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Abstract: This study explores the role of neuroscience in addressing 
dyscalculia and enhancing mathematics education for students with this 
learning difficulty. The research synthesizes recent findings on the neural 
mechanisms underlying dyscalculia, focusing on abnormalities in the 
intraparietal sulcus and prefrontal cortex, which are critical for numerical 
processing and working memory. Evidence-based strategies, such as 
multisensory teaching methods and adaptive technologies, were analyzed 
for their effectiveness in supporting mathematical learning. Advanced 
neuroimaging techniques like fMRI and EEG were highlighted as tools to 
monitor real-time brain activity, enabling personalized interventions. The 
results emphasize the need for tailored approaches that address individual 
cognitive profiles, as traditional one-size-fits-all methods often fall short. 
Despite the promise of neuroscience-informed practices, challenges remain 
in translating these insights into accessible classroom tools due to high costs 
and limited teacher training. The study concludes that integrating 
neuroscience into education offers transformative potential but requires 
scalable solutions and professional development programs for educators. 
This approach fosters inclusive learning environments that support 
academic success and emotional well-being for students with dyscalculia. 
 
Keywords: Dyscalculia; Mathematics Education; Neuroimaging; 
Neuroscience.  

  

Introduction  
 
Mathematics is a fundamental subject in education, 

serving as a cornerstone for logical reasoning, problem-
solving, and critical thinking (Ajai, 2024). However, not 

all students find mathematics accessible or 
comprehensible. Among the challenges faced by 
learners, dyscalculia a specific learning difficulty in 
understanding numbers and mathematical concepts—
remains a significant concern (Butterworth et al., 2021). 
Dyscalculia affects approximately 3–7% of school-age 
children globally, making it imperative to develop 
effective strategies to support these learners (Kucian & 

Aster, 2022). Despite its prevalence, dyscalculia often 
remains underdiagnosed and inadequately addressed in 

educational settings, leading to long-term academic and 
emotional consequences for affected students (Cornue, 
2018). 

Neuroscience has emerged as a powerful tool for 
understanding the cognitive processes underlying 
mathematical learning (Looi et al., 2016). Recent studies 
have highlighted the role of brain regions such as the 
intraparietal sulcus and the prefrontal cortex in 
numerical processing and arithmetic operations (Smedt 
et al., 2023). These findings provide valuable insights 
into the neural mechanisms that may be impaired in 
students with dyscalculia. For instance, abnormalities in 
the IPS have been linked to difficulties in number sense, 
while deficits in working memory—supported by the 
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prefrontal cortex—are associated with challenges in 
solving multi-step problems (Szűcs & Myers, 2024). 

The integration of neuroscience into educational 
practices offers promising avenues for addressing the 
needs of students with dyscalculia (Siddiqui, 2023). 
Neuroscientific approaches emphasize evidence-based 
interventions, such as multisensory teaching methods, 
adaptive technology, and targeted cognitive training, 
which aim to strengthen neural pathways associated 
with mathematical learning (Ansari, 2023). Moreover, 
advancements in neuroimaging techniques, such as 
functional magnetic resonance imaging (fMRI) and 
electroencephalography (EEG), have enabled 
researchers to observe real-time brain activity during 
mathematical tasks, providing a deeper understanding 
of how dyscalculia manifests at the neural level (Grabner 
& Ansari, 2022). 

This study aims to explore the potential of 
neuroscience analysis in helping students with 
dyscalculia understand mathematics. Specifically, it 
seeks to: identify key neuroscientific findings related to 
dyscalculia and mathematical learning; evaluate 
evidence-based strategies informed by neuroscience for 
supporting students with dyscalculia; and propose 
recommendations for integrating neuroscientific 
insights into classroom practices. By focusing on these 
objectives, this research contributes to bridging the gap 
between neuroscience and education, fostering inclusive 
learning environments where all students can thrive. 

To contextualize this study, recent literature 
drawing on peer-reviewed articles indexed in Scopus. 
These sources include groundbreaking studies on the 
neurological basis of dyscalculia (Butterworth et al., 
2021; Kucian & Aster, 2022), innovative interventions 
leveraging neuroscientific principles (Ansari, 2023; 
Smedt et al., 2023), and the application of advanced 
technologies in educational settings (Grabner & Ansari, 
2022; Szűcs & Myers, 2024). Through this synthesis, the 
study provides a foundation for understanding how 
neuroscience can inform and enhance the teaching of 
mathematics for students with dyscalculia. 

 

Method  
 
This study employs a literature review research 

design to systematically analyze and synthesize existing 
scholarly works on the application of neuroscience in 
helping students with dyscalculia understand 
mathematics (Yu, 2023). The review is structured as a 
thematic synthesis, focusing on identifying key themes, 
patterns, and gaps in the current body of knowledge to 
provide a comprehensive understanding of the topic. 
Guided by the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) framework, the 

study ensures transparency and rigor in the 
identification, screening, and analysis of relevant 
literature.  

A systematic search was conducted using academic 
databases such as Scopus, PubMed, and Web of Science, 
employing keywords like "Neuroscience AND 
Dyscalculia," "Mathematics Learning AND 
Neuroimaging," and "Dyscalculia Interventions AND 
Neuroscience." Studies were included if they were 
published between 2021 and 2025, indexed in Scopus, 
focused on neuroscience-based approaches to 
dyscalculia, and written in English. Exclusion criteria 
encompassed non-peer-reviewed articles, conference 
abstracts, gray literature, and studies unrelated to the 
topic or published before 2021.  

After screening titles, abstracts, and full texts, 20 
articles meeting the inclusion criteria were selected for 
analysis. The data analysis process involved thematic 
content analysis, where key concepts, findings, and 
methodologies from each article were coded into 
categories such as neuroscientific findings related to 
dyscalculia, evidence-based interventions, and 
educational implications. These codes were then 
grouped into broader themes, including neural 
mechanisms underlying dyscalculia, applications of 
neuroimaging techniques in education, and effective 
strategies for teaching mathematics to students with 
dyscalculia.  

Each study was critically evaluated for its 
methodological rigor, relevance, and contribution to 
ensure that only high-quality evidence informed the 
conclusions. Ethical considerations were maintained by 
accurately citing all sources, ensuring fair representation 
of authors' ideas, and avoiding bias in the selection and 
interpretation of studies. While this study provides 
valuable insights, it is subject to limitations, such as the 
focus on recent literature (2021–2025), potential 
publication bias due to reliance on Scopus-indexed 
articles, and the interpretive nature of thematic 
synthesis, which may reflect the researchers' 
perspectives.  

 
Result and Discussion 

 
The thematic synthesis of the reviewed literature 

identified three key themes that highlight the 
intersection of neuroscience and mathematics education 
for students with dyscalculia. First, neuroscientific 
research has pinpointed specific brain regions and 
neural pathways implicated in dyscalculia. The 
intraparietal sulcus and prefrontal cortex were 
consistently highlighted as critical areas for numerical 
processing and working memory (Butterworth et al., 
2021; Kaufmann et al., 2022; Smedt et al., 2023). 
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Abnormalities in these regions are associated with 
difficulties in number sense and arithmetic operations, 
providing a biological explanation for the challenges 
faced by students with dyscalculia (Ashkenazi et al., 
2021; Price et al., 2022). 

Second, evidence-based strategies informed by 
neuroscience have demonstrated effectiveness in 
supporting mathematical learning for students with 
dyscalculia. Multisensory teaching methods, which 
engage visual, auditory, and kinesthetic modalities, 
were shown to enhance neural connectivity and improve 
numerical understanding (Ansari, 2023; Kucian & Aster, 
2022; Wilson et al., 2023). Similarly, adaptive 
technologies that provide personalized feedback and 
scaffolded support were found to boost students' 
confidence and performance in mathematics (Grabner & 
Ansari, 2022; Räsänen et al., 2024). 

Third, advancements in neuroimaging techniques, 
such as functional magnetic resonance imaging (fMRI) 
and electroencephalography (EEG), have enabled 
researchers to observe real-time brain activity during 
mathematical tasks. These tools offer valuable insights 
into how students with dyscalculia process numbers and 
solve problems, paving the way for more targeted 
interventions (Fias et al., 2022; Rosenberg-Lee et al., 
2023; Szűcs & Myers, 2024). Additionally, machine 
learning algorithms applied to neuroimaging data have 
revealed patterns of neural inefficiency that can predict 
individual learning outcomes (Hawes et al., 2024; 
Menon, 2023). 

The results of this study align with and build upon 
earlier research regarding the neuroscientific 
underpinnings of dyscalculia and its implications for 
mathematics education. For instance, prior studies have 
consistently identified abnormalities in the intraparietal 
sulcus (IPS) and prefrontal cortex as critical factors 
contributing to difficulties in numerical processing and 
working memory among students with dyscalculia 
(Butterworth et al., 2021; Kucian & Aster, 2022; 
McCloskey et al., 2023). These findings are consistent 
with the current study, which reaffirms the role of these 
brain regions in mathematical learning. However, this 
study extends previous research by incorporating 
insights from advanced neuroimaging techniques, such 
as fMRI and EEG, to monitor real-time brain activity 
during mathematical tasks. This advancement provides 
a more dynamic understanding of how dyscalculia 
manifests at the neural level, offering educators a clearer 
pathway for designing targeted interventions (Dehaene 
et al., 2023; Park et al., 2024). 

In terms of evidence-based strategies, earlier 
studies have highlighted the effectiveness of 
multisensory teaching methods and adaptive 
technologies in improving mathematical outcomes for 

students with dyscalculia (Ansari, 2023; Geary et al., 
2022; Grabner & Ansari, 2022). The current study 
supports these findings but adds granularity by 
emphasizing the importance of personalization. For 
example, while previous research has demonstrated the 
general efficacy of multisensory approaches, this study 
underscores the need to tailor these methods to 
individual cognitive profiles. This conclusion is 
supported by neuroimaging data showing variations in 
brain activation patterns among students with 
dyscalculia, suggesting that a one-size-fits-all approach 
may not be sufficient (Kaufmann et al., 2022; Wilson et 
al., 2023). 

From an opinion standpoint, I argue that the 
integration of neuroscience into educational practices 
represents a paradigm shift in how we address learning 
difficulties like dyscalculia. Unlike traditional methods 
that focus solely on observable behaviors, neuroscience 
offers a deeper understanding of the biological and 
cognitive processes underlying these challenges. This 
perspective is supported by Szűcs & Myers (2024), who 
emphasize the potential of neuroimaging to validate and 
refine educational interventions. However, I also 
acknowledge the practical limitations of implementing 
neuroscience-based tools in real-world classrooms. For 
instance, the high cost and technical complexity of 
neuroimaging technologies may restrict their 
accessibility, particularly in underfunded schools 
(Hawes et al., 2024; Rosenberg-Lee et al., 2023). To 
address this issue, I propose that future research should 
focus on developing low-cost, scalable alternatives, such 
as digital platforms that simulate neuroscientific 
principles without requiring expensive equipment 
(Hassler et al., 2024; Zhang et al., 2023). 

Another noteworthy observation is the gap 
between research and practice. While earlier studies 
have provided robust evidence for neuroscience-
informed strategies, the current study highlights the 
ongoing challenge of translating these insights into 
actionable pedagogical practices. Teachers often lack the 
training or resources needed to implement these 
strategies effectively (Menon, 2023; Smedt et al., 2023). 
Based on this finding, I advocate for the development of 
professional development programs that equip 
educators with the skills to apply neuroscience-based 
approaches in their classrooms. Such programs should 
include hands-on training and ongoing support to 
ensure sustainability (Ashkenazi et al., 2021; Geary et al., 
2022). Another noteworthy observation is the gap 
between research and practice. While earlier studies 
have provided robust evidence for neuroscience-
informed strategies, the current study highlights the 
ongoing challenge of translating these insights into 
actionable pedagogical practices. Teachers often lack the 
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training or resources needed to implement these 
strategies effectively (Menon, 2023; Smedt et al., 2023). 
Based on this finding, I advocate for the development of 
professional development programs that equip 
educators with the skills to apply neuroscience-based 
approaches in their classrooms. Such programs should 
include hands-on training and ongoing support to 
ensure sustainability (Ashkenazi et al., 2021; Geary et al., 
2022). 

This study reinforces and expands upon prior 
research by integrating neuroscientific insights with 
practical educational applications. While the findings 
highlight the transformative potential of neuroscience in 
addressing dyscalculia, they also reveal significant 
barriers to implementation. By bridging the gap between 
research and practice, and addressing issues of 
accessibility and scalability, we can create more 
inclusive and effective learning environments for 
students with dyscalculia. Future research should 
prioritize longitudinal studies to evaluate the long-term 
impact of neuroscience-informed interventions, 
ensuring that these approaches are both scientifically 
robust and practically feasible (Fias et al., 2022; 
McCloskey et al., 2023; Park et al., 2024). 
 

Conclusion  

 
This study underscores the transformative 

potential of neuroscience in addressing dyscalculia and 
enhancing mathematics education for affected students. 
By identifying key brain regions such as the intraparietal 
sulcus and prefrontal cortex, and leveraging advanced 
neuroimaging techniques like fMRI and EEG, educators 
can gain deeper insights into the neural mechanisms 
underlying mathematical difficulties. Evidence-based 
strategies, including multisensory teaching methods 
and adaptive technologies, have proven effective in 
supporting students with dyscalculia, particularly when 
tailored to individual cognitive profiles. However, 
challenges remain in translating these findings into 
practical classroom applications due to resource 
limitations and the gap between research and practice. 
To bridge this divide, future efforts should focus on 
developing scalable, low-cost tools and providing 
educators with professional development programs. 
Ultimately, integrating neuroscience into education 
offers a promising pathway to create inclusive learning 
environments that foster academic success and 
emotional well-being for students with dyscalculia. 
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