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 This study aims to investigate the effect of the flipped learning model in science 

education. Therefore, articles in the Web of Science database were analyzed using 

the systematic review method. During the research, 1627 data points were 

obtained using the keyword ‘flipped learning.’ Articles between 2013 and 2023 

were examined during the research process, but no studies were found between 

2013 and 2015. The data obtained is limited to science, chemistry, biology, and 

physics education. A total of 38 articles with the specified criteria were reached. 

Articles were analyzed based on focus questions. Through article analysis, it was 

examined in which countries the flipped learning model applied in science 

education was used, in which years it was applied, at which education level it was 

applied, and in which disciplines it was applied. Additionally, the study 

investigated the purposes of using the flipped learning model in science education, 

and its benefits and disadvantages were determined. The materials, web tools, and 

research methods used in the flipped classroom model were determined. This 

study is essential in determining the model's importance and place in science 

teaching. 
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Introduction 

 

Science is a course that helps individuals make sense of events occurring within themselves and in nature (Aksoy 

& Aydin, 2022). In addition, science is a course that cannot be learned by memorizing; the student must be active 

and expected to acquire questioning and problem-solving behaviors (Aydin & Komurkaraoglu, 2016). For this 

reason, educators have developed many teaching models so that students can learn more meaningfully and actively 

(Kilic Uyar & Girgin, 2016). Flipped Learning Model (FLM) is one of these teaching models. FLM is a model 

that enables the student to be active and take responsibility for their learning, allows the student to learn 

information outside of school through online or offline applications, and helps students learn in the classroom 

under the guidance of the teacher and in collaboration with their peers (Adiguzel & Kirmizioglu, 2019; Arslanhan, 

Bakirci & Altunova, 2022). 

 

FLM aims to enable students to move away from traditional teaching that wants them to be passive (Karakas, 



Comez & Ozkan 

 

20 

2021). Additionally, FLM allows the teacher to reach every student (Bergman & Sams, 2012). This model 

implements course content by giving students video lessons, written resources, online or offline homework, and 

exams (Gonzales, Jeong, Rodriguez & Canada, 2016). Studies to be done outside the classroom can be done with 

Web 2.0 tools or with documents prepared by the teacher (Kozikoglu, Erbenzer & Ates, 2021). It is also expected 

that these applications will contribute to the acquisition of 21st-century skills under the headings of "Learning and 

Innovation Skills," "Digital Literacy Skills," and "Career and Life Skills" that students should have (Cakir & 

Yaman, 2017). 

 

Chen et al. (2014) stated that FLM consists of four essential components to increase the student's learning level 

in the flipped classroom and to provide students with 21st-century skills. These components are listed as "flexible 

learning environment," "learning culture," "designed content," and "professional educator.” A flexible learning 

environment means students should be flexible regarding the time, place, course hours, and subject content. 

Learning culture means moving from a teacher-centered approach to a student-centered approach. Designed 

content means that the educator must determine which information will be processed, how, and which material 

will be used. The professional educator component states that the teacher has more responsibility as they act as a 

guide. 

 

With FLM, students learn fundamental knowledge at home, and when they are in the classroom, they focus on 

developing high-level skills such as problem-solving, questioning, and discussion (Arslanhan, Bakirci & 

Altunova, 2022). Therefore, according to Hayrisever and Orhan (2018), the lesson taught in the classroom with 

FLM is aimed at the steps of "Apply, Analyze, Evaluate and Create" in Bloom's Taxonomy, while in the 

Traditional Teaching Model, the lesson taught in the classroom is directed at the steps of "Understand and 

Remember." It is expected that FLM will positively impact science education, which will raise productive, 

questioning, and problem-solving individuals of the future. 

 

When the literature is examined, it is seen that FLM has many contributions to the education and training 

environment. Petridou, Molohidis and Hatzikraniotis (2022) examined the effect of the FLM study conducted 

during the COVID-19 period on the scientific literacy of high school students. The research showed that it 

positively affected students' active participation in learning, awareness of scientific applications, and scientific 

literacy levels, even under distance education conditions. Gundogan Onderoz and Ozdemir (2022) examined the 

contribution of FLM to 4th-grade students' participation in class and their learning responsibilities. In this action 

research, when the data collected with the observation form was examined, it was observed that the student's 

participation in the lesson and their behavior of coming to class on time increased. It was determined that the 

course taught with FLM was more fun, but some technology-related difficulties occurred during the process. 

 

Solak (2021) examined the effect of the science course taught with FLM on the academic success of 8th-grade 

students and eliminating misconceptions. As a result of the study, it was concluded that there was a significant 

difference in the educational success percentages of the students between the experimental and control groups and 

that it was an effective method in eliminating misconceptions. In the study conducted by Cakir and Yaman (2017) 

on secondary school students, they examined the effects of flipped classroom applications in science classes on 
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their science achievement and mental risk-taking levels. As a result of the research, it was observed that students' 

science success increased. However, there was no significant difference between the experimental and control 

groups in their mental risk-taking levels. 

 

Ros and Laguna (2021) examined the effect of FLM on the scientific education of teacher candidates. As a result 

of the research, they noticed that the majority of the students not only made a significant improvement in their 

academic results but also developed positive attitudes towards science lessons.Gonzales et al. (2016) investigated 

students' performance and perceptions in the flipped learning model. According to the research results, it was 

concluded that the performances and perceptions of the students to whom flipped education was applied were 

statistically higher. It has also been stated that many students benefit from individualized learning due to the 

increased opportunities to pause, rewind, and review lessons. 

 

On the other hand, when the literature is examined, some studies show the disadvantages of FLM. For instance, 

Shi-Chun et al. (2014) pointed out that students with low motivation may struggle with this model and have 

difficulty accessing tests administered outside the classroom simultaneously. They also highlighted that not every 

student has the same computer and internet access opportunities, which may hinder effective communication. In 

another study, Ramírez, Hinojosa, and Rodríguez (2014) examined the advantages and disadvantages of FLM 

through the perceptions of STEM students. They found that some students experienced technical problems that 

prevented them from watching videos, asking for more videos from the teacher to learn a subject they did not 

understand before, and receiving immediate feedback during the self-learning phase outside the classroom. Some 

students also listed that they had difficulties receiving notifications and that the videos took too long for some of 

them as a disadvantage of this model. After the literature review, answers were sought to the following questions 

about FLM: 

1. What are the education levels, countries, and years of studies on FLM in science education? 

2. What are the purposes of studies on FLM in science education? 

3. What are the advantages and disadvantages of applying FLM in science education? 

4. What are the materials and web tools used in studies on FLM in science education? 

5. What are the variables used in studies on FLM in science education? 

6. What is the discipline distribution of studies on FLM in science education? 

 

Method 

Study Design 

 

In this study, the systematic review method was used. A systematic review is a research method in which studies 

on specific subjects are examined in detail, and findings are created (Arslan, 2018). With this method, the studies 

were examined in detail, and answers to the above questions were tried to be determined. The data were searched 

for studies conducted between 2013 and 2023 by typing the keywords "Flipped Learning and Science Education," 

"Flipped Classroom and Science Education," and "Science Education," "Flipped Learning," "Flipped Classroom" 

in the "Web of Science" database. The studies examined were limited to studies in the fields of "science 

education," "physics education," "chemistry education," and "biology education.” The studies' citation subjects 
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and web of science categories were selected as "Education and Educational Research." Open-access studies were 

included in the research. As a result of the search, 1627 results were obtained. When these results were examined, 

experimental and quasi-experimental studies investigating the effect of FLM on science education and studies 

using interview forms or surveys/scales as data collection tools were analyzed. Among a total of 254 studies, 38 

studies were used in the systematic review method. No data was found between 2013 and 2015 when the studies 

were examined. Therefore, these years were excluded from the study. The literature review was completed on 

March 26, 2023. 

 

 

 

 

 

 

 

 

 

 

 

Results 

 

The studies were examined on focus questions. The examined articles were systematically arranged in an Excel 

file, and the following results were obtained: 

 

The First Question States: Distribution of Studies by Years, Education Levels, and Countries 

 

The distribution of studies by years is shown in Figure 1. 

 

                  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Number of Studies Examined by Years 
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Based on the research data, it was found that the year 2019 had the highest number of studies on FLM in science 

education in the Web of Science database, whereas the years 2014 and 2023 had the lowest numbers of studies. 

Furthermore, studies on FLM show a decline in numbers after 2021. The education levels and countries of the 

studies are shown in Figure 2 and Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Number of Studies by Country 

 

The number of studies by country is given in Figure 2. Studies on FLM in science education have been mainly 

conducted in Spain. The USA, Turkey and Hong Kong follow Spain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Number of Studies by Education Level 

 

According to research data, higher education is the level where most studies are done. It is seen that most of the 

studies in the higher education category are carried out with pre-service teachers. The study by Pozo-Sánchez et 

al. (2021) includes studies conducted in the general category. The general category includes studies conducted at 

more than one level in the educational levels of researchers. 
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Table 1. Education Levels of Studies by Years and Countries 
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HE(2) 

   HE   

2022       HE      PE SE 
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The analysis of education levels of studies on FLM by years and countries is given in Table 1. According to the 

data, it is seen that there is at least 1 study at the higher education level in countries other than Greece. It is seen 

that there are studies in Australia, Hong Kong, and Spain in 2019, the year in which the most studies on FLM 

were conducted. In addition, according to the last date of the literature review, the last study conducted in 2023 

was in Turkey.  

 

Purposes of the Studies 

 

The purposes of the studies searched in the Web of Science database were analyzed by generating codes. 

According to the research data, the codes created were determined as "Understanding level, emotions, comparison, 

contents, active participation, individual learning, student opinions, and applicability." The numerical distribution 

of the aims of the studies according to the codes is given in Table 2. 

 

Table 2. Numerical Distribution of the Purposes of the Studies According to Codes 

Codes Number of Studies 

Level of Understanding 21 

 Emotions  16 

Active Participation 7 

Contents 5 

Comparison 5 

İndividual Learning 4 

Applicability 2 

Students’ Opinions 1 
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It is seen that the studies are mainly collected under the code of students' academic levels, which is their 

understanding level. The level of understanding is followed by research on student emotions. The studies collected 

under the emotions code consist of studies that investigate students' attitudes, interests, and motivations. The 

researched studies show whether FLM affects students' active participation in the lesson. The studies targeted 

under the comparison code include studies on using FLM with STEM or inquiry-based learning models and their 

comparison by the researcher. The studies collected under the individual learning code include the extent to which 

students can do their learning before the lesson. The student opinions code includes studies in which students' 

opinions about FLM were obtained. The studies collected under the applicability code investigate whether it is 

appropriate for the teacher to apply FLM in classes or lessons. 

 

Advantages and Disadvantages of FLM 

 

The advantages and disadvantages of the studies examined in the Web of Science database are expressed in Table 

3 and Table 4. 

 

Table 3. The advantages of FLM in science education according to studies 

Authors Advantages 

Teo et al. (2014) It provides a better understanding of theoretical foundations in the laboratory. 

Gonzalez-Gomez et al. 

(2016a) 

It increases students' perception of learning. 

Son, (2016) It reduces laboratory costs and increases academic success and attitude towards 

science. 

Gonzalez-Gomez et al. 

(2016b) 

It increases students' academic success and perception of learning. 

Taotao et al. (2016) Students develop a positive attitude towards the lesson. 

Reid, (2016) It increases student success and course satisfaction. 

Bernard et al. (2017) It increases student satisfaction and teaching efficiency. 

Li et al. (2017) It increases learning success, course satisfaction and cooperative learning skills. 

Gonzalez-Gomez et al. 

(2017) 

It increases learning success and interest in the lesson. 

Lax et al. (2017) It helps with topics that require long-term thinking and increases active learning. 

It allows reaching students at different levels. 

Jensen et al. (2018) Using video as pre-lesson material has a positive impact on students. 

Jeong et al. (2018) It increases participation in the lesson and creates positive emotions towards the 

lesson. 

Srinivasan et al. (2018) It supports active learning. The use of video increases interest in the lesson. 

Ye et al. (2018) It helps students to actively structure their pre-class knowledge. 

Manresa, (2018) It increases academic success and perception of learning. 

Chan et al. (2018) It allows students to learn at their own pace and prepare for class. 

Polo et al. (2019) It increases motivation and perception. 



Comez & Ozkan 

 

26 

Authors Advantages 

Gonzalez-Gomez et al. 

(2019) 

It increases self-efficacy, interest in science and scientific content. 

Gonzalez-Gomez and 

Jeong, (2019) 

It creates a positive perception of science. 

Tomas et al. (2019) It provides student-centered learning. 

Loveys and Riggs, (2019) It increases success over time and encourages students to prepare for classes and 

become lifelong learners. 

Jeong et al. (2019) It improves students' skills and increases class participation. 

Li et al. (2019) It increases interest in the lesson. 

Jdaitawi, (2020) It increases the feeling of learning. 

Hwang et al. (2020) It increases learning performance. 

Jeong et al. (2020) It increases students' performance and motivation. 

Cakiroglu et al. (2020) It positively affects scientific process skills and increases students' self-

regulation. 

Fung, (2020) It makes it easier to learn the necessary preliminary information for practical 

work and discussion. 

Ros et al. (2021) It increases academic success and perception of learning. 

Schwichow et al. (2021) It increases academic success and perception of learning. 

Lee et al. (2021) It increases motivation. 

Jeong et al. (2021) Increases awareness and motivation. 

Hung et al. (2021) It increases academic success and perception of learning. 

Sanchez et al. (2021) It increases skills such as environmental education, interaction, time use, active 

participation and critical thinking. 

Petridou et al. (2022) Increases awareness of scientific practice. 

Demir and Oksuz, (2022) It increases academic success. 

Ugwuanyi, (2022) It increases science learning, active participation and motivation. 

Nacaroglu (2023) Fun, different, instructive, useful, advantageous for students and flexible in 

terms of classroom applications. 

 

The advantages of the studies carried out are given in Table 3. According to the research data, it has been 

determined that the use of FLM in science education increases students' academic success, motivation, interest in 

the lesson, and active participation.  

 

Table 4. Disadvantages of FLM in Science Education according to Studies 

Authors Disadvantages 

Bernard et al. (2017) The lack of applications that can be used offline negatively affects students who 

have internet access problems. 

Li et al. (2017) Preparing online videos or materials before the lesson can cause a waste of time 

for the teacher. 



International Journal of Education in Mathematics, Science, and Technology (IJEMST) 

 

27 

Authors Disadvantages 

Additionally, some students have limited internet access. 

Gonzalez-Gomez et al. 

(2017) 

Examination of the material prepared by a professional carefully is time-

consuming.  

Lax et al. (2017) It does not create a high increase in academic success for students who do not 

work outside of school. 

Jensen et al. (2018) Implementation in every institution may not yield the same positive results. 

Jeong et al. (2018) Implementation in every institution may not yield the same positive results. 

Ye et al. (2018) Students may lack the motivation to watch lessons before class. 

Chan et al. (2018) Time constraints and lack of a laboratory to perform. 

Tomas et al. (2019) Students come to class unprepared. 

Hwang et al. (2020) Weak effect on students with low critical thinking tendencies. 

Cakiroglu et al. (2020) Technological inadequacies, technical problems. 

 

Fung, (2020) Technological inadequacies, technical problems. 

Lee et al. (2021) Time constraint. 

Nacaroglu, (2023) The opinion is that extracurricular practices are tiring.  

 

The disadvantages of the studies carried out are given in Table 4. It is seen that the most common disadvantages 

of FLM in science education are problems such as technological inadequacies, students' lack of self-discipline, 

and internet problems. 

 

Materials and Web Tools Used in Studies on FLM 

 

Studies show that online or offline videos are some of the most used materials in FLM. Videos are frequently used 

as auxiliary material to give students visual and auditory information about the subject before the lesson. This is 

followed by reading materials - texts, PPTs (PowerPoint presentations), animations, interactive or non-interactive 

worksheets, concept maps, comics, QR codes, and CDs. 

 

 

Figure 4. Pre-Lesson and Post-Lesson Materials Used in FLM Studies 
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The pre-lesson and post-lesson materials used in FLM studies are given in Figure 4. Web tools generally support 

studies on FLM. In addition to the commonly used web tools, there are also newly produced web tools by 

researchers. Table 5 shows the usage relationship of web tools according to materials in FLM. 

 

Table 5. Usage Relationship of Web Tools according to Materials in FLM 

Web Tools Video Reading 

Material 

PPT Animation Worksheets Concept 

Map 

Comic 

Book 

Educanon x x x x    

Screenflow x x x x    

Doceri x x x x    

Virtual lab        

Sapling x x      

Turning Point App x    x   

PlayPosit x       

Ballance x       

Angry Birds x       

Kahoot x x      

Socrative x x      

Quizziz x x      

SciEduFİT        

R-SPQ-2F x x  x    

Google Forms x x      

OpenCourseWare x x     x 

webex     x   

e-classroom of the 

Panhellenic School 

Network 

    x   

Edpuzzle x    x   

Whatsapp x    x   

Khan akademy x    x   

Education Information 

Network INF (EBA) 

x    x   

 

According to the data given in Table 5, the web tools used are mostly integrated with video. Comic books are the 

least used tool. 

 

Variables Used in the Studies 

 

It is seen that studies on the flipped learning model in science education are tried to be supported with different 

variables. In studies investigating the effect of the flipped classroom model, its comparison with the traditional 
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classroom model was examined as a binary variable.  

 

 

Figure 5. Variables and Numbers of Studies 

 

According to Figure 5, the most used variable is determined to be FLM. 

 

Distribution of Studies by Discipline 

 

The studies conducted are also classified according to distribution of studies by discipline. Figure 6 gives the 

distribution of studies by discipline.  

 

 

Figure 6. Distribution of Studies by Discipline 

 

When Figure 6 is examined, it is seen that the studies on FLM are primarily done in the field of science with a 

rate of 52%. Science is followed by chemistry with 13% of studies. Sustainability and STEM topics, which are 

included in some studies, were included in this study because they are among the subheadings of the field of 

science.  
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Discussion and Conclusion 

 

When today's curriculum is examined, it is seen that the learner does not receive the information ready-made; on 

the contrary, the individual differences of the students are taken into account, and the achievements that enable 

active participation and questioning in the classroom are included (Colak Yazici & Gundogdu, 2023). Individuals 

learning by doing and experiencing in the classroom and at their own pace makes the course more interesting. 

With the advancement of technology, students can access information quickly. For this reason, schools have begun 

to evolve from being a place where information is directly received to where students actively question or do 

activities in the classroom over time. (Ultay, Tanriverdi & ve Ultay, 2023). It has been seen from the studies 

examined that FLM, which is very compatible with today's teaching programs, has been investigated by many 

countries and researchers. According to general findings, FLM in science education generally meets academic 

expectations and is still developing in science education. Higher education is the level where FLM is most applied 

in science education within the scope of the answers sought in the context of research questions because 

researchers conduct research on students in their classes at the universities where they assist. In addition, it can 

be said that higher education students have more responsibility awareness than primary and secondary school 

students. In the studies examined, it was seen that research on FLM in science education has been conducted since 

2014. In addition, it can be seen that the number of research studies reached the highest level in 2019 and increased 

again in 2021 after the decrease in 2020. It can be said that the reason for this situation may be the COVID-19 

pandemic, which has affected the whole world since 2019. According to the studies examined, most studies on 

FLM in science education were conducted in Spain. This situation may be due to the development of similar 

studies by the same researchers. It can be said that along with Spain, the USA and Turkey are countries that show 

progress in using FLM in science education. The aims of the studies examined were generally about whether it 

positively affected the students' understanding levels, which is their academic success. The high academic success 

of the students will create an idea about the usability of this model in science education. It will allow it to be 

developed with different subsequent studies. FLM has advantages and disadvantages in science education. Some 

common advantages seen in the reviewed studies are that it increases academic success, and the sense of learning 

creates interest in the course and awareness of responsibility and ensures active participation. Some other studies 

in the literature also support this result. In Aksoy and Aydin's (2022) study on the absorption and reflection of 

light in the 7th-grade science course, it was stated that the student's academic success in the experimental group 

increased, and the information was more permanent. In the study conducted by Keskin, Karagolge, and Ceyhun 

(2021) with 10th-grade students on acids, bases, and salts, they stated that the student's academic success 

increased, and the students had positive feelings towards the course. Bozdag and Turkoguz (2021), in their study 

in which the opinions of 5th-grade students about the science course taught with FLM were obtained, concluded 

that the course was fun and interesting, and students’ interest in the course increased. In their study with university 

students, Talan and Gulsecen (2018) examined the effects of FLM and blended learning on students' self-

regulation skills and self-efficacy perceptions. The research showed that it positively affected the students' self-

regulation skills in the experimental group. The disadvantages commonly seen in the studies examined are listed 

as follows: pre-lesson material prepared by the teacher takes time, time constraints, technological and internet 

inadequacy, and students coming to class unprepared. Studies in the literature support the results obtained. Urfa's 

(2017) study titled "Application of the Flipped Classroom Model in Science Ethics Course" stated that some 
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students who expressed their opinions about the application of FLM expressed negative opinions because they 

experienced technical problems. In their study, Gundogan Onderoz and Ozdemir (2022) examined the effect of 

FLM on primary school students' class participation and learning responsibilities. They concluded that 

technological inadequacies and limited time create disadvantages in using FLM. In the studies examined, it was 

observed that the most commonly used out-of-class material was videos. Videos make the topics more visually 

and aurally understandable. Bergmann and Sams (2012) stated that watching educational videos before class helps 

students who cannot attend class complete their deficiencies and encourages active learning. Jensen et al. (2018) 

concluded that videos positively affect FLM learning. It is available in the studies examined that FLM was 

integrated with web 2.0 tools. Web 2.0 tools researchers use can be listed as "EduCanon, Screenflow, Doceri, 

Kahoot, Google Forms, Socrative, Quizziz, and Khan Academy." Integrating web 2.0 tools with course materials 

makes the course more interesting and provides meaningful learning (Colak Yazici & Gundogdu, 2023). It was 

observed that many different variables were used in the studies examined. However, studies investigating the 

effect of FLM in science education have been studied more frequently. This variable is followed by studies 

comparing FLM with the traditional classroom model. In the studies examined in the Web of Science database, 

the discipline distribution was examined as well. The disciplines in the studies were divided into categories, and 

ten disciplines emerged. These disciplines can be listed as science, physics, chemistry, biology, STEM, 

sustainability, science and social sciences, science and mathematics, and science and sustainability. It is seen that 

studies are most frequently carried out in the science education category in these disciplines. The reason for this 

situation is that in some studies, research was conducted on physics, chemistry, or biology; however, since the 

researcher called it "science” in the research content, it was included in the science category. 

 

This study is expected to give researchers ideas about the purposes of using FLM in science education, its 

variables, materials and web tools, advantages and disadvantages, education levels, and discipline distribution. 

According to the studies reviewed, recommendations for researchers who will use FLM in science education are 

as follows: 

• It was observed that the studies examined were mainly conducted at the higher education level. 

Therefore, there is a need for more studies at the primary and secondary education levels. 

• Studies should be conducted for the experienced science teachers who use FLM in science education. 

• The studies examined showed that more studies are needed to support students' inquiry-based learning. 

Studies that use FLM in science education and encourage inquisitive thinking should be conducted. 

 

Studies Reviewed 

 

Bernard, P., Bros, P., & Migdał-Mikuli, A. (2017). Influence of blended learning on outcomes of students attending 

a general chemistry course: summary of a five-year-long study. Chemistry Education Research and 

Practice, 18, 682. doi:10.1039/c7rp00040e 

Chan, Y. C., Chung, K. L., & Hew, K. F. (2018). An Exploratory Study of Using the Next Generation Science 

Standards (NGSS) to flip Hong Kong Secondary School Science Education. 2018 2. Uluslararası e-

toplum, e-eğitim ve e-teknoloji konferansı (ICSET 2018), 10-15. doi:10.1145/3268808.3268817 

Cakiroglu, U., Guven, O., & Saylan, E. (2020). Flipping the experimentation process: influences on science 
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process skills. Education Tech Research Dev, 68, 3425-3448. doi:10.1007/s11423-020-09830-0 

Fung, C. H. (2020). How Does Flipping Classroom Foster the STEM Education: A Case Study of the FPD Model. 
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