
Abstract—This  paper  reviews  neurocognitive  studies  using 

EEG, fMRI, and eye-tracking to investigate how learners un-

derstand  fractions.  While  challenges  with  fractions  are  well 

documented, most research has focused on adults, leaving chil-

dren underrepresented.  The review highlights  how the brain 

processes symbolic and nonsymbolic fractions, the involvement 

of regions such as the intraparietal sulcus, and the role of visual 

attention and neural timing in mathematical reasoning. It also 

examines how targeted instruction can reshape brain activity 

related to fraction magnitude estimation. Emphasis is placed on 

the promise of portable EEG devices for real-time classroom 

use, supporting personalized and responsive teaching. The find-

ings underscore the potential of educational neuroscience to in-

form more effective and developmentally appropriate practices 

in mathematics education.

Index  Terms—educational  neuroscience,  fractions,  EEG, 

fMRI, eye tracking, mathematical cognition, precision educa-

tion.

I. INTRODUCTION

DUCATIONAL neuroscience has emerged at the inter-
section of psychology, neurology, and pedagogy, aim-

ing to deepen our understanding of how individuals learn 
while also contributing to the refinement of teaching meth-
ods  and  learning  environments.  Despite  the  considerable 
body of research developed since the early 20th century, dif-
ficulties  in  mathematical  understanding  persist  across  age 
groups, affecting both children and adults [1]. Drawing on 
expertise from psychology, neuroscience, and education, re-
cent research applies neuroscientific tools and experimental 
methodologies to address fundamental challenges in learning 
and  instruction.  As  an  interdisciplinary  field,  educational 
neuroscience  enriches  educational  research  by  introducing 
innovative techniques that can inform more effective teach-
ing  practices  and  foster  optimized  learning  environments. 
Technologies such as magnetic resonance imaging (MRI), 
electroencephalography  (EEG),  and  near-infrared  spec-
troscopy, alongside eye-tracking systems, facial expression 
analysis,  and wearable  devices  like smartwatches,  provide 
access to neurophysiological data under naturalistic condi-
tions. These tools also support the identification of digital 

E

biomarkers and contribute to a better understanding of mem-
ory mechanisms [2].

In parallel, data mining techniques offer valuable insights 
into cognitive processes, behavioral patterns, and the factors 
influencing academic performance [3,4]. Such analyses fa-
cilitate the development of personalized learning strategies 
tailored to individual needs and learning profiles [5]. Neu-
roimaging studies have further enhanced this effort by iden-
tifying brain regions involved in understanding mathemati-
cal constructs like fractions, thereby providing a foundation 
for  more targeted instructional  design [6,7].  While  neuro-
science may not yield directly applicable classroom strate-
gies, it can inform educational practice by integrating knowl-
edge about  brain function and cognitive development into 
pedagogical contexts [8,9]. It can also assist teachers in se-
lecting instructional methods aligned with student character-
istics and adapting their practices based on learners’ cogni-
tive profiles [10].  

This evolving dialogue between educational research and 
cognitive neuroscience points to a dynamic, reciprocal rela-
tionship.  Both disciplines contribute to a broader method-
ological framework aimed at shaping a new educational par-
adigm, where insights from neuroscience on brain develop-
ment are actively used to enhance and enrich pedagogical 
practices [11]. Against this backdrop, the present paper syn-
thesizes empirical findings from studies using EEG, fMRI, 
and eye-tracking technologies to uncover key neurocognitive 
patterns in mathematical thinking, with a specific focus on 
fraction understanding. By combining these complementary 
approaches, the paper aims to illuminate how the brain pro-
cesses  mathematical  concepts  and  to  explore  how  this 
knowledge can inform the creation of developmentally ap-
propriate and cognitively attuned instructional strategies in 
mathematics education.

II. NEURAL FOUNDATIONS OF MATHEMATICAL SKILLS

Mathematical cognition is supported by a complex neural 
architecture involving multiple brain regions. Among these, 
the parietal cortex plays a central role. Specifically, mathe-
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matical tasks activate areas within and around the horizontal 
intraparietal sulcus (IPS), which has been consistently impli-
cated in number processing [12, 13, 14]. Neuropsychological 
models suggest that numerical concepts are represented bi-
laterally, within cortical regions surrounding the IPS, using 
symbolic  formats  [15].  While  the  left  parietal  regions  are 
primarily involved in quantity estimation regardless of for-
mat, the right parietal cortex appears to specialize in the pro-
cessing of non-symbolic numerical information. These find-
ings point to the existence of two functionally distinct but 
overlapping neural systems involved in mathematical cogni-
tion [16]. Importantly, IPS activation is not uniform across 
tasks. Studies have shown that it varies inversely with nu-
merical distance; the closer two numbers are, the greater the 
activation observed in this region [17, 18]. 

In  addition  to  the  parietal  cortex,  the  prefrontal  cortex 
(PFC) also plays a key role in mathematical thinking, includ-
ing even simple arithmetic tasks [16, 19]. The fronto-parietal 
network is thus considered essential for mathematical rea-
soning [20, 21]. Within this system, algebra and arithmetic 
both activate bilateral parietal areas but rely on distinct cog-
nitive systems: algebra is more strongly associated with se-
mantic networks, while arithmetic is linked to phonological 
and visuospatial processing [20]. 

Beyond these regions, additional cortical structures have 
been implicated in mathematical processing. These include 
the  claustrum,  the  insula,  and  the  cingulate  gyrus,  which 
contribute to broader executive and motivational processes 
[21]. The insula, in particular, appears to be crucial for chil-
dren’s mathematical computations, given its role in intrinsic 
motivation,  emotional  goal-setting,  and  attentional  control 
[21].  Notably,  increased  activation  in  the  insula  has  also 
been observed in adults and children when they face chal-
lenges  in  processing  numerical  magnitude  [22].  Finally, 
mathematical error processing engages a distributed network 
including the anterior  cingulate cortex (ACC),  pre-supple-
mentary motor area (pre-SMA), bilateral  insula,  thalamus, 
and the right inferior parietal lobule, regions associated with 
cognitive control, conflict monitoring, and attentional adjust-
ment [23].

A. Neurocognitive Data on Fraction Processing  

In recent years, research efforts have increasingly focused 
on understanding the cognitive mechanisms involved in the 
processing and acquisition of fractions. Studies have shown 
that  symbolic  representations  of  fractions  are  particularly 
challenging to comprehend and often lead to systematic er-
rors. These difficulties are largely attributed to pre-existing 
cognitive biases that stem from the habitual use of whole 
number  knowledge,  observed in  both  children and adults. 
However, the specific stages of fraction perception and pro-
cessing at which these difficulties arise remain unclear [24]. 
Despite growing interest in this area, investigations into the 
neurocognitive mechanisms underlying fraction processing 
are still relatively limited. 

B. Eye-Tracking Investigations in Fraction Processing 

One of the principal methods for exploring how learners 
process fractions is eye-tracking technology, which has been 
widely employed in research on mathematical cognition. It is 
an established tool  in  educational  research,  particularly in 
mathematics education [25, 26]. The most commonly used 
form of  eye tracking relies  on infrared light  to  non-inva-
sively record eye movements and provide real-time data on 
visual  attention  and  fixation  points.  This  technique  is 
grounded in the “eye–mind hypothesis” [27], which posits 
that eye movements reflect the ongoing cognitive processes 
of the viewer. As such, eye tracking offers insights into the 
problem-solving  strategies  employed  by  individuals  when 
engaging with mathematical tasks [28], while also acknowl-
edging certain methodological limitations related to interpre-
tation and resolution [29]. 

A pioneering study by [30] examined how eight adults ap-
proached  both  simple  and  complex  fraction  comparison 
problems.  Participants  demonstrated  flexible,  problem-
adapted  strategies,  adjusting  their  methods  based  on  task 
complexity. Additionally, shorter fixation durations were ob-
served for larger numerical ratios, supporting earlier findings 
on the relationship between numerical proximity and reac-
tion time [31]. In contrast, [32] found that denominators at-
tracted significantly more fixations than numerators, regard-
less of problem type—suggesting greater difficulty in pro-
cessing denominators. Similarly, [33] reported that in com-
plex fraction addition tasks with unlike denominators, partic-
ipants  exhibited  increased fixations  and saccades  between 
denominators, indicating heightened cognitive demand. 

Complementing these findings, [34] found that in fraction 
comparison  tasks  without  shared  elements,  participants 
tended to  focus  more  on numerators—likely  reflecting an 
underlying natural number bias,  where whole-number rea-
soning interferes with accurate fraction interpretation. Taken 
together, eye-tracking studies have made substantial contri-
butions  to  our  understanding of  fraction processing.  They 
have revealed how learners extract information from numer-
ators and denominators and how they adjust their strategies 
based on the specific demands of each task. Moreover, find-
ings indicate that participants frequently rely on simplified 
cognitive  strategies  or  heuristics  to  navigate  mathematical 
challenges,  highlighting  the  role  of  intuitive  reasoning  in 
fraction understanding [24]. 

C. Neuroimaging Studies of Fraction Processing: 
Insights from fMRI

Over the past three decades, extensive research has been 
conducted on the neural correlates of whole number process-
ing. In contrast, studies focusing on the neural mechanisms 
involved in the processing of fractions and proportional rea-
soning remain relatively scarce. Only a limited number of 
investigations have explored these mechanisms in adults us-
ing functional  magnetic resonance imaging (fMRI).  These 
studies have addressed various dimensions of fractional rea-
soning,  including  proportional  comparisons  [35,  36],  the 

40 PROCEEDINGS OF THE ICETASI. AMALIADA, 2025



cognitive processing of fractions [38, 39, 35, 7, 37], and the 
influence of instructional interventions on neural activation 
patterns [6] . 

Functional  magnetic  resonance  imaging  (fMRI)  is  a 
widely used non-invasive technique for evaluating brain ac-
tivity, offering several key advantages. Its high spatial reso-
lution enables the detailed mapping of small brain structures, 
allowing for comprehensive assessment of both cortical and 
subcortical regions. This makes fMRI particularly valuable 
for  studying  the  distributed  neural  networks  involved  in 
mathematical cognition. However, its relatively limited tem-
poral  resolution,  approximately  two  seconds  to  capture 
whole-brain  activity,  limits  the  ability  to  resolve  rapid 
changes  in  neural  processing.  The  inherent  delay  of  the 
BOLD (blood-oxygen-level-dependent)  signal  further  con-
strains the interpretation of fast, transient cognitive events. 
In the context of fraction-related tasks, where quick shifts in 
numerical comparison or proportional reasoning are crucial, 
these temporal limitations hinder a precise understanding of 
the timing and sequence of cognitive processes [24]. Neu-
roimaging findings have consistently identified the intrapari-
etal sulcus (IPS) as playing a central role in the representa-
tion of  both symbolic  and nonsymbolic  numerical  magni-
tudes. Developmental neuroimaging studies in adults further 
support  the  IPS  as  a  key  hub  for  numerical  cognition 
[19, 40]. 

[42] investigated how the neuronal recycling hypothesis 
may apply to  the cognitive systems that  process  nonsym-
bolic fractions. They also examined how these systems could 
contribute to the development of abilities required for under-
standing symbolic fractions. Their study builds upon the the-
oretical framework of neuronal recycling proposed by [41], 
which suggests that the brain repurposes pre-existing cogni-
tive systems—originally evolved for other purposes—to in-
tegrate  culturally  acquired  concepts  like  symbolic  frac-
tions [42].

Building on these findings, [7] investigated the develop-
mental  trajectory of  fraction understanding in  school-aged 
children. They proposed that conceptual knowledge of frac-
tions emerges gradually, beginning with an early sensitivity 
to nonsymbolic ratios—such as length comparisons—even 
before formal instruction. By Grade 2, children can interpret 
nonsymbolic  proportions by drawing on innate  magnitude 
perception  skills,  without  using  numerical  symbols.  By 
Grade 5, children develop the capacity to process symbolic 
fractions (e.g., 1/2, 3/4) through experience, engaging neural 
networks that were originally associated with nonsymbolic 
reasoning.  This developmental  shift  supports  the idea that 
symbolic fraction understanding builds upon earlier, magni-
tude-based representations. 

In Grade 2, tasks involving nonsymbolic fraction compar-
isons were found to activate a neural network centered in the 
right ventral prefrontal cortex, including the right IPS and 
nearby prefrontal  regions.  By Grade 5,  activation became 
more bilaterally distributed, engaging a broader ventral pre-
frontal network during both symbolic and nonsymbolic frac-

tion tasks. This transition reflects a more integrated and effi-
cient use of neural resources [7]. The IPS, a region critically 
involved in numerical cognition, is sensitive to the magni-
tude  difference  between fractions.  It  encodes  proportional 
distance, thereby supporting both nonsymbolic and symbolic 
fraction processing.  These  findings  underscore  the  brain’s 
ability to reorganize existing cognitive systems to accommo-
date new mathematical concepts introduced through instruc-
tion [7].

[24] conducted a pioneering study to examine the effects 
of a structured educational intervention on the neural pro-
cessing of fraction magnitudes in 48 adults. Over five con-
secutive days, participants engaged in a training program fo-
cused on estimating the placement of fractions on a number 
line  ranging from 0 to  1.  Each daily  session included 96 
tasks, with the possibility of up to 12 repetitions depending 
on individual performance. To assess changes in neural acti-
vation, participants performed symbolic fraction comparison 
tasks,  line  segment  comparison  tasks,  and  fraction-to-line 
matching tasks both before and after the intervention. Pre-
training results showed that the numerical distance effect—a 
phenomenon in which smaller differences between numeri-
cal values require more cognitive effort—modulated IPS ac-
tivity during line segment comparisons and fraction-to-line 
matching,  but  not  during  symbolic  fraction  comparisons. 
These findings indicate that symbolic fractions initially en-
gaged  distinct  neural  pathways  compared  to  nonsymbolic 
magnitude tasks.

After  the  intervention,  brain  activation  patterns  for  the 
non-symbolic tasks (line and line-to-fraction matching) re-
mained  stable.  In  contrast,  symbolic  fraction  comparisons 
showed a marked change: the distance effect now influenced 
IPS activation, indicating that participants had started to en-
gage magnitude-related neural resources when working with 
symbolic fractions. This shift suggests that training in nu-
merical magnitude estimation may reshape neural processing 
and  enhance  fraction  understanding  at  a  conceptual  level. 
Findings from fMRI studies underscore the complexity of 
fraction processing and its  dynamic developmental  trajec-
tory.  Research  indicates  that  non-symbolic  and  symbolic 
fraction processing engages distinct yet partially overlapping 
neural mechanisms. Notably, [6] highlight the neuroplastic-
ity  of  these  systems,  demonstrating  how learning  experi-
ences can refine brain activity associated with mathematical 
skill development. 

While fMRI provides valuable spatial insights into which 
brain regions are involved in fraction-related tasks, it lacks 
the temporal resolution needed to capture rapid neural pro-
cesses occurring within milliseconds. This limitation makes 
it  difficult  to  pinpoint  the  precise  sequence  of  cognitive 
events  during fast-paced tasks such as  numerical  compar-
isons or proportional reasoning. To overcome this challenge, 
researchers have increasingly adopted electroencephalogra-
phy (EEG). With its high temporal resolution, EEG enables 
the real-time tracking of brain activity, making it especially 
suitable for exploring the fine-grained temporal dynamics of 
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mathematical  cognition.  As  a  result,  EEG  complements 
fMRI by offering a more comprehensive understanding of 
how the brain processes complex concepts like fractions. 

D. Investigating Fraction Perception Using EEG  

Electroencephalography  (EEG)  is  a  non-invasive  neu-
roimaging technique that records electrical activity along the 
scalp,  capturing brain  signals  generated by neural  oscilla-
tions with millisecond precision. Because of its high tempo-
ral  resolution,  EEG  is  particularly  effective  for  studying 
mathematical cognition, offering valuable insights into the 
neural  dynamics  underpinning  numerical  reasoning  and 
problem solving. For example, [43] demonstrated that EEG 
signals can reliably distinguish between verbal and mathe-
matical  cognitive  processes,  especially  through  variations 
observed in the theta frequency band. These findings under-
score EEG’s utility in detecting subtle distinctions in brain 
activity across different types of symbolic and domain-spe-
cific tasks, including arithmetic operations. 

EEG-based research has advanced our understanding of 
the neural processes underlying mathematical thinking by re-
vealing distinct patterns of brain activity associated with task 
complexity and type. Notably, studies by [44] & [45] have 
emphasized the role of the beta, gamma, and delta frequency 
bands in supporting cognitive effort, attentional control, and 
error detection during mathematical tasks. Additionally, [46] 
applied graph theory to EEG data and found that as mathe-
matical tasks become more challenging, the brain organizes 
into more efficient and cohesive networks particularly within 
frontoparietal  regions.  These findings suggest  that  various 
mathematical processes, from simple arithmetic to complex 
reasoning, elicit distinct neural signatures that EEG can de-
tect with high reliability. 

While prior neuroimaging research has shown that pro-
cessing fractions and decimals activates both shared and dis-
tinct brain regions, the precise timing of these processes re-
mained poorly understood. [47] addressed this gap by em-
ploying  Event-Related  Potentials  (ERPs)  to  examine  the 
neural dynamics associated with fraction and decimal pro-
cessing. Their study focused on comparing symbolic formats 
and  investigating  how  numerical  distance  (i.e.,  whether 
numbers  were  numerically  close  or  far  apart)  influenced 
ERP components such as P1/N1, P2, and N2. 

The results revealed distinct ERP patterns for the two nu-
merical formats. Decimal numbers elicited a larger N1 and a 
smaller  P1  component  in  the  parietal  cortex  compared  to 
fractions.  Moreover,  the  numerical  distance  effect  signifi-
cantly influenced the fronto-central P2 component for frac-
tions, while a similar effect emerged in the left anterior N2 
component for decimals. These patterns indicate that differ-
ent cognitive systems are engaged in processing each format. 
Decimal recognition appears to rely more heavily on visual 
cortical areas, enabling faster and more efficient identifica-
tion.  Conversely,  understanding  fractions—which  requires 
more  elaborate  cognitive  operations—involves  fronto-cen-
tral brain regions responsible for fine-grained magnitude ma-

nipulation. The study also highlighted that these neural pro-
cessing differences emerge within the first 100 milliseconds 
following stimulus  presentation,  demonstrating  the  impor-
tance of ERP techniques in capturing the rapid temporal dy-
namics of mathematical cognition. 

[48] investigated the neural mechanisms underlying frac-
tion understanding using EEG recordings in a sample of 24 
adults engaged in fraction comparison tasks. Their results re-
vealed  distinct  neural  patterns,  including  longer  reaction 
times for nonequivalent fractions and two specific ERP com-
ponents: an early frontal N270 for nonequivalent fractions 
and a late parietal P300 for equivalent ones. These findings 
suggest  that  fraction  processing  involves  cognitive  opera-
tions  similar  to  those  used  in  arithmetic  tasks,  with 
nonequivalent fraction comparisons requiring greater cogni-
tive effort and resource allocation. This study highlights the 
potential of ERP techniques in examining the temporal dy-
namics of fraction processing, offering valuable insights into 
the timing and sequence of brain activity during numerical 
reasoning. 

In this context, [49] study was among the first to explore 
fraction learning processes  through EEG in a  school-aged 
population. A total of 512 fifth-grade students participated, 
of  whom 44  (22  high-performing  and  22  low-performing 
based on a  diagnostic  test  on fractions)  were selected for 
EEG  recording  during  the  execution  of  fraction-related 
tasks.  High-performing  students  exhibited  more  balanced, 
bilateral theta band activation (4–7.5 Hz), in contrast to their 
low-performing peers, who showed greater reliance on the 
right  hemisphere—particularly during the initial  phases  of 
problem  solving.  Moreover,  in  the  beta1  frequency  band 
(13–18  Hz),  low-performing  students  demonstrated  in-
creased  activity  in  the  left  hemisphere,  especially  when 
working on tasks involving discrete sets and area models. 
These findings suggest that high-performing students engage 
their  brains  more  efficiently  when  processing  fractions, 
drawing upon both  hemispheres  in  a  coordinated manner. 
Conversely, low-performing students appear to employ less 
effective cognitive strategies, resulting in greater cognitive 
effort and reduced efficiency in solving fraction problems. 
The differences in theta and beta1 activity highlight distinct 
neural processing patterns associated with performance lev-
els and learning competence in fraction understanding.

III. COMPARING NEUROIMAGING METHODS (FMRI & EEG) IN 
FRACTION PROCESSING AND EDUCATIONAL IMPLICATIONS

Recent neuroimaging research has significantly advanced 
our understanding of the neural mechanisms underlying frac-
tion comprehension. Functional Magnetic Resonance Imag-
ing (fMRI), in particular, has been instrumental in identify-
ing the brain regions involved in symbolic numerical pro-
cessing. Numerous studies have demonstrated that the intra-
parietal sulcus (IPS) plays a central role in representing nu-
merical magnitudes [19, 40, 14] . Moreover, the frontopari-
etal network has been shown to support complex arithmetic 
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operations  and  proportional  reasoning  [35,  36,  38,  39,  7, 
42, 6]. 

While fMRI offers crucial insights into the spatial organi-
zation of brain activity, its limited temporal resolution con-
strains our ability to capture the rapid neural processes that 
underlie numerical cognition [24]. To address this limitation, 
electroencephalography (EEG) has been proposed as a com-
plementary method, offering millisecond-level temporal pre-
cision.  Notably,  studies  using  Event-Related  Potentials 
(ERPs)  have  begun to  uncover  the  temporal  dynamics  of 
processing different numerical formats, such as fractions and 
decimals,  revealing  distinct  neural  activation  patterns  and 
clear timing differences [47, 48]. EEG findings suggest that 
decimal  numbers  and  fractions  engage  different  cognitive 
and  neural  pathways.  Decimal  processing  appears  to  rely 
mainly on visual brain areas, enabling faster and more auto-
matic recognition. In contrast, fraction processing demands 
greater cognitive effort and engages fronto-central brain re-
gions associated with complex and abstract numerical rea-
soning [47]. 

In support of this, [48] reported that comparisons involv-
ing nonequivalent fractions resulted in longer reaction times 
and increased brain activity, as reflected by the early frontal 
ERP  component  N270.  Conversely,  equivalent  fractions 
were  associated  with  the  late  parietal  P300  component, 
linked to cognitive control and recognition of numerical re-
lationships. These results suggest that fraction processing re-
cruits neurocognitive mechanisms similar to those used in 
arithmetic  operations,  with  nonequivalent  comparisons  re-
quiring  higher  cognitive  resource  allocation.  Despite  sub-
stantial progress in understanding the neural underpinnings 
of  fraction processing,  a  notable research gap remains re-
garding how these processes unfold in children. Most exist-
ing  studies  focus  on  adult  participants  and  predominantly 
employ fMRI, leaving the developmental trajectory of math-
ematical thinking in childhood—a critical period for acquir-
ing  fraction  knowledge—relatively  underexplored.  As  [7] 
note, children’s understanding of fractions evolves from an 
early sensitivity to nonsymbolic ratios into the ability to ma-
nipulate symbolic representations through structured educa-
tional experiences. 

Utilizing EEG to investigate the neural basis of this devel-
opmental  progression could provide valuable  insights  into 
how children’s  brains  adapt  during fraction learning.  Fur-
thermore, identifying the temporal characteristics of fraction 
processing may inform the design of educational interven-
tions that align with the natural course of cognitive develop-
ment in children. In conclusion, fMRI research has laid a 
strong foundation for elucidating the neural mechanisms of 
fraction processing, yet its limitations underscore the impor-
tance of further EEG-based studies—particularly involving 
elementary-aged  learners.  The  combined  application  of 
fMRI and EEG can offer a more complete picture of the cog-
nitive  and  neural  systems underlying  fraction  comprehen-
sion. Future EEG research with children holds promise for 

informing  evidence-based  instructional  practices  aimed  at 
improving the acquisition of mathematical concepts.

IV. DISCUSSION AND PROPOSALS FOR FUTURE EDUCATIONAL 
RESEARCH

The integration of neuroimaging tools such as functional 
magnetic resonance imaging (fMRI) and electroencephalog-
raphy (EEG) into educational research has significantly ex-
panded the understanding of the cognitive processes that un-
derpin learning, particularly in domains such as arithmetic 
reasoning and fraction comprehension [53]. These technolo-
gies allow for precise observation of brain activity and offer 
critical insights into how learners process mathematical con-
tent, with variations depending on symbolic representation, 
task complexity, and individual cognitive profiles. However, 
current research has predominantly centered on adult popu-
lations or older students, resulting in a notable gap in under-
standing how mathematical concepts are acquired during the 
early  stages  of  education.  The  classroom,  where  founda-
tional learning takes place, remains an underutilized setting 
for applying such neuroimaging techniques. Moreover, the 
practical challenges associated with traditional EEG setups 
have limited their deployment in real-world educational en-
vironments [53]. 

This gap is especially evident in the context of fraction 
learning—a core mathematical concept introduced in the pri-
mary school curriculum and one that is often associated with 
persistent difficulties for young learners. Investigating how 
children’s brains respond to both symbolic and nonsymbolic 
representations of fractions can offer valuable direction for 
the design of early instructional strategies. Addressing this 
need calls for the use of portable, wireless EEG technolo-
gies, such as the Muse 2 headset, which offer improved er-
gonomics and feasibility for use in school settings. These de-
vices make it possible to collect reliable neurocognitive data 
with minimal disruption to classroom activities. In doing so, 
researchers can gain real-time access to measures of cogni-
tive engagement and mental fatigue, enabling the develop-
ment of more accurate and responsive learner profiles. 

This approach aligns with the broader vision of precision 
education,  which aims to  tailor  instruction to  the  specific 
needs of each learner by leveraging objective neurophysio-
logical  indicators.  The  integration  of  affordable,  user-
friendly  neurotechnologies  into  routine  classroom practice 
holds the potential to transform mathematics education by 
informing the development of personalized interventions and 
promoting educational equity. EEG-derived data—including 
markers of  attention,  engagement,  and cognitive fatigue—
can support the design of individualized learning pathways 
that are responsive to each student’s cognitive state [50, 51]. 
The use of portable EEG systems like the Muse 2 also al-
lows for continuous, non-intrusive monitoring within every-
day  teaching  contexts,  ensuring  that  insights  from neuro-
science can be seamlessly embedded into educational prac-
tice [7, 52]. 
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By extending neuroscience beyond the laboratory and into 
the  classroom,  educators  and  researchers  can  co-develop 
real-time, developmentally appropriate strategies to support 
young  learners—especially  those  struggling  with  abstract 
mathematical  concepts  such  as  fractions.  Future  research 
should prioritize the inclusion of primary-aged students in 
neurocognitive  investigations  and  explore  how  emerging 
neurotechnologies  can be  effectively  employed to  support 
mathematical learning from the earliest stages. Bridging the 
gap between neuroscience and education through accessible, 
classroom-compatible tools offers a promising path toward 
more equitable and personalized instruction. Aligning neu-
rocognitive data with instructional design not only enhances 
fraction learning but also contributes to the creation of more 
inclusive and effective learning environments. Realizing this 
vision will require sustained interdisciplinary collaboration, 
continued investment in research,  and a renewed commit-
ment  to  reimagining  mathematics  education  for  the  chal-
lenges of the twenty-first century.
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