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While the interest in the connection between neuroscience and education continues to increase, there is a gap between the declarative statements regarding its importance and the small number of programs that put it into practice. The perceptions of the participants in these programs might offer valuable insights regarding the applied values of this connection. This study seeks to contribute to the accumulated research knowledge by using a qualitative analysis approach regarding the perceptions of pre-service teachers (PSTs) in a special education track program. The PSTs participated in a unique training program called the “Neuroscience Motifs-based Teacher Training Program” (NMTTP) that was presented as part of a reading course. Findings reveal mostly positive perceptions of the PSTs regarding the importance, relevance and contribution of neuroeducation to education, from a professional & personal perspective. In addition, the findings expand the current literature in two aspects: (1) the potential benefits that neuroscience can grant to education in general, and to special education in particular; (2) the contribution of knowledge on neural basis for PSTs to a sense of perspective, patience and empathy toward challenging students, by understanding some of the ongoing processes in their students’ brains.
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1 Introduction

Research in the field of neuroeducation (NE) is flourishing among researchers from various fields who seek to connect the dots between neuroscience, cognitive science, psychology and education. Neuroeducation shares commonalities with the science of learning that recognizes the value and importance of cross-fertilization across traditional fields of study, drawing on many different methods and techniques to understand how learning occurs—with the ultimate goal of optimizing learning for all (Sawyer, 2006). Neuroeducation aims to support the dialogue between researchers and practitioners in the fields of neuroscience and education, and to encourage transdisciplinary partnerships (Sigman et al., 2014). Such partnerships have the potential to improve educational outcomes by integrating teachers’ practical experience with scientific insights into the mechanisms of attention, motivation, executive functions, and memory and their relations to learning. Integrating neuroscience into teaching training programs may lead to a better quality of teaching by sharing evidence-based knowledge to provide another perspective on the teaching-learning process (Gola et al., 2022). According to Jolles and Jolles (2021), educators can create the conditions for the acquisition of knowledge and experiences that are to be stored by the learning brain and they inspire and direct the process of curiosity and information processing by the student. With this in mind, approaching learning from a scientific perspective may encourage teachers to think more about the process of learning, leading to pedagogical change and improved educational outcomes. Specifically, neuroscience training is thought to benefit education by increasing the use of pedagogical and didactic strategies associated with active learning or providing teachers with a wider toolkit of resources to support diverse learners with major individual differences. Together, these goals provide sufficient justification for the inclusion of neuroscience in teacher training (Privitera, 2021).

Furthermore, and this is especially important among special education teachers, NE can provide a sense of perspective, patience and empathy toward challenging students, by understanding some of the unique processes in their students’ brains (Achva Model of Neuropedagogy, 2016; Hook and Farah, 2013). Recognizing learner differences remains a critical skill that teachers must develop. Not only should teachers recognize individual learner differences, but they need the skills and materials necessary to provide alternative instructional strategies to meet wide-ranging student needs. Developing formal training programs for teachers to help them understand the latest developments in neuroscience and how they apply to education will only help make educational systems stronger, allowing teachers to recognize how individual learner differences intersect with curricular goals and objectives, ensuring our diverse student body is optimally prepared for success (Walker et al., 2019).

In Israel, the field of NE is still in its initial stages. There are only few programs that incorporate NE, usually for in-service teachers (Achva Model of Neuropedagogy, 2016) and also newly created, non-mandatory courses in a few Colleges of Education. Last year, in 2023, the first MA program in neuroeducation took place in a teacher training college in the south of Israel. The first internship in NE was developed for teacher educators in Israel in 2021–2022 and is now running for the fourth time. Moreover, none of the existing courses are specifically targeting the category of special education PSTs. The findings from this study might provide an example of good practices and research-informed motivation for including NE in both general and special education teacher training programs.

Teachers who participated in NE programs indicated a positive attitude and influence on their professional practice (Dubinsky et al., 2019). Furthermore, they described improved teaching abilities by suggesting innovative methods, productive learning, and improved teacher-student relationships (Friedman et al., 2019). Even though these findings are promising, they are based on limited data and programs in the nascent field of NE. This research aims to expand the knowledge base by exploring the individual perceptions of Israeli pre-service teachers (PSTs) in the field of special education, after taking part in a Neuroscience Motifs-based Teacher Training Program (NMTTP).



2 Theoretical background


2.1 Neuroeducation

Neuroeducation (NE) links neuroscience, cognitive science, psychology and education. Over recent years, the field of NE has grown, with neuroscientific findings leading new insights, different points of view and a deeper understanding of the teaching-learning processes (Ansari et al., 2012; Gola et al., 2022; Tokuhama-Espinosa, 2017). The neurobiology of learning, and in particular the core concept of plasticity, have the potential to directly transform teacher preparation and professional development, and ultimately to affect how students think about their own learning (Dubinsky et al., 2013). Interest into implementing neuroscience knowledge and research findings into pedagogy and classroom teaching for advancing teaching and learning is also growing (Chang et al., 2021; Friedman et al., 2019). According to Dresler et al. (2018), the combination of neuroscientific methods and educational practice may explain conditions that hamper learning success, such as learning disorders. The potential of neuroeducation to elucidate the core cognitive and neural deficits and the efficacy of training and intervention program, seems apparent (Gabrieli, 2016). Tailoring instruction based on an understanding of cognitive diversity not only maximizes student learning and behavior, but it has also shown the potential to mitigate learning or behavioral difficulties from becoming a lifelong disability that is highly resistant to intervention (Koziol et al., 2013; Walker et al., 2019).

However, it seems there is a gap between the declarative statements about the importance of implementation of neuroscience in education (Curtis and Fallin, 2014; Gabrieli, 2016; Stern et al., 2016) and the small number of suggested programs that actually put it into practice (BrainU, in: Dubinsky et al., 2019; NAP, in: Friedman et al., 2019; Tan and Amiel, 2022). One such program is BrainU that aimed at teaching fundamental principles of neuroscience including the Neuroscience Learning Concepts, to improve both teachers’ and consequently, students’ knowledge of both neuroscience and how this knowledge translates to learning (Dubinsky et al., 2013). BrainU’s neuroscience content was intended to be incorporated into the training of in-service middle school science teachers. The authors strongly recommended that their principles would be implemented in PSTs frameworks (Dubinsky et al., 2013, 2019).

While there have been positive results and enthusiasm from the participants in existing programs regarding the integration of neuroscience insights into their work, what appears to be lacking, however, is a single specific curriculum to guide this implementation, and more importantly, literature that presents educators’ perceptions of the assimilation process and its implications (Jolles and Jolles, 2021). Privitera (2021) noted that there are relatively few research papers with sufficient detail and quality to enable a comprehensive evaluation of the current neuroscience training for teachers. Only one of these studies dealt with PSTs.

The Neuroscience Motifs-based Teacher Training Program (NMTTP) attempts to address this void. The program was designed as a part of a larger doctoral research project, in which the perceptions of Israeli PSTs in their 2nd year of training in the field of special education after participating in the program were evaluated. The NMTTP was built as part of a unique platform that combined a reading course named: “Reading Disabilities—Theories and Intervention Programs” for PSTs with the application of motifs from neuroscience. It was aimed to consider the different needs of pupils with reading difficulties with regard to concepts and methods from the neuroscience field. The word “motifs” in this study refers to specific, recurring elements or themes identified within the neuroeducational approach. The literature presents parallel phrases such as “neuroscience topics,” “neuroscience terms” (Kerchner et al., 2012), “Educational neuroconcepts” (Chang et al., 2021), and “neuroscience knowledge” (Dubinsky et al., 2019). In our study “motifs” highlight recurring themes within the neuroeducational approach, focusing on practical application in educational programs.

Three lecturers taught this course: all three are experts in special education and teaching reading, and one of them (the developer of the NMTTP and the author) is also an expert in neuroscience and psychology. This lecturer developed the various lessons included in the program, including the required knowledge, preparation of different materials, and creating the connection between them and the reading course. The other lecturers received prepared lesson plans and provided their opinions on them before and after each lesson, including sharing dilemmas and challenges that arose during the lesson. The NMTTP is based on three main components: Brain Targeted Teaching Model (BTT) (Hardiman, 2012a, 2012b); Guide to brain-based teaching (Tokuhama-Espinosa, 2011); and several original lessons developed by the author (EL) in the spirit of the components we presented above to adapt them to the reading course.

In an attempt to adapt NMTTP to the reading course, the author (EL) planned 10 lessons throughout the academic year of 2017–2018, which implemented motifs from neuroscience into the current reading class issues. The program incorporated innovative topics: learning in context, neuroplasticity, neuromyths, brain and reading, mirror neurons, and metacognition. Each 90-min lesson was defined by a specific purpose, key concepts and teaching methods. and contained the following components: (a) a short review of the status of the reading course and the specific unit currently being studied; (b) important neuro-educational concepts; (c) evidence-based teaching methods aimed at encouraging active learning; (d) implications for teacher training: a discussion with the PSTs about the implications of the lesson to their work and their professional identity development.

The units of neuroscience in the reading class were presented at the beginning of each lesson, but, if needed, the neuroscience elements were discussed in a flexible manner throughout the whole lesson. Each lesson began with a rehearsal on the previous lesson in different ways (such as: playing with a ball, fun-quiz, role play, case studies etc.) with continuous rehearsals about the importance of synaptic connections in learning concepts. To enhance the understanding of brain functions, metacognitive discussions with the PSTs were engaged in about the possible implementations of the new concepts in practice, critical thinking about the advantages and disadvantages of each teaching method chosen to teach the concept, etc. One possible metacognitive question, for instance, was: “Is the conclusion from this experiment well-founded? Could you think differently about the implementation of this concept in your lessons?” (for more information about the development of the program, see Luzzatto and Rusu, 2020).

One significant feature of the program was its interdisciplinary approach, that sets it apart from other programs such NAP or BrainU, which focus on teaching PSTs neuroscience or NE in a separate, stand-alone course (Friedman et al., 2019). The choice to take this approach was based on the advantages of multidimensional interdisciplinarity courses that Rooks and Winkler (2012) described including: knowledge that is not compartmentalized but transferable such as it is in the real world; allowing students to understand how to marshal a wide range of skills and knowledge bases to solve pressing social, economic, and technological problems; and encouraging different ways of learning, specifically more collaborative approaches that promote dialogue and problem-solving capacities.



2.2 Challenges and contributions in implementing pedagogical change

While teacher training institutions, and the organizations that accredit those institutions, have not yet widely embraced the idea of providing neuroscience training for teachers (Dubinsky et al., 2019; Jolles and Jolles, 2021; Privitera, 2021), there are voices calling for innovative, interdisciplinary and active learning. Introducing and implementing innovative pedagogical changes is a difficult process, in which teachers play an essential role, widely recognized by researchers and educators alike (Wu et al., 2015). Moreover, the ability of teachers to play an active role in the process of implementing new practices is crucial for radical and long-lasting change and reform throughout the entire educational system (Fullan, 2007; Mariage and Garmon, 2003). At the same time, the characteristics of teachers, together with the characteristics of the innovation and features of environmental context all influence the outcome of the diffusion of an innovation, determining whether it is successfully adopted and spread within an educational setting (Rogers, 2003; Sherry, 2000). According to Wu et al. (2015), teachers need to understand the innovation and reduce uncertainty about their advantages and disadvantages. For this reason, there is a great importance to exploring the perceptions of those who are involved in the implementation of innovation, and observing the process from their point of view. Exploring the perceptions of special education teachers may have even greater applied value in terms of individual functioning, as knowledge of the neural basis of learning can increase patience and empathy toward challenging students by increasing understanding of some of the unique processes in their students’ brain (Baker et al., 2014; Hook and Farah, 2013; Kosaraju et al., 2014).

Findings from quantitative data collected as part of a larger research project for one of the author’s doctoral thesis showed positive attitudes to neuroeducation since the inception of the NMTTP program and a notable contribution to the participants’ sense of competence (Luzzatto and Rusu, 2019). What needs to be clarified, however, is how the participants felt about the process itself. This knowledge gap motivated the following research question: What are the perceptions of PSTs preparing to work in special needs schools regarding the implementation of motifs from neuroscience in education and teaching, and specifically regarding the NMTTP?




3 Methodology


3.1 Research paradigm

Individuals develop subjective meanings of their experiences, which are directed toward certain objects or things (Guba et al., 1998). To explore the PSTs perceptions of NE and the NMTTP from an authentic point of view, a qualitative paradigm based on research questions and on thematic content analysis was chosen for this study.



3.2 Research population and sampling

The research included 11 PSTs who studied in a teacher training college in the centre of Israel. The 11 PSTs were chosen from 90 PSTs who participated in the NMTTP. The 11 PSTs were chosen directly by the lecturers, selecting those who were particularly active in class discussions, and appeared to have the most to discuss and analyze in terms of findings. This decision suits the outline suggested by Etikan et al. (2016), Seidman (2006), and Creswell (2009), according to which purposive sampling is often used in qualitative research to select participants who can provide insightful data. The research approach used here is an exploratory multiple case study, which enables the researcher to gather data from a variety of sources and to converge the data to illuminate the case (Baxter and Jack, 2008). According to this method, each of the 11 PSTs serves as a window into the course and the impact of the NMTTP. All the PSTs that year and therefore the PSTs that were interviewed were female. The gender bias, reflected in the chosen participants in the study, is due to the general characteristics of the educational system in Israel, i.e., most of the PSTs in education in general, and special education in particular, are women (over 80%, according to the Israel Central Bureau of Statistics, 2019). Their ages ranged from 24 to 29 years old (mean age 23.6). They were all enrolled in the special education track. Five of the PSTs studied in parallel with another track such as math, biblical studies, English or literature. Table 1 presents the demographic characteristics of the participants in the study.



TABLE 1 Demographic characteristics of the participants in the interviews following participation in the NMTTP program.
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3.3 Research tools

Two research tools were used in the research: (1) semi-structured interviews and (2) open-ended questionnaires.


3.3.1 Semi-structured interviews

Semi-structured interviews took place at the end of the academic year 2017–2018 (June to July 2018) with the 11 PSTs. Two examples from the PSTs’ interview questions (out of six) are presented: (1) “Which of the topics from neuroscience that were integrated into the reading course do you remember or were meaningful to you in particular?” (2) “How would you describe your experience taking part in the NMTTP program that was integrated into the reading course?”



3.3.2 Open-ended questions

Open-ended questions were presented to all the PSTs as non-mandatory questions in a mid-year and final year questionnaire. The questions asked were: (1) “List 3 to 4 neuroscience concepts mentioned in the lesson that should be integrated, in your opinion, into the teaching process”; (2) “Describe whether and how content from the neuroscience mentioned in the course will benefit you during this year’s experience in class and later in your role as a teacher.” Ninety PSTs filled in the questionnaires, 31% of them submitted the open-ended questions. The questions were made non-mandatory to ensure ethical compliance and voluntary participation.




3.4 Data analysis

Content analysis method is applied in this study, using text segments to create theme categories. According to this method, major categories are identified regarding the research perception, with reference to the research questions. The categorization process means deviation and organizing the data in an analytic order. This is a process that combines some information units such as words, phrases, expressions or statements that are considered by the researchers to reflect the domain of interest of the research question (Shkedi, 2011; Tashakkori and Teddlie, 2003). The categories are used by researchers to sort out the raw data of the study, distinguishing and separating them to indicate their significance (Shkedi, 2011). According to Erlingsson and Brysiewicz (2017), the objective of qualitative content analysis is to systematically transform a large amount of text, which is considered the raw data, into a concise and organized summary of the key results. The following steps were performed: (1) reading the written materials to gain a general understanding of what the participants are expressing; (2) condensation of the text by division into meaning units (codes, for example: special education teachers); (3) grouping the codes into categories (i.e., a category is formed by grouping together those codes that are related to each other through their content or context. For example, in this study, NE importance, relevance and contribution) and themes (i.e., a theme can be seen as expressing an underlying meaning found in two or more categories, for example, attitudes). This framework is in line with other researches in the field of neuroeducation, such as in the research of Peregrina Nievas and Gallardo-Montes (2023). In the current study, a systematic content analysis was conducted on the PSTs interviews transcriptions and the PSTs written answers to the open-ended questions, by identifying categories that were categorized into groups. In addition, an analytical analysis was performed on the open-ended questionnaires to identify the frequency of use of NE terms and concepts. This involved systematically reviewing the responses to uncover patterns, counting occurrences of specific terms, and interpreting how these terms reflected the participants’ understanding of NE concepts.



3.5 Reliability and validity

In order to ensure and improve the research quality, there was an attempt to meet the criteria of the qualitative research quality presented by Lincoln and Guba (1985): reliability, transferability, trustworthiness and applicability. In order to meet these criteria, rich descriptions and many direct quotes were used; transparency of the research process was maintained by documenting the process and keeping the original records and the data analysis was conducted with a co-researcher or an external judge, and their analyses were found suitable to the research aims. Disagreements and misconceptions were discussed until appropriate resolution was reached. The professional record of the main researcher helped in analyzing the content and in distinguishing the relativeness of what was presented in the different research tools; the co-researcher and the external judge provided a critical perspective on the interpretations, which enhanced the reliability of the data analysis by ensuring a non-biased evaluation. These decisions also met Tracy’s (2010) eight “Big-Tent” criteria which were used as a guiding framework. This included rigorous data collection and analysis; credibility established through triangulation of data sources, sincerity by self-reflection were shared with others and discussed to address potential biases; and resonance was met by providing rich descriptions of the data and illustrative examples.



3.6 Ethical considerations

All ethical guidelines and behaviour were adhered to in this research, in accordance with the national and international legislative frames regarding ethics in academic research. The study was reviewed and approved by the research ethics committees from the teacher training college, ensuring that ethical research practices were followed. In addition, the PSTs were not required to provide their names or any other indication of their identity.




4 Findings

The data analysis revealed two main themes: attitudes and knowledge. The first theme, attitude, contains four main categories: (1) NE importance, relevance and contribution (Figure 1); (2) attitudes toward the structure of the NMTTP (Figure 2); (3) the affective component of the attitudes (Figure 3); and (4) PSTs’ attitudes toward obligations of the role as teacher. The knowledge theme (Figure 4) contains three codes of categories: (1) perceptions of knowledge related to teaching methods; (2) perceptions of knowledge related to the process of implementation of neuroscience in teaching; and (3) perceptions of knowledge related to specific motifs and concepts from neuroscience. The findings also reveal the frequency of use of neuroscience terms and the category to which they belong (Table 2 and Figure 5).
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FIGURE 1
 Codes within the category of NE importance, contribution, and relevance, i.e., to all teachers, to special education teachers, and to the PSTS on a personal level.


[image: Figure 2]

FIGURE 2
 Codes within the category attitudes toward the structure of the NMTTP, i.e., quantity of NE material presented in the reading course and the PSTs’ attitudes toward the amount of integration of neuroscience.


[image: Figure 3]

FIGURE 3
 Affective component of the PSTs’ attitudes regarding towards the NMTTP.
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FIGURE 4
 Codes within the category PSTs perceptions of knowledge after participating in the NMTTP, i.e., related to the teaching process, related to the process and related to the motifs and concepts from neuroscience.




TABLE 2 Frequency (number and percentage of occurrences) of the neuroscience terms in the PSTs’ open-ended questionnaires.
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FIGURE 5
 Frequency (number and percentage of occurrences) of the NS terms in the PSTs’ open-ended questionnaire, by category.



4.1 Theme attitudes


4.1.1 Category attitudes toward NE importance, relevance and contribution

In the interviews, the PSTs presented generally positive attitudes toward NE, as reflected in the presentation of its importance, relevance, and contribution to all teachers (Figure 1). Similar attitudes were also reflected in the answers to the open-ended questions. For example, “We have the opportunity to influence students, even at the level of their brain structure.” Or, “We can influence the way information is organized, which will help the student later in the retrieval phase.”

Similarly, a positive attitude regarding the importance, relevance, and contribution of NE for special education teachers was also expressed. The PSTs related to the understanding of the behavior and needs of a child with special needs, after learning the biological basis of learning and disabilities. The open-ended questions in the questionnaires revealed similar sentiments, for example, “In any case where the teacher has difficulty obtaining knowledge or accessing new material, he must find indirect ways to reach the information and the student, just as the synaptic connections in the brain do.” Or, “Knowledge of the brain provides additional tools for understanding the different needs, different functioning, different ways of thinking by students in the classroom.”

In at least four cases of the references, the PSTs already referred to themselves as future teachers: “Because we know a little about how the brain works, we know how to adapt teaching and learning. In fact, we can direct our teaching more precisely”; “I, as a teacher, need to prepare effective lessons for my students that are right for them and their abilities … to create situations where they will be free to learn in terms of creating synaptic connections.” This interesting finding relates to the personal level, in particular to the professional development of the PSTs, while the other findings relate to the applied contribution of the program in improving the ways of teaching-learning (Figure 1).



4.1.2 Category attitudes towards the structure of the NMTTP

Based on the findings, the attitudes regarding the structure of the NMTTP were mostly positive. The general perception, in about 60% of the interviews, was that the integration of neuroscience motifs into the reading course was well executed (Figure 2). However, while most of the attitudes toward the integration were positive, some were less so. For example, “I do not remember incorporating neuroscience into a lesson as something very major and significant… it wasn’t connected enough”; or regarding the connection between neuroscience and reading: “Personally, this connection is less important to me… I needed to make the connection by myself and I have not always done it… it’s not related”; “I cannot tell you that I was told in the courses ‘now we are learning something about neuroscience’… I cannot really link it… maybe a direct reference to the topic would have helped.” Therefore, it seems the picture of the attitudes toward integration is complex. While some PSTs perceived the integration as working well, others found it not relevant or related to the reading course (Figure 2).

Regarding the quantity of neuroscience in the reading class, the PSTs attitudes were varied, with several sharing that the quantity of neuroscience elements was not enough, mostly due to time constraints (Figure 2). While some of the participants voiced a request for more knowledge on neuroscience and the influence of it, others expressed the elements of neuroscience in the course as not significant: “During the course I felt it was less relevant… it was vague… I cannot say these motifs are from neuroscience… although I was happy to… I do not feel it has any added value for me.”



4.1.3 Category affective component of the PSTs’ attitudes towards the NMTTP

The affective component of some of the PSTs’ attitudes revealed their initial concerns about neuroscience in general or the NMTTP. The reflections they shared indicate a feeling of apprehension, stress and fear, especially in the beginning of the course, when a lot was unknown. Some also presented doubts of the ability to succeed in learning neuroscience motifs (Figure 3).



4.1.4 Category attitudes toward obligations of the role as teacher

Another identified theme was the attitudes toward obligations of the teacher role. The decisive wording appeared in the open-ended questionnaires and referred to the PSTs’ attitudes toward the obligation for all teachers to learn about the brain: “The content learned from neuroscience contributes to understanding how the brain works … which impacts on learning and the ways of instruction to be taken. In my opinion, we, as learning intermediaries and educators, are obliged to learn these contents to help students reach full realization of their learning potential”; “A teacher must be aware of the cognitive processes that take place in each student’s mind, to make learning meaningful and experiential.” The decisive style expressed in this theme may indicate a high commitment to the process of assimilation of neuroscience into the teaching-learning process and emphasis on its importance.




4.2 Theme knowledge

The knowledge theme presents the way that neuroscience content from the course benefits the PSTs during their practical experience as part of the teacher training as well as their perceptions as future teachers. The knowledge theme that emerged from the findings contains three categories: perceptions of knowledge related to teaching methods, to the process of implementation of neuroscience in teaching, and to specific motifs and concepts from neuroscience (Figure 4). In addition, we reveal the level of frequency of neuroscience terms and their level of categorization by topics the PSTs used in the open-ended questionnaires (Table 2 and Figure 5). These findings may shed light on the understanding and assimilation of knowledge in the context of learning and teaching processes.


4.1.2 Category: knowledge related to teaching methods, process of implementation, and neuroscience motifs

The findings from the semi-structured interviews and the open-ended questionnaires reflect the PSTs’ level of knowledge of the neuroscientific concepts presented in class and how they connect to different teaching methods. Findings show that PSTs who participated in the NMTTP demonstrated an understanding of a variety of neuroeducation concepts acquired in the training program, as well as their understanding of how these concepts affect the learning process, for example, the PSTs cited the importance of multi-sensory activities in learning; how spaced learning can improve memory; as well as the importance of combining physical activity during the lesson (Figure 4).

Regarding the process of implementation of neuroscience concepts into the reading component of the course, the perceptions expressed by the PSTs were positive. Some comments by the PSTs suggested they felt a level of fluidity to the process of integrating neuroscience and education, that it became natural to them (Figure 4).



4.2.2 Category frequency of the neuroscience terms

The next section describes the frequency of the use of motifs, in an attempt to show understanding and assimilation among the PSTs. Quantification of the findings of the qualitative analysis yielded a frequency table of the neuroscience concepts raised from the PSTs’ answers (Table 2). The answers were content analyzed in order to produce neuroscience (NS) terms related to teaching and learning and to divide the terms and classify them (Table 2 and Figure 5).

A total of 140 terms were produced, which were categorized into four main categories (Table 2): “physiological terms” (f = 80, 57%), “teaching/learning processes” (f = 26, 19%), “combined—physiological terms and teaching/learning processes” category (f = 23, 16%), and “cognitive physiological/psychological processes” (f = 11, 8%). The frequencies (Table 2 and Figure 5) reflect the diversity of answers raised from the PSTs, which reflect the vast range of concepts they were exposed to. Some concepts were only mentioned once in the course, but it seems they left a great impression, such as mirror neurons or neuromyths.

In the explanations of the concepts, there was an emphasis of the importance of neuroscience in teaching, which affected the operative level as reflected in learning-teaching methods.

The largest category included “Physiological terms” (f = 80, 57%), e.g., “Neuroplasticity means change between the neurons’ connections in the brain. The stronger the neurons work and cooperate, the stronger the synaptic connections” (neuroplasticity). The other categories included (in descending order): “Teaching/learning processes” (f = 26, 19%), e.g., “It is very important for us to know as teachers that repeating a previous lesson at the beginning of the lesson is important for strengthening the relationship between brain synapses, enhancing learning efficiency and having evidence from brain research studies (learning in context). The constant rehearsal of those concepts is reflected in the frequency table.

“Combined—physiological terms and teaching/learning processes” category (f = 23, 16%), e.g., “The educator must be critical with relation to content in the pedagogical-educational context while examining it. Sometimes, neuromyths can harm our students in choosing unsuitable teaching strategies or giving up ones that could benefit from mistaken beliefs in neuromyths” (neuromyths).

These two categories together (35%) may indicate that the learned neuroscience concepts have been assimilated in the PSTs’ understanding and comprehension of the relationship of these concepts to education, teaching and learning. For example: “All our learning takes place through synaptic connections. If I, as a teacher strengthen these connections—there may be faster progress in learning.” The smallest category included “Cognitive physiological/psychological processes” (f = 11, 8%), e.g., “Metacognition is important for reading comprehension, since many of the strategies we teach in order to improve understanding of text are based on metacognition.” However, this code was identified in the open-ended question from the questionnaire and reflects the positive attitudes towards NE regarding its connection to high thinking and metacognition, “Learning about NE aligns with the spirit of global education … developing higher-order thought processes”; “The educator must be critical of the content and information in the pedagogical-educational context, apply logic and examine the content.”





5 Discussion

The aim of this study was to explore the perceptions of the PSTs preparing to work in special needs schools, regarding the implementation of motifs from neuroscience in education and teaching, and specifically regarding the NMTTP. The two main themes that emerged from the research findings, attitudes and knowledge, were evident in the PSTs’ interviews and open-ended questionnaires. In general, the findings indicate a positive attitude toward the implementation of neuroscience in education from the PSTs perspective and recognized the significance of its contribution to their existing knowledge base. Overall, most of the PSTs agreed that introducing neuroscience into education and teaching is important, relevant and contributes to the classroom decision-making process as well as to the choice of teaching methods. Some of the PSTs presented this knowledge as crucial for their learning and professional development. For example, one PST wrote “I truly believe that neuroscience and education are interdependent. What I do not understand is how something so obvious was not part of my knowledge base until this course.”

The generally positive reception of the course could be attributed, in part, to the transformation of the PSTs’ initial feelings of stress and overwhelm about learning something unfamiliar into the sense of confidence they felt at the conclusion of the course, in their ability to use neuroscientific concepts in planning lessons for students with special needs as well as in their classroom teaching.

Generally, the findings indicate that at a perceptual level based on the personal interviews and answers to the open- ended questions, the attitudes of the PSTs regarding the importance, relevance and contribution of NE and the NMTTP were mostly positive. These results of the qualitative research were in accordance with previous findings in the literature that report on teachers’ enthusiasm for NE (Pickering and Howard-Jones, 2007; Serpati and Loughan, 2012; Ching et al., 2020). Tan et al. (2019) found that teachers reported better understanding of the relationship between brain function and pedagogy. This understanding may have provided teachers with a new perspective from which to evaluate instructional decisions made in the classroom. Hook and Farah (2013) discussed the question of whether and why NE should interest teachers and its relevance to them. In their research, they found that teachers are interested in intellectual triggers, evaluating and assessing their work as well as discovering new teaching methods. The research presented here builds on the current literature in two additional areas. Firstly, the study offers a research-informed support for the understanding of the effect of neuroscience infusion in special education teacher training in Israel. Secondly, it also sheds light on an interesting and unexpected point of the importance, relevance and contribution to the PSTs on a personal level, as perceived in their attitudes.

Research from the neuro- and cognitive sciences shows the potential to improve pedagogical practices and develop creative problem-solving abilities (Boomgard, 2013; Carew and Magsamen, 2010; Hassinger-Das et al., 2017; Kosaraju et al., 2014). Considering that neuroscience within the educational setting may have profound implications for individuals with reading, writing, and comprehension disabilities (Goswami, 2006; Martín‐Lobo et al., 2018; Sigman et al., 2014), this qualitative analysis strives to support existing research that reflects the potential contribution NE can bring to the field of special education.

The extent of the relevance and contribution of the NMTTP on a personal level for the PSTs may be explained by the influence of the exposure to the way the brain learns and remembers. Fullan (2001) claimed that change in an organization has a practical impact on each of the partners in the process, in ways of responding and designing positions, in the development of the organization and in the growth and professional and practical development of those involved. The examples relating to importance, relevance and contribution on a personal level by the PSTs may indicate implementation of NE from another angle, as reflected specifically by Fullan (2001), which may indicate personal and professional growth. Walker et al. (2019) referred to this personal growth by focusing on brain literacy. According to the authors, brain literacy, like all literacy, requires exposure, explicit instruction, knowledge translation, practice, and continuing education. Developing brain literacy is helping educators realize how diverse thoughts and behaviors are governed by the brain, not only among their students, but also by their own brain functioning.

The interviews revealed that the PSTs had positive attitudes overall toward the structure of the NMTTP and its integration into the reading course, recognizing the contribution neuroscience can provide in this context, with one PST commenting that “reading difficulties and brain research are very much related.” Specifically, in relation to the integration of neuroscience in the reading class, one PST commented, “I remember there was a combination of brain research and it did fit into the reading class… It connected with the reading material really well.” Another PST shared this opinion: “Neuroscience and education are two areas that are correlated. When a teacher engages in an in-depth study of brain studies, that is, understanding how the brain impairment affects the student’s functioning and what is the origin of the difficulty, he has the ability to produce the best for his students.” This comment could be interpreted further to suggest that brain research has a potential contribution to make beyond the bounds of its integration into this specific reading course, to a wider application in the field of education in general.

However, the integration was not received well by all PSTS with one commenting that if the “integration had been smoother, I think it could have been more meaningful.” The decision to integrate the NMTTP into the teaching reading course was based on the researchers’ experience, consideration and desire to apply neuroscience motifs in the context of specific content, in order to facilitate the transition of the theoretical concepts from neuroscience to a practical application. This decision transformed the course, to a certain extent, into an interdisciplinary one, in contrast to other NE courses, which are often taught separately from a specific content/context (e.g., Blake and Gardner, 2007; Warner and Templeton, 2010), even though required interdisciplinary courses have become an increasingly standard curriculum feature at many colleges and universities (Rhoten et al., 2006).

Interdisciplinary courses can have their difficulties and disadvantages. Goodman and Huckfeldt (2014) found mixed results regarding interdisciplinary courses: on the one hand, the course they investigated contributed to an increase in class participation and discussions based on evaluation, but on the other hand, the comments on the course claimed for too much material and requirements, untrained teaching team members, a too-high level of the material of the course and most important, students failed to implement the importance and relevance of the material and skills taught in the course. The mixed attitudes and feedback demonstrated in this research with regard to this integration of the NMTTP are therefore, not unexpected based on the research interdisciplinary courses to date.


5.1 Attitudes of PSTs to the NMTTP and NE—affective component

On the whole, the PSTs expressed positive attitudes toward NE, as reflected in the presentation of its importance, relevance and contribution to all teachers, including special education teachers, as well as positive attitudes of the PSTs toward NE and how it relates to their own experience. However, the qualitative analysis also revealed some initial feelings of stress and overwhelm being voiced on the part of some PSTs with regard to the NMTTP, as well as feelings of uncertainty in the face of unfamiliar concepts. The PSTs expressed these feelings in a retrospective point of view, relating to the beginning of the year. Change can elicit both skeptical and enthusiastic responses on a personal level: people who describe change processes use expressions of anxiety and fear, danger, loss and panic, along with expressions that indicate high energies, transcendence, risk-taking and great excitement (Fullan, 2007). Studies show that general education PSTs have concerns related to limited knowledge and preparation in many areas (Tillery et al., 2010). Sandholtz (2011) found that PSTs are concerned about teaching strategies, planning and organization, behavior management, collaboration, and working with diverse students and families.



5.2 Attitudes of PSTs to the NMTTP and NE—knowledge component

The qualitative findings show that the PSTs considered their participation in the NMTTP to have increased their knowledge in three areas: (1) knowledge related to teaching methods (2) knowledge related to the process of implementation of NE in teaching and education and (3) knowledge related to motifs and concepts from neuroscience. These findings are in line with the literature, for example, Coch (2018) claimed that knowledge about students’ learning and learning environments might be included in pedagogical content relating to two components of the pedagogical content knowledge in PSTs: (1) knowledge about subject matter; (2) knowledge about students and learning. Research completed on brain literacy instruction demonstrates improved educator brain literacy knowledge, skills, and opinions regarding serving children with and without special needs in mainstream classrooms (Dubinsky et al., 2013; Walker et al., 2017). By empowering teachers with robust knowledge and skills in educational neuroscience, diverse student bodies can be better served through teaching practices designed to expand and grow their unique minds (Walker et al., 2019).

The findings show PSTs related to several teaching methods mentioned in the NMTTP such as multi-sensory teaching, spaced learning, involving movement in learning and learning in context. These findings are in line with the literature, describing the contribution of participating in neuroscience training to influence teachers’ choice of instructional strategies (Dubinsky et al., 2019; Privitera, 2021). An interesting point arising from the findings dealt with the knowledge of neuroscientific motifs and concepts from neuroscience. The findings reveal a high assimilation of physiological terms, especially neuroplasticity and synaptic connections, which were concepts rehearsed in different lessons throughout the NMTTP in connection to learning in context. Furthermore, the findings indicate a low assimilation of concepts of cognitive physiological/psychological processes, and in particular, metacognition. However, the relatively low frequency of concept occurrences in this category may imply that they are an inherent component in the PSTs’ knowledge, yet still need to be related to teaching and learning process. According to Im et al. (2018), educators’ knowledge of the brain often fails to match their enthusiasm for the brain, and they lack neuroscience literacy. It might be that lack in knowledge contributed to the low retrieval of some of the concepts. Another option for explaining the low frequency of these concepts may be because the PSTs were asked to retrieve concepts from neuroscience mentioned in the course, and those concepts belong to the field of cognitive psychology.

It should be noted that special effort was taken in order to prevent the creation of neuromyths among the PSTs, and to create a “risk prevention strategy” so that the PSTs would not misinterpret the neuroscientific knowledge they had received. This was made by presenting accurate terms and definitions dealing specifically with neuromyths and conducting discussions in which the retrieved knowledge was corrected and explained. However, the literature shows that teachers’ simultaneous interest and lack of training in neuroscience may, in part, support the perpetuation of neuromyths in the field of education (Goswami, 2006; Howard-Jones, 2014; Ruhaak and Cook, 2018). Surprisingly, Dekker et al. (2012) found that a significant predictor of belief in neuromyths was a teacher’s general knowledge about the brain. Thus, teachers who knew more about the brain were more likely to believe myths about the brain. From another perspective, Im et al. (2018) found that participating in an educational psychology course that included neuroscience topics reduced but did not eliminate belief in neuromyths in pre-service teachers from South Korea. However, we consider that it is an unrealistic expectation that a single course of study in neuroscience could address all neuromyths. Although by no means a “magic bullet” against neuromyths, neuroscience training has the potential to reduce the pervasiveness of these misconceptions among teachers while simultaneously increasing neuroscience content knowledge and confidence in the ability to teach neuroscience (Privitera, 2021). Therefore, special care must be taking in developing and delivering NE courses.

Overall, the study showed that PSTs who participated in the NMTTP demonstrated a variety of concepts acquired in the training program, and they also knew how to explain them and their applications in teaching. Apparently, it seems that there is a great importance of acquiring knowledge on the shaping of the PSTs attitudes toward NE and the NMTTP. van der Linden et al. (2015) concluded that it appeared possible to positively change PSTs’ beliefs and attitudes toward research, while developing their research knowledge in the second year of their education. Also, according to Friedman et al. (2019), it is important that teachers and educators be equipped with basic knowledge of neuroscience and familiarity with brain structure and function, abilities and limitations. This is so that they can understand, appreciate and apply the principles of learning and its methods. With this knowledge, they will be able to recognize the emerging innovations in the field of learning research, improve their teaching ability, raise their students’ achievements, increase their own enjoyment of teaching, and enhance their students’ enjoyment and engagement in present and future learning.

Neuroscientific insights from the field of brain research may have the potential to contribute to the advancement/development/ of the teaching-learning process. Although the research literature generally agrees with the possible contribution of neuroscience to education, research into ways to bridge the gap between scientific research in the field of neuroscience and educational practice is scarce. By tackling the challenge of how to apply NE in a practical setting, the research presented here may in some way refute the arguments voiced about the lack of need or the futility of applying brain research findings to pedagogy (e.g., De Vos, 2015). However, when considering the process of bridging the gap between neuroscience and education, one must notice that a causal chain of reasoning from a basic neuroscience fact to a teaching method is often weak, because of the variance between peoples’ brains (Coch, 2018). Therefore, it is important to be aware that behavioral and neuroscientific laboratory findings require accurate translation and appropriate application in the classroom in order to avoid potentially harmful overgeneralizations.




6 Conclusion

The current findings provide insights into the contribution of neuroscience in education at both the theoretical and the applied level. At the theoretical level, the qualitative analysis could potentially contribute to understanding the role of NE in enhancing pedagogical practices. At the practical level the participants increased their knowledge in three areas: knowledge related to teaching methods; knowledge related to the process of implementation of NE in teaching and learning; knowledge related to motifs and concepts from neuroscience. Moreover, the PSTS presented positive attitudes toward the assimilation of neuroscience in education in general and special education, in particular.

Integrating neuroscience into teacher education programs provided another perspective on learning and teaching and played a modest but important role in building an evidence-based learning education culture. The contribution was perceived as important to an extent that some of the PSTs declared knowing NE principles as an imperative for teachers.

The findings revealed that the PSTs were able to successfully comprehend the theoretical integration of knowledge from the NMTTP. With regard to the majority of the core neuroscience motifs, it was evident that, despite being exposed to some concepts only once, these concepts left a significant impression in terms of utility. However, the practical implementation of these concepts is not clear yet, and an additional time is needed to fully understand the integration of these ideas into practice.

The interdisciplinary structure of the NMTTP allowed practical application of NE principles in a teaching reading course. However, it also had its disadvantages such as time constraints. Further research and planning of the courses should be considered as to the most efficient way of integrating NE content into existing courses. The PSTs’ attitudes regarding the structure of the NMTTP were mostly positive, though the current research raises questions about the way the integration with the reading course occurred. Im et al. (2018) pointed out the difficulties of implementation of neuroscience in education and suggested educational psychology as a mediator between the two fields, and suggested that one approach to improve the neuroscience literacy is to increase the neuroscience content of pre-service teacher training. A two-year course, which will allow more in-depth treatment of relevant neuroscience motifs, cognitive psychology, educational psychology, and their connections to reading, might allow for a better implementation and application of neuroscientific principles and ideas.


6.1 Limitations and future directions

There are at least three limitations of the current study. First, adequate interpretation and representation of data must be addressed. The researcher subjectivity might have influenced the research process and the possibility of interpretation and representation of data. This was taken into consideration, so both data analysis and theme construction were undertaken through peer learning. Additionally, ethical considerations were taken into account to ensure ethical compliance and voluntary participation. These constraints influenced the decision to inform PSTs that answering the open-ended questions was not mandatory. This approach led to the absence of the voices of the entire class, which limits the conclusions that can be made. While this was necessary, we acknowledge that it may have limited the breadth of our data. Future research could benefit from incorporating strategies to encourage broader participation while still adhering to ethical guidelines. Second, the qualitative paradigm has its limitations as to the analysis and sample population of the study. Eleven PSTs were included in the interview group as a multiple case study giving insights into the research population following the NMTTP. As such, the limitations of the analysis are based on the findings from the interviews of specified PSTs who had participated in the NMTTP and were chosen in a purposive sampling, which might cause a bias. Nevertheless, the research population can be considered to adequately represent PSTs in their second year of studies in the special education track, while they are engaged in preparing and providing reading lessons for students with learning disabilities. Third, additional research on the subject is recommended to gain further understanding of the attitudes of PSTs involved in NE courses in other colleges. In this qualitative study, all the participants were PSTs who had participated in the same NE training program. Future studies could shed light on additional aspects related to NE, in the context of special education and in general education as well. One such idea might be a longitudinal study, which will follow the teachers 5 years after participating in the NMTTP, and investigate their possible use of the NE concepts acquired in the program.
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