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EN Abstract. The outbreak of the COVID-19 pandemic caused significant disruptions to conventional
educational methodologies, resulting in a swift transition towards online and remote learning. This shift
presented notable obstacles, especially for students with specific requirements like autism spectrum
disorder (ASD). This current theoretical analysis explores the potential of electronic learning as a tool to
facilitate the academic advancement of ASD students from the perspective of social neuroscience. Studies
in social neuroscience emphasize the profound consequences of social seclusion on mental well-being and
emotional health. Prolonged periods of social distancing and the absence of in-person interactions may
have adverse effects on cognitive growth and academic achievement. Nonetheless, the digital realm could
provide distinct benefits for ASD students, who frequently encounter difficulties in social interaction and
emotional management within traditional class settings. The assessment delves into the social-cognitive
deficiencies linked with ASD and how online learning could supplement the educational requirements of
these students. Despite conflicting findings on the effectiveness of online education for ASD, this review
proposes that an adaptable and personalized approach tailored to individual needs could improve learning
prospects. Ultimately, the infusion of social neuroscience principles into educational methodologies could
facilitate the establishment of a more comprehensive and supportive learning atmosphere for all students,
including those with specific needs.

Keywords: social neuroscience; social isolation; mental health; emotional well-being; e-learning; special
needs education; academic performance

es Potenciar el crecimiento educativo a través de la neurociencia social:
El e-learning como plataforma segura para los alumnos con TEA

ES Resumen. El estallido de la pandemia de COVID-19 provocé importantes trastornos en las metodologias
educativas convencionales, lo que dio lugar a una rapida transicion hacia el aprendizaje en linea y a
distancia. Este cambio presentd notables obstaculos, especialmente para los alumnos con necesidades
especificas como el trastorno del espectro autista (TEA). El presente analisis tedrico explora el potencial
del aprendizaje electronico como herramienta para facilitar el progreso académico de los alumnos con
TEA desde la perspectiva de la neurociencia social. Los estudios en neurociencia social destacan las
profundas consecuencias del aislamiento social en el bienestar mental y la salud emocional. Los periodos
prolongados de distanciamiento social y la ausencia de interacciones en persona pueden tener efectos
adversos sobre el crecimiento cognitivo y el rendimiento académico. No obstante, el ambito digital podria
aportar ventajas claras a los alumnos con TEA, que con frecuencia encuentran dificultades en la interaccion
social y la gestion emocional dentro de los entornos de clase tradicionales. La evaluacion profundiza en
las deficiencias sociocognitivas vinculadas al TEA y en como el aprendizaje en linea podria complementar
las necesidades educativas de estos alumnos. A pesar de los resultados contradictorios sobre la eficacia
de la educacion en linea para el TEA, esta revision propone que un enfoque adaptable y personalizado
adaptado a las necesidades individuales podria mejorar las perspectivas de aprendizaje. En ultima instancia,
la incorporacion de los principios de la neurociencia social en las metodologias educativas podria facilitar
el establecimiento de una atmadsfera de aprendizaje mas integral y de apoyo para todos los estudiantes,
incluidos aquellos con necesidades especificas.

Palabras clave: neurociencia social; aislamiento social; salud mental; bienestar emocional; E-learning;
educacion especial; rendimiento académico
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1. Introduction

The past few years have been marked by stringent adherence to social distancing, extensive efforts to
containdiseases, and a variety of quarantines enforced by governments. These measures necessitated
citizens to remain at home and minimize direct contact with friends and relatives as much as possible
(Loades et al., 2020; Unicef, 2021 a). With the onset of the novel COVID-19 pandemic, policymakers,
governors, and all relevant parties had to make unexpected adjustments to adapt to the new circumstances.
These unwelcome changes significantly altered societal infrastructures at various levels, impacting the
educational, mental, and personal aspects of individuals’ lives. Understandably, these abrupt changes
were not well-received by the majority of communities across different domains. This was particularly
evident in the rapid transition to online education and the dominance of distance learning within a very
short timeframe. The online mode of education was relatively new to a large number of educational
systems, instructors, and learners in many countries. This led to the emergence of additional issues,
such as difficulties in engaging students in classroom discussions, adapting to the usual classroom
procedures, and, ultimately, the decline in students’ academic performance. These unresolved
issues, which are closely linked to mental health troubles, can be explained based on psychological
guidelines. It goes without saying that the sudden loss of social connections with peers, colleagues, and
even students has a profound impact on both students and teachers. School closures and the extended
period of social isolation have put the psychological well-being of children and adults alike at risk
( Alamiri et al., 2024; Brooks et al., 2020; Hossain et al., 2020; Mazrekaj & De Witte, 2024).

The global outbreak of the virus has imposed a state of loneliness and social isolation on people worldwide.
The concept of social isolation has been a topic of intense debate for many years. However, in the context
of the coronavirus, addressing this issue has become a mandatory task for researchers (Wang, 2017).
Humans, by nature, are social beings who construct ideas and beliefs within societies through a mutual
exchange of thoughts. Like all social species, humans are predisposed to form social networks that
extend beyond individual members (Cacioppo & Decety, 2011). The biological essence of humans is
profoundly influenced by social interactions and the convergence of cultural and social ideas over
centuries (Bell et al.,, 2009; Gazzaniga, 2008, as cited by Cacioppo & Decety, 2011). Indeed, maintaining
healthy social relationships with others is vital for human survival (Calsyn & Winter, 2002; Giles et al.,,
2005; Uchino, 2009). One plausible explanation for humans’ essential need to connect with others can be
best illustrated through the cognitive window towards the brain. Essentially, the mammalian brain is highly
evolved to nurture social connections with other community members. Consequently, it instinctively
perceives isolation, rejection, or loneliness as threats to its survival.

It is widely understood that the risks associated with loneliness could outweigh the benefits of remaining
safe. The lack of social connections can trigger physiological responses and inevitably lead to
psychological distress, such as anxiety, depression, stress, and even mortality (Cacioppo et al., 2006;
Eisenberger, 2013; Luanaigh & Lawlor, 2008). Eisenberger et al. (2003) found that certain regions of the
brain are involved in both the perception of physical pain and the pain caused by social isolation or
rejection. Receiving positive social support and establishing a broad network of social connections can
help individuals combat these stressors. This is because positive social feedback enhances the release
of the “Oxytocin” hormone in the brain. Oxytocin, in turn, encourages the brain to form additional social
bonds (Carter et al., 2008; Insel & Young, 2001; Rodrigues et al., 2009; Stevenson et al., 2019; Uvna's-
Moberg, 1998). As a result of forming more social relationships and receiving positive social support and
feedback, individuals can be shielded from harmful behavioral influences (Grippo et al., 2009). A socially
healthy brain opens new communication channels and establishes new connections with other brains. In
contrast, brains affected by neurodegenerative disorders, such as Alzheimer’s, often struggle to maintain
social communication or exhibit normal social behaviors (Gregory et al., 2002). Therefore, it is clear that
there is a bidirectional link between the brain and the development of social behavior. Social behavior
can influence brain structures, but the fundamental structures of the brain can also significantly influence
social behaviors (Cacioppo et al., 2007).

Social isolation can ultimately impact students’ academic performance and jeopardize their
psychological well-being, a situation that must be avoided at all costs. However, this perspective leaves
several questions unanswered. For instance, to what extent do we prioritize the education of children with
mental disabilities or those with specific needs? Have children with autism exhibited any signs of
improvement in relation to isolation? How are students and teachers navigating the mental and
environmental challenges posed by the pandemic? The present study seeks to address these questions
from the perspective of social neuroscience. The objective of this article is to establish a multidimensional
framework for understanding social isolation and related concepts.
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2. Social neuroscience

Cognitive Neuroscience is currently a leading field of global inquiry, probing into the mysteries of the human
brain, the social ties that shape human communities, and the construction of emotionality. The significant
contributions of this field have given rise to newer disciplines. Humans, no longer living in isolation, have
their general responses shaped by their gregarious nature. The human brain is specifically developed to
comprehend other minds, categorizing humans as a highly socialized species. The interconnections among
humans are understood in relation to other societal connections; thus, humans are no longer studied in
isolation. The social nature of humans has gained traction among various scholars, making the reflection on
social relationships and their impending impacts on neural networks an important area of study.

Social neuroscience during the pandemic period gained popularity more than before as some
dimensions of healthy social life were omitted, and social isolation and loneliness were regarded as chronic
and burdensome (Gronewold & Engles, 2022; Mertens et al., 2020). During the last two decades, the main
focus of research has been on the effects of loneliness on the social brain of humans. Actually, social
neuroscience entered the scene to address new perspectives in the social and biological world of humans
using genetic studies, fMRI Techniques, EEG, and ERP (Cacioppo & Cacioppo, 2013). Social neuroscience,
an emerging cross-disciplinary platform, bridges the gap between the internal aspects of human nature
and the external elements of the surrounding world. This field aims to establish connections between the
subtle biological mechanisms occurring within the body and overt/covert social behaviors, in addition to
analyzing neural pattern activations associated with social performance (Cacioppo & Decety, 2011). In
fact, Social neuroscience represents the brain as a complicated device comprising several underlying
computing systems, all operating simultaneously to manifest a goal. According to Cacioppo and Cacioppo
(2013), the brain is a cell phone instead of a desktop merely plugged into an electricity source. To elaborate
more, researchers suggested that from a social neuroscience perspective, language is considered a
system dedicated to exchanging information between brains. However, merely a transference of data is not
intended, but other supplementary information, such as communication attachment, social recognition,
empathetical reactions, cultural norms, emotional contagion, etc, are also recorded (Cacioppo & Cacioppo,
2013). Evidently, multiple sources of conceptual data and comparative information analysis are integrated
sequentially until a consistent understanding emerges. As the title suggests, this subsection focuses on the
social dimension of the concepts, primarily understanding behavioral and emotional responses that could
significantly influence societal parameters. Indeed, social neuroscience has placed a strong emphasis on
the communicative interaction of individuals and their bidirectional social impacts. Singer (2012) identifies
three salient characteristics of the field: a) social neuroscience investigates the innate capacity of humans for
mutual understanding, empathizing, and applying pragmatic knowledge to extract connotative intentions and
beliefs, b) it shapes our interpretative capabilities, and c) it distinguishes the reciprocal sharing of feelings
with other community members.

Social neuroscience is a rapidly expanding discipline that encompasses several developmental
movements, each studying different aspects related to the broader picture. The primary contribution of the
social neuroscience perspective in the current study pertains to the field of education. Ever since the onset of
the pandemic crisis, which has posed significant challenges to educational systems worldwide, ministries of
education, universities, and schools have primarily sought to redefine educational procedures for students.
Educating students globally in the face of the Covid-19 crisis has proven to be a formidable challenge. Both
teachers and students are grappling with psychological and mental issues at a time when they are deprived
of traditional classrooms and the ability to establish direct rapport with each other. Evidently, face-to-face
social interactions have plummeted to their lowest levels ever, making online education the most prevalent
form of teaching, regardless of whether students appreciate it. Researchers and educational policymakers
tried to accommodate the need for desighing new pedagogical concepts to cater to the connectivity needs
of students. In this line of discussion, Dreamson (2020) attempted to redefine pedagogical needs in the
era of social isolation and loneliness and termed their pedagogy as “metacognitive pedagogy,” focusing
primarily on the need for communication. According to Dreamson (2020), the suggested pedagogy takes
a holistic, systematic approach toward the need for interconnectivity in times when digital education is
highly appreciated. The widespread COVID-19 pandemic raised serious pedagogical issues, which required
teachers to adopt new teaching strategies and students to adapt to the new environment. The salient point
is attending to the various needs of learners and instructors in times of crisis. Researchers demonstrate
that between 2020 and 2022 learning and performance of students were affected due to loneliness, mental
health isuues, lack of communication with peers and school closure (Dewitte & Francois, 2023; Di Pietro,
2023). Studies show there is a link between the duration of school closure and learning déficits in younger
children specifically in primary and secondry education (Mazrekaj et al., 2024).

Social neuroscience addresses both the health and educational dimensions of the scenario, investigating
the negative and positive outcomes of the situation. However, the present study attempts to reconsider the
educational dilemmas and emotional setbacks in the case of children with disabilities and their instructors
through the lens of social neuroscience. Generally speaking, both learners and educators have faced
a challenging time in online learning environments, but the effects on children with specific needs, their
families, and their teachers might be more significant. Such critical issues involve not only academic aspects
but also mental health concerns, and psychological and socioeconomic burdens are part of the framework
as well.
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2.1. Mental health and social neuroscience

The coronavirus, recognized as one of the most potent viruses in recent decades, has necessitated large-
scale containment measures due to its rapid spread and high contamination rate. Governments worldwide
were compelled to implement these measures, which included school closures, social distancing, home
quarantines, and social isolation (Loades et al., 2020). In response to the swift proliferation of the virus,
various organizations promptly enacted stringent regulations. These required employees, staff, and students
to adapt to new conditions, such as working from home. This shift in lifestyle, while necessary, prevented
individuals from engaging in face-to-face interactions with friends, colleagues, and instructors. The
quarantine regulations, while crucial for disease containment, were associated with psychological stress,
increased disease risk, loneliness, and mortality (Cohen et al., 2007; Hawkley & Cacioppo, 2010; Muscatell
& Eisenberger, 2012). Inflammatory responses are a critical component of the immune system’s reaction to
diseases or bodily damage. However, the prolonged presence of inflammation contributors in the body could
potentially pave the way for the emergence of other disorders (McEwen, 1998).

2.2. Mental health and social isolation

A wealth of data accumulated over recent decades illustrates the profound impact of stress on mental
health and various psychological aspects of life (Christiansen et al., 2021; Vasan et al., 2023). Research has
established robust links between major stressors experienced during strict quarantine periods, loneliness,
mental health, and the neural pathways of the brain (Gianaros et al., 2007; Martins et al., 2024; Mushtaq
& Khan, 2024). The widespread implementation of home quarantines has significantly intensified social
isolation. Mental health issues could stem from regulations and restrictions on social gatherings. Social
isolation is defined as “the inadequate quality or quantity of social relations with other people at the individual,
group, community, and larger social environment levels where human interactions take place” (Zavaletes et
al., 2014). Wang et al. (2017) propose a comprehensive model that encompasses several perspectives on
the theme of social isolation. This model is constructed in five stages, each viewing social isolation from a
unique angle. The principles of this conceptual model encapsulate five domains: quantity, structure, quality,
emotions, and resources. These domains are typically discussed in relation to social networks, but they can
also shed light on the nature of social isolation, loneliness, social support, and social networks. Network
quantity refers to the number of contacts, frequency of meetings with friends over a specific period, and
the number of people constituting the social network. Network quality measures the quality of significant
social relations, be they partnerships or friendships. It also assesses which network members can be trusted,
who are considered friends, and who would be most missed in their absence. “Appraisals of relationships;
emotional and resources” aim to determine the influence of certain relationships and the accessibility of
individuals to sources of social support. According to the model, during times of social isolation, the five
elements of quantity, quality, emotion, and resources are disrupted across individuals, leading to devastating
effects. During the pandemic marked mental health issues were left on younger generations from different
classes of scociety. In a study held by da Cruz and colleagues (2024) seventy six plrofessional soccer players
were studied to better understand the effects social isolation could have on their sleep quality, and anxiety.
Researchers reported that nationwide lockdown had resulted in drastic rise in the leve lof anxtiousness,
but the effects on sleep quality were obscure. They believe that in order to elaborate further on the posible
impacts of social confinement on sleep higiene longitudinal studies should be conducted. In another similar
study, reserachers revealed that social distancing and imposed lockdown were weighing heavily on young
females, arguing that their mental health were severely threatened due to lack of contact with friends, and
increased verbal arguments with family members. 650 participants took part in this online study which
demonstrated the regression of moderate to extreme depression, stress and traumas (Liozidou et al., 2024;
Vasan et al., 2023). According to the reserachers, pandemic not only forced people into physical distancing,
but also imposed them into psychological confinments (Liozidou et al., 2024; Loades et al., 2020). The same
results were reported with regard to Young children whose learning performance was significantly affected
due to school closure, and being deprived of being in touch with peers (di Pietro, 2023). Other scholars have
suggested additional components to address the issues of social isolation and loneliness (for further reading,
Dunn et al., 1990; Hays & DiMattio, 1987; de Jong-Gierveld, & Kamphuis, 1985; Webber & Huxley, 2007).

2.3. Social neuroscience, emotion and resilience

Sentiments or general emotions constitute a crucial component of daily conversational interactions. During
these interactions, individuals exchange emotional messages, such as fear, pride, embarrassment, and
happiness. These emotions can be realized both interpersonally and intrapersonally, serving as catalysts for
social interactions and the formation of social ties (Tangney et al., 2007). Humans, akin to other mammals, are
inherently social. The need to maintain and expand their social networks compels them to frequently interact
with other members of their community. However, when this need is suppressed by external factors, leading
to social isolation or exclusion, other mental elements, including emotions, are adversely affected. The
pain of social rejection extends beyond conventional boundaries, impacting neural networks and cognition
(Eisenberg et al., 2003). The neural signals perceived during social exclusion are primarily analyzed by the
anterior insula and dorsal anterior cingulate cortex, regions also involved in processing physical and affective
pain (Cacioppo et al., 2013; Eisenberger, 2012). In more severe cases of social exclusion, cortical areas and
posterior regions of the insula also become engaged (Kross et al., 2011). Cacioppo et al. (2000) examined
executive functions in individuals experiencing social isolation. They found that these individuals had difficulty
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controlling attentional tasks. In a dichotic listening examination, participants were asked to recognize
pairs of sounds presented simultaneously to the left and right ear. The task required significant attentional
regulation, and participants experiencing loneliness performed weaker compared to their socially connected
counterparts. Prolonged social isolation can trigger severe negative emotional reactions. The sources of
these negative emotions can vary across individuals and circumstances. For instance, news headlines about
the coronavirus pandemic have been identified as strong triggers of negative feelings (Aslam et al., 2020).
Thus, it is evident that emotional well-being can be significantly disrupted by social isolation and the negative
emotions it engenders, such as fear, anticipation, and doubt.

Resilience and wellbeing have emerged as prominent topics of discussion within psychological
domains (Jeste et al., 2015). As defined by Luthar et al. (2000, p. 543), resilience is a “dynamic process
of positive adaptation or development in the context of significant adversity.” It is viewed as a safeguard
against succumbing to stressors that could potentially compromise mental immunity (Davydov et al., 2010;
Jin et al., 2009). Rutter (2013) posits that there exists a bidirectional relationship between resilience and
environmental/contextual factors, indicating their interdependence. Resilience is significantly influenced
by environmental causal elements (Zynchincki & Polo, 2012). However, Schultze-Lutter et al. (2016) argue
that the scarcity of research projects concerning the concept of resilience has led to a proliferation of
definitions for this term. Despite this, their overarching idea is predicated on the notion that resilience serves
as a defensive mechanism, a mental barrier safeguarding mental health. Consequently, mental health is a
crucial component of the comprehensive definition of resilience (Schultze-Lutter et al., 2016). Resilience
is preserved when mental health remains intact. Resilience is thus defined both as a process and as an
outcome of coping strategies, resulting in enhanced capabilities for managing adversities (Machielse, 2018;
Masten, 2001; Gloria & Steinharted, 2014; Rutter, 2013). Emotional resilience echoes this idea, emphasizing
the ability to recover from the detrimental effects of negative factors and reflect positive emotions in return
(Zhang et al., 2020).

The development of emotional resilience is crucial for enhancing problem-solving capabilities and coping
strategies in challenging times. Essential coping skills aid individuals in internalizing qualities that foster
mental resilience, enabling them to manage mental issues and behavioral difficulties. In the current era of
education, itis vitallyimportant for students to be equipped with these coping strategies. Emotional wellbeing,
a fundamental principle contributing to improved lifestyle and academic performance, is significantly
influenced by environmental factors such as family and school (Chadwick, 2014, pp. 31 and 33). The age of
students is also a strong determinant in this context (Zhang et al., 2020). Managing emotional disturbances is
notably more challenging in younger children compared to their adult counterparts. Academic failure during
the pandemic has emerged as a major source of negative feelings such as anticipation and anxiety among
students, leading to a heightened vulnerability to reduced mental resilience. Therefore, acquiring emotional
management skills is essential for students, as effective emotional management strategies can significantly
improve academic performance and alleviate psychological distress (Berenson et al., 2008; Zhang et al.,
2020).

Emotional wellbeing assists us in better addressing social and mental difficulties (Chadwick, 2014, pp. 31
and 33; Gross et al., 1995). Wellbeing is achieved when a healthy balance is struck between resilience across
various elements (physical, academic, economic, etc.) and risk factors of different kinds (social, psychological,
mental, etc.) (Dodge et al., 2012). Given the prolonged closure of schools, emotional wellbeing has likely been
dramatically affected. Factors such as alienation and social isolation can significantly influence emotional
wellbeing and the level of psychological resilience (Franke & Elliott, 2021). The isolation caused by the spread
of the virus has forced students to remain separated from each other, leading to a reluctance to participate
in classroom activities (Schachter, 1959). This separation hinders the interactive exchange of ideas among
students, a critical process in the classroom.

3. Social neuroscience and autism

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that is widely recognized for impairing
social skills and mentalizing abilities in individuals (Lord et al., 2000). As suggested by its name, the disorder
is not defined by a single dysfunction, but rather encompasses a range of behavioral and psychological
disturbances (Jam et al., 2017). Children with autism often demonstrate commendable intellectual and
executive functioning. However, their inability to maintain effective social communication or to engage in
social contexts forms the primary characteristics of the disorder (Lanter & Watson, 2008; McPartland &
Pelphrey, 2012; Ozuna et al., 2015). These children typically avoid establishing direct eye contact and tend to
look elsewhere while speaking. They exhibit less interest in social interactions compared to their neurotypical
peers, and their use of gestures to enhance their conversations is often limited (Wong & Kasari, 2012). The
multimodal nature of conversations requires speakers to utilize various modes, such as bodily gestures and
eye contact, to maintain effective social communications. However, children with autism often struggle to
integrate all these elements, leading to occasional social rejection by their peers (Watkins et al., 2015).

Oral disabilities in children with autism are more profound than initially anticipated. These children may
exhibitprolonged pauses before formulating aresponse, orthey may struggle to fully comprehend thelinguistic
input of other speakers. A common characteristic among these children is the repetitive use of certain words
or phrases in their conversations (Tager-Flusberg, 2000). Parental communication with children with autism
naturally requires a different approach. Research has indicated that the emotional resilience measured in
mothers of children with autism tends to exceed that of mothers with neurotypical children (Manicacci et
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al., 2019). Consequently, parents often adapt their behavior to align with the needs and preferences of their
children. It has been observed that mothers are more likely to communicate with their children with autism
primarily through nonverbal means (Doussard-Roosevelt et al., 2003).

Children with autism are often reported to struggle with understanding the mental states of others,
including emotions, intentions, and beliefs. This difficulty can sometimes lead to misconceptions about the
intentions of others, making them vulnerable to deception. Their social impairments are not confined solely to
oral communication but can also extend to written modes. This can further exacerbate their communication
challenges (Asaro-Saddler, 2014; Baron-Cohen, 2002; Baron-Cohen et al., 1985; Zajic et al., 2016).

Social neuroscience, the scientific study of the mind, places significant emphasis on the interactional
processes that occur between humans in a social context. The complex interplay between the human brain
and social communication has long been a subject of interest for many scientists. Autism, in particular, has
been at the center of this attention. The study of children with autism has sparked interest and has become
a favored topic in cognitive studies within this field. Social communication, a crucial aspect of human nature,
involves several neural circuits in the brain that process various dimensions of interactions. This complexity
is what characterizes humans as social beings. Over time, scholars have identified specific regions of the
brain that are responsible for comprehending different aspects of social communication. These regions have
been observed to show decreased activation patterns in individuals with Autism Spectrum Disorder (ASD)
compared to their neurotypical peers (Kaiser et al., 2010; Maestro et al., 2002). The Superior Temporal Sulcus
(STS) and the Fusiform Gyrus (F.G.) are among the most studied areas in the brain. These regions assist
individuals in understanding physical gestures or communicative movements (such as eye contact and hand
motions) and in recognizing faces, respectively.

The Superior Temporal Sulcus (STS) plays a crucial role in interpreting intentions based on observed
biological motions, while the Fusiform Gyrus (F.G.) is responsible for distinguishing familiar faces from
unfamiliar ones (Hirari & Hiraki, 2005; Pelphrey et al., 2005; Puce et al., 1996; Simion et al., 2008). In fact, it
is suggested that the detective role of the STS in the human brain serves as the fundamental basis for the
emergence of more sophisticated social behaviors (Johnson, 2006).

4. The interplay between the Neuroscience and education

Social neuroscience has firmly established its presence in the field of education, leading to the emergence of
educational neuroscience as a widely debated topic in contemporary times. The integration of neuroscience
and educational principles has opened up new avenues for teachers, policy makers, and students to envision
novel approaches foracademiaandtoincorporate fresh perspectives into educational frameworks (Thomas et
al., 2019). Known as mind, brain, and education, educational neuroscience is aninterdisciplinary research field
that bridges three major cognitive domains. It leverages a range of practical and theoretical findings to create
a nexus between education and brain science (Arman et al., 2019). In essence, educational neuroscientists
strive to understand new concepts and adapt them to meet the requirements of contemporary education.
There is a growing optimism among researchers that neuroscience can play a pivotal role in enhancing the
quality of learning and teaching practices (Thomas et al., 2018). Educational neuroscience encompasses a
broad spectrum of studies that explore the potential impact of neuroscience research on learning processes
and teaching methodologies. With the increasing interest in understanding the functions of the brain and
its anatomical structures, there has been a surge in efforts to apply these findings across various contexts
(Howard-Jones, 2014a; Thomas et al., 2018). Numerous research initiatives have been undertaken to explore
the relationship between the mind, brain, and education. This has led to the coining of new terms such as
Neuroeducation, brain-based learning, and neuroscience of education (Ansari et al., 2012; Caine et al., 2005;
Zanida, 2015).

The assumption of a bidirectional relationship between neuroscientific insights and educational practices
posits that education could effectuate significant changes in the brain. This has led to attempts to apply
the principles of social neuroscience across various levels of education. Recent findings suggest that
researchers have explored the benefits of integrating neuroscience into educational settings to enhance
learning opportunities (Gabrieli, 2016). This idea has spurred extensive empirical and theoretical research
in the neuroscience of education and learning. As the intersection between these areas garnered attention
from academicians, neuroscientists, and psychologists, there emerged a strong need to form new groups
and scholarly parties to either advocate for or argue against the translation of neuroscientific findings into
education.

Studies suggest that before neuroscience can be widely applied in educational settings, a solid foundation
in basic sciences must be established (Howard-Jones, 2010; Howard-Jones et al., 2009; Sparks, 2012). The
author argues that transferring knowledge to classrooms without providing the necessary foundations could
be extremely time-consuming or even impossible. Willetts (2018) echoes this concern, stating that without
taking proper measures before applying neuroscience to education, the desired outcomes may not be
achieved.

The risks may intensify as educators show an excessive enthusiasm for the direct application of
neuroscience in education (Ansari & Coch, 2006; Howard-Jones & Fenton, 2012). A survey study by Ching
et al. (2020) involving 968 pre-service teachers revealed that while the majority lacked sufficient knowledge
of brain science, they expressed positive attitudes towards implementing neuroscientific findings in teacher
training sessions or educational settings. Despite criticisms against the use of neuroscience in classrooms
(Dougherty & Robey, 2018; Willis, 2008; Mayor, 1998), the general consensus has been welcoming towards
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bringing neuroscience findings into the classroom (Gabrielli, 2016; Howard-Jones et al., 2016). The prevailing
idea is that neuroscience can aid instructors in improving their instructional practices and help students
enhance their learning and gain a clearer understanding of their learning processes (Tommerdahl, 2010).

Sinclaire-Harding et al. (2018) studied the integration of neuroscience into child education and argued that
adopting a neuroscientific, brain-based learning approach could optimize effective learning and promote
healthy growth. Researchers believe that increased dialogue between different fields can yield rewarding
outcomes, as they can reflect on the potential contributions of neuroscience to other disciplines (Arman et
al., 2019).

5. Discussion

Recently, neuroscience has been incorporated into the realm of online education, a mode of learning and
teaching that has gained popularity, especially during pandemics when social distancing became mandatory
for promoting physical well-being. As Doukakis et al., (2020) suggest, neuroscience can effectively enhance
teacher training skills, reduce pedagogical issues, and ensure better cognitive preparedness, thereby
potentially boosting learning opportunities.

Hodges et al. (2020) support the notion that online language teaching requires full awareness and differs
significantly from emergency remote teaching implemented under strenuous circumstances, such as
during the Covid-19 pandemic. Neuroscience research indicates that the brain’s plasticity allows it to adapt
to various circumstances. However, this requires individuals to engage in different activities to strengthen
specific neural pathways. Such large-scale changes can mold the brain’s structure to accommodate various
conditions, resulting in improved learning (Darling-Hammond et al., 2020).

Teachers are advised to contribute to memory consolidation in learners by implementing effective
assessment techniques and providing feedback. Both teachers and learners can benefit from formal and
informal ways of evaluating students’ knowledge, as teachers can adopt new methods and students can
deepen their knowledge (Hwang & Chang, 2011). According to Nottingham (2017), online learning can be
beneficial for students. The researcher posits that the online environment can be resourceful, enabling
students to work creatively in collaboration, contribute to classroom discussions, and actively challenge
themselves with new learning activities. However, this may not hold true for autistic children who may find
it difficult to use technology, especially if they have motor skill difficulties (Faraj et al., 2020). In such cases,
constant parental involvement may be required, which could be burdensome for other family members.
Nevertheless, researchers suggest that user-friendly online learning platforms could be beneficial for autistic
students (Faraj et al., 2020).

The incorporation of technological tools in pedagogical practices has been a priority for years, aiming to
enhance students’ achievements. Devices such as iPods and tablets have been suggested to have a positive
impact on autistic children, as they can easily use them and adjust their behavioral representations based on
the learnings acquired through online education (Ayres et al., 2013; Schmidt, 2014; Southall, 2013).

Aspiranti et al. (2020) highlighted the positive outcomes of learning through iPad Technologies. While they
encouraged educators to promote the use of this technology, they also emphasized the need to consider
various underlying factors. The online learning environment, with its flexible timing and learning opportunities,
could be advantageous for autistic students, as it does not require physical presence in classrooms. However,
it should be understood that online learning does not necessarily lead to effective learning; it depends on
how well both the teacher and the student engage with their teaching and learning experiences (Ellis & Good
year, 2019). According to Kauffman (2015), students undertaking online education must demonstrate a range
of skills, including time management, self-evaluation, and self-studying, sometimes even before classes.
It has been reported that demonstrating such skills can often be challenging for autistic students (Fabri &
Andrews, 2016). Therefore, from this perspective, online education may not be efficient for autistic children.

Contrarily, a study conducted by Moore and Calvert (2000) showed that students with Autism Spectrum
Disorder (ASD) tended to learn more effectively from educational material presented through computers
or similar devices. Chu et al., (2020) tested this hypothesis by assisting autistic students to improve their
mathematical learning and emotion regulation. They concluded that online learning significantly influenced
their academic achievements. However, students exhibited varied emotional behaviors, and learning was not
necessarily successful in mastering emotion regulation. In fact, the results in this line of research have been
contradictory, and very little is known in this regard. Further research is required to highlight the advantages
and disadvantages of online learning for ASD children.

6. Conclusion

The advent of the online learning environment has brought new hopes for enhancing learning and teaching
experiences. Despite the contradictions in the results of employing online education for students with
special needs, it is still suggested to implement a model that is adaptable to their needs and reinforces their
strengths in educational settings. Adaptive education could potentially enhance learning opportunities (Chu
et al., 2020).

Some studies suggest that e-learning could be beneficial as students could apply their skills to the same
virtual conditions. Emotion regulation, which is crucial in any kind of learning, has been found to be mostly
impaired or abnormal in ASD children, who may express more anger, sadness, anxiety, etc., across various
occasions. Likewise, ASD children often demonstrate excessive frustration towards time-limited contexts
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due to difficulties in adapting to new situations (Kriete & Noelle, 2015). Thus, e-learning holds an advantage
for these students (Roskam, 1997).

Other studies have argued that the inability to regulate emotions in ASD children is one of the main
reasons for underachievements in the ASD community (Ashburner et al., 2010). E-learning, by offering a
safe location for learning free of probable stressors, could be regarded as an efficient learning platform for
ASD students.

However, this does not suggest completely limiting these individuals to self-study education and
eliminating their presence fromthe public. Onthe contrary, itis suggested that e-learning could complement
the educational growth of ASD students, just like their healthy peers. All students, regardless of their
academic and family backgrounds, have the right to a decent education. Perhaps, online learning and
the use of technological advancements could pave the way for the rise of a new generation of competent
students.

The global pandemic of COVID-19 has exerted a substantial influence on the educational encounters of
students, notably those diagnosed with autism spectrum disorder (ASD). The abrupt transition to remote and
onlineinstruction hasintroduced avariety of challenges and possibilities for this particular group of individuals.
An essential difficulty encountered by ASD students within the realm of online learning pertains to the struggle
in adjusting to the novel instructional format. The disruption of customary routines and frameworks, which
are vital for many ASD students, can be a consequence of the shift to virtual classrooms. Furthermore, the
absence of face-to-face social engagements and the heightened dependence on technology can prove to
be especially demanding for individuals grappling with social communication impediments, a fundamental
trait of ASD (Fabri & Andrews, 2016). Nevertheless, the online learning model has also displayed potential
advantages for ASD students. Research indicates that certain individuals with ASD might exhibit enhanced
learning outcomes when educational material is delivered through computers or digital gadgets (Chu et al.,
2020; Moore & Calvert, 2000). The capacity to regulate the pace of learning, reduce sensory disturbances,
and interact with content in a more personalized manner can be beneficial for ASD students. Moreover, the
online setting may offer a more secure and comfortable space for social interaction, enabling ASD students
to engage in conversations and cooperate with peers in a less overwhelming environment. The assimilation
of social neuroscience principles into the development and execution of online learning platforms for ASD
students can further enrich their educational encounters. By comprehending the neural mechanisms
that underlie social cognition and communication, educators and researchers can design more precise
interventions and support systems to cater to the distinctive requirements of this demographic (Muscatell
& Eisenberger, 2012; McPartland & Pelphrey, 2012). To ensure the effective deployment of online learning for
ASD students, it is imperative to supply comprehensive assistance and guidance for both students and their
families. This might encompass techniques for managing emotional regulation, nurturing social interactions,
and cultivating self-regulation skills essential for proficient online learning (Hodges et al., 2020). Additionally,
sustained collaboration among educators, neuroscientists, and ASD experts can help bridge the disconnect
between theory and application, ultimately resulting in more empirically-grounded and customized
educational methodologies. On the whole, the COVID-19 crisis has underscored the necessity for innovative
and inclusive educational remedies for individuals with ASD. By capitalizing on the potential of online learning
and integrating insights from social neuroscience, educators can endeavor to establish more supportive and
enriching learning environments that address the diverse needs of this demographic.
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