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Objective: The purpose of this study was to conduct a comprehensive review of existing research related to the flipped classroom and analyze it using bibliometrics.

Methods: The search strategy of Topic = (“flipped classroom” or “invert classroom”) was used to construct a representative dataset of flipped classrooms in the Web of Science Core Collection (Science Citation Index Expanded) database up to November 2022. Author and country collaboration networks, hotspot distribution clustering, and historical citation networks associated with flipped classrooms were visualized by VOSviewer (Version 1.6.18) and R-Studio (Version 1.4).

Results: A total of 937 literature (868 articles and 69 reviews) were eventually included. The number of flipped classroom studies has increased dramatically since 2012. Europe, North America, China, and Australia have more research on flipped classrooms and have significant collaborations with other countries. Since flipped classrooms involve different subject areas and collaboration among authors is relatively fragmented. Numerous flipped classroom studies have been published in high-impact journals. The thematic trend suggests that the pros and cons of flipped classrooms and their application in medical education are possible research directions for some time to come.

Conclusion: Although the flipped classroom has a relatively short history, it has received a lot of attention and is currently enjoying a high level of overall acceptance. The flipped classroom has been further practiced in medical education, and we look forward to seeing its application in more subject areas (e.g., linguistics, mathematics, and computer science).
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Introduction

Since the 21st century, information technology has been widely used in pedagogy (Rodríguez-Abad et al., 2022; Tsai et al., 2023). The flipped classroom has emerged as an overturning of the traditional teaching model, defined as a realignment of time in and out of the classroom, shifting learning decisions from the teacher to the student (McLaughlin et al., 2014). The proposed flipped classroom indicates that education is transforming from a teacher-centered to a student-centered teaching strategy (Persky and McLaughlin, 2017). This novel approach, i.e., flipped classroom, is an instructional approach where traditional teaching methods are reversed. Students learn new content outside class, typically through video lectures or other pre-recorded materials, and then use class time for interactive, collaborative, and applied learning activities (Rotellar and Cain, 2016). As flipped classrooms have progressed, innovative implementation methods have emerged, such as personalized learning pathways (Narang et al., 2018), peer collaboration, social learning (Xiao et al., 2018), and integration of technology (Jong, 2023), which have increased effectiveness of flipped classrooms and met a various educational need.

With the COVID-19 outbreak in 2020, the idea of “classes suspended but learning continues” is rapidly driving the development of flipped classrooms in the context of various regional containment (Durfee et al., 2020; Wang et al., 2021; Feng et al., 2022). Consequently, the flipped classroom is gaining momentum, and educators from different countries continue contributing to its development and impact (Sun et al., 2022). A randomized controlled trial conducted by American scholars (Paul et al., 2023) showed that the flipped classroom significantly improves the clinical skills of medical students compared to online-only learning. A study from China (Lu et al., 2023) suggests that flipped classrooms improve students’ course learning and promote higher-order ability-set acquisition; the researchers concluded that flipped classrooms allow a rationalized formative evaluation system. Wang (2017) summarized several lessons to promote flipped classrooms, including enhancing teachers’ understanding of the merits of flipped classroom approach, establishing peer mentoring mechanisms, and effective teacher capacity building.

Several recent studies have evaluated the pros and cons of flipped classrooms relative to traditional teaching. Among them, Özbay and Çınar (2021), Youhasan et al. (2021), and Barranquero-Herbosa et al. (2022), conducted a systematic review of studies occurring in the nursing discipline from different perspectives on the impact of flipped classrooms on nursing education, explains that flipped classrooms can produce positive educational outcomes and improve the quality of teaching, but that more research that meets methodological quality standards is needed to consolidate the evidence. Betihavas et al. (2016) argued that students are actively engaged when teachers introduce and rationalize the purpose of flipped classroom models to them and that continuous assessment and improvement of flipped classrooms should be reinforced. Ødegaard et al. (2021) and Xu et al. (2019) used meta-analysis to report the advantages of flipped classrooms over traditional teaching regarding knowledge acquisition and skill competence. Nevertheless, A study by Al-Said et al. (2023) reflects the potential disadvantages of flipped classrooms, which include the inability to independently study the material, a large amount of material, and technical problems.

Nevertheless, most of the studies have reviewed the literature on flipped classrooms qualitatively (Chen et al., 2021; Barranquero-Herbosa et al., 2022; Naing et al., 2023) and lack an objective description of the status of flipped classrooms research. To elucidate the situation of flipped classrooms as a new educational model in different disciplines, it is necessary to understand better the overall landscape of flipped classroom-related research and future trends (e.g., applied disciplines, applicable population). Therefore, we conducted a comprehensive bibliometric analysis of the flipped classroom-related literature, describing the applications in different disciplines, country/author collaborations, classic citations, and thematic trends.



Methods


Data sources

Bibliometric data were collected using the Web of Science Core Collection (Science Citation Index Expanded) database. The database encompasses more than 20,000 peer-reviewed, high-quality scholarly journals, including open-access journals published in more than 250 medical, social science, and humanities disciplines worldwide, and is widely used for bibliometric analysis. In addition, the database provides the authors, countries, and keywords for each publication, which was necessary for this study.

We used topic-related searches to maximize the location of content relevant to our research topic. The search strategy included Topic = (“flipped classroom” or “inverted classroom”). The time horizon was limited to 2012–2022 for obtaining a recent literature overview.



Eligibility criteria

Our study had no restrictions on study population, design, or language. When non-English publications were encountered, we used DeepL for translation. Since the peer review process facilitates reliable scientific communication, stimulates meaningful research questions, and ensures accurate conclusions, we restricted the publication type of the search results to articles and reviews. In addition, by browsing titles and abstracts, we excluded articles irrelevant to flipped classroom topics.



Data analysis

All downloaded documents were imported to the VOSviewer (version 1.6.15), R (version 4.2.0), and Microsoft Excel 2019.

VOSviewer (Leiden University, Leiden, Netherlands) is a scientific knowledge-mapping software tool that uses web data to construct and visually analyze relationships and map scientific knowledge, showing structure, evolution, and collaborative relationships (van Eck and Waltman, 2010). Screened flipped classroom-related studies were imported into the VOSviewer software, and their authors and popular keywords were collected and organized. After synonymization and threshold settings were implemented, collaborative relationships between high-frequency keywords and highly productive authors were mapped, and a network cluster graph was formed. The cluster graph consists of network nodes and the connecting lines between them. The nodes represent the elements being analyzed, such as authors and keywords; their sizes represent the frequency of node occurrences; the lines between the nodes represent co-occurrence or related collaborations of the nodes, and the colors represent the different clustering relationships.

Bibliometrix, an R package for R software, allows a statistical analysis of indexes of relevant scientific literature and the study and visualization of co-citation, coupling, and co-word analysis by constructing data matrices (Aria and Cuccurullo, 2017). After importing the content of flipped classroom-related studies into the Bibliometrix package in Plain text file format, the interactive menu presents the national publication numbers, historical citation relationships, and annual hot trends of flipped classroom-related studies.




Results


Trends in global publication

A total of 937 literature (868 articles and 69 reviews) related to flipped classrooms were retrieved. The earliest record of flipped classroom research in the Web of Science Core Collection database was in 2012, with three literatures reported. The number of articles published in this field has increased over the past ten years. In particular, the average annual number of articles published in the field was close to 50 in 2015 (n = 43) and 100 in 2018, reaching a peak of 186 in 2021. The time curve constructed by the logistic regression model suggested that the field is currently in a phase of steady growth in global publication output (Figure 1).
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FIGURE 1
 Global trends in publications on flipped classrooms research.




Web of science research area

The Web of Science research areas assigned by Clarivate Analytics is used to classify research papers. Each paper can be organized into at least one Web of Science database research area. In this study, the number of research areas covered by the flipped classroom literature increased from 4 in 2012 to 44 in 2021 (Figure 2A). The top ten most productive research areas are chemistry, computer science, dentistry oral surgery & medicine, education & educational research, engineering, environmental sciences & ecology, health care sciences & services, nursing, telecommunications, and science & technology-other topics, representing 720 out of 868 publications, or approximately 78.9% of the total, Figure 2B illustrates the annual evolution of the ten areas with the most flipped classroom research results. Standing out in Figure 2B is education & educational research, reflecting the increasing research on teaching and learning in the flipped classroom over time, suggesting that this new teaching model has become the development direction of international teaching and has gradually been recognized by education researchers.
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FIGURE 2
 (A) Number of Web of Science research areas covered in flipped classrooms-related literature. (B) Temporal evolution of the top-ten most productive Web of Science research areas in flipped classrooms-related literature.




Distribution of countries/regions

The results show that flipped classroom studies have been conducted in 73 countries. The top five countries with the highest number of scientific results are the United States (363), China (207), Spain (80), Germany (44), and Australia (42). The United States was the first to publish flipped classroom research results, and since 2021, the number of Chinese publications has proliferated, surpassing that of the United States (Figure 3A). In addition to the number of scientific results, a country’s research strength can be measured by national collaborations. Figure 3B depicts global partnerships, with the United States having the most national links, followed by China, Australia, the United Kingdom, and Canada. Other countries have fewer collaborations in flipped classroom research, with fewer than 15 connections.
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FIGURE 3
 (A) Top five countries according to annual scientific production. (B) Map showing research collaboration between countries.




Most influential authors

The h-index is based on the number of times a particular scientist’s paper is cited and is a widely accepted measure of scientific performance. The top-ten authors of h-index are shown in Table 1. Mclaughlin JE is the most influential researcher and the earliest recorded author of flipped classroom research in the Web of Science database. We note that the high-impact ten authors are primarily from the United States, Spain, and China, indicating that education scholars from these three countries are leading in flipped classroom research. Cluster collaboration analysis was conducted using VOSviewer for authors of three or more articles, and 56 authors were grouped into 20 clusters (Supplementary Figure S1). The collaborative network mapping among authors showed a “blossoming” pattern, which indicates that flipped classroom research is being adopted and applied in multiple disciplines.



TABLE 1 The distribution of the top-ten authors with institutions and countries.
[image: Table1]



Most influential source journals

Flipped classroom research has appeared in 258 journals, with the top five publishing 220 papers (23.5%), while 158 journals (61.2%) have published only one paper on the flipped classroom. Twenty-two journals (8.5%) published more than ten papers. As shown in Figure 4, the top five journals in terms of several published articles were BMC Medical Education (62), Journal of Chemical Education (48), Sustainability (42), Computers & Education (39), and American Journal of Pharmaceutical Education (29). Of these, BMC Medical Education and Sustainability had higher growth rates in the number of annual publications, while Computers & Education had the highest number of total local citations (Table 2).

[image: Figure 4]

FIGURE 4
 Temporal analysis of the publication source of flipped classrooms-related research.




TABLE 2 The top-ten journals in flipped classrooms-related field.
[image: Table2]

The source journals for flipped classrooms research papers were highly dispersed according to Bradford’s law (Supplementary Figure S2); the top ten most influential journals were selected based on the number of local citations (Table 2). According to Bradford’s law, the journals marked with an asterisk are the core source journals in flipped classroom research, including Computers & Education, Journal of Chemical Education, American Journal of Pharmaceutical Education, BMC Medical Education, and Advances in Physiology Education. Thus, these journals played a vital role in flipped classroom research during the study period.



Study of hotspots and co-occurring keyword clustering network analysis

We generated word clouds through the hotspot analysis function of the biblimetrix package that can reveal the most famous content in the field (Supplementary Figure S3). Active learning, blended learning, and medical education have become the most popular topics in the flipped classroom series of studies.

The 39 author’s keywords with a frequency of 10 or more were analyzed, and VOSviewer divided them into seven clusters and formed a network connection, revealing the main areas and directions of development (Figure 5). Different colors distinguish different clusters, representing a category of research hot directions. Cluster 1 is the largest group, including 12 keywords, mainly related to active learning, engineering education, flipped learning, nursing education, problem-based learning, and team-based learning, focusing on the learning models involved in flipped classrooms. Group 2/6 includes 12 keywords, such as collaborative/cooperative learning, multimedia-based learning, internet/web-based learning, and e-learning, focusing on modern education in the flipped classroom. Cluster 3 focuses on flipped classrooms in different contexts, mentioning COVID-19, medical education/students, physiology, and undergraduate education. Cluster 4/5 includes improving classroom teaching, learning strategies, and teaching strategies, concentrating on improving teaching strategies.

[image: Figure 5]

FIGURE 5
 Clustering distribution of keywords co-occurrence hotspot network.




Citation classics

Table 3 shows the top-ten most cited flipped classroom-related studies. “The Flipped Classroom: A Course Redesign to Foster Learning and Engagement in a Health Professions School,” published by Mclaughlin JE et al. in Academic Medicine in 2014, received the most frequent citations (total citation: 577). This study reports on the effectiveness of flipped classrooms compared to traditional instruction on student application in the pharmaceutics course, describing the advantages of flipped classrooms on class attendance, students’ learning, and perceived value.



TABLE 3 Top-ten cited flipped classroom-related studies.
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Trends in flipped classroom research and themes distribution

Figure 6 shows the relationship of flipped classroom-related research hotspots over time, which can reflect the trending topics of flipped classroom research. The span of the horizontal line indicates the period of word explosion, and the circle size refers to the word frequency. Undergraduate medical education, COVID-19, and nursing dominate the top three positions in flipped classroom-related research. They will likely continue to be popular research topics as the current global outbreak is still developing. The call for educational reform is driving the development of new teaching models such as flipped classrooms, blended learning, active learning, and student-centered learning, which can also be found in the word cloud and will continue to be followed in the future.

[image: Figure 6]

FIGURE 6
 Temporal trends in author’s keywords.


Supplementary Figure S4 shows the distribution and future trends of current research topics related to flipped classrooms in the form of coordinates. The first to fourth quadrants represent motor, niche, emerging, declining, and basic themes. Motor themes include flipped classrooms, active learning, and blended learning, all of which have significant trends. Curriculum reform and distance learning are the cornerstones of flipped classroom research. They need to be further explored while contributing to developing flipped classroom-related research.




Discussion


The main findings of this study

The “flipped classroom” is a complete reversal of the traditional classroom teaching structure and process based on printing, which leads to a series of reforms in teachers’ roles and curriculum models (Anderson et al., 2017). This study reviewed 937 flipped classroom-related papers published in the Web of Science Core Collection database and found that research involving flipped classrooms has gradually grown since the flipped classroom was reported in 2012. The COVID-19 outbreak in late 2019 has somewhat boosted the development of flipped classrooms. Therefore, we take 2020 as the boundary, and 423 (45.14%) flipped classroom-related articles were identified by Web of Science before the outbreak, while 514 (54.86%) articles were published in just three years from 2020 to 2022. Following the reports in the literature (Bergmann and Sams, 2012; Consortium, 2014), we charted an evolution of flipped classroom adoption through the perspective of historical development (Figure 7).
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FIGURE 7
 Historical development of flipped classroom applications.


This new teaching model is gradually gaining attention and recognition among educators and students. Flipped classroom development varies greatly among countries, with Australia, China, Germany, Spain, and the United States leading the way. As information technology advances, the actual effectiveness of flipped classrooms versus traditional instruction will continue to be a primary research focus for educators for some time to come.

As a relatively new educational model, the flipped classroom has not yet received widespread attention from educators. Scholars from the United States, Spain, and China have some strengths in this area and dominate the research component, but collaboration between different groups is relatively sparse, which may be related to the conduct of different disciplines. For example, some researchers have applied flipped classrooms to medical education (Ruzafa-Martínez et al., 2023; Wade et al., 2023), and other educators have introduced the model to language subjects (Guo et al., 2016; Yin, 2017; Sa et al., 2022) and mechanical engineering (Cho et al., 2021). We look forward to furthering cross-collaboration to promote the development of flipped classroom-related research. Flipped classroom research is conducted worldwide, with some differences and imbalances remaining. Europe, North America, China, and Australia have more research on flipped classrooms and have significant collaborations with other countries. As more and more scholars worldwide gradually recognize the feasibility and significance of the flipped classroom, it is bound to progress and develop soon. Although the concept of flipped classrooms is relatively new, its related research is still widely accepted, and most of the flipped classroom studies are published in high-quality journals, such as Computers & Education, Academic Medicine, and Medical Education.

In 2011, the book “Flip Your Classroom: Reach Every Student in Every Class Every Day” was published, which officially opened the door to flipped classroom research (Bergmann and Sams, 2012). In the same year, the concept of flipped classrooms was introduced to China, and “flipped classrooms” became a buzzword in education (McDonald and Smith, 2013; Sharma et al., 2015). Nevertheless, the research on flipped classrooms is still relatively small, and the field is still at an early stage of development, with great development space. Throughout the history of flipped classrooms, we can find that as a new teaching model, there are particular controversies, such as students’ initiatives directly affecting the effectiveness of flipped classrooms (Butt, 2014; Kang and Kim, 2021); Then, for example, the use and management of technology (Moraros et al., 2015). This has also given rise to active learning facilitation strategies. On the other hand, the global popularity of COVID-19 has led to massive online education, which poses higher requirements for implementing the flipped classroom and shows the potential of flipped classroom development to some extent (Lo and Hew, 2022).

The research hotspots on flipped classrooms are relatively concentrated. The focus is on the advantages of flipped classrooms over traditional teaching (e.g., personalized learning, developing critical thinking, self-directed learning, and improving teacher effectiveness), application of flipped classrooms in different disciplines, especially medical education, and the exploration of other learning models based on flipped classrooms. After the popularity of flipped classrooms, educators have been exploring how to help students dramatically improve their performance (Rotellar and Cain, 2016). The earliest flipped classrooms were taught online through instructional videos, and this model is popular today (Oudbier et al., 2022). Later, flipped classrooms began to be integrated into the offline learning phase, an initiative to address curriculum problems encountered in online learning that could be solved at school. With the rapid development of information technology, the flipped classroom gradually entered the flipped technology phase, which means that more emphasis is placed on new approaches (e.g., audio, games) or new technologies to facilitate teacher-student interaction (Gong and Zhou, 2022; Wu et al., 2022). On the other hand, various empirical studies have proved the feasibility and necessity of flipped classrooms, which further promotes the practical approach of flipped classrooms and provides help and reference for future applications in more disciplines (Gray et al., 2022; Wen et al., 2022; Paul et al., 2023).

Healthcare providers are an essential part of the healthcare system. The world is still experiencing a severe epidemic caused by COVID-19 (Worldometer, 2022), and healthcare providers are a necessary element in the treatment process. To fulfill their role, medical students need great expertise to face various potential problems. The flipped classroom can enhance medical students’ understanding of the textbook through active learning and has become a popular and effective teaching model used in nursing (Khodaei et al., 2022), dentistry (Özcan, 2022), and pharmaceutical education (Peng et al., 2022). It is foreseeable that the flipped classroom-based teaching model will play an important role in medical education in the future (Divjak et al., 2022).



Comparison with similar studies

The current bibliometric results are like the study by Kushairi and Ahmi (2021); both indicate that flipped classrooms will gain increasing attention from practitioners, researchers, and educational scholars in the coming years. The difference is that the latter used the Scopus database to access potential literature and Lotka’s Law to describe the relationship between literature and number of authors. Our study is refined to a disciplinary distribution, reporting on flipped classrooms’ practicability and sustaining characteristics for different pedagogical domains. Furthermore, we mapped the keyword co-occurrence network and elaborated the research hotspots, providing pathways for future flipped classroom research.

In addition, we recognize that the current study is like another one (del Arco et al., 2022) in that it focuses on Web of Science research areas, country/region publications, published journals, and keywords, but we also present dynamic graphs, which provide more feedback on the trends in flipped classroom research, as shown in Figures 2B, 3A, 4, 6. Not only that, but we also propose several research hotspots and future study directions based on the keyword co-occurrence analysis. Interestingly, several econometric analyses on flipped classrooms illustrate the considerable research interest in this area.



Contribution of this study and future directions

The results of this study will help educational researchers understand the success of flipped classroom models worldwide and suggest avenues for further research. In addition, this study shows that significant progress has been made in teaching models based on flipped classrooms, especially in medical education. However, we can also foresee that flipped classrooms will continue to expand to other disciplines, including linguistics, mathematics, and computer science. As the flipped classroom integrates across multiple disciplines, there will be closer collaboration between researchers and even countries in the future. For the following research direction, we propose several directions. First, how to better integrate and optimize modern educational technologies, such as artificial intelligence, virtual reality, and augmented reality, to enhance the effect and interactive experience of the flipped classroom. Second, exploring the design of personalized learning paths based on student’s learning styles, interests, and abilities to meet the learning needs of different students and improve learning effectiveness. Third, develop assessment and measurement tools applicable to the flipped classroom to measure the development of students’ academic achievement, independent learning ability, and teamwork ability. Fourth, provide teachers with relevant training, resources, and support to help them better apply the flipped classroom teaching model.



Limitations

Although this article analyzes the research landscape of flipped classrooms from different perspectives, there are some unavoidable limitations. First, we only searched the Web of Science Core Collection database, and there are biases in the quantification and visualization of the literature, especially the citation classics, and possibly other influential articles were neglected. Second, since only two search terms for the flipped classroom were used, we may have missed flipped classroom-related articles because Jon Bergmann and Aaron Sams pioneered the flipped classroom in 2007, and there were initial attempts, whereas the earliest literature we retrieved in Web of Science was published in 2012. Third, bibliometric analysis is only an auxiliary tool, and the results may differ from real-world research conditions. Fourth, because citations change over time, bibliometric data may yield different conclusions at different points in time.




Conclusion

This review provides a comprehensive overview of the flipped classroom research field from 2012 to 2022 using bibliometric analysis. Regarding the global trends in the scientific literature on flipped classrooms, the number of publications has increased exponentially over the past decades, covering a more comprehensive range of research areas. The United States, China, Spain, Germany, and Australia are the major research countries; BMC Medical Education is the more authoritative journal publishing flipped classroom studies; Mclaughlin JE is the most prolific and influential author. The topic trends identified in this study indicate that flipped classroom studies data sources are becoming more abundant and cover a broader range of research areas. The focus is on the advantages of flipped classrooms over traditional teaching, the application of flipped classrooms in different disciplines, especially medical education, and the exploration of other learning models based on flipped classrooms. Future flipped classroom research could center on innovative use of technology tools and platforms, learning motivation and engagement, long-term learning effectiveness and knowledge transfer, and sustainability and implementation strategies.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

FZ and HW were involved in the conceptualization, design, implementation of the study, drafted, and revised the manuscript. QS and HZ have revised the manuscript. All authors reviewed the entire manuscript for editing, feedback, and approval.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by Shanghai University of Traditional Chinese Medicine (2023SHUTCMKCJS100), and Shanghai University of Traditional Chinese Medicine (Teaching 603).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/feduc.2024.1165547/full#supplementary-material



References

 Akcayir, G., and Akçayır, M. (2018). The flipped classroom: a review of its advantages and challenges. Comput. Educ. 126, 334–345. doi: 10.1016/j.compedu.2018.07.021


 Al-Said, K., Krapotkina, I., Gazizova, F., and Maslennikova, N. (2023). Distance learning: studying the efficiency of implementing flipped classroom technology in the educational system. Educ. Inf. Technol. (Dordr) 28, 13689–13712. doi: 10.1007/s10639-023-11711-x 

 Anderson, H. G. Jr., Frazier, L., Anderson, S. L., Stanton, R., Gillette, C., Broedel-Zaugg, K., et al. (2017). Comparison of pharmaceutical calculations learning outcomes achieved within a traditional lecture or flipped classroom andragogy. Am. J. Pharm. Educ. 81:70. doi: 10.5688/ajpe81470 

 Aria, M., and Cuccurullo, C. (2017). Bibliometrix: an R-tool for comprehensive science mapping analysis. J. Informet. 11, 959–975. doi: 10.1016/j.joi.2017.08.007


 Baepler, P., Walker, J., and Driessen, M. (2014). It’s not about seat time: blending, fipping, and efficiency in active learning classrooms. Comput. Educ. 78, 227–236. doi: 10.1016/j.compedu.2014.06.006


 Barranquero-Herbosa, M., Abajas-Bustillo, R., and Ortego-Maté, C. (2022). Effectiveness of flipped classroom in nursing education: a systematic review of systematic and integrative reviews. Int. J. Nurs. Stud. 135:104327. doi: 10.1016/j.ijnurstu.2022.104327 

 Bergmann, J., and Sams, A. (2012). Flip your classroom: Reach every student in every class every day. International Society for Technology in Education.


 Betihavas, V., Bridgman, H., Kornhaber, R., and Cross, M. (2016). The evidence for 'flipping out': a systematic review of the flipped classroom in nursing education. Nurse Educ. Today 38, 15–21. doi: 10.1016/j.nedt.2015.12.010 

 Butt, A. (2014). Student views on the use of a flipped classroom approach: evidence from Australia. Bus. Educ. Accredit. 6, 33–43.


 Chen, L., Lin, T., and Tang, S. (2021). A qualitative exploration of nursing undergraduates' perceptions towards scaffolding in the flipped classroom of the fundamental nursing practice course: a qualitative study. BMC Fam. Pract. 22:245. doi: 10.1186/s12875-021-01597-4 

 Chick, R. C., Clifton, G. T., Peace, K. M., Propper, B. W., Hale, D. F., Alseidi, A. A., et al. (2020). Using technology to maintain the education of residents during the COVID-19 pandemic. J. Surg. Educ. 77, 729–732. doi: 10.1016/j.jsurg.2020.03.018 

 Cho, H. J., Zhao, K. J., Lee, C. R., Runshe, D., and Krousgrill, C. (2021). Active learning through flipped classroom in mechanical engineering: improving students' perception of learning and performance. Int. J. STEM Educ. 8:302. doi: 10.1186/s40594-021-00302-2 

 Consortium, N. M. (2014). NMC Horizon Report, 2014. Available at: https://staffblogs.le.ac.uk/telsocsci/report/nmc-horizon-report-2014/


 del Arco, I., Mercadé-Melé, P., Ramos-Pla, A., and Flores-Alarcia, Ò. (2022). Bibliometric analysis of the flipped classroom pedagogical model: trends and strategic lines of study [systematic review]. Front. Educ. 7:1022295. doi: 10.3389/feduc.2022.1022295


 Divjak, B., Rienties, B., Iniesto, F., Vondra, P., and Žižak, M. (2022). Flipped classrooms in higher education during the COVID-19 pandemic: findings and future research recommendations. Int. J. Educ. Technol. High. Educ. 19:9. doi: 10.1186/s41239-021-00316-4 

 Durfee, S. M., Goldenson, R. P., Gill, R. R., Rincon, S. P., Flower, E., and Avery, L. L. (2020). Medical student education roadblock due to COVID-19: virtual radiology Core clerkship to the rescue. Acad. Radiol. 27, 1461–1466. doi: 10.1016/j.acra.2020.07.020 

 Feng, Y., Zhao, B., Zheng, J., Fu, Y., and Jiang, Y. (2022). Online flipped classroom with team-based learning promoted learning activity in a clinical laboratory immunology class: response to the COVID-19 pandemic. BMC Med. Educ. 22:836. doi: 10.1186/s12909-022-03917-3 

 Gilboy, M. B., Heinerichs, S., and Pazzaglia, G. (2015). Enhancing student engagement using the flipped classroom. J. Nutr. Educ. Behav. 47, 109–114. doi: 10.1016/j.jneb.2014.08.008


 Gong, Y., and Zhou, J. (2022). MOOC and flipped classroom task-based English teaching model for colleges and universities using data mining and few-shot learning technology. Comput. Intell. Neurosci. 2022, 9770747–9770711. doi: 10.1155/2022/9770747 

 Gray, M. M., Dadiz, R., Izatt, S., Gillam-Krakauer, M., Carbajal, M. M., Johnston, L. C., et al. (2022). Comparison of knowledge acquisition and retention following traditional didactic vs. flipped classroom education utilizing a standardized national curriculum: a randomized controlled trial. J. Perinatol. 42, 1512–1518. doi: 10.1038/s41372-022-01423-4 

 Guo, L., Lai, H. M., and Sun, F. (2016). Research on THE application of flipped classroom mode of college English teaching. Proceedings of the 2016 international conference on humanity, education and social science.


 Hew, K. F., and Lo, C. K. (2018). Flipped classroom improves student learning in health professions education: a meta-analysis. BMC Med. Educ. 18:38. doi: 10.1186/s12909-018-1144-z 

 Jensen, J. L., Kummer, T. A., and Godoy, P. D. d. M. (2015). Improvements from a flipped classroom may simply be the fruits of active learning. CBE Life Sci. Educ. 14:ar5. doi: 10.1187/cbe.14-08-0129 

 Jong, M. S. (2023). Flipped classroom: motivational affordances of spherical video-based immersive virtual reality in support of pre-lecture individual learning in pre-service teacher education. J. Comput. High. Educ. 35, 144–165. doi: 10.1007/s12528-022-09334-1 

 Kang, H. Y., and Kim, H. R. (2021). Impact of blended learning on learning outcomes in the public healthcare education course: a review of flipped classroom with team-based learning. BMC Med. Educ. 21:78. doi: 10.1186/s12909-021-02508-y 

 Khodaei, S., Hasanvand, S., Gholami, M., Mokhayeri, Y., and Amini, M. (2022). The effect of the online flipped classroom on self-directed learning readiness and metacognitive awareness in nursing students during the COVID-19 pandemic. BMC Nurs. 21:22. doi: 10.1186/s12912-022-00804-6 

 Kushairi, N., and Ahmi, A. (2021). Flipped classroom in the second decade of the Millenia: a Bibliometrics analysis with Lotka's law. Educ. Inf. Technol. (Dordr) 26, 4401–4431. doi: 10.1007/s10639-021-10457-8 

 Lo, C. K., and Hew, K. F. (2022). Design principles for fully online flipped learning in health professions education: a systematic review of research during the COVID-19 pandemic. BMC Med. Educ. 22:720. doi: 10.1186/s12909-022-03782-0 

 Lu, C., Xu, J., Cao, Y., Zhang, Y., Liu, X., Wen, H., et al. (2023). Examining the effects of student-centered flipped classroom in physiology education. BMC Med. Educ. 23:233. doi: 10.1186/s12909-023-04166-8 

 Mason, G. S., Shuman, T. R., and Cook, K. E. (2013). Comparing the effectiveness of an inverted classroom to a traditional classroom in an upper-division engineering course. IEEE Trans. Educ. 56, 430–435. doi: 10.1109/TE.2013.2249066


 McDonald, K., and Smith, C. M. (2013). The flipped classroom for professional development: part I. Benefits and strategies. J. Contin. Educ. Nurs. 44, 437–438. doi: 10.3928/00220124-20130925-19 

 McLaughlin, J. E., Roth, M. T., Glatt, D. M., Gharkholonarehe, N., Davidson, C. A., Griffin, L. M., et al. (2014). The flipped classroom: a course redesign to foster learning and engagement in a health professions school. Acad. Med. 89, 236–243. doi: 10.1097/acm.0000000000000086


 Missildine, K., Fountain, R., Summers, L., and Gosselin, K. (2013). Flipping the classroom to improve student performance and satisfaction. J. Nurs. Educ. 52, 597–599. doi: 10.3928/01484834-20130919-03


 Moraros, J., Islam, A., Yu, S., Banow, R., and Schindelka, B. (2015). Flipping for success: evaluating the effectiveness of a novel teaching approach in a graduate level setting. BMC Med. Educ. 15:27. doi: 10.1186/s12909-015-0317-2 

 Naing, C., Whittaker, M. A., Aung, H. H., Chellappan, D. K., and Riegelman, A. (2023). The effects of flipped classrooms to improve learning outcomes in undergraduate health professional education: a systematic review. Campbell Syst. Rev. 19:e1339. doi: 10.1002/cl2.1339 

 Narang, A., Velagapudi, P., Rajagopalan, B., LeBude, B., Kithcart, A. P., Snipelisky, D., et al. (2018). A new educational framework to improve lifelong learning for cardiologists. J. Am. Coll. Cardiol. 71, 454–462. doi: 10.1016/j.jacc.2017.11.045 

 Ødegaard, N. B., Myrhaug, H. T., Dahl-Michelsen, T., and Røe, Y. (2021). Digital learning designs in physiotherapy education: a systematic review and meta-analysis. BMC Med. Educ. 21:48. doi: 10.1186/s12909-020-02483-w 

 Oudbier, J., Spaai, G., Timmermans, K., and Boerboom, T. (2022). Enhancing the effectiveness of flipped classroom in health science education: a state-of-the-art review. BMC Med. Educ. 22:34. doi: 10.1186/s12909-021-03052-5 

 Özbay, Ö., and Çınar, S. (2021). Effectiveness of flipped classroom teaching models in nursing education: a systematic review. Nurse Educ. Today 102:104922. doi: 10.1016/j.nedt.2021.104922 

 Özcan, C. (2022). Flipped classroom in restorative dentistry: a first test influenced by the COVID-19 pandemic. Oral Health Prev. Dent. 20, 331–338. doi: 10.3290/j.ohpd.b3276187 

 Paul, A., Leung, D., Salas, R. M. E., Cruz, T. E., Abras, C., Saylor, D., et al. (2023). Comparative effectiveness study of flipped classroom versus online-only instruction of clinical reasoning for medical students. Med. Educ. Online 28:2142358. doi: 10.1080/10872981.2022.2142358 

 Peng, W., Xiong, Y., Wei, J., Chen, X., Huai, W., He, S., et al. (2022). Flipped classroom improves student learning outcome in Chinese pharmacy education: a systematic review and meta-analysis. Front. Pharmacol. 13:936899. doi: 10.3389/fphar.2022.936899 

 Persky, A. M., and McLaughlin, J. E. (2017). The flipped classroom-from theory to practice in health professional education. Am. J. Pharm. Educ. 81:118. doi: 10.5688/ajpe816118 

 Pierce, R., and Fox, J. (2012). Vodcasts and active-learning exercises in a "flipped classroom" model of a renal pharmacotherapy module. Am. J. Pharm. Educ. 76:196. doi: 10.5688/ajpe7610196 

 Rodríguez-Abad, C., Rodríguez-González, R., Martínez-Santos, A. E., and Fernández-de-la-Iglesia, J. D. (2022). Effectiveness of augmented reality in learning about leg ulcer care: a quasi-experimental study in nursing students. Nurse Educ. Today 119:105565. doi: 10.1016/j.nedt.2022.105565 

 Rotellar, C., and Cain, J. (2016). Research, perspectives, and recommendations on implementing the flipped classroom. Am. J. Pharm. Educ. 80:34. doi: 10.5688/ajpe80234 

 Ruzafa-Martínez, M., Molina-Rodríguez, A., Pérez-Muñoz, V., Leal-Costa, C., and Ramos-Morcillo, A. J. (2023). Effectiveness of the flipped classroom methodology on the learning of evidence-based practice of nursing students: quasi-experimental design. Nurse Educ. Today 128:105878. doi: 10.1016/j.nedt.2023.105878 

 Sa, W., Dan, L., Juan, D., Fei, Y., and Wei, W. (2022). An English flipped classroom teaching model based on big data analysis. Comput. Intell. Neurosci. 2022:7391258. doi: 10.1155/2022/7391258 

 Sharma, N., Lau, C. S., Doherty, I., and Harbutt, D. (2015). How we flipped the medical classroom. Med. Teach. 37, 327–330. doi: 10.3109/0142159x.2014.923821


 Sun, L., Yang, L., Wang, X., Zhu, J., and Zhang, X. (2022). Hot topics and frontier evolution in college flipped classrooms based on mapping knowledge domains. Front. Public Health 10:950106. doi: 10.3389/fpubh.2022.950106 

 Tsai, C. W., Lin, M. Y., Cheng, Y. P., Lee, L. Y., Chyr, W. L., Lin, C. H., et al. (2023). The effects of online peer-facilitated learning and distributed pair programming on students' learning. Comput. Educ. 203:104849. doi: 10.1016/j.compedu.2023.104849 

 van Eck, N. J., and Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 84, 523–538. doi: 10.1007/s11192-009-0146-3 

 Wade, S. D., Freed, J. A., Kyttaris, V. C., Saunders, S., and Hausmann, J. S. (2023). Implementing a virtual flipped classroom in a rheumatology fellowship program. Arthritis Care Res. (Hoboken) 75, 634–639. doi: 10.1002/acr.24791 

 Wang, T. (2017). Overcoming barriers to 'flip': building teacher's capacity for the adoption of flipped classroom in Hong Kong secondary schools. Res. Pract. Technol. Enhanc. Learn. 12:6. doi: 10.1186/s41039-017-0047-7 

 Wang, S., Xu, X., Li, F., Fan, H., Zhao, E., and Bai, J. (2021). Effects of modified BOPPPS-based SPOC and flipped class on 5th-year undergraduate oral histopathology learning in China during COVID-19. BMC Med. Educ. 21:540. doi: 10.1186/s12909-021-02980-6 

 Wen, H., Hong, M., Chen, F., Jiang, X., Zhang, R., Zeng, J., et al. (2022). CRISP method with flipped classroom approach in ECG teaching of arrhythmia for trainee nurses: a randomized controlled study. BMC Med. Educ. 22:850. doi: 10.1186/s12909-022-03932-4 

 Worldometer
. (2022). COVID-19 coronavirus pandemic. Available at: https://www.worldometers.info/coronavirus/


 Wu, Y. Y., Liu, S., Man, Q., Luo, F. L., Zheng, Y. X., Yang, S., et al. (2022). Application and evaluation of the flipped classroom based on Micro-video class in pharmacology teaching. Front. Public Health 10:838900. doi: 10.3389/fpubh.2022.838900 

 Xiao, N., Thor, D., Zheng, M., Baek, J., and Kim, G. (2018). Flipped classroom narrows the performance gap between low-and high-performing dental students in physiology. Adv. Physiol. Educ. 42, 586–592. doi: 10.1152/advan.00104.2018 

 Xu, P., Chen, Y., Nie, W., Wang, Y., Song, T., Li, H., et al. (2019). The effectiveness of a flipped classroom on the development of Chinese nursing students' skill competence: a systematic review and meta-analysis. Nurse Educ. Today 80, 67–77. doi: 10.1016/j.nedt.2019.06.005 

 Yin, H. T. (2017). Flipped classroom and its application to college English teaching. Proceedings of the 2ND international conference on contemporary education, social sciences and humanities (ICCESSH 2017)


 Youhasan, P., Chen, Y., Lyndon, M., and Henning, M. A. (2021). Exploring the pedagogical design features of the flipped classroom in undergraduate nursing education: a systematic review. BMC Nurs. 20:50. doi: 10.1186/s12912-021-00555-w 


Copyright
 © 2024 Zhang, Wang, Zhang and Sun. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		The landscape of flipped classroom research: a bibliometrics analysis



		Introduction



		Methods



		Data sources



		Eligibility criteria



		Data analysis









		Results



		Trends in global publication



		Web of science research area



		Distribution of countries/regions



		Most influential authors



		Most influential source journals



		Study of hotspots and co-occurring keyword clustering network analysis



		Citation classics



		Trends in flipped classroom research and themes distribution









		Discussion



		The main findings of this study



		Comparison with similar studies



		Contribution of this study and future directions



		Limitations









		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/feduc-09-1165547-t003.jpg
Total Total citati

urnal citations per yeal

Rank  First author  Title ‘ear

‘The flipped classroor
1 Mclaughlin JE and engagement in a health professions school (McLaughlin 014 Acad Med 577 6411
etal,, 2014)

course redesign to foster learning

Comparing the effectiveness of an inverted classroom to.a

2 Mason GS traditional classroom in an upper-division engineering 2013 IEEE T Educ 481 48.10
course (Mason et al, 2013)
Enhancing student engagement using the flipped classroom

3 Gilboy MB 2005 ] Nutr Educ Behav 379 14738
(Gilboy et al., 2015)
Using technology to maintain the education of residents

RC 2020 | ] Surg Educ 374 12467
during the COVID-19 pandemic (Chick etal,, 2020)

1ts not about seat time: blending, flipping, and effciency in
5 Baepler P 2014 ‘Comput Educ 355 39.44
active learning classrooms (Bacpler et al, 2014)

Improvements from a flipped classroom may simply be the
6 Jensen JL 2015 CBE-Life Sci Educ 337 4213
fruits of active learning (Jensen et al, 2015)

Vodcasts and active-learning exercises in a “lipped

7 Pierce R classroom” model of a renal pharmacotherapy module 2012 Am]Pharm Educ 332 30.18
(Pierce and Fox, 2012)
Flipped classroom improves student learning in health

8 Hew KF 2018 BMC Med Educ 322 6440
professions education: a meta-analysis (Hew and Lo, 2015)
Flipping the classroom to improve student performance and

9 Missildine K 2013 ] Nurs Edue 315 3150
satisfaction (Missildine et al,, 2013)
“The flipped classroom: A review of its advantages and

10 Akeayir G 2018 Comput Educ 301 60.20
challenges (Akcayir and Akcayr, 2018)





OPS/images/cover.jpg
' frontiers | Frontiers in Education

The landscape of flipped
classroom research: a
bibliometrics analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Education






OPS/images/feduc-09-1165547-g005.jpg
@ Cluster 1
® Cluster2
® Cluster 3
© Cluster 4
® Cluster 5
® Cluster 6
@ Cluster 7

arnf
\ :( organicghemistry

dental education ~ pedagogy

N
matimediabased learning

arning
medicalgtudents.

physislogy.

blended learning e

improving: :i:‘ﬁom teaching

ing

S vosviewer





OPS/images/feduc-09-1165547-g006.jpg
Author's Keywords

undergraduate medical education
nursing

covid-19

flipped classroom:

blended learning

inverted classroom

curriculum

student—centered learning

active learning
internet/web—based learning
first-year undergraduate/general

computer-based learning

e o
o @ o
o @& e
.
e e e
° .
e e e
. o
° o
°
2016 2018 2020 2022

Year





OPS/images/feduc-09-1165547-g003.jpg
Number of Articles

804

604

404

204

2012

2014

o~ AUSTRALIA -o—

2016 2018 2020
Year

CHINA -~ GERMANY -e- SPAIN -o- USA

2022






OPS/images/feduc-09-1165547-g004.jpg
Annual Number of Articles

60

40

204

T
2012

T T T
2015 2017 2020
Year

2022





OPS/images/feduc-09-1165547-t002.jpg
Sources n (%) Impact factor

Computers & Education* 958 39 11182 2
Journal of Chemical Education® 694 48 3208 17
Academic Medicine 660 4 7.840 3
American Journal of Pharmaceutical Education® 598 29 2876 18
BMC Medical Education* 586 6 3263 14
Medical Teacher 483 12 4277 5
Nursing Education Today 468 12 3906 n
Medical Education a7 5 7.647 4
Advances in Physiology Education® 400 2 239 10
Anatomical Sciences Education 387 14 6652 10

*The journal is the core resource (classified by Bradford Law) of flipped classrooms research.





OPS/images/feduc-09-1165547-g007.jpg
Iaoov7 Joieheld In 2012, Jonathan In e 2019, there was
g Bergmann and Aaron an outbreak of
Sams recorded and p 4 G
et Sams founded the COVID-19, and the
Pl Flipped Learning flipped classroom was
teaching sessions to Rty i et
besivdovpn; etwork to help widely used for
5 teachers implement teaching tasks in a
Tmodd] was ecopnizEd fipped classrooms. variety of disciplines.
by various parties. i 1y il
e —————————————————————————)
1n 2011, Jonathan The NMC Horizon
Bergmann and Aaron Report 2014 stated Now & beyond, the
Sams released a that the flipped post-epidemic era,
‘monograph on flipped classtoom s an combining arificial
classtooms: Flip Your important insructional
Classroom: Reach technology currently further advance the
Every Student Every developing at the flipped classroom.
Class Every Day. higher education level.






OPS/images/feduc-09-1165547-t001.jpg
Rank Author Country

1 Mclaughlin JE 7 United States University of North Carolina

2 Gonzalez-Gomez D 4 Spain University of Extremadura

3 Gopalan C 4 United States Southern linois University Edwardsville
4 Hew K 4 China ‘The University of Hong Kong

5 Jeong S 4 Spain University of Extremadura

6 Khanova ] 4 United States University of North Carolina

7 Roth MT 4 United States University of North Carolina

8 W CC 4 China ‘Taipei Medical University Hospital

9 Beckman T 3 United States Mayo Clinic College of Medicine

10 Canada-Canada F 3 Spain University of Extremadura





OPS/images/feduc-09-1165547-g001.jpg
200

2012

2013

2014

45%

2015

#2012:2019
20202022 186 g1

2016 2017 2018 2019 2020 2021 2022





OPS/images/feduc-09-1165547-g002.jpg
Number of Research Areas

Number of Articles

50 o

y=-7.77x10"+3.86 x, R? = 0.92, P < 0.001

404
304
204
104
o
T T T T
2012 2015 2017 2020 2022
Year

CHEMISTRY

> ENVIRONMENTAL SCIENCES & ECOLOGY
COMPUTER SCIENCE - HEALTH CARE SCIENCES & SERVICES
DENTISTRY, ORAL SURGERY & MEDICINE - NURSING

EDUCATION & EDUCATIONAL RESEARCH - SCIENCE & TECHNOLOGY - OTHER TOPICS
ENGINEERING & TELECOMMUNICATIONS

LEX XX





