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The Role of Generative Artificial
Intelligence in Scientific Publishing

While artificial intelligence (Al) is not a new technology, it has gained
extraordinary popularity in the last year and is expanding its use in various
areas of our lives. Tools such as ChatGPT, Microsoft Copilot, Google Bard, Llama,
DALL-E, or HeyGen, among many others, have sparked significant interest for
their ability to automatically generate diverse content (text, images, videos,
etc.) in response to specific instructions. This interest is justified by the potential
of these technologies to reduce the workload dedicated to trivial tasks, leading
to increased productivity.

This enthusiasm has also extended to the field of scientific production, where
it is hoped that generative artificial intelligence (GAI) systems can improve the
processes of writing, reviewing, and publishing scientific papers. However, their use
also raises a series of ethical dilemmas that, as editors of scientific journals, we
must consider in our task of ensuring the integrity, accuracy, and transparency of
published research. Therefore, it is essential for editorial teams to establish clear
editorial policies aimed at promoting ethical and responsible use of generative
artificial intelligence during the process of preparing and reviewing scientific papers.
With this purpose, we will reflect on the potential, implications, and limitations of
incorporating Al-based tools in different activities related to the scientific publishing
process.

How to cite this editorial:

Lépez-Martin, E. (2023). The role of generative artificial intelligence in scientific
publishing. Educacion XX1, 27(1), pp. 9-15. https://doi.org/10.5944/
educxx1.39205
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ARTIFICIAL INTELLIGENCE DURING THE MANUSCRIPT DEVELOPMENT
PROCESS

When considering the use of these technologies during the manuscript
development process, one of the first questions to address is whether Al-based
tools can be considered co-authors of a scientific publication. The two fundamental
requirements for attributing authorship to a publication are: making a substantial

contribution to the work and taking responsibility for all parts of it (Committee on
Publication Ethics, 2019). Education XX1 adheres to the ethical code outlined by the
Committee on Publications Ethics (COPE), and one of the author’s responsibilities is
the originality of the manuscripts submitted to the journal. This raises the question:
Can these tools be responsible for the originality of the content they generate?
Al developments are trained using large amounts of pre-existing works, so the
generated material could be protected by copyright (United States Copyright Office,
2023). For example, a text produced by GAIl could include ideas from other authors
without proper citation and referencing, constituting a form of plagiarism.

Considering the above, while GAI systems could draft the theoretical foundation
of an article, interpret the results of a study, or even define the design of research,
they can hardly take responsibility for the authorship and originality of the content
they generate. Consequently, it is evident that, as they cannot be accountable for
the content and integrity of the work submitted for publication, these technologies
cannot meet the requirements of authorship or be included as authors of an
article (Committee on Publication Ethics, 2023). Furthermore, copyright could not
protect content generated with such systems since, as stated by the United States
Copyright Office (2023), copyright can only protect material that is a product of
human creativity.

Given that these artificial intelligence systems should not be considered authors
of scientific publications, can the content generated by these tools be included in an
article? Using these resources to write all or part of a manuscript constitutes a case
of plagiarism, similar to claiming authorship of material published by third parties
(Thorp, 2023). Therefore, any content generated by these artificial intelligence
tools must be properly identified in the text. Since these technologies use advanced
algorithms to create content, according to the American Psychological Association
(APA) style guidelines, when citing generated results, credit must be given to the
algorithm’s author (McAdoo, 2023).

10 Educacion XX1, 27(1), 9-15
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Table 1
How to cite and reference content generated by GAI tools according to APA style guidelines

Parenthetical citation:
(Model author, Year of the version used)

(OpenAl, 2023)

In-text
citations Narrative citation:
Model autor (Year of the versién used)
OpenAl (2023)
Model author. ((Year of the version used). Model name (version).
[Additional description of the model]. Publisher. https://xxxxx/
References OpenAl. (2023 OpenAl. (2023). ChatGPT (version 4) [Large-

scale Language Model]. https://chat.openai.com/chat

Note. If the model author and the publisher are the same, the
publisher’s name should not be repeated.

Additionally, from Education XX1, we recommend to our authors that they
include as an annex or supplementary material the given instructions (known as
prompts) and the results provided by these tools.

In light of the aforementioned, the use of artificial intelligence tools during the
manuscript writing process should be limited to improving writing quality. These
technologies can be used to obtain suggestions for spelling, grammar, and style
corrections. They can also facilitate the correction of bibliographic references
or adapt them to a specific style format. However, authors should ultimately be
responsible for evaluating these suggestions and, if relevant, applying them.

Developments based on GAI can also be used in other stages of the research
process, such as identifying relevant literature on a topic, generating hypotheses, or
analyzing data (Organisation for Economic Co-operation and Development, 2023).
Authors can also use these tools to obtain suggestions about potential journals to
submit manuscripts to. In any case, whenever GAI technologies are used during
the research process, it is necessary to precisely detail their usage in the methods
section. Along with this, the limitations section should acknowledge potential biases
and errors inherent in GAl use. It is important to be aware of the limitations of these
tools, such as potential biases present in the data used to train the models (e.g.,
gender, cultural, or racial biases) or the obsolescence of this training data, especially
in free versions. Additionally, it should not be forgotten that these technologies do

Educacién XX1, 27(1), 9-15 1
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not comprehend the instructions provided to them or the content they generate,
potentially leading to the creation of incorrect or nonsensical information (e.g.,
providing citations and bibliographic references for nonexistent works).

USE OF ARTIFICIAL INTELLIGENCE DURING THE REVIEW PROCESS

In recent months, there has been a broad debate on whether generative artificial
intelligence tools can replace some of the functions currently performed by editors
and external reviewers (Checco et al., 2021; Kayvan & Thelwall, 2023; Salvagno and
Taccone, 2023). Given the high number of submissions that scientific publications
receive daily, Al-assisted evaluation processes can be seen as an efficient response
to analyze article quality with precision and impartiality, reducing evaluation times
at a relatively low cost. However, considering the implications that peer review
results can have on researchers’ future careers and even on the progress of science,
it seems prudent to take into account some technical and legal considerations
before entrusting manuscript review processes to these tools.

One of these considerations is that, as mentioned earlier, the data used to train
GAl systems may not be up to date. At the time of writing this editorial, for example,
ChatGPT does not have information on events or developments in the last two
years, as the last update of its training data is in January 2022. In a rapidly advancing
scientific landscape, where scientific production is growing exponentially, are GAl
systems prepared to evaluate whether a manuscript contributes to the scientific
corpus, in our case, to education, with a current and innovative contribution?
In the current state of development of these tools, it seems not. In addition to
analyzing the originality or contribution of works by referencing the state of the art
up to the date of their training data update, these technologies generate results
by reproducing common patterns identified in extensive datasets they have been
trained on (LOpez-Martin & Martin-Gutiérrez, 2023). Thus, they can hardly
simulate the judgment of reviewers in identifying the contribution and rigor of
manuscripts.

On the other hand, GAl-based developments can be useful in checking the fit
of articles with the formal criteria required by the journal—word count, number of
bibliographic references, quality of written expression, originality of contribution,
etc. These technologies have the ability to process a large amount of information in
a very short time, so they can be used to verify the similarity of manuscripts to the
vast amount of available scientific production and accurately detect possible cases
of plagiarism. They can also be effective in proposing external reviewers based
on the abstract, title, or keywords. Several Al-based tools have been developed
in recent years to support editorial work, such as checking the initial quality of

1o Educacion XX1, 27(1), 9-15



The role of generative artificial intelligence in scientific publishing

received manuscripts or identifying suitable reviewers to evaluate manuscripts
(Kousha & Thelwall, 2023).

In any case, when introducing GAl during the manuscript review process, it
is crucial to consider the privacy and data protection policies of the tools used,
especially regarding how they will use the information provided to them. Of all the
manuscripts received, only a small percentage end up being published. The rest of
the works may be sent to other publications that, like us, will assess the originality
of the contributions received. This should be considered because, by uploading
articles from third parties as editors, we could potentially influence their future
publication since introducing any information into GAl systems relinquishes control
over it. In fact, organizations like the National Institutes of Health (NIH) in the United
States have prohibited the use of generative artificial intelligence technologies
during the review of research projects and contracts to maintain the security and
confidentiality of the process (National Institutes of Health, 2023).

IN CONCLUSION

In recent months, generative artificial intelligence models have experienced
exponential growth, and their application is expanding to all tasks related to
scientific production, from writing original manuscripts to disseminating articles
after publication, through the entire review and editorial production process.
Despite the fact that these technologies, as we have seen, can facilitate the work
of authors, editors, and external reviewers, they cannot replace them under any
circumstances.

Claiming authorship of text, images, or graphics produced by these tools
represents a scientific malpractice. As indicated at the beginning of this editorial, as
editors, we have the responsibility to ensure the ethical and responsible use of these
tools. Therefore, we must encourage authors to be transparent about how they
have used them, asking them to certify that they have not used GAI technologies
during the writing of the originals, beyond using them as a possible style correction
tool, and that any use of these technologies during the research process has been
declared.

Regarding editorial work, although these technologies are evolving rapidly, in
their current state of development, it is not possible to rely on their judgment when
evaluating papers, and consequently, although they can assist in some tasks of the
review process, at least in Education XX1, we do not consider that they can replace
the role played by the editorial team and external reviewers.

On the contrary, within the scientific publishing process, there are some activities
in which the use of these technologies can provide great value. This is the case for
tasks related to the editorial production process of accepted manuscripts and the

Educaciéon XX1, 27(1), 9-15 13
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dissemination of articles after publication. Without aiming to be exhaustive and being
aware that these tasks may vary as these technologies evolve, we will list some of
them: style correction of the text, adaptation of references to the citation standards
established by the journal, identification of relevant metadata that facilitates the
location of the manuscript, adjustment of the most prominent contributions
(highlights) to a specific number of characters, editing of images representing the
content of articles for dissemination, writing tweets to share research conclusions,
or preparation of multimedia material for results dissemination. In any case, when
integrating them into these processes, we must not forget that we must be critical
and carefully evaluate any results generated by these technologies. After all, they
are just tools, and the responsibility derived from their misuse lies with those who
use them.

Esther Lépez-Martin
Editor-in-Chief of Education XX1

BIBLIOGRAPHIC REFERENCES

Checco, A., Bracciale, L., Loreti, P., Pinfield, S., & Bianchi, G. (2021). Al-assisted peer
review. Humanities and Social Sciences Communications, 8(1), 1-11. https://doi.
org/10.1057/s41599-020-00703-8

Committee on Publication Ethics. (2019). Discussion document: Authorship (Version
2). https://doi.org/10.24318/cope.2019.3.3

Committee on Publication Ethics. (2023). Authorship and Al tolos. COPE position
statement. https://publicationethics.org/cope-position-statements/ai-author

Kousha, K., & Thelwall, M. (2023). Artificial intelligence to support publishing
and peer review: A summary and review. Learned Publishing. https://doi.
org/10.1002/leap.1570

Lépez-Martin, E., & Martin-Gutiérrez, S. (2023). Guia para integrar las tecnologias
basadas en inteligencia artificial generativa en los procesos de ensefianza y
aprendizaje. UNED. https://acortar.link/0Do8Jd

McAdoo, T. (2023). How to cite ChatGPT. https://apastyle.apa.org/blog/how-to-
cite-chatgpt

National Institutes of Health. (2023). The use of generative artificial intelligence
technologies is prohibited for the NIH Peer Review Process. https://grants.nih.
gov/grants/guide/notice-files/NOT-OD-23-149.html

Organisation for Economic Co-operation and Development. (2023). Artificial
intelligence in science challenges, opportunities and the future of research.
https://www.oecd.org/publications/artificial-intelligence-in-science-
a8d820bd-en.htm

14 Educacién XX1, 27(1), 9-15


https://doi.org/10.24318/cope.2019.3.3
https://publicationethics.org/cope-position-statements/ai-author
https://doi.org/10.1002/leap.1570
https://doi.org/10.1002/leap.1570
https://apastyle.apa.org/blog/how-to-cite-chatgpt
https://apastyle.apa.org/blog/how-to-cite-chatgpt
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-23-149.html
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-23-149.html
https://www.oecd.org/publications/artificial-intelligence-in-science-a8d820bd-en.htm
https://www.oecd.org/publications/artificial-intelligence-in-science-a8d820bd-en.htm

The role of generative artificial intelligence in scientific publishing

Salvagno, M., & Taccone, F. S. (2023). Artificial intelligence is the new chief editor
of Critical Care (maybe?). Critical Care, 27(1), 270. https://doi.org/10.1186/
$13054-023-04455-0

Thorp, H. H. (2023). ChatGPT is fun, but not an author. Science, 379(6630), 313-313.
https://doi.org/10.1126/science.adg787

United States Copyright Office. (2023). Copyright registration guidance: Works

containing material generated by artificial intelligence. Federal Register,
88(51), 16190-19194. https://www.govinfo.gov/content/pkg/FR-2023-03-
16/ pdf/2023-05321.pdf

Educacién XX1, 27(1), 9-15 15


https://doi.org/10.1186/s13054-023-04455-0
https://doi.org/10.1186/s13054-023-04455-0
https://www.govinfo.gov/content/pkg/FR-2023-03-16/pdf/2023-05321.pdf
https://www.govinfo.gov/content/pkg/FR-2023-03-16/pdf/2023-05321.pdf
https://www.govinfo.gov/content/pkg/FR-2023-03-16/pdf/2023-05321.pdf




Studies






Educacion XX1 E@ w XXI
ISSN: 1139-613X - e-ISSN: 2174-5374

Effectiveness of the flipped
classroom methodology in
higher education. A systematic
review

Efectividad de la metodologia de aula
tnversa en el ambito universitario.
Una revision sistematica

Cristina Bosch-Farré !

Jordi Cicres*

Josefina Patifio-Maso *

Pilar Morera Basuldo*

Pere Toran-Monserrat *

Albert Llad6 Martinez *

Maria del Carmen Malagon-Aguilera *

! University of Girona, Spain
* Corresponding author: Albert.llado@udg.edu

How to reference this article

Bosch-Farré, C., Cicres, J., Patino-Maso, J., Morera Basuldo,
P., Toran-Monserrat, P., Llad6 Martinez, A. & Malagon- | Date of received: 12/10/2022
Aguilera, M. C. (2024). Effectiveness of the flipped classroom | Date of acceptance: 30/06/2023
methodology in higher education: A systematic review. | Published online: 02/01/2024
Educacién XXi1, 27(1), 19-56. https://doi.org/10.5944/
educxx1.35773

ABSTRACT

The flipped classroom (FC) is a methodological approach that reverses the traditional way of
teaching by putting the active focus on the student. It is a dynamic methodology in which the
teacher facilitates the students’ learning in the classroom by providing adequate material
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for the prior preparation of the classes and accompanying them in the deepening of the
contents and the resolution of situations or problems related to the subject of study. For this
reason, it is considered an innovative teaching methodology. The general objective of this
paper is to analyse the scientific evidence of the effectiveness of FC at the university level.
Following the PRISMA recommendations, a systematic review of the literature published in
the Web of Science, Scopus and ERIC databases between 2016 and 2022 was carried out,
analysing a total of 27 experimental or quasi-experimental studies that met the defined
selection criteria. Descriptive and design variables, the efficacy, the opinion of the students
and the conditioning factors that affect the efficacy of FC were assessed and analysed. The
results show a higher number of publications in Asia and North and South America and in the
fields of science and education. Eighty-seven percent of the articles study the undergraduate
level and more than 81% use a control group in their study design. The evidence shows the
effectiveness of the application of FC in terms of the academic results of students in different
degree courses, as well as in the acquisition of skills considered transversal in the university
environment. Student satisfaction with the methodology is good and improvements in its
effectiveness are related to aspects that depend on the students themselves, the teachers
and the university.

Keywords: flipped classroom, literature review, teaching methods, university students,
higher education

RESUMEN

El aula inversa (Al) es un enfoque metodoldgico que invierte el modo de ensefianza
tradicional poniendo el foco activo en el estudiante. Es una metodologia dinamica en la que
el profesor facilita el aprendizaje de los estudiantes proporcionando material adecuado para
la preparacion previa de las clases y acompafiando en la profundizacion de los contenidos y
resolucion de situaciones o problemas relacionados con el tema de estudio dentro del aula.
Por eso, esta considerada como una metodologia de innovacién docente. El objetivo general
del presente trabajo es analizar la evidencia cientifica sobre la efectividad del Al en el ambito
universitario. Siguiendo las recomendaciones PRISMA se realizd una revisidn sistematica de
la literatura publicada en las bases de datos Web of Science, Scopus y ERIC entre los afios
2016y 2022, se han analizado un total de 27 estudios experimentales o cuasiexperimentales
que cumplieron los criterios de seleccion definidos. Se analizaron variables descriptivas, de
disefo y la valoracion de la eficacia, la valoracion de los estudiantes y los condicionantes que
inciden en la eficacia del Al. Los resultados muestran un mayor numero de publicaciones
en los continentes asidtico y americano y en los ambitos de ciencias y educacion. El 87% de
los articulos estudian el nivel de grado universitario y mds del 81% utilizan grupo control
en su disefio de estudio. La evidencia muestra la efectividad de la aplicacién del Al en
relacion con los resultados académicos de los estudiantes en los distintos grados, asi como
en la adquisicion de habilidades consideradas transversales en el ambito universitario.
La satisfaccién de los estudiantes respecto a la metodologia es buena y las mejoras en
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su efectividad se relacionan con aspectos que dependen de los mismos estudiantes, los
profesores y la universidad.

Palabras clave: aula inversa, revisidon sistematica, metodologias docentes, estudiantes
universitarios, educacién superior

INTRODUCTION

In recent years, with university studies now fully integrated into the European
Higher Education Area (EHEA), a change in teaching methodologies is underway.
As Prieto et al. (2021) and Tourdn et al. (2021) explain, this change is driven by
the need to achieve an engaging and motivating learning experience that connects
with students’ interests, enabling them to achieve the skills they will eventually
use in the workplace. (Lai et al., 2018). This implies rethinking the traditional
classroom model in which information is only transmitted through lectures (Bok,
2017; MclLaughlin et al., 2014). Moreover, the Covid-19 pandemic, which prompted
a massive introduction of technology in teaching, has made this shift towards more
active methodologies even more urgent. One of the methods that has attracted the
most attention is the flipped classroom (hereafter, FC), also known as the inverted
classroom, flipped learning, among other similar names. Prieto et al. (2021)
demonstrate the growing volume of scientific publications focused on FC, which
amounts to 52,000 citations in the last decade.

Bergmann and Sams (2012) argue that, broadly speaking, this methodological
approach reverses the traditional way of teaching, in which teachers explain the
theoretical content of their subject in class and students study and complete
exercises or assignments at home. With FC, students are responsible for learning
the theoretical concepts at home, before face-to-face sessions with teachers, from
materials such as videos or explanatory texts prepared or proposed by their teachers.
Classroom sessions with teachers are devoted to more meaningful tasks that require
interaction between students and teachers, such as resolving doubts that may have
arisen from individual lesson preparation, discussion, case studies, problem solving,
etc. According to Prieto et al. (2021), FC provides the elements necessary to address
the paradigm shift that higher education needs today: digitalisation, introduction of
information technologies and a dynamic role of students in and out of the classroom
that involves them in the learning process.

The basic principles of FC have been implemented through various teaching
strategies, which can be considered precursors to FC. For example, Prieto et al.
(2021), in a review of the evidence on FC, explain that these strategies were widely
implemented prior to the popularisation of the term “flipped classroom”. The most
common are peer instruction (Pl), just-in-time teaching (JiTT) and team-based
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learning (TBL). According to Mazur (1997) and Medina et al. (2010), in the first
case, students are responsible for raising and discussing questions that have arisen
from studying the content previously at home. Novak et al. (1999) point out that in
JiTT, teachers develop a questionnaire that they ask students to answer sometime
before the face-to-face class (usually between 2 days and 1 hour). The teachers
then use these answers to adapt the explanations and activities developed in class.
This allows teachers to discover if any concepts have not been well understood,
or to detect which aspects have generated the most interest in their students.
By contrast, in TBL, according to Michaelsen et al. (2002), at the beginning of
class, students individually answer a questionnaire (with content that they have
previously prepared at home) and then meet in small groups to reach agreement on
their answers. Finally, all the students (with the teacher) discuss the proposals and
come up with the correct answers.

However applied, FC gives students a greater role in the classroom and motivates
them more. This results in more meaningful learning and better understanding and
retention of content (Prieto et al., 2014b; Romero-Garcia et al., 2021).-

Several systematic reviews and meta-analyses have assessed the efficacy of
this methodology in university classrooms. Most of these studies (Bao-Zhu Li et
al., 2020; Bredow et al., 2021; Chen & Hsu, 2022; Dogan et al., 2021; Evans et al.,
2019; Galindo-Dominguez, 2021; Ge et al., 2020; Hew et al., 2021; Lin et al., 2021;
Lo & Hew, 2019; Manoj et al., 2018; Martinez et al., 2019; Ozdemir & Sentiirk, 2021;
Prieto et al., 2021; Shi et al., 2020; Talan & Batdi, 2020; Turan & Akdag-Cimen, 2019)
agree that the methodology generally improves academic performance, albeit with
only a moderate level of evidence. However, some systematic reviews (Sisi Li et al.,
2020; Talan & Batdi, 2020; Turan & Akdag-Cimen, 2019) include papers showing
neutral or, in some cases, favourable results for the control group.

The results of other research (Chen & Hsu, 2022; Ge et al., 2020; Martinez et
al., 2019; Oudbier et al., 2022; Prieto et al., 2021; Talan & Batdi, 2020; Turan &
Akdag-Cimen, 2019) point to benefits of FC such as improved student motivation.
The results of Talan and Batdi’s (2020) study highlight students’ ability to overcome
fear of failure, while the work of Alan and Batdi (2020) and Manoj et al. (2018) also
indicate improved attendance and active participation in the classroom. Moreover,
other authors (Sisi Li et al., 2020; Talan & Batdi, 2020; Turan & Akdag-Cimen, 2019)
observe that students who follow this methodology seem to master self-learning
skills better. Some researchers (Ge et al., 2020; Sisi Li et al., 2020; Xu et al., 2019)
highlight problem solving and others (Chen & Hsu, 2022; Ge et al., 2020; Sisi Li et
al., 2020) teamwork. In addition, some studies (Senali et al., 2022; Sisi Li et al., 2020;
Talan & Batdi, 2020; Turan & Akdag-Cimen, 2019) point out that students working
with FCimprove communication skills, and several papers (Hew et al., 2021; Oudbier
et al., 2022; Talan & Batdi, 2020) note the ability to self-manage time, while others
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(Oudbier et al., 2022; Senali et al., 2022; Talan & Batdi, 2020) highlight creativity
and one (Turan & Akdag-Cimen, 2019) notes ICT proficiency.

With regard to the analysis of the areas of knowledge in which FC is applied
in universities, the consulted works focus on the field of health (Bao-Zhu Li et al.,
2020; Conte et al., 2021; Evans et al., 2019; Ge et al., 2020; Lin et al., 2021; Manoj et
al., 2018; Oudbier et al., 2022; Sisi Li et al., 2020; Xu et al., 2019), foreign language
teaching (Turan & Akdag-Cimen, 2019), engineering (Lo & Hew, 2019), the sciences
(Dogan et al., 2021) and business and economic sciences (Senali et al., 2022). Other
research includes different areas of knowledge. These include the work of Brewer
and Movahedazarhouligh (2018), Hew et al. (2021), Martinez et al. (2019), Prieto et
al. (2021), Shi et al. (2020) and Talan and Batdi (2020).

However, some recently published systematic reviews focusing on FC (Galindo-
Dominguez, 2021; Hew et al., 2021; Oudbier et al., 2022; Prieto et al.,2021) note
that a significant part of the studies published so far are not sufficiently rigorous in
terms of their methods of analysis. In addition, they point out the need to increase
the number of studies on the effectiveness of FC in the university context, to better
specify more of the variables that influence the efficacy of FC or to compare the
effectiveness of a specific intervention over time with specific groups. Therefore, our
work consists of a systematic review of experimental or quasi-experimental studies
focused on the university setting with the aim of gathering empirical evidence
regarding the effectiveness of the application of FC, considering the following
aspects: academic results, development of personal skills and competences,
students’ assessment of FC and factors affecting its efficacy.

METHOD

The method used to achieve the proposed objectives was the systematic review
of the published literature, following the indications of the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) statement (Tricco et al.,
2018) for this type of scientific review and its applications in the field of education
(Sanchez-Serrano et al., 2022).

Search strategy, data sources and selection

The search for articles focused on three databases of scientific articles:
Education Resources Information Center (ERIC), Web of Science (WoS) and
Scopus. The systematic search included the following keywords: flipped classroom;
effectiveness; higher education; undergrad®*, experimental design. Each of the
databases was scanned using the strategy described in Figure 1:
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Figure 1
Flow diagram

FLIPPED CLASSROOM AND EFFECTIVENESS AND (HIGHER
EDUCATION OR UNDERGRAD*) AND (EXPERIMENTAL DESING)

ERIC WoS SCOPUS
291 12 45
Filter 1: published between 2016 and 2022
129 10 16
Filter 2: published in scientific journal

125 10 15
Filter 3: university level

60 10 6
Screening of duplicates

v v
55 10 6

TOTAL: 71 papers selected for consideration

The search procedure was first followed at the end of 2020 and then repeated
with the same method in June 2022 to update the results. In this second search,
six new studies met the parameters described above. Studies published between
2016 and June 2022 and dedicated to the evaluation of FC experiences with an
experimental or quasi-experimental design were identified.

Inclusion of the studies

Articles were included in the review if they met the following criteria:

— Evaluation of FC experiences.

— Publication in 2016 or later.

— Experimental or quasi-experimental design.
— Focus on higher education.

— Publication in peer-reviewed journals.
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As the focus of this study is on experimental or quasi-experimental studies and
given that this was included in the search filters, qualitative studies, descriptions
of experiences, literature reviews, articles on educational methodology and grey
literature were excluded from the review.

Selection of the studies

The articles were reviewed independently by pairs of research team members,
based on the aforementioned inclusion and exclusion criteria, and on an assessment
rubric designed ad hoc by consensus of the research team and containing
information on the following: identification and type of article selected, year and
country of publication, type of study (review, meta-analysis, experimental or quasi-
experimental, non-experimental), results (positive, negative, neutral), conclusions
and other aspects (advantages, disadvantages, other lines of research). Studies
that raised concerns were discussed at a meeting of the research team, at which a
consensus was reached on whether to accept them for review.

The searches according to the strategies described resulted in 71 articles, of
which 27 were included in the present study, as shown in Table 1. Based on the
above criteria, most of the papers excluded did not focus on FC.

Table 1
Accepted and rejected studies

SELECTED STUDIES
71 for further reading

27 accepted

24 quasi-experimental studies

3 experimental studies

44 rejected

19 studies not focused on FC

21 non-experimental studies (qualitative or grey literature)

4 studies outside the university environment
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Data extraction and results

The initial data extraction for each article was carried out by pairs of research
team members and subsequently agreed upon in meetings of the entire research
team, which initially consisted of eight members, one of whom subsequently left
the team. The 71 studies selected were divided between pairs of researchers,
following the order in which they were searched in databases and, within these,
alphabetically by surname of the first author. Eighteen articles were assigned to
each two-member group for analysis. No substantive or content criteria were used
for the distribution of the reading and analysis work. The variables listed in Table 2
were included.

Table 2
Variables included in the data extraction

Year of the study

Country

Socio-demographic

variables Age of the students

Employed (yes/no)

Family environment

Control group (yes/no)

Sampling (random/convenience)

Tools (ICT, networks, video, etc.)

Learning assessment methods (questionnaires, rubrics, tests, etc.)

Study design FC strategies (JiTT/TBL/PI/mixed)

Level (undergraduate/graduate)

Organisation (pre-sessions, groups, etc.)

Type (face-to-face/online)

Duration

Improvement of academic results
Assessment of FC P

efficacy Improvement in the acquisition of personal skills and
competences
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Students’

Satisfaction with FC
assessment

Students (readiness, willingness, attitudes, etc.)

Conditions affecting o ] . .
the efficacy of FC Teachers (dedication, planning, choice of activities, etc.)

Institution (support, resources, infrastructure, etc.)

Based on the definitions provided in the works studied, we understand the
efficacy of FC to be a) improvements in academic performance and b) improvements
in the acquisition of personal skills and competences. Data were also collected on c)
student satisfaction with the method when compared to traditional systems and d)
factors affecting the efficacy of FC.

Improvements in academic performance and in the acquisition of personal skills
and competences are extracted from quiz results, mid-term and final exam grades,
and drop-out rates. In all cases, student satisfaction with FC is drawn from surveys
and questionnaires developed for this purpose.

The level of evidence of the studies included in the review has been classified
according to the guidelines of the Scottish Intercollegiate Guidelines Network (SIGN,
2019). The level of evidence can be found in the annexes.
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RESULTS

This review aims to pool the evidence regarding the effectiveness of FC at
university. Twenty-seven experimental or quasi-experimental studies were selected.
The main data of the articles included are presented in the annexes.

The works analysed are in two main geographical areas. Asia accounts for more
than half of the articles, with Turkey (3), Taiwan (3) and China (2) standing out.
The United States (7) is the country with the most publications on experimental or
quasi-experimental FC studies.

Regarding the fields of knowledge of the selected articles, education and health-
related degrees are clearly in the majority, and to a lesser extent those related to the
fields of science and technology. Some disciplines are under-represented in these
publications, and there is a complete absence of articles devoted to the humanities
(except for English as a foreign language).

Intermsofthelevel of the studies, ingeneral, experimental or quasi-experimental
studies have been conducted on undergraduate students in 24 articles, while in
only a few cases (only 3 articles, 11% of the total) has work been done with students
at higher levels.

Twenty-two studies with a control group and five studies without a control
group or without a specified one have been identified and included in this review.
In most of the studies, the control group followed a traditional lecture-based
teaching method. Almost half (9 out of 22) have done so by randomly separating
students, following the usual experimental method, while the rest have applied a
criterion of convenience, using in previously formed class or subject groups (quasi-
experimental).

Some studies have explored the influence of socio-demographic variables on
the effectiveness of FC. For example, Fuentes et al. (2020) found that older students
had higher levels of efficacy with this methodology and that having an occupation
was associated with lower levels of FC efficacy. These authors (Fuentes et al., 2020)
also point out that adequate values of family environment, motivation, self-esteem
and autonomy were associated with higher levels of FC efficacy.

The results related to the aim of the review are presented below. These results
are classified into a) assessment of efficacy (academic results and personal skills
and competences), b) students’ assessment and c) conditioning factors affecting
the efficacy of FC.

Assessment of efficacy

For the assessment of efficacy, we present the results from two perspectives: on
one hand, the improvement of academic results and, on the other, the improvement
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of the acquisition of personal skills and competences. Like Fuentes et al. (2020),
we present the results based on the improvement in the marks obtained in the
assessment tests and the acquisition of personal skills and competences-such as
the ability to work collaboratively, student participation (in face-to-face and online
sessions) or improved problem-solving skills. Table 3 summarises the results of the
different studies in relation to the efficacy of FC from the two perspectives.

Table 3
Assessment of FC efficacy in the studies according to the effect on academic results and on
the acquisition of personal skills and competences

Study Effect on academic Effect on the acquisition of
results competences and personal
skills
Afzal and Masroor (2019) Neutral Not reported
Aksoy and Pasli (2022) Positive Positive
Cabi (2018) Neutral Negative
Campbell et al. (2022) Negative Not reported
Canelas at al. (2017) Not reported Positive
Craft and Linask (2020) Neutral Positive
Dong et al. (2021) Positive Positive
El Sadik and Abdulmonem (2021) Positive Positive
Fanguy et al. (2017) Positive Not reported
Fuentes et al. (2020) Positive Positive
Goh and Ong (2019) Positive Not reported
Guo (2019) Positive Neutral
Hava and Gelibolu (2018) Positive Neutral
Huang et al. (2020) Positive Not reported
Hung (2017) Neutral Positive
Khan et al. (2022) Neutral Neutral
Leis and Brown (2018) Positive Not reported
Loveys and Riggs (2019) Positive Positive
Maheswari and Seth (2019) Positive Positive
Saglam and Arslan (2018) Positive Not reported
Sezer and Abay (2019) Positive Not reported
Shaari et al. (2021) Positive Positive
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Study Effect on academic Effect on the acquisition of

results competences and personal
skills

Sun and Wu (2016) Positive Positive

Webb and Doman (2016) Positive Not reported

Wilton et al. (2019) Positive Not reported

Wozny et al. (2018) Positive Not reported

Zhamanov et al. (2018) Positive Positive

Regarding the effect on the evaluation test scores, 20 studies (Aksoy & Pasli,
2022; Dong et al., 2021; El Sadik & Abdulmonem, 2021; Fanguy et al., 2017; Fuentes
etal., 2020; Goh & Ong, 2019; Guo, 2019; Hava & Gelibolu, 2018; Huang et al., 2020;
Hung, 2017; Khanetal., 2022; Leis & Brown, 2018; Loveys & Riggs, 2019; Maheshwari
& Seth, 2019; Saglam & Arslan, 2018; Sezer & Abay, 2018; Sun & Wu, 2016; Webb
& Doman, 2016; Wilton et al., 2019; Wozny et al., 2018) of the 27 analysed report
an improvement in academic results in the experimental group. Five other studies
(Afzal & Masroor, 2019; Cabi, 2018; Craft & Linask, 2020; Hung, 2017; Khan et al.,
2022) report a neutral effect of FC compared to the traditional classroom. Campbell
et al. (2022) find in their longitudinal research study in mathematics that the pass
rate in the subject increases, but the average performance on the assessment test
decreases with the introduction of FC. Goh and Ong (2019) find that FC is more
beneficial in terms of academic performance for students with low performance in
previous years. In contrast, the results of the study by Wozny et al. (2018) indicate
that FC had a positive impact on mid-term assessments, and that this impact was
greater for students with above-average academic achievements. Moreover, in
the final (long-term) evaluations, the impact was only sustained for students with
above-average marks. FC is also found to improve understanding of content in five
studies (El Sadik & Abdulmonem, 2021; Khan et al., 2022; Maheshwari & Seth,
2019; Shaari et al., 2021; Webb & Doman, 2016). Regarding the sustainability of
the results obtained, the authors of two studies (Craft & Linask, 2020; Wozny et
al., 2018) note that FC influences the achievement of better results in the medium
term, but not in the long term, while one study (Webb & Doman, 2016) shows
that the results are only maintained in the long term in the control group. Table 4
summarises the results with respect to academic performance.
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Table 4
Results of the studies with regard to FC and academic performance

Aksoy and Pasli (2022); Dong et al. (2021); El Sadik
and Abdulmonem (2021); Fanguy et al. (2017); Goh
and Ong (2019); Hava and Gelibolu (2018); Huang

Improved et al. (2020); Hung (2017); Khan et al. (2022);
performance: 18  Leis and Brown (2018); Loveys and Riggs (2019);
studies Maheshwari and Seth (2019); Saglam and Arslan
Academic (2018); Sezer and Abay (2018); Sun and Wu (2016);
performance Webb and Doman (2016); Wilton et al. (2019);

Wozny et al. (2018)

Neutral effect: 3 Afzal and Masroor (2019); Cabi (2018); Craft and
studies Linask (2020)

No improvement
in performance: 1 Campbell et al. (2022)
study

Greater benefit
for low-achieving  Goh and Ong (2019)
students: 1 study

According to

student grades Greater benefit

for students with
above-average
grades: 1 study

Wozny et al. (2018)

El Sadik and Abdulmonem (2021); Khan et al.
(2022); Maheshwari and Seth (2019); Shaari et al.
(2021); Webb and Doman (2016)

Understanding | Improvement: 5
of content studies

Medium-term

offect: 2 studies Craft and Linask (2020); Wozny et al. (2018)

Sustainability

of results Long-term effect

on control group:  Webb and Doman (2016)
1 study

In addition to academic performance, FC is associated with higher and better
development of generic skills and competences (Guo, 2019; Khan et al., 2022).
Table 5 presents the findings in relation to this aspect.
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Table 5

Results of the studies in relation to the acquisition of personal skills and competences

from FC

Collaborative work

Canelas et al. (2017); Maheshwari and Seth (2019);
Sun and Wu (2016)

Problem solving

Shaari et al. (2021); Maheshwari and Seth (2019)

Ability to collect data or draw
conclusions

Canelas et al. (2017)

Clarification of doubts with better
understanding and learning of the

subject matter

Maheshwari and Seth (2019); Loveys and
Riggs (2019)

Critical thinking and metacognition

Aksoy and Pasli (2022); Craft and Linask (2020);
Dong et al. (2021)

Self-efficacy

Cabi (2018); Loveys and Riggs (2019); Maheshwari
and Seth (2019); Saglam and Arslan (2018)

Self-regulated learning

Shaari et al. (2021)

Autonomy in learning

Saglam and Arslan (2018); Webb and Doman (2016)

Responsibility

Cabi (2018); Saglam and Arslan (2018)

Self-confidence

Goh and Ong (2019); Loveys and Riggs (2019);
Saglam and Arslan (2018); Webb and Doman (2016)

Managing test anxiety

Aksoy and Pasli (2022)

Time management

Aksoy and Pasli (2022); Saglam and Arslan (2018)

Motivation to attend class and
learn

Khan et al. (2022); Loveys and Riggs (2019);
Maheshwari and Seth (2019); Saglam and Arslan
(2018)

Willingness of students to
communicate

Hung (2017); Wilton et al. (2019)

Interaction among students

Guo (2019)

Student participation

Canelas et al. (2017); Maheshwari and Seth (2019)

Interaction with teachers

Maheshwari and Seth (2019); Sezer and Abay
(2018)

Creating a richer and more
dynamic physical environment

Sun and Wu (2016)
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Regarding the increase in collaborative work, one study considers that FC
represents a qualitative improvement (Sun & Wu, 2016) and another a quantitative
improvement (Guo, 2019) in student interactions. Also, Maheshwari and Seth
(2019) find that students in the experimental group are more engaged in their own
learning. The same study considers that the interactive and more practical activities
carried out in FC (participation in debates, classroom activities, application of
practical concepts based on cases) lead to higher class attendance. Finally, three
studies (Khan et al., 2022; Maheshwari & Seth, 2019; Saglam & Arslan, 2018)
conclude that, from the perspective of students, they are more motivated to attend
class and learn. From the teachers’ perspective, FC favours collaborative learning,
in particular group work and problem solving (Maheshwari & Seth, 2019). In FC, the
teaching is more dynamic and participative and doubts are more easily clarified,
facilitating the understanding and learning of the subject (Maheshwari & Seth,
2019). According to two of the studies reviewed (Maheshwari & Seth, 2019; Sezer
& Abay, 2018), this results in increased interaction with teachers.

Students’ assessment

Table 6 presents the results of students’ satisfaction with FC. Twelve studies
report a high level of satisfaction. Notably, in Goh and Ong’s (2019) study, more
than two-thirds of students in the experimental group responded that FC is very
interactive and motivating; however, 40% still preferred the traditional method.
Along these lines, in a quasi-experimental study (Afzal & Masroor, 2019) in which
no significant improvement was found in the results of the students taught with
FC, an increase in the acceptance and appreciation of FC was observed. Finally,
another study (Cabi, 2018) concludes that negative evaluations towards FC are
due to a lack of clarification of the topics to be prepared before class, a lack of
resources and problems students have concentrating outside the classroom to work
autonomously, leading to a preference for a traditional type of teaching. Regarding
the assessment of student workload, in a quasi-experimental study, Canelas et al.
(2017) report no significant differences between FC and the traditional method.
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Table 6
Results of students’ satisfaction with FC

Afzal y Masroor (2019); Campbell et al. (2022); El Sadik
and Abdulmonem (2021); Guo (2019); Huang et al. (2020);

Positive satisfaction Hung (2017); Khan et al. (2022); Loveys and Riggs (2019);
Maheswari and Seth (2019); Sun and Wu (2016); Webb and
Doman (2016); Zhamanov et al. (2018)

Neutral satisfaction Canelas et al. (2017); Dong et al. (2021); Wozny et al. (2018)
Dissatisfaction Cabi (2018)

Conditions affecting the efficacy of FC

The reviewed studies agree that to be able to apply FC effectively, a series of
conditions must be met by students, teachers and institutions.

Regarding the students, appropriate learning behaviour is necessary and
dependent on the willingness and readiness of the students to accept this
methodology (Shaari et al., 2021). Goh and Ong (2019) point out that it is necessary
to implement FC gradually to facilitate students’ adaptation. On the other hand,
Maheshwari and Seth’s (2019) study indicates that students need self-discipline,
which is difficult at the beginning but is acquired over time. Time commitment is
also higher: Craft and Linask (2020) compared FC with the traditional method, and
found that its use has a statistically significant and positive effect on the number
of hours students spend on the subject (3.1 hours per week more than their peers
in traditional classes). Cabi’s (2018) study found that, in the experimental group,
students previously spent between 1 and 2 hours outside the classroom studying
the proposed topics. This effort and commitment of more time to prepare the
background material in the classroom is also noted by Maheshwari and Seth (2019).

As for teachers, Maheshwari and Seth (2019) consider that the success of
FC lies in their ability to create a learning climate for students by managing
possible shortcomings and dedicating time, effort and innovation to them. The
study by Hava and Gelibolu (2018) highlights that it is essential for the teacher
to explain the objectives and activities of FC at the beginning of the term, as
students may show resistance to new methods or activities or, as Cabi (2018)
explains, have difficulties in relating the content to the area of knowledge they
are studying. Lack of motivation due to the effort involved in FC and being
overwhelmed or bored are difficulties that need to be considered. For this
reason, to prevent distraction and boredom, the reviewed studies highlight
the importance of planning well and choosing activities that are entertaining
and meaningful. Hava and Gelibolu (2018) recommend engaging students’
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interest by using audio-visual material as a teaching resource instead of more
traditional PowerPoint presentations. Sezer and Abay (2018) point to the
desirability of using methods to encourage students to visualise game-based
materials before coming to class. The success of FC, then, will depend not only
on the technological tools used but also on how they are implemented. (Hung,
2017). Shaari et al. (2021) regard highly several advantages of materials that
are prepared specifically for FC. They allow for increased student interest and
motivation and the development of curiosity and critical thinking by helping
students relate new learning to prior knowledge. Another study (Sezer & Abay,
2018) explains that effective planningis required before using this methodology.
It is necessary to ensure the quality of the materials used, the technical
problems that may arise, and the different capacities of teachers to implement
the methodology and manage the process effectively. Students’ access to the
materials must also be ensured (Craft & Linask, 2020) and, according to Cabi
(2018), the appropriateness of the content to be studied (level of difficulty,
amount of content, availability of resources, etc.) must be foreseen. It also
requires content to be tailored to real-life problems and organised according to
students’ learning needs (Cabi, 2018).

In relation to the teaching load, two articles (Dong et al., 2021; Fuentes et al.,
2020) state that FC implies an increase in teacher dedication, as it requires a double
effort: preparing before class and then conducting face-to-face classes. Finally, Craft
and Linask (2020) stress that assessment formats must be considered. If students
learn through problem solving in the classroom and are then tested in a different
format, this may limit the results that are assessed.

Regarding institutions, two articles (Maheshwari & Seth, 2019; Sezer & Abay,
2018) explain that schools need to provide adequate resources and infrastructure
to be able to implement FC and to support the teachers who implement it.
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DISCUSSION

The purpose of this article is to provide evidence on the efficacy of FC at the
university level. From a strictly descriptive point of view of the articles selected
for this review, it is worth noting that there have been few experimental or quasi-
experimental studies in European countries. In contrast, this methodology has been
widely studied in Asian countries. These results are partly in line with another recent
study by Al Mamun et al. (2022), which finds a high number of studies and scientific
publications related to the use of FC in higher education in the USA, Taiwan and
Australia.

As for the fields of knowledge in which the application of FC has been studied,
education, health, science and technology predominate. One question is whether
there are no published studies on the application of FC in the social sciences and
humanities, or whether the methodology is not generally applied in these fields. It
is also unclear whether studies have not been published because FC has not been
implemented or whether unsuccessful attempts have been made and the results
have not been published because they were unsatisfactory. This latter scenario has
been noted as a possible research bias in some of the papers studied (Talan & Batdi,
2020; Xu et al., 2019).

With respect to the methodological rigour of the studies included in this review,
a significant number show deficits in the information provided (e.g., more detailed
data on students such as gender and age, methodological aspects, etc.). This
aspect is also mentioned in other reviews and meta-analyses such as Chen et al.
(2018) and Conte et al. (2021). Regarding the level of scientific evidence regarding
the methodology of the studies, even though they are all experimental or quasi-
experimental, they are classified as medium-low. This assessment is in line with the
results obtained by Barranquero-Herbosa et al. (2022) in a recent systematic review
on the application of FC in nursing studies. They conclude that the methodological
rigour of the studies carried out is medium-low.

Regarding the academic results of students who learn using FC, it is widely
acknowledged by the results of numerous studies on the subject that the academic
results of these students are better than those of students who follow other learning
methodologies (Barranquero-Herbosa et al., 2022; Chen et al., 2018; Conte et al.,
2021; Evans et al., 2019; Ge et al., 2020; Lo & Hew, 2019; Martinez et al., 2019;
Prieto et al., 2021; Shi et al., 2020; Sisi Li et al., 2020; Talan & Batdi, 2020; Xu et
al., 2019). These studies reach similar conclusions regarding the improvement of
academic performance. The experimental group experiences an overall positive
effect compared to the control group. However, they also note that there are some
studies with neutral results — in line with the studies in this systematic review by
Afzal and Masroor (2019), Cabi (2018), and Craft and Linask (2020) — and, in a
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minority of cases, the results favour the control group. Along these lines, Chen et
al. (2018) conducted a systematic review on the efficacy of FC in which they found
favourable results for experimental groups only in quasi-experimental cohort studies;
in studies with randomised groups, no improvements in academic performance
were observed. Another longitudinal study (Maya, et al. 2021) following the same
subject with different groups of students finds that after the application of FC for
several years, students’ academic results improve in relation to the pass rate, from
88% to 100%.

Numerous studies included in this review highlight the development of
students’ personal skills and competences as a result of the application of FC. In this
regard, Brewer and Movahedazarhouligh (2018) credit the application of FC with
enhancing the acquisition of 21st century skills!, which include lifelong learning.
Sousa et al. (2021) also attribute to FC good results in soft skills (personal, social
and communication skills), which are in demand by employers, according to Robles
(2012). Other published studies provide evidence on other specific personal skills,
such as active participation in the classroom (Bao-Zhu Li et al., 2020; Ge et al., 2020;
Talan & Batdi, 2020; Xu et al., 2019); self-learning skills (Barranquero-Herbosa et al.,
2022; Sisi Li et al., 2020; Talan & Batdi, 2020; Turan & Akdag-Cimen, 2019); problem-
solving and creative-thinking skills (Bao-Zhu Li et al., 2020; Ge et al., 2020; Sisi Li et
al., 2020; Talan & Batdi, 2020; Xu et al., 2019); teamwork (Bao-Zhu Li et al., 2020;
Ge et al., 2020; Sisi Li et al., 2020; Xu et al., 2019); communication skills?> (Bao-
Zhu Li et al., 2020; Ge et al., 2020; Sisi Li et al., 2020; Talan & Batdi, 2020; Turan
& Akdag-Cimen, 2019; Xu et al., 2019); the ability to self-manage time (Talan &
Batdi, 2020); and increased confidence (Barranquero-Herbosa et al., 2022). Other
skills not been found in this review are found in the literature, such as the ability to
overcome fear (Talan & Batdi, 2020), class attendance (Kumar et al., 2017; Talan &
Batdi, 2020), resilience (Bao-Zhu Li et al., 2020; Ge et al., 2020; Xu et al., 2019) and
ICT proficiency (Turan & Akdag-Cimen, 2019).

Along the same lines, and from the student’s perspective, there is greater
motivation, supported by studies such as those of Romero-Garcia et al. (2021),
Talan and Batdi (2020) and Turan and Akdag-Cimen (2019). In his review of the
literature, Prieto (2021) calculated the size of the effect in the meta-analysis by
Zheng et al. (2020): a 24% percentile increase in the level of students” motivation to
learn in FC environments. Studies included in this review by Maheshwari and Seth
(2019) and Sezer and Abay (2018) highlight the greater interaction with teachers
using FC than with other methodologies. In the same vein, other authors (Brewer
& Movahedazarhouligh, 2018; Sisi Li et al., 2020; Turan & Akdag-Cimen, 2019)

L https://www.oecd.org/site/educeri21st/40756908.pdf
2 Improved L2 English skills are also mentioned (Turan & Akdag-Cimen, 2019).
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conclude that students feel more engaged? with the subject, the teaching staff*and
their peers. In summary, the results of our review agree, as mentioned by Asksoy
and Pasli (2022), that FC is a promising, learner-centred didactic approach.

On the other hand, research studies report varied and sometimes conflicting
experiences from the perspective of students who have been taught using FC. In
general, despite the drawbacks of FC, most of the reviewed literature (Barranquero-
Herbosa et al.,, 2022; Kumar et al., 2017; Prieto et al., 2021; Sisi Li et al., 2020;
Talan & Batdi, 2020; Turan & Akdag-Cimen, 2019) concludes that students prefer
FC to other more lecture-based methodologies, although some research (Brewer
& Movahedazarhouligh, 2018) indicates that results vary in this regard. In line with
the results found in this research, the following negative aspects (from the students’
point of view) were also highlighted: firstly, according to Barranquero-Herbosa et
al. (2022) and Sisi Li et al. (2020), learners have to carry a heavier workload than
in traditional classrooms; secondly, according to Brewer and Movahedazarhouligh
(2018), some learners are uncomfortable with FCbecause they are used to traditional
classes; and finally, according to the results obtained by Barranquero-Herbosa et al.
(2022), more technology is needed to apply FC and to motivate students through
the use of narrative and gamification strategies to change their study habits with FC
(Prieto et al., 2014a).

Cabi (2018) and Hew and Lo (2018) note that content planning is critical to
academic improvement and conclude that the best results are obtained when the
teacher provides a short review of students’ previous homework at the beginning of
the face-to-face lesson. However, Conte et al. (2021) consider that if supplementary
online materials were made available, results like FC could be obtained in traditional
classes. In the meta-analysis by Shi et al. (2020), some variables concerning the
implementation of FC in relation to its effectiveness are also controlled and it is
observed that FC is more effective when teachers integrate active and collaborative
individualised pedagogical approaches, namely team learning. On the other hand,
the results of a longitudinal study (Campbell et al., 2022) conducted with a sample
of university students conclude that the effectiven