing (Gregersen, 2020). What was once called scientific truth may change in the present and in the future. So science is dynamic and needs to be developed to reveal the truth and use it in life. There are two pedagogical approaches in teaching natural science: deductive and inductive approaches (Constantinou et.al, 2018). The role of the educator in the deductive approach is to present a concept and its associated logic and provide examples of its application. Learners are positioned as passive learners, meaning that they only get the material delivered by the educator. In contrast, with the research process approach (which is an inductive approach), learners are given many opportunities to make observations, conduct experiments, and educators guide learners to formulate concepts based on their knowledge (Rocard et.al., 2007). Therefore, educators must plan the learning process so that learners perform an activity in acquiring their knowledge.
Physics is a science obtained using methods based on scientific observations related to a systematic understanding of nature. With the development of science and technology, physics as part of science and technology also continues to experience the development of theory and its application. According to Johnson (2017), physics and technology have now become an inseparable unity and become a complementary culture between science and technology, with the nature of science on the one hand and the meaning of technology on the other physics learning is developed in accordance with the characteristics that aim to educate and foster experimental skills, thinking skills, and scientific attitudes of students. The basic principle of teaching activities is to provide the potential for students to understand the facts, concepts and principles of science being studied. Learner-centred teaching activities can improve academic achievement and develop learners' creativity
Studying physics is a process of acquiring knowledge, understanding of the basic principles and laws that govern the behaviour of matter and energy in the universe. When studying physics, learners must be able to acquire and apply the concepts learnt (Etkina, 2015; Docktor et al., 2016; Bollen et al., 2016), and students must be able to develop their critical skills (Holmes, Wieman, & Bonn, 2015; Kong, 2015). This means that to achieve these goals one must have sufficient understanding of physics concepts and then apply them, where in applying physics concepts students need good critical skills. Effective physics learning involves developing a strong foundation in mathematical concepts, critical thinking skills, and problem-solving abilities. It also requires a deep understanding of scientific methodology, including hypothesis testing, experimentation, and data analysis.
The learning cycle model has been widely used in learning activities. One of them is the 5E learning cycle model. Bruner in Kivunja (2015) stated that the 5E learning cycle model became very popular in pedagogy because this model is used to facilitate learning that has been conceptualised by experts such as active learning (Piaget, 1954), constructivist learning (Vygotsky, 1929), discovery learning (Bruner, 1961). From these statements it can be concluded that learners must find and transform complex information on their own, actively participating in concepts and principles through stages characterised by the generation of new information and how to process it, so that intellectual development occurs based on perceived context. A learner understands concepts by combining new and old knowledge or by combining new knowledge with existing schemes and cognitive frameworks (Krathwohl and Anderson, 2001). The 5E learning cycle model includes aspects of behaviourism and cognitive models (Jobrack, 2013). To teach 21st century skills, Bruner utilised the 5E learning cycle model approach with the following stages: (1) Engage stage maximises learners' participation in active learning by actively engaging learners in learning tasks, ideas or concepts; (2) Explore stage focuses on learners and provides opportunities for learners to discover new things and the teacher becomes a guide or facilitator in their search; (3) Explanation stage is new information or information that is not discovered by learners themselves. This stage focuses on explaining ideas and concepts as well as interpretations that extend learners' understanding to new frontiers of knowledge; (4) The elaboration stage provides opportunities for learners to extend their cognitive experiences into increasingly complex matters. This allows learners to connect previously learnt schemas with new learning or newfound knowledge; (5) Evaluation stage gives learners the opportunity to focus on their performance to find out whether or not they are achieving the learning outcomes, and what they can do to improve their performance. This can be an excellent shadow for learner assessment, formative and summative assessment. It will inform the strategies and planning needed to improve learning and assessment.
Based on the description above, a meta-analysis will be conducted related to the effect of the 5E learning cycle model on physics learning. This meta-analysis is carried out with the aim of analysing the effect given by the 5E learning cycle model on physics learning, analysing the magnitude of the effect given by the 5E learning cycle model on physics learning based on the level of education, grade level, type of research, subject matter and based on the needs used for learning. 

[bookmark: _Hlk152073755]METHODS
The method used in the research is a quantitative meta-analysis. Data collection was carried out by accessing https://scholar.google.co.id by reviewing several articles in national journals indexed by SINTA 1 to SINTA 5 and proceedings and articles in international journals with the latest ten years, namely 2013 to 2023. The keyword used in the search is the effect of the effectiveness of the 5E learning cycle model on physics learning. Based on the search results on Google Scholar, 22 relevant articles were obtained in national journals indexed by SINTA 1 to SINTA 5 as well as proceedings and international journals. Due to the articles used using different data analyses, it is necessary to derive effect size formulas (Erpan, et el., 2021; Iskandar et al, 2021; Suhardiman et al., 2022) as in Table 1.
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Table 1. Effect Size Derivation Formulas
	No
	Type of Test
	Formula
	Description

	1.
	Z-test
	
	Z: score of the z-test value in the initial study
ne: number of experimental group samples
nc: sample size of control group

	2.
	t-test
	

	𝑡: scores from the t-test values in the baseline study
𝑛: sample size
𝑛𝑒: the number of experimental group samples

	3.
	r – test
	
	𝑟: score from the r-test in the initial study
(Sutrisno, Kresnadi, & Kartono, 2007:4-10)

	4.
	F-test
	
	𝐹: scores from the F-test in the initial study
𝑛: sample size

	5.
	X2-test
	
	𝑋2: scores from the X2-test in the original study
  𝑛: sample size
(Wilkinson, and APA Task Force on statistical Inference, 1999)




[bookmark: _Hlk152073870]To find the effect size value, data analysis techniques are used using the following equation.

Description:
ES = Effect size
 = Posttest average
 = Pretest average
SD = Standard deviation
Effect size data for each article is categorised based on criteria according to Cohen (1988) in Cakir (2017) presented in Table 2 
Table 2. Classification for interpreting the effect size
	No
	Size Effect Value
	Interpretation

	1.
	ES ≤ 0,15
	Negligible effect

	2. 
	0,15< ES≤ 0,40
	Low Effect

	3.
	0,40< ES ≤ 0,75
	Medium Effect

	4.
	0,75< ES≤ 1.10
	High Effect

	5. 
	1.10 < ES ≤ 1,45
	Very high effect

	6.
	1,45< ES
	high influence



FINDINGS AND DISCUSSION
The results of the article analysis used coding to facilitate data collection. Coding is done by renaming the articles analysed with the code A1 up to A22. Data on the distribution of the effect of the Learning Cycle 5E model on physics learning can be seen in Table 3 below.


Table 3.  Distribution Data of the effect of Learning Cycle 5E Model on Physics Learning
	No
	Author
	Code
	Level of Education
	Class
	Type Research
	Effect Size
	Interpretation

	1.
	Al-Anshori et al., 2013
	A1
	SMA
	X
	Quasi Experiment
	0,828
	High

	2.
	Nainggolan & Sihombing, 2013
	A2
	SMA
	X
	Quasi Experiment
	0,738
	Medium

	3.
	Anisah & Purwanto, 2014
	A3
	SMA
	XI
	Quasi Experiment
	0,632
	Medium

	4.
	Parhusip & Ginting, 2014
	A4
	SMA
	X
	Quasi Experiment
	0,584
	Medium

	5.
	Senindra et al., 2016
	A5
	MAN
	X
	Quasi Experiment
	0,617
	Medium

	6.
	Sari et al., 2016
	A6
	SMP
	VII
	Quasi Experiment
	1,908
	Very High

	7.
	Asriyadin et al., 2016
	A7
	SMA
	X
	Quasi Experiment
	0,830
	High

	8.
	Irhamna et al., 2017
	A8
	SMP
	VIII
	Quasi Experiment
	0,776
	High

	9.
	Maida & Sirait, 2017
	A9
	SMA
	XI
	Quasi Experiment
	1,171
	Very High

	10.
	Latifa et al., 2017
	A10
	SMA
	X
	Quasi Experiment
	0,457
	Medium

	11.
	Sari et al., 2017
	A11
	SMA
	XI
	Quasi Experiment
	0,712
	Medium

	12.
	Namgyel & Buaraphan, 2017
	A12
	SMA
	XII
	Quasi Experiment
	1,411
	Very High

	13.
	Razak, 2018
	A13
	SMP
	VIII
	Pra-eksperimen
	0,771
	 High

	14.
	Isnani et al., 2018
	A14
	SMA
	XI
	Quasi Experiment
	0,963
	High

	15.
	Sakdiah, 2018
	A15
	SMA
	X
	Quasi Experiment
	0,857
	High

	16.
	Rafiqah et al., 2019
	A16
	SMA
	X
	Pra-eksperimen
	1,197
	Very High

	17. 
	[bookmark: _Hlk152360710]Lusiana et al., 2019
	A17
	SMP
	VII
	Mix Methods
	3,420
	Very High

	18.
	Hartawati et al., 2020
	A18
	SMA
	X
	Quasi Experiment
	0,606
	Medium

	19.
	Fuadi et al., 2020
	A19
	SMA
	XI
	Quasi Experiment
	0,762
	High

	20.
	Armys & Derlina, 2021
	A20
	SMA
	X
	Quasi Experiment
	1,647
	Very High

	21.
	Setyowidi et al., 2021
	A21
	SMK
	XI
	Quasi Experiment
	0,935
	High

	22.
	Purfiyansyah at al., 2023
	A22
	SMA
	XI
	True- Eksperimen
	1,464
	Very High

	
	
	
	
	Average Effect Size
	1,058
	High Effect




The table above describes the samples of research on the effect of the 5E learning cycle model on physics learning obtained from articles from national journals, proceedings and articles in international journals. The 22 articles were then analysed based on the level of education, grade level, type of research, subject matter and based on the needs in physics learning. 
The results of the analysis of the effect of the 5E learning cycle model on physics learning based on the level of education average effect size can be presented in Table 4.
Table 4. Effect Size by Education Level
	Level of Education
	Total 
	Effect Size
	Interpretation

	SMP
	4
	1,719
	Very High

	SMA/MA
	18
	0,912
	High


Based on Table 4, it can be seen that the use of learning cycle 5E model in physics learning both in junior high school and senior high school has an effect on physics learning. In junior high school, the average effect size value is 1.719 where the learning cycle 5E model has a very high influence on physics learning, while the effect size is 0.912 at the high school level, the learning cycle 5E model has high implications for physics learning. From the data, it is known that the junior high school education level has a very high influence compared to high school education. The high average effect size at the junior high school level is because the number of articles at the junior high school level is less than at the high school level. Thus, the 5E learning cycle model is effectively used in junior and senior high school education, especially in physics learning.
The results of the analysis of the effect of the 5E learning cycle model on physics learning based on grade level with the average effect size can be presented in Table 5. 
Table 5. Effect Size by grade level
	Class
	Total 
	Effect Size
	Interpretation

	VII
	2
	2,664
	Very High

	VIII
	2
	0,774
	High

	X
	10
	0,836
	High

	XI
	7
	0,948
	High

	XII
	1
	1,411
	Very High


Based on Table 5, it shows that the average effect size value of the effect of the 5E learning cycle model on physics learning based on class level with a very high influence category in class VII with an effect size of 2.644 and class XII has an effect size of 1.411. While the high category at grade VIII with an effect size of 0.774, grade X with an effect size of 0.836, and grade XI with an effect size of 0.948. Thus, the 5E learning cycle model for physics learning is effective at all grade levels.
The results of the analysis of the effect of the 5E learning cycle model on physics learning based on the type of research with the average effect size can be presented in Table 6.
Table 6. Effect Size by Research Type
	Research Type
	Total 
	Effect Size
	Interpretation

	Pre-eksperimen
	3
	0,785
	High

	Mix Methods
	1
	3,420
	Very High

	True-Eksperimen
	1
	1,464
	Very High

	Quasi Eksperimen
	17
	0,893
	High


Based on table 6 shows that the average value of the effect size of the learning cycle 5E model on physics learning based on the type of research with a very high influence category, namely the type of true-experiment research with an effect size of 1.464 and Mix Methods with an effect size of 3.420, while in the type of pre-experiment and quasi-experiment research provides a high effect with an effect size of 0.785 and 0.893 respectively. The influence of the high average value of effect size on the type of true-experiment research is due to only one sample of articles identified compared to the type of true-experiment research which identified 3 artical samples and the type of quasi-experiment research identified as many as 17 sample articles. Thus, the type of research on the effect of the Learning Cycle 5E model on physics learning provides a high effect size.
The results of the analysis of the effect of the 5E learning cycle model on physics learning based on subject matter with an average effect size can be presented in Table 7.
Table 7. Effect Size by Subject Matter
	Code
	Course Content
	Total 
	Effect Size
	Interpretation

	A5; A6
	Principal and Derivative Measures
	2
	1,265
	Very High

	A7
	Measurement
	1
	0,830
	High

	A13
	Substance Pressure
	1
	0,771
	High

	A17
	Solar System
	1
	3,420
	Very High

	A8; A9
	Static Fluid
	2
	0,974
	High

	A14
	Dynamic Fluid
	1
	0,963
	High

	A1
	Newton's Law
	1
	0,828
	High

	A10; A20
	Work and Energy
	2
	1,052
	High

	A2;
A4; A15
	Dynamic Electricity
	3
	0,726
	Medium

	A3
	Thermodynamics
	1
	0,632
	Medium

	A18
	Momentum and Impulse
	1
	0,606
	Medium

	A11
	Geometric Optics
	1
	0,712
	Medium

	A22
	Sound Waves
	1
	1,464
	Very High

	A12
	Photoelectric Effect
	1
	1,411
	Very High

	A16; A19; A21
	Not Identified
	3
	0,965
	High



Based on Table 7, it shows that the effect size of using the learning cycle 5E model on physics learning in terms of subject matter obtained different results. The average effect size value of the learning cycle 5E model shows a very high influence on the main and derived quantities with an effect size value of 1.265, the Solar System with an effect size of 3.420, sound waves with an effect size of 1.464 and the photoelectric effect with an effect size of 1.411. While the subject matter that has a medium category effect size is on dynamic electricity, thermodynamics, momentum and impulse, geometric optics, and subject matter that has a high category on measurement, substance pressure, static fluid, dynamic fluid, Newton's law, effort and energy and three unidentified materials. Thus, the effect of the 5E learning cycle model on physics learning has a high effect on physics subject matter in general.
The results of the analysis of the effect of the 5E learning cycle model on physics learning based on learning needs with the average effect size can be presented in Table 8.
Table 8. Effect Size based on Needs in Learning
	[bookmark: _Hlk152686738]Code
	Needs
	Total 
	Effect Size
	Interpretation

	A1; A2; A3; A4; A5; A6; A7; A9; A11; A12; A15; A19; A21
	Learning Outcomes
	13
	0,922
	High

	A14
	Science Process Skills
	1
	0,963
	High

	A13; A16
	Concept Understanding
	2
	0,984
	High

	A20
	Problem Solving
	1
	1,647
	Very High

	A8; A17; A22
	Critical Thinking Skills
	3
	1,887
	Very High

	A10; A18
	Critical Thinking Ability
	2
	0,532
	Medium


Based on table 8, it shows that the effect size of using the learning cycle 5E model on physics learning based on the needs in learning has a very high effect on problem solving with an effect size of 1.647 and critical thinking skills with an effect size of 1.887 While the effect size in the high category is on the learning outcomes variable with an effect size of 0.922, science process skills with an effect size of 0.963 and understanding of concepts with an effect size of 0.984 and variables in the medium category, namely on critical thinking skills with an effect size of 0.532. Based on the results of the article analysis, the effect of the learning cycle 5E model on physics learning in terms of needs is on the target of student learning outcomes with a total of 13 articles or 61.90%. Thus, the effect of the 5E learning cycle model on physics learning has a high influence on the needs in physics learning.
[bookmark: _Hlk152581193]In general, the effect of the learning cycle 5E model on physics learning is high with an average effect size of 0.946. This shows that the use of the learning cycle 5E model in physics learning as a whole has an influence, especially in delivering learning materials in improving learning outcomes, concept understanding, problem solving, science process skills, critical thinking skills and critical thinking ability. Because the learning cycle 5E model is a learning model using a constructivist approach (Bruner in Kivunja, 2015). The 5E learning cycle model consists of: Engagement, Exploration, Explanation, Elaboration and Evaluation. In the engagement phase, learners are motivated to learn by exposing them to certain problems or situations, which bring them to an imbalance in their mental state. In the exploration phase, the cognitive balancing process begins. Learners should be able to explore the targeted phenomena and then establish relationships or patterns in the observed phenomena with their own understanding. In the Expalanation phase, concepts, processes or skills are made clearly understandable. In the Elaboration phase, all learners' misconceptions are clarified and learners are encouraged to transfer their learnt concepts to new but related situations. In the Evaluation phase, learners are given the opportunity to evaluate the process and product of their learning. To be noted, informal evaluation takes place throughout the learning process not only at the evaluation stage at all (Bybee et al., 2006; in Namgyel & Buaraphan, 2017). However, there has not been much research applying the 5E learning cycle model in physics learning. This can be seen from the analysis of articles in national journals and articles in international journals. The 5E learning cycle model is a way and strategy in improving the educational process at all levels of education. The main problem in teaching science knowledge, especially physics, through the 5E learning cycle model can help to solve the problem. It can facilitate learners to learn effectively and understand knowledge in a meaningful way.

CLOSING
[bookmark: _Hlk152581378]The use of the learning cycle 5E learning model on physics learning as a whole has an average effect size of 1.058 with a high effect category. This shows that the learning cycle 5E model has a positive effect on the level of education, grade level, type of research, subject matter and needs in physics learning activities. The learning cycle 5E model can be used as an alternative learning model that is effective in improving students' learning achievement both in terms of knowledge, skills and attitudes or values. The 5E learning cycle model is a model that applies a constructivist approach, where students are directly involved in learning activities.
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