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Abstract

Recent advances in educational neuroscience research underscore the need for a comprehensive analysis
of articles in this field; such scrutiny can elucidate the practical implications of neuroscience findings in
education and illuminate future research directions. The purpose of this study was to conduct a descriptive
content analysis of articles published in the field of educational neuroscience. The data collected through
the Educational Neuroscience Articles Classification Form were analyzed via content analysis. The
diversity of research in the field of educational neuroscience and the growth in the number of studies in
recent years demonstrate that this discipline represents a comprehensive and potentially effective field.
In addition, developing concrete suggestions for practice strengthens the integration of educational
neuroscience into educational practices. Furthermore, future research needs to focus more on converting
theoretical knowledge into practical applications and assessing the impact of these applications.
Moreover, increasing interdisciplinary cooperations is crucial for educational neuroscience to realize its
full potential. Finally, further studies conducted through mixed methods and qualitative research methods
provide a more comprehensive and in-depth understanding of educational neuroscience. On the other
hand, the following recommendations have been made based on these insights: applied research studies
can be conducted to directly integrate neuroscientific findings into educational practices. In addition,
cooperation among educational scientists, neuroscientists, and researchers in the field of psychology can
make the integration of neuroscientific findings into educational practices more efficient. Last but not
least, research conducted through qualitative and mixed methods provides a more comprehensive and
in-depth understanding of educational neuroscience.
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Introduction

Until Aristotle, knowledge could be used freely without sharp boundaries. With Aristotle’s
reductionism, interdisciplinary boundaries began to emerge (Flogie et al., 2015). Driven by
reductionism, disciplines such as psychology, sociology, and philosophy, which contribute
to learning and teaching practices, have historically been studied as distinct fields. However,
humans are biological, psychological, and social beings. In order to address human learning, the
human being must be evaluated in “all” its aspects. In this way, education can achieve a holistic
perspective. One discipline that helps foster such a perspective in education is neuroscience.

Neuroscience has influenced several disciplines, with education being undoubtedly one
of them. This is due to the fact that brain imaging studies enable us to observe the regions of the
brain that are active during the learning process (Kaygisiz, 2022). Imaging studies have provided
new findings on how human beings learn. Ravet and Williams (2017) have believed that these
findings hold importance as they have allowed for the development of new educational programs
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and learning approaches. By sharing neuroscience findings with educators, it becomes easier
to view individuals as a whole, taking into account traits such as their motivation, emotional
states, conceptual understanding, and problem-solving skills (Koyuncu, 2017). The bridge that
conveys the findings of neuroscience to educators is educational neuroscience. Educational
neuroscience seeks to translate findings from neuroscience research into educational practice. In
doing so, it focuses on integrating theories from cognitive psychology, neuroscience, education,
and even language theories (Kweldju, 2019). While neuroscience shows where to look in the
brain, which neural functions have problems, and/or how they work, educational neuroscience
serves as a bridge in transforming this information into interventions in the light of pedagogical
principles (Howard-Jones et al., 2016).

Articles are one of the means of disseminating educational neuroscience studies to
educators. Examining educational neuroscience articles is a critical step in understanding the
impact of neuroscience on educational practice. This is because articles connect neuroscientific
research with educators, contributing to the development of a deeper understanding of
learning processes. There are numerous studies in the literature that focus on what educational
neuroscience is (Bruer, 2016; De Corte, 2018; Dubinsky et al., 2022; Diindar-Coecke, 2021;
Jamaludin et al., 2019; Pincham et al., 2014; Rueda, 2020; Tolmie, 2015; Vaninsky, 2017).
There are also studies that comprehensively handle what neuromyths are, aiming to measure
their prevalence in education and include suggestions/measures (Ferrero et al., 2016; Geake,
2008; Herwegen et al., 2022; Krammer et al., 2021; Pasquinelli, 2012; Sullivan et al., 2021).
Studies also exist investigating how to use the neuroimaging techniques used to measure brain
activity and cognitive processes in the context of education (Barreto & Soltanlou, 2022; Dan &
Reiner, 2017; Plerou & Vlamos, 2016; Sohn et al., 2004). Research addressing and discussing
the ethical issues regarding the use of neuroscience in education has also been published
(Hardiman et al., 2012; Howard-Jones & Fenton, 2012; Lalancette & Campbell, 2012; Zocchi
& Pollack, 2013).

An array of studies is present that address the question of “Can using neuroscience
data in education contribute to educational programs?” (Abdillah, 2018; Kitchen, 2020;
Watagodakumbura, 2017). Additionally, research exists that develops suggestions and
methodologies for the field of educational neuroscience (Fathiazar et al., 2020; Leisman, 2022;
Nowinski, 2021). In the field of educational neuroscience, topics such as the effect of music on
learning and brain development, mathematics learning, language learning, and motivation have
also been investigated (Berteletti et al., 2022; Diivel et al., 2017; Luria et al., 2021; Procopio
et al., 2022; Ruiz-Megjias et al., 2021; Velez & Holguin, 2021; Ventura-Campos et al., 2022;
Zhang, 2018). Furthermore, research has been conducted to develop educational programs,
methods, techniques, and strategies for learning difficulties such as dyslexia and dyscalculia,
and accurately redefine these difficulties using brain imaging data (Anderson et al., 2020;
Bedard et al., 2016; Dresler et al., 2018).

Various articles have been published in the field of educational neuroscience and this
field has especially been the focus of researchers’ attention over the past decade. Therefore,
examining educational neuroscience articles could hold additional merit. This endeavor
can reveal the potential for using neuroscience findings in education. Moreover, it can help
researchers understand current trends and explore future research topics in the field of educational
neuroscience. For these reasons, this study sets out to conduct a content analysis of educational
neuroscience articles. Content analysis reveals the similarities and differences between studies
and the relationships between research dimensions, thereby providing a framework for the
discipline in question (Calik & Sozbilir, 2014).

This study represents an important step in understanding the applicability and impact of
neuroscientific findings in education. Integrating neuroscientific findings into education allows
for a deeper comprehension of learning processes and the shaping of educational practices based
on this new knowledge. Neuroscientific research enables a more comprehensive assessment
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of individual attributes such as motivation, emotional states, conceptual understanding, and
problem-solving skills, thereby fostering a holistic perspective in education. In this context, a
content analysis of educational neuroscience articles provides significant insights into current
trends in the field, explores future research topics, and reveals the potential applications of
neuroscientific findings in education. Therefore, this study offers a valuable foundation for
determining the impact of neuroscientific findings on education and understanding the direction
of research in this domain.

The aim of the present study was to conduct a descriptive content analysis of articles
published in the field of educational neuroscience. To address this aim, the following research
questions were probed.

1. What is the distribution of the articles based on their publication years?

2. What is the distribution of the articles based on their topics?

3. What is the distribution of the articles based on their research methods?

4. What is the distribution of the articles based on their subject areas?

5. What suggestions are provided by the educational neuroscience articles?

Research Methodology
General Background

In the present study, descriptive content analysis was utilized. Descriptive content
analysis involves classifying independently conducted studies, evaluating and synthesizing
their trends and research findings, and systematically and holistically addressing the studies
(Calik & Sozbilir, 2014). This study adopted descriptive content analysis to reveal the general
trends of articles published in the field of educational neuroscience up to December 31, 2022,
and provide insights for future studies on this subject.

Sample

The population of the research consisted of all full-text accessible articles on educational
neuroscience available in the Web of Science, Wiley Online Library, Taylor and Francis,
Science Direct, SAGE Journal, Scopus, EBSCO, ERIC, PubMed, JSTOR, Directory of Open
Access Journals (DOAJ), and Google Scholar databases. As a result of searches conducted with
relevant keywords in these databases, all accessible full-text articles were analyzed individually
and comprehensively, thus achieving a complete count. A complete count is considered to be
achieved when all elements in the population are accessed, thoroughly examined, and analyzed
to obtain the data (Arastaman, 2020, p. 177).

To access the articles, the keywords “educational neuroscience”, “neuroeducation”, and
“mind, brain and education” were used. Filters were applied to search for the keywords in the
“title”, “abstract”, and “keywords” sections, with the research type set to “articles” and the
language to “English”. This approach served to reduce the likelihood of accessing irrelevant
studies by restricting the search to specific sections rather than the full text (Ultay et al., 2021).
No start date was set for the search period, with the end date fixed on December 31, 2022.
According to Calik and Sozbilir (2014), when using descriptive content analysis, it is necessary
to include studies from an extensive time frame to identify the overall trend on the topic in
question. In this study, a complete count of all-time research was undertaken to ensure breadth
rather than depth, thereby aiming to discern the general trend. To avoid potential losses and
verify the obtained studies, the search process was repeated at regular intervals until December
31, 2023, resulting in the identification of 394 articles. During the preliminary reading, 78
articles were found to be unrelated to education and were thus excluded from the study. The
remaining 316 articles were included in the analysis.
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Instrument and Procedures

Research data were collected through the “Educational Neuroscience Articles
Classification Form”. This form was developed by the researcher by taking into account the
content analysis research in the literature (Caliskan & Serce, 2018; Durmus & Caliskan, 2022;
Taskiner-Sereflioglu & Kilig-Mocan, 2021) in order to ensure content validity. The draft
form was sent to a faculty member experienced in content analysis to obtain expert feedback.
Based on the feedback received, the form was revised and finalized. The final version of the
Educational Neuroscience Articles Classification Form was made of six sections as; descriptive
information about the identity of the article, publication year, topic, method, subject area and
suggestions they presented.

Data Analysis

In this study, the data collected using the “Educational Neuroscience Articles Classification
Form” were analyzed through content analysis. Categories for content analysis were generated
at the beginning of the study in accordance with the research questions. The units of analysis
were placed under the relevant category, and their frequencies were provided. A pilot study
was conducted on a subset of ten randomly selected articles to ensure accuracy and consistency
in coding the data. The selected studies were coded independently by the authors. The coding
performed was compared, and efforts were made to reach a consensus. Thus, any potential
errors in the coding process were addressed proactively. During the coding process, the first
author’s coding was periodically reviewed by the second author, identifying any deficiencies
and necessary modifications. This process continued until a final decision was reached on the
coding.

Research Results
Publication Years of the Articles
The distribution of the articles based on their publication years is presented in Table 1.

Table 1
The Distribution of the Articles Based on Year of Publication

Year f Year f
1997 1 2014 1"
1998 1 2015 21
2006 2 2016 19
2007 5 2017 21
2008 10 2018 22
2009 7 2019 29
2010 6 2020 24
2011 26 2021 31
2012 19 2022 40
2013 21
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The inaugural publication in educational neuroscience was Bruer’s article titled
“Education and the Brain: A Bridge Too Far” in 1997. From 1997 to 2010, 2008 recorded
the highest number of published articles. A notable increase in articles was observed in 2011
compared to previous years. However, the number of articles published in 2014 declined
compared to the previous three years. After 2015, the publication count began to rise again,
averaging 22 articles per year from 2015 to 2020. The substantial increase in articles in 2021
and 2022 is particularly noteworthy. This trend indicates that educational neuroscience has
gained significant interest from researchers, and the number of articles published in this field
has increased in recent years.

Topics of the Articles

The distribution of the articles based on their thematic focus is shown in Table 2.

Table 2
The Distribution of the Articles Based on Their Topics

Topic f
Defining and introducing educational neuroscience 44
Neuroscience and interdisciplinary relations in education 35
Applying neuroscience findings to education 32
Investigating brain activity in the learning process using imaging methods 31
Effects of neuroscience on learning 30
Neuromyths 21
Teachers' level of neuroscience awareness and teacher education 18
Neuroscience and cognitive and affective development 17
Project, model proposal 13
Neuroscience findings and program development in education 13
Neuroscience-based technological innovations and education 12
The relationship between neuroscience, ethics, and philosophy 10
Designing educational games according to the principles of neuroscience 6
Neuroscience-based course design 4
Other 30

The topics covered in educational neuroscience articles are quite diverse. The most
frequently addressed topic is defining and introducing educational neuroscience. Following
this are topics such as interdisciplinary relationships between neuroscience and education, the
application of neuroscience findings to education, studying brain activities during the learning
process using imaging methods, and the effects of neuroscience on learning, respectively. Other
thematic foci in the articles include neuromyths, the level of neuroscience awareness among
teachers and teacher training, as well as neuroscience and cognitive and affective development.
There are also studies on project and model proposals, neuroscience findings and educational
program development, neuroscience-based technological innovations, the relationship
between education, neuroscience, ethics, and philosophy, designing educational games based
on neuroscience principles, and neuroscience-based lesson design. It can be concluded that
educational neuroscience articles focus on defining and introducing the field, highlighting the
importance of interdisciplinary relationships for a holistic perspective in education, translating
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findings from brain imaging studies into learning and teaching practices, and assessing the
prevalence of neuromyths in education while offering recommendations and measures.

Research Methods of the Articles

The distribution of the articles based on their research methods is displayed in Table 3.

Table 3
The Distribution of the Articles Based on Their Research Methods

Research Methods f
Unspecified 141
Literature review 76
Quantitative 61
Mixed 21
Qualitative 17

Out of the 316 articles analyzed, 141 did not specify a research method. 76 of the articles
were literature reviews. Among the remaining articles, quantitative methods were the most
commonly used, followed by mixed methods and qualitative methods. Qualitative methods
were the least preferred research paradigm in the articles.

Subject Areas of the Articles

The distribution of the articles based on their subject areas is demonstrated in Table 4.

Table 4
The Distribution of the Articles Based on Their Subject Areas

Subject Area f
Educational Sciences (Education — Teaching — Learning) 229
Mathematics Education 28
Teacher Training 18
Special Education 10

Language Education

Education Programs

9
7
Instructional Technologies 6
Other (STEM/ Science Education/ Physical Education/Philosophy of Education) 4
3
1
1

Music Education

Assessment and Evaluation

Lifelong Learning

Educational neuroscience articles primarily focus on the areas of education, teaching, and
learning. Additionally, specific subjects such as mathematics education, teacher training, and
special education also hold a significant share. Other notable areas include language education,
educational programs, and instructional technologies. This diversity highlights the broad scope
and potential impact of educational neuroscience research.
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Suggestions of the Articles

The distribution of the suggestions presented in the articles is shown in Table 5.

Table 5
The Distribution of the Articles Based on the Suggestions They Presented

Suggestions f
No suggestion 176
Recommendations on research methods and design 44
Neuroscience training for teachers 26
Examining learning-teaching methods and evaluating their effects 20
Conducting research that will contribute to the understanding of learning with imaging methods 20
Adopt'ing. a'neurosciencejbased interdisciplinary approach in education and strengthening 16
interdisciplinary cooperation

Developing neuroscience-based and technology-supported educational games 16
Investigating the impact of neuroscience on learning 12
Increasing cooperation in the fields of education and neuroscience 12
Conducting in-depth research in educational neuroscience 8

Taking steps to debunk neuromyths 8

In-depth study of the brain and learning processes 7

Building a bridge between laboratory and classroom practices 7

Strengthening educational neuroscience through empirical research 6

Translating neuroscience data into a language that teachers can understand 5

Development and evaluation of neuroscience-based educational programs 4

Examining the ethical aspect of neuroscience interventions 3

The most striking finding in Table 5 is that no suggestions were presented in 176
out of the 316 articles analyzed. The most frequently presented suggestions in educational
neuroscience articles pertain to the methods and designs of future research. Longitudinal
studies with larger samples and control groups can be given as examples of this suggestion.
These suggestions highlight the methodological and design aspects that should be considered
to ensure that educational neuroscience research is based on a stronger and more robust
foundation. Neuroscience education for teachers, including neuroscience literacy training for
teachers and teacher candidates, and the addition of neuroscience courses in teacher education
programs, is the second most common suggestion. These suggestions aim to enhance teachers’
knowledge and skills in neuroscience, help them develop more effective teaching strategies in
the classroom, and support students’ learning processes. The third most frequently presented
suggestion is the investigation of teaching and learning methods and the evaluation of their
effects. Examples of this suggestion include researching the relationship between spatial factors
in visual neuroscience and the learning process and exploring the link between brain-friendly
teaching and language skills. These suggestions emphasize important practical applications.
Another suggestion is to conduct research that will contribute to the understanding of learning
with imaging methods. Examples of this suggestion include conducting research on the neural
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correlates of problem-solving and examining the brain’s responses to mathematical activities.
These suggestions are aimed at gaining a deeper understanding of how learning processes
take place and how they can be improved using different brain imaging techniques and other
neuroscientific tools. Adopting a neuroscience-based interdisciplinary approach to education
and strengthening interdisciplinary collaboration was also recommended. Focusing on building
a bridge between education and neuroscience and ensuring interdisciplinary content integration
are examples of this suggestion. These suggestions focus on adopting a neuroscience-based
interdisciplinary approach to education and strengthening interdisciplinary collaboration. The
suggestions also include the development of neuroscience-based and technology-supported
educational games. Research is recommended to ensure the effective integration of educational
games, neuroscience-based learning principles, and technology.

Although other suggestions appear less frequently, each highlights important aspects of
the various dimensions within the field of educational neuroscience. These suggestions draw
attention to the need for a broader and more in-depth examination of educational neuroscience.
As aresult, the educational neuroscience articles provide suggestions for future research topics,
while suggestions for practice are not adequate.

Discussion

The main purpose of this study was to conduct a descriptive content analysis of the articles
published in the field of educational neuroscience. The data collected with the “Educational
Neuroscience Articles Classification Form” were analyzed utilizing descriptive content
analysis. To sum up, the following major findings were reached in the study. First, the field of
educational neuroscience has been a field that attracts the attention of researchers. The number
of articles on this subject has started to increase in recent years. The increase observed in 2021
and 2022 is particularly noteworthy. On top of this, educational neuroscience articles mostly
focused on defining and introducing educational neuroscience. In addition, various topics, such
as emphasizing the importance of interdisciplinary relations, translating the findings of brain
imaging studies into learning and teaching practices, measuring the prevalence of neuromyths
in education, and providing suggestions/measures, were also addressed. Quantitative methods
were the most commonly used research paradigm in the articles, followed by mixed methods
and qualitative methods. Qualitative methods were the least frequently employed. Educational
neuroscience articles were primarily concentrated on topics related to education, teaching,
and learning. Additionally, specific subject areas such as mathematics education, teacher
training, and special education were also prominently featured. Other notable subject areas
included language education, educational programs, and instructional technologies. Generally,
educational neuroscience articles offered suggestions for future research topics but fell short on
practical application suggestions.

The scrutiny into the distribution of articles by publication year revealed a significant
increase in educational neuroscience articles, particularly in the last decade. This trend indicates
that research at the intersection of neuroscience and education is gaining increasing interest
and that academic contributions to this field are growing. The notable rise in the number of
articles in 2021 and 2022 highlights that educational neuroscience is a current and dynamic
field of research. This increase can be viewed as an indicator of the belief in the applicability
of neuroscientific findings in education and the technological advancements in this field (Ravet
& Williams, 2017).

The distribution of educational neuroscience articles by topic is quite diverse, and this
diversity shows that the discipline represents a wide range of research areas. The greatest focus
was on defining and introducing educational neuroscience. This emphasizes the importance of
research aimed at understanding the basic principles and application areas of the discipline (Bruer,
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2016). Another significant theme was the interdisciplinary relationship between neuroscience
and education. This is a critical area for understanding how neuroscience findings can be
integrated into educational practices and how educational processes can be optimized (Howard-
Jones et al., 2016). Moreover, the study of brain activity during the learning process using
imaging methods is also of great importance. This kind of research provides us with important
insights into the biological basis of the learning process and how we can apply this knowledge
to educational practice (Kaygisiz, 2022). The study of neuromyths helps us understand how
misconceptions and myths in education can be addressed based on neuroscientific foundations.
This is important for raising teachers’ level of neuroscience awareness and developing more
effective teaching strategies (Koyuncu, 2017). The focus of educational neuroscience articles
on a variety of topics provides a broad coverage of the discipline. This contributes to making
improvements in various areas of education and managing learning processes more effectively.
However, further broadening and deepening this diversity is essential to fully unlock the
discipline’s potential.

The examination of the research methods in the articles revealed that, notably, many of
them did not specify a research method. This is due to the theoretical or interpretative nature
of some of the articles. Literature reviews and quantitative studies stood out among the articles
conducted with a specific method. The prevalence of quantitative research may result from the
importance of objective and measurable data in educational neuroscience. However, considering
the scarcity of qualitative studies, it can be suggested that there is a need for more in-depth and
contextual investigations in this field.

When the subject areas of the articles were examined, it was discovered that educational
neuroscience articles mostly focused on education, teaching, and learning. This could be due
to the importance attached to integrating neuroscientific findings into education and training
processes. Education, teaching, and learning are the areas directly influenced by educational
neuroscience and where its applications are most prevalent (Howard-Jones et al., 2016). In
addition, specific subject areas such as mathematics education, teacher training, and special
education also occupy a significant position in educational neuroscience research. Research in
these areas aims to improve educational practices and increase student achievement by focusing
on these issues (Bruer, 2016). Among other important subject areas were language education,
educational programs, and instructional technologies. This diversity demonstrates the broad
scope and potential impact of educational neuroscience research.

When the suggestions presented by the articles were analyzed, 176 of the 316 articles
did not present any suggestions. This finding can be explained by the fact that the articles were
mostly review articles that dealt with defining and introducing neuroscience. The most prevalent
suggestion in the educational neuroscience articles concerned the methods and designs of future
research. This finding can be interpreted as researchers’ demand for methodological innovations
to reach more robust and valid results in educational neuroscience studies. Neuroscience literacy
training for teachers was the second most common suggestion. This finding can be interpreted
as a strong emphasis in the articles on the need to train teachers to integrate neuroscientific
knowledge into classroom practice. According to Bruer (2016), increasing teachers’ knowledge
and skills in neuroscience would help them develop more effective teaching strategies. The
third most common suggestion was to research teaching-learning methods and evaluate their
effects. This specific finding reveals that theoretical knowledge in educational neuroscience
should be transformed into practical applications, and the effects of these applications should
be analyzed. Conducting research that will contribute to the understanding of learning with
imaging methods was another suggestion presented in the articles. This finding emphasizes
the importance of research that will be conducted utilizing brain imaging techniques.
This is because the use of brain imaging techniques in educational research will make
neuroscientific data more directly applicable to learning processes. The suggestions to adopt
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a neuroscience-based interdisciplinary approach in education and to strengthen collaboration
were also included in the articles. This finding draws attention to the importance of integrating
educational neuroscience studies into different disciplines. Among the other suggestions was the
development of neuroscience-based and technology-supported educational games. This finding
can be interpreted as drawing attention to the need for using technology in education in creative
and interactive ways. While the other suggestions occurred less frequently, each underscores
significant aspects and dimensions within the field of educational neuroscience. For example,
suggestions such as investigating the effect of neuroscience on learning, increasing cooperation
in the fields of education and neuroscience, conducting in-depth research, and taking steps to
debunk neuromyths emphasize the need for a broad and in-depth examination of the field. To
summarize, it can be inferred that educational neuroscience articles suggest topics for future
investigation, but suggestions for practice are lacking. This shortcoming reveals the necessity
of developing practical suggestions. The lack of practical suggestions emerges as an aspect that
needs to be emphasized more in future research. At this point, it can be said that it is important
to evaluate the potential of educational neuroscience research to provide more suggestions and
to integrate it more effectively into educational practice.

Conclusions and Implications

The present study has established several key conclusions regarding the field of
educational neuroscience. It has been confirmed that the diversity and increasing number of
research studies indicate that this discipline is both comprehensive and potentially influential.
Furthermore, it has been found that developing concrete suggestions for practice will enhance
the integration of educational neuroscience into educational practices. The study has also
established that future research should focus more on converting theoretical knowledge into
practical applications and evaluating the impact of these applications. Additionally, it has been
verified that increasing interdisciplinary collaborations is crucial for educational neuroscience
to realize its full potential. Finally, it has been demonstrated that conducting research with mixed
methods and qualitative approaches will provide a more thorough and in-depth understanding
of the field.

Future research should focus on conducting applied studies that directly integrate
neuroscientific findings into educational practices. These studies should include concrete
suggestions on how teachers can use neuroscientific knowledge in classroom settings.
Additionally, to unlock the full potential of educational neuroscience, it is crucial to increase
interdisciplinary collaboration. Future research involving collaboration between educational
scientists, neuroscientists, and psychologists can enhance the efficiency of integrating
neuroscientific findings into educational practices and increase the applicability of such research.
Lastly, research utilizing qualitative and mixed methods should be conducted to provide a more
thorough and profound understanding of educational neuroscience.

Note

This research was produced from the master’s thesis prepared by the first author, under
the supervision of the second author, in Necmettin Erbakan University Institute of Educational
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