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Abstract
This paper presents systematic survey of empirical studies that implement neurocognitive tools to study mathematical pro-
cessing, learning and problem solving. The survey comprised three stages: identification, screening, and analysis. The search
was restricted to English-language papers published in research journals. Of a total of 35,692 records that were identified
initially, 598 papers were found eligible for precise data analysis through screening procedure. The bibliometric analysis fo-
cused on publication years, journals and authors as well as on collaboration between the researchers. In the content analysis,
along with the analysis of neurocognitive tools used in the studies, we screened the papers for the groups of research partic-
ipants; mathematical topics, concepts and skills examined in the studies. We found that there has been tremendous growth
in the past decade in the use of neurocognitive tools to research mathematics learning. The most commonly used tools are
the fMRI, EEG, and eye tracking, while use of tools such as GSR and fNIRS remains highly uncommon. There is a strong
focus on studying arithmetic, and a recent trend toward examining problem-solving skills, but higher mathematics learning
and equation solving remain under-researched. Finally, we found that despite the immense growth in neuroscience research
relevant to mathematics education, few studies of this type are published in mathematics education journals.

Keywords Educational neuroscience · Neurocognition · Mathematics education · Systematic survey · Bibliometric
analysis · Content analysis · Visualization network analysis · Mathematical processing · Mathematics learning ·
Mathematical problem solving

1 Introduction

In the past three decades, an increasing number of stud-
ies have focused on the interdisciplinary exchange between
mathematics education and neuroscience. One of the signif-
icant goals of this interdisciplinary research is to provide
neural mechanisms and insightful information that can be
used to understand how individuals learn mathematics (De
Smedt et al., 2011; De Smedt & Grabner, 2015; Grabner,
2022; Hawes & Ansari, 2020; Leikin, 2018; Zhang et al.,
2017). Neuroscience has also been used to inform the de-

velopment of intervention programs designed to meet the
special need of students at different levels (Kroeger et al.,
2012). Note that researchers are skeptical about the effec-
tiveness of the integration of neuroscience in the field of
education in general, and mathematics education in partic-
ular (Bowers, 2016; Bruer, 1997). At the same time, Leikin
(2018) argued that cognitive neuroscience is a magnifying
glass that can explain many of the insights into mathemat-
ics processing, learning, and teaching that mathematics edu-
cation researchers have attained using behavioral measures.
She noted that some may be doubtful regarding the integra-
tion of the two fields due to the differences in goals and
topics examined; research participants, conditions and tools;
tasks designed for the studies; and measures for evaluation
outcomes. In addition, she argued that these differences can
function as a framework to understand the gap between the
two research fields, and on the other hand, the gaps indicate
the path that could be taken toward meaningful integration
of the two fields (Leikin, 2018).
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Three mathematics education journals have published
special issues discussing the application of neuroscience
tools. The special issue of International Journal of Sci-
ence and Mathematics Education edited by Anderson et al.
(2014) collected a number of empirical studies which used
eye-tracking techniques to examine mathematics and sci-
entific concepts and processes. ZDM–Mathematics Educa-
tion has published two special issues (Grabner et al., 2010,
and Grabner & De Smedt, 2016) that reported on investiga-
tions into the relationship between cognitive neuroscience
and mathematics learning. One of the key points highlighted
in these two special issues is that neuroscience research can
provide useful suggestions for the improvement of school
mathematics. The 2010 special issue (Grabner et al., 2010)
covered 10 studies addressing neural correlations of math-
ematics competences with different age groups and differ-
ent achievement levels. Regarding the mathematics content
studied, many studies in the special issue focused on arith-
metic calculation, such as an overview of arithmetic activ-
ity specific to the localization of brain areas (Menon, 2010).
Only a few studies examined advanced mathematics con-
tent such geometry or functions (Stern & Schneider, 2010).
In the special issue, the neuroscience techniques used in-
cluded only fMRI and fNIRS. Based on this collection of
studies and a review of the literature, Grabner and Ansari
(2010) noted potential pitfalls for interdisciplinary research
between mathematics education and neuroscience, and the
relationship between basic number processing and higher
order mathematical skills.

In the 2016 special issue, De Smedt and Grabner (2016)
suggested a framework of three types of neuroscience ap-
plication in mathematics education: neuro-understanding,
neuro-prediction, and neuro-intervention. Neuro-understan-
ding refers to the use of neuroscience to learn how individu-
als acquire mathematical skills and how learning can be un-
derstood at the biological level. Neuro-prediction has to do
with the potential of neuroimaging data to be used to pre-
dict future mathematical skill acquisition and response to
educational interventions. Neuro-intervention refers to brain
imaging data used to design experimental interventions tar-
geted at mathematics learning, and to how education shapes
the neural circuitry that underlies mathematics. The math-
ematical content discussed in the 2016 issue was diverse,
rather than mainly focusing on numeracy and arithmetic
(Ansari & Lyons, 2016).

Further broadening of the areas of research is reflected
in Section III (Grabner, 2022) of the Handbook of Cogni-
tive Mathematics (Danesi, 2022). The section describes five
research trends in interdisciplinary research linking mathe-
matics education and cognitive neuroscience: (i) Develop-
mental brain dynamics associated with learning mathemat-
ics (e.g., Vogel, 2022); (ii) Neurocognitive foundations of
mathematical processing (Wortha et al., 2022); (iii) Individ-
ual differences in mathematical abilities and competencies

(Caviola et al., 2022); (iv) Mathematics anxiety with brain
and mind (Pizzie, 2022); and (v) Neurocognitive interven-
tions to foster mathematical learning (Kucian & Cohen Ka-
dosh, 2022).

The special issues and the book section described above
shed light on the need for deeper understanding of the po-
tential of interdisciplinary research between mathematics
education and neuroscience. The International Commission
of Mathematics Instruction stressed the importance of the
topic by inviting this Survey, “Interdisciplinary exchange
between neuroscience, psychology, and mathematics educa-
tion” (Leikin et al., 2025). In this paper we describe a part
of this survey, in which we report on a systematic survey of
Interdisciplinary Exchange between Mathematics Education
and Cognitive Neuroscience.

Cognitive neuroscience offers a series of non-invasive
tools that allow researchers to examine specific cognitive
processes and activities. These tools provide data which
cannot be directly obtained from traditional (behavioral)
research methods. These tools include EEG (Electroen-
cephalography), MRI/fMRI (structural and functional Mag-
netic Resonance Imaging), fNIRS (functional near-Infrared
spectroscopy), Eye-tracking devices, and brain simulations.
EEG refers to a neurophysiological method that uses elec-
trodes to record and measure the electrical signals on the
scalp which are caused by activation of the neurons. EEG
provides information about the neural activity associated
with cognitive processes. EEG often has high temporal
and poor spatial resolution. MRI/fMRI is a brain imaging
technique that is based on the measurement of the BOLD
(Blood-oxygen-level dependent imaging) signal with an at-
tempt to identify which brain regions are active during spe-
cific cognitive tasks or learning process. fNIRS uses near-
infrared light to measure the concentration changes of oxy-
genated and deoxygenated hemoglobin in the brain regions,
making it suitable for studying brain activity in naturalis-
tic settings such as classrooms. However, fNIRS’s spatial
resolution is worse than that of fMRI. Eye-tracking devices
can be used to record eye movements and gaze patterns dur-
ing various learning tasks or while interacting with educa-
tional materials. Brain stimulation involves the use of elec-
trical, magnetic, or other energy-based techniques to mod-
ulate neural activity for research, therapeutic, or cognitive
enhancement purposes (Supplementary File 1 includes elab-
orated dictionary of neurocognitive tools and abbreviations).

2 Research questions

Our survey is aimed at tracking major trends and potential
directions for growth in interdisciplinary exchange between
cognitive neuroscience and mathematics education. To at-
tain this goal, we asked:
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Fig. 1 The Survey Procedure

Q1 How can the distribution and development of stud-
ies that integrate Mathematics Education and Neuroscience
over time be characterised according to

– Publication years and journals in which the papers were
published?

– Authors who contributed the highest number of studies?
Collaboration between the researchers?

– Top countries supporting the studies? Collaboration be-
tween countries?

– The most cited papers, and the journals?

Q2 Which neurocognitive tools are used in studies linked
to Mathematics Education? How has the use of different
tools evolved over time?

Q3 How are the studies characterised in terms of the age
groups of the participants? How are the age groups dis-
tributed among the studies using different neurocognitive
tools?

Q4 Which mathematical domains, concepts and skills are
examined using the different tools? How are the topics dis-
tributed among

– Studies using different neurocognitive tools?
– Studies performed with different age groups?
– Studies performed at different levels (basic and relatively

advanced) of mathematical concepts and skills?
– Studies that focused on the individual differences in math-

ematical processing?

3 Survey methodology

3.1 Survey procedure

The survey comprised three stages: identification, screening,
and analysis (see Fig. 1). In what follows we describe the
methodology in detail.

3.2 Identification stage

At the identification stage, we conducted a systematic
search using the EBSCO (https://www.ebsco.com/) discov-

ery system using library access of the University of Haifa.
“EBSCO references top citation indexes, such as Web of
Science and Scopus, and subject indexes, such as APA
PsycInfo and SciFinder, to determine relevance and quality”
(retrieved from https://www.ebsco.com/open-for-research/
open-access 20.12.2024). The research team jointly cre-
ated search criteria. It was decided to restrict the search to
English-language papers published in research journals. In
addition, it was decided to search for articles for which the
search terms appeared in the publication abstract.

An initial list of neurocognitive terms was created: neu-
rocognition, neuroimaging, EEG, ERD, ERP, fMRI, fNIRS,
GSR, eye tracking, eye movement, cognitive neuroscience,
and brain stimulation (including TMS and rTMS, tDCS,
tACS – see supplementary file-1). The team assembled a list
of terms pertinent to mathematics education as well. Each
paper included has at least two of the search terms – one
from the field of cognitive neuroscience, and one from the
field of mathematics education – with many having more.

During the search process some searches were found to
be atypical: some terms which we believed were important
within the field of mathematics education were frequently
used in other fields as well (e.g., problem solving, inves-
tigation, function). In these cases, in order to narrow our
search to the articles relevant to this study, we used the
additional search terms “mathematics education,” “mathe-
matics,” or “mathematical.” When these terms were added,
caution was taken to ensure that a set of articles marked as
relevant remained in the search results. We used EBSCO’s
“apply related words” and “apply equivalent subjects” tools
in place of truncation (for example, the term “math” auto-
matically yielded results for “mathematical” with no need
to write “math*”).

Thus, the query was:
(Abstract) (Neuroscience OR neurocognition OR neuroima-
ging OR EEG OR ERD OR ERP OR MRI OR fMRI OR
fNIRS OR GSR OR “eye tracking” OR “eye movement” OR
“brain stimulation”)
AND

https://www.ebsco.com/
https://www.ebsco.com/open-for-research/open-access
https://www.ebsco.com/open-for-research/open-access
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Table 1 Inclusion and Exclusion Criteria for Screening

Category Inclusion criterion (IC) Exclusion criterion (EC)

Database IC1: Studies included in EBSCO EC1: Studies not indexed in EBSCO

Language IC2: English EC2: Other than English

Document type IC3: Papers published in peer-reviewed research journals EC3: Studies published in venues other than academic
peer-reviewed journals (e.g., dissertations, conference
proceedings, books and book chapters)

Research focus 1 IC4: Neurocognitive research using EEG, ERP, ERD,
fMRI, fNIRS, GSR, Eye Tracking

EC4: Studies not in neurocognition, Studies related to different
kinds of mental and neurological diseases.

Research focus 2 IC5: Studies on mathematics learning, processing and
problem solving at all levels of mathematics education

EC5: Studies not related to mathematics learning, thinking,
processing and problem solving. No math tasks used among the
research tools

Study type IC6: Empirical research EC6: Study does not report on empirical research: Theoretical
and position papers, review papers, meta-analysis,
introductions. . .

(Abstract) (arithmetic OR algebra OR geometry OR cal-
culus OR “statistical thinking” OR “numerical skills” OR
“problem solving” OR “problem posing” OR “mathemat-
ical literacy” OR “mathematical reasoning” OR proving
OR “logical inference” OR “math anxiety” OR “math diffi-
culty” OR investigation OR discovery OR mathematics OR
mathematical OR “mathematics education”)

The complete list of the terms that we generated by the
research team and used in the survey is presented in supple-
mentary materials (supplementary file-2 -Complete list of
the search terms).

A total of 35,692 records were identified in EBSCO:
2644 articles were excluded due to language, and 5823 were
excluded due to document type, e.g., books or conference
proceedings. Of these, 9268 were marked as duplicates by
either the EBSCO or Covidence software. Finally, 16,245
were excluded due to the focus of research: either they did
not examine human subjects, or they did not focus on neu-
rocognition.

3.3 Screening stage

The research team jointly chose the inclusion and exclusion
criteria for screening (see Table 1).

The remaining 1712 articles were imported into Covi-
dence for screening. Screening was a two-stage task. First,
a team of two reviewers did an initial screening based on
the title and abstract of each article. It was decided to limit
the survey to articles describing empirical research which
combined neurocognition and mathematics learning. We in-
cluded articles related to any aspect of mathematics learn-
ing and thinking, not only classroom learning. Articles were
excluded if they: (1) did not describe original empirical re-
search (review articles, meta-analyses, etc), (2) did not per-
tain to mathematics processing, learning, and/or problem
solving, (3) did not use neurocognitive tools. In addition,

we excluded articles which focused on populations with a
specific mental illness or neurological disease. Only articles
that clearly did not meet the criteria were excluded, while
in unclear cases the articles were moved to the next stage
(full-text review). The Covidence system is structured so
that each reviewer voted without knowing the other’s vote;
articles which received two ‘no’ votes were excluded, and
those with two ‘yes’ votes were included. Where there was
disagreement, a third reviewer cast the deciding vote. Co-
hen’s Kappa appeared to be 0.7527

In the second stage, a team of four reviewers did a full-
text screening of the 854 remaining texts. Three reviewers
screened 300 articles each, with the fourth reviewer screen-
ing 10% of the articles the other three had read at random
to ensure reliability. The final screening of each paper was
performed by 2 or three team members. A total of 310 arti-
cles were excluded at this stage. Of these, 137 papers were
excluded due to their research focus: 68 studies did not use
neurocognitive tools and 79 studies did not use mathemati-
cal tasks. In addition, 14 were found to be duplicates, 8 were
not in English and 26 were of a document type other than a
paper in a peer reviewed research journal. Finally, 125 stud-
ies did not describe original empirical research.

Between the screening stage and analysis the team con-
ducted a second search with the goal of finding any relevant
articles that had been left out. The Scopus database was used
to find additional works by the 10 most cited authors; these
works were then screened for relevancy. An additional 64
articles were added at this stage. Overall, 598 papers were
found eligible for precise data analysis (see Fig. 2). The list
of papers included in the review is presented in the sup-
plementary materials (supplementary file-3- References list
598 articles in survey)
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Fig. 2 PRISMA Flow Chart

3.4 Methodology of the analysis of studies included
in the review

Finally, an in-depth analysis was conducted. All included
articles were downloaded from Covidence as a CSV file
which was then transformed to an Excel format. Four re-
searchers split the work, with each taking a different set of
articles. Each set of articles was validated by an additional
researcher. Two major types of analysis were performed:
Bibliometric and Content analysis.

The bibliometric analysis was directed at research ques-
tion Q1, focusing on publication years, journals, numbers
of publications by authors and number of citations, and
countries in which the studies were performed. In addition,
we analysed collaboration between researchers and between
countries. The data for the bibliometric analysis was down-
loaded automatically from the Covidence platform to a CSV
file.

The content analysis focused on research questions
Q2, Q3, and Q4. A list of keywords was created for
each major foci of the analysis (a) age groups of par-
ticipants; (b) neurocognitive tools; (c) mathematical top-
ics/concepts/skills/tasks; (d) individual differences. These
keywords were not necessarily identical to the author’s key-
words.

Both bibliometric and content analysis were conducted in
two stages: Descriptive analysis and Visualization network
analysis.

Descriptive analysis: The Python software was used to
produce descriptive statistics of the basic bibliometric and
content information. Findings from the descriptive analysis
were presented in bar diagrams created using Excel.

Network analysis: Network analysis was carried out by
VOS-viewer (version 1.6.18) software tool to construct
and visualize bibliometric networks (Van Eck & Waltman,
2009). This study implemented VOS-viewer to gain insights
into co-citation relationships, co-authorship networks, co-
occurrence of keywords maps, cluster analysis to estimate
latent themes from keywords and analysis of topic evolu-
tion trends within the research papers on employment of
neurocognitive tools in mathematics education. Visual dia-
grams were created, with bibliographic entities on the net-
work represented by nodes (circles), while their connections
were represented by edges (lines). The larger the node, the
higher the frequency of occurrence of the specific entity and
the smaller the distance between two entities (circles), the
higher the co-occurrence of the entities. An edge indicates
a connection between two nodes and its thickness expresses
the strength or intensity of links between them. We chose
association strength method to calculate the link’s strength
between any two bibliographic entities.

Using VOS-viewer we performed thematic cluster analy-
sis aimed to identify how keywords can be grouped together.
The diagrams present concepts in one cluster as nodes of the
same color. We also used VOS-viewer to analyze the evolu-
tion of trends in topics researched over time.

4 Findings

4.1 Bibliometric analysis

In this section of the paper, we address Q1: How can the
distribution and development of studies that integrate Math-
ematics Education and Neuroscience over time be charac-
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Fig. 3 Distribution of Articles
Relevant to the Survey (Articles
per Year)

Fig. 4 Journals in which More
Than 5 Articles Were Found
Eligible for the Survey

terised in terms of: publication year, journals, authors who
contributed the highest number of studies, authors who are
most frequently cited, and countries supporting the stud-
ies. Figure 3 shows the number of articles published per
year.

Distribution of articles relevant to the survey demon-
strates the dramatic change over time in neurocognitive stud-
ies in mathematics education. The first eligible publica-
tion was from 1980. The latest download was performed
in June 2024. While only a handful of studies were found
in the 1980s and 1990s, by the mid-2010s dozens of stud-
ies were being added to the literature every year. From
2002, the growth appears nearly linear. While much of the
growth is presumably due to the availability of new tech-

nologies, some appears to be driven by increased interest in
this field.

Figure 4 demonstrates that the largest number of articles
(43) were published in NeuroImage, followed by Neuropsy-
chologia (35 papers), Journal of Cognitive Neuroscience
(25), Frontiers in Human Neuroscience (20), and ZDM –
Mathematics Education (17). Our findings illustrate how in-
frequently neurocognition appears in the field of mathemat-
ics education: Of the 598 papers in our final sample, only 32
were published in mathematics education journals (marked
in orange in Fig. 4); nearly all were published in journals
with an explicit focus on brain and neurocognitive sciences.

Figure 5 presents authors with more than 5 publications
relevant to the survey. Thirteen researchers had published
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Fig. 5 Authors with More Than
5 Research Articles in the
Current Survey

Fig. 6 VOS Graph Representation of The Collaboration Between The Researchers in The Survey Papers

more than 10 articles each. The researchers with the most ar-
ticles in this field were Ansari (34), Grabner (31), de Smedt
(28), Anderson (22), Nuerk (20), Vogel (19), Menon (18),
Dehaene (16), Artemenko (13), Fincham (13), Moeller (13),
Rosenberg-Lee (13), and Szucs (13).

The network analysis (using VOS software) of the pub-
lications reveals groups of researchers who collaborate in
studies that employ neurocognitive tools when examining
mathematical processing (Fig. 6). For simplicity’s sake, we
limited the figure here to authors with more than 5 research
articles in this field. Several of the researchers with the most
articles to their names are among those with collaborations
with the highest number of other researchers.

Many of the collaborations are between researchers in
the same region or even the same institution. For exam-
ple, Hans-Christoph Nuerk of the University of Tuebingen
in Germany, has collaborated with Christina Artemenko,
Thomas Dresler, and Ann-Christine Ehlis, all also of the
University of Tuebingen, as well as researchers from France
and Germany. A second web of connections can be seen be-
tween researchers in the University of Haifa in Israel (Roza
Leikin, Mark Leikin, and Ilana Weisberg). A particularly
large network can be seen among researchers in the Uni-
versity of Graz (Roland Grabner, Stephan Vogel, Clemens
Brunner, Anja Ischebeck, Franz Ebner, Karl Koschutnig,
and Gernot Reishofer).
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Fig. 7 Countries with more than
10 documents publishes and
more than 100 citations

However, not all networks are centered around a shared
geography; the yellow network which includes researcher
Daniel Ansari (Canada) includes researchers from the UK
(Gavin Price), Israel (Avishai Henik), Austria (Stephan Vo-
gel), and the US (Vinod Venkatraman). All of the authors
seen here are connected to some degree or another; no re-
search network is entirely detached from the others.

We also looked at the countries of institutions in which
studies’ co-authors worked. The US was in the lead with 174
research studies conducted in US institutions, followed by
Germany (94), the UK (64), China (62), and Belgium (52).
This is in line with our previous finding: of the 13 authors
with the most published studies, four were from the US, two
from Germany and two from the UK (Fig. 7).

When it came to citations, the US was in the lead with a
total of 8685 citations of research conducted in the US, fol-
lowed by France (4541), Germany (3130), Austria (2558),
and Canada (2474). Here, too, there are parallels to our
earlier findings; the four most-cited authors – Ansari, De-
haene, Grabner, and Menon – are from Canada, France, Aus-
tria, and the US, respectively. Further we performed a net-
work (VOS) analysis emerges collaborations between the re-
searchers from different countries (Fig. 8).

A second analysis examined collaborations between re-
searchers from different countries (Fig. 9). The resulting
web of connections shows a high degree of collaboration
across national borders, languages, and even continents. For
example, Spanish researchers collaborated with researchers
from nearby countries such as France, and from the Spanish-
speaking Argentina and Chile, but also had research ties to
Japan and China. Ethiopian researchers collaborated with
researchers from Belgium and Germany. Overall the map
tells a story of fruitful international collaborations.

4.2 Findings of the content analysis

In this section we present our findings related to research
questions Q2, Q3, and Q4. We start with describing the neu-
rocognitive tools used in studies linked to mathematics ed-
ucation and how the use of different tools has evolved over
time (Q2, Sect. 4.2.1). Then reports on the age groups of the
participants and their distribution among the studies using
different neurocognitive tools (Q3, Sect. 4.2.2). Findings of
the analysis of mathematical domains, concepts and skills
examined using the different neurocognitive tools are pre-
sented in Sect. 4.2.3 (Q4). This section also describes dis-
tribution of these studies among the neurocognitive tools,
among the different age groups, different levels (basic and
relatively advanced) of mathematical concepts and skills,
and studies that examined individual differences linked to
mathematical processing.

4.2.1 Neurocognitive tools used the studies

The distribution of neurocognitive tools among the stud-
ies in our survey confirms that fMRI and EEG are the
most used in neurocognitive research. This preference likely
stems from their well-established and reliable methodolo-
gies, which are crucial in the field (Fig. 9). Of 598 studies
included in the survey, MRI/fMRI methodology was used
most frequently - in 253 (42%) of the studies. EEG tool was
employed in 175 (29%) studies. Eye-tracking is also fre-
quently used, appearing in 141 (23%) publications. fNIRS
and brain-stimulation techniques are infrequently employed,
with approximately 32 (5.3%) and 14 (2.3%) publications
using these tools, respectively. GSR appears in very few
studies. Note that the overall number of studies depicted in
Figure 9a is greater than 598 since some studies use multiple
tools.
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Fig. 8 VOS Graph Representation of the Collaboration between the Countries

Fig. 9 Neurocognitive Tools
Used and Their Temporal
Distribution

Figures 9b, 9c, 9d, and 9e display the number of stud-
ies employing particular neurocognitive techniques. The use
of MRI/fMRI in research began modestly, with a gradual
increase from 1999 through the early 2000s (Figure 9b).
This likely reflects the growing accessibility and recognition

of MRI/fMRI as valuable tools in neurocognitive research.
From 2009 onwards, MRI/fMRI became increasingly cen-
tral to neurocognitive research, with about 15 studies per
year. The use of EEG (Figure 9c) from 1987 to 2004 was
relatively low. Beginning in 2004 the number of EEG stud-
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Fig. 10 Groups of Participants
and their Participation in
Neurocognitive Studies Using
Different Tools

ies per year grew fairly consistently, reflecting the growing
interest in, and advances in, EEG methodology.

The number of publications employing eye-tracking
technology (Figure 9d) was small, with fewer than 5 pub-
lications per year until 2013. From 2014, there was a steady
increase. The highest number of publications was seen in
2020 and 2023, with 19 publications each, underscoring the
increasing relevance of eye-tracking in this field. The use of
fNIRS (Figure 9e) was minimal until 2015. There was some
increase starting in 2016, reaching a peak of 6 articles in
2022. Brain stimulation techniques were used sporadically
in the early years, with a few publications per year. How-
ever, since 2013, the use of brain stimulation in research has
gradually increased.

In sum, the various neuroimaging techniques were un-
common until 1998, with only 4 EEG and 4 eye tracking
studies appearing prior to 1998. There has been a significant
increase in use, especially since the early 2000s, with in-
creased publications since 2010. This trend suggests a grow-
ing interest in and reliance on these neurocognitive tools
in research in mathematics education. The most frequently
used techniques are EEG and fMRI.

4.2.2 Distribution of the studies among age groups of
participants

The studies were coded for 6 major groups of participants:
toddlers/ pre-schoolers (aged 1-5); primary school (aged 1-
10 include. 6th grade); middle school (aged 12-14); high
school (aged 15-17); (5) university students (academic stud-
ies participants); and (6) adults (aged above 20 not involved

in academic studies). Figure 10 depicts the overall distribu-
tion of the studies among the age groups (10a) and the distri-
bution of studies that employed different tools by age group
(10b).

University students and adults are the most frequently
studied groups overall, with 247 and 157 studies, respec-
tively. This reflects their accessibility to researchers. There
are 134 studies involving primary school students. This
group is relatively well represented among children, likely
due to the importance of this developmental stage. The num-
ber of studies involving middle-school and high-school stu-
dents is moderate (53 and 46 studies, respectively). Tod-
dlers (7 studies) and preschoolers (13 studies) are least rep-
resented, possibly due to the practical challenges of study-
ing very young children in a research setting or having
less accessibility to these subjects since many toddlers and
preschoolers are not yet integrated in an formal educational
system.

Figure 10b illustrates the participation of participants
from the different age groups in studies that employ var-
ious neurocognitive tools. The most common age groups
using MRI/fMRI are primary school (79 studies), univer-
sity students (70), and adults (98). University students (69
studies) and primary school students (31) are the most com-
mon participants for eye-tracking studies. Middle-school
students (11 studies) and younger groups, such as toddlers
and preschoolers (7 studies), have fewer studies using eye-
tracking. EEG usage was most prominent in university (75
studies), adult (62), and primary school (22) populations,
with moderate application in high school (13) and middle
school (9) groups, and limited use in toddlers and preschool-
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Table 2 Mathematical concepts and skills included in the survey analysis

Basic concepts Basic skills Advanced skills

decimals dot-magnitude-comparison number-comparison number-processing problem-solving

rational-numbers dot-magnitude-processing mental-calculation math-reasoning

fractions subitizing addition solving-equations

negative-numbers estimation subtraction writing-equations

number-line enumeration multiplication problem-posing

finger-counting division AMT (Advanced Mathematical thinking)

abacus

Note: Different skills and concepts can be basic or advanced with respect to the educational histories of the participants and mathematical domains
to which the skills belong. Thus, in what follows we present analysis of distribution of the advanced skills among the mathematical domains and
the age groups.

ers (6). In contrast, fNIRS showed consistently lower us-
age, with modest numbers in adults (11), primary school (9),
and university students (8), and minimal application in tod-
dlers/preschoolers (5), middle school (5), and high school
(2) groups. Brain stimulation is predominantly used with
adults and university students (14 studies total), reflecting
its more challenging application. In general, there is mini-
mal use of brain stimulation in younger age groups, which
might be due to ethical and safety considerations. GSR is
used negligibly across all age groups.

4.2.3 Mathematical domains, concepts and skills examined
in the studies using neurocognitive tools

The analysis of the mathematical knowledge and skill do-
mains researched was performed in several stages. First we
focused on the mathematical domains. Numerosity domain
included counting, enumeration and subitizing, and number
sense, primarily related to number comparison in different
representations. Arithmetic domain studies employed arith-
metic operations, solving arithmetic equations, and word
problems related to arithmetic. Studies that were catego-
rized as algebraic knowledge and skills explored partici-
pants’ performance on mathematical procedures with sym-
bolic variables, solving algebraic equations and inequalities,
and solving word problems with algebraic tools. Studies
that were designated as belonging to the domains of geom-
etry, statistics, calculus or probability included validation of
statements or solving problems in the corresponding branch
of mathematics.

Furthermore, we tagged the studies with keywords that
denoted the particular concepts and skills examined. These
were further categorised as basic or advanced (see Table 2).
Note that initially more concepts and skills were included
in the keywords (see supplementary file-2 -Complete list
of the search terms), however, the analysis required unify-
ing some of the categories. For example, the category of
mathematical reasoning included deductive and inductive

reasoning, and the problem-solving category was consid-
ered across mathematical domains. Tasks marked as “prob-
lems” by the authors could not necessarily be considered
as such for our purposes. Our definition of problem-solving
included mathematical processing that required participants
to translate between different mathematical representations,
solving word problems and complex mathematical opera-
tions.

We also created a set of keywords pertaining to the math-
ematical tasks used in the study. These keywords were split
into two types: those describing the overall type of task, and
those describing specific features of the task. For example,
‘word problem’ would be a type of task, while ‘Stroop ef-
fect’ would be a feature (Table 3).

4.2.4 Studies in different mathematical domains

Of 598 studies, 300 (50%) employed arithmetic concepts
and skills. Mathematical processing related to numerosity
was examined in 76 (12.6%) studies, number-sense in 71
(11.8%) studies, algebraic skills in 57 (9%) studies and geo-
metrical skills in 49 (8%) studies. Overall 17 (2.8%) studies
implemented tasks related to statistics (8 studies), calculus
(6 studies) and probability (3 studies) (See Figure 11a).

The analysis of neurocognitive tools across mathematical
domains revealed distinct patterns of usage (Figure 11b). In
arithmetic studies, fMRI was predominantly used (135 of
598 studies, 45.6%), followed by EEG (96 studies, 32.4%),
eye-tracking (44 studies, 14.9%), and fNIRS (21 studies,
7.1%). For numerosity and number sense research, fMRI
was equally utilized with 41 studies (6%) in each domain,
while EEG was employed in 25 studies (4%) for numerosity
and 23 studies (3.8%) for number sense. Algebraic knowl-
edge investigations primarily relied on fMRI (33 studies,
5.5%), with fewer studies using EEG (9 studies, 1.5%) and
eye-tracking (16 studies). Notably, geometry research was
dominated by eye-tracking methodology (34 studies, 63%),
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Table 3 Mathematical tasks and their characteristics

Types of tasks Tasks features

word-problems; proofs; sequences-completion distance-effect; Stroop-effect;

algorithmic-tasks; strategy-tasks; insight-tasks problem-size; task-complexity; congruity-effect

representations, function-task; formula-implementation reversal-errors; compatibility-effect

Fig. 11 Analysis of Studies
According to the Different
Mathematical Domains

attributed to its effectiveness in analyzing visuospatial infor-
mation and extended processing times.

The analysis of mathematical domains across age groups
highlighted specific tendencies in research focus (Fig-
ure 11c). Arithmetic emerged as the most extensively stud-
ied topic across all age groups, with 83 of 598 studies
(13.9%) involving primary school students, 25 (4.2%) in

middle school, 17 (2.8%) in high school, 114 (19.1%) in
university students, and 108 (18.1%) in adults, underlining
its fundamental importance in mathematics education. Nu-
merosity and number sense research concentrated primarily
on early development, with 17 studies (2.8%) in toddlers, 1
(0.2%) in preschoolers, and 47 (7.9%) in primary school stu-
dents. Advanced mathematical topics showed age-specific
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Fig. 12 Analysis of the Survey
Studies Focusing Basic
Mathematical Concepts and
Skills

distribution patterns: algebra and geometry were predom-
inantly studied in older groups, with algebra featuring in
middle school (5 studies, 0.8%), high school (11 studies,
1.8%), university (29 studies, 4.8%), and adult populations
(16 studies, 2.7%), while geometry followed a similar pat-
tern. Statistics and calculus emerged as research topics only
in higher education levels, with modest representation in
high school (3 studies, 0.5% and 1 study, 0.2%), university
(5 studies, 0.8% and 4 studies, 0.7%), and adult studies (2
studies each, 0.3%), making them the least frequently inves-
tigated mathematical domains across all age groups. Studies
with university students and adult participants show a range
of mathematical topics, including more advanced mathemat-
ical topics.

Figure 11d depicts the distribution of studies focusing on
different mathematical domains over time after 1999 when
the number of published papers become bigger than 1. The
dramatic increase in the number of neurocognitive studies
linked to mathematics education starting in 2009 involved
mainly studies focusing on arithmetic. The number of stud-
ies focusing on other topics increases slightly in the early
2000s, then remains fairly stable.

4.2.5 Studies focusing basic mathematical concepts and
skills

The analysis of mathematical concepts and skills across
neurocognitive studies revealed that mental calculations
dominated the research landscape, featuring in 228 studies
(38.1%), with addition being the most common operation

(116 studies, 19.4%), followed by multiplication (88 stud-
ies, 14.7%) and subtraction (76 studies, 12.7%) (Fig. 2).
Symbolic number comparison and dot-magnitude compari-
son were also prominent, investigated in 82 (13.7%) and 69
(11.5%) studies respectively. Mental calculation skills were
extensively studied across all neurocognitive tools, with
fMRI leading (102 studies, 17.1%), followed by EEG (76
studies, 12.7%), eye-tracking (27 studies, 4.5%), and fNIRS
(18 studies, 3%). Number-comparison and dot-magnitude
comparison and processing showed similar patterns of tool
utilization, with fMRI (43 studies, 7.2% and 40 studies,
6.7%), EEG (30 studies, 5% and 22 studies, 3.7%), and eye-
tracking (8 studies, 1.3% and 7 studies, 1.2%) being the
primary investigative methods. While less frequently stud-
ied, number processing, subitizing, and estimation skills re-
mained significant research areas, with number line tasks
specifically examined through various tools: fMRI (7 stud-
ies, 1.2%), EEG (3 studies, 0.5%), eye-tracking (7 studies,
1.2%), and fNIRS (1 study, 0.2%).

4.2.6 Studies focusing relatively advanced mathematical
concepts and skills

Relatively few studies examined advanced mathematical
skills such as problem-solving, mathematical reasoning,
solving equations, advanced mathematical thinking (AMT),
writing equations, and problem posing. Figure 13 shows the
analysis of studies which did examine such skills.

Problem-solving was by far the most frequently studied
advanced skill (93 studies, 15.6%). Mathematical reasoning
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Fig. 13 Analysis of the
neurocognitive studies on
advanced mathematical skills

Fig. 14 Analysis of studies on
advanced mathematical tasks

was the second most frequently studied advanced mathe-
matical skill, with over 50 studies (8.4%) examining partici-
pants’ reasoning. It was followed by solving equations, with
40 studies (6.7%). AMT (Algebraic-Mathematical Think-
ing), writing equations, and problem-posing each appeared
in fewer than 10 studies (less than 1.7% each), suggesting
that these topics have yet to be fully examined using neu-
rocognitive tools.

We were also interested in seeing which tools were used
to examine advanced mathematical skills, as well as which
mathematical fields were studied in connection with which
skills. Figure 14a depicts the distribution of survey stud-

ies among advanced mathematical skills, while Figure 14b
provides an overview of how three key advanced mathe-
matical skills—problem-solving, math reasoning, and solv-
ing equations—are studied using different neuroimaging
tools. Problem-solving is the most studied mathematical
skill, with 35 fMRI studies (5.9%), 11 EEG studies (1.8%),
and 47 eye-tracking studies (7.9%), collectively represent-
ing 15.6% of all studies. This means that 15.5% of the stud-
ies were dedicated to problem solving. It should be noted
that problem-solving is typically a more time-consuming
process. It involves extended periods of cognitive engage-
ment, where participants must analyze information, for-
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Fig. 15 Studies Examining
Individual Differences

mulate strategies, and work through several stages. These
longer, goal-oriented tasks are less aligned with the strengths
of EEG, which requires short tasks.

Figure 14c shows that relatively advanced mathemati-
cal skills revealed distinct patterns across mathematical do-
mains and neurocognitive tools used. Among 93 problem-
solving studies (15.6% of total), arithmetic led with 42
studies (7%), followed by 29 studies in geometry (4.8%)
and 22 studies in algebra (3.7%). Equation-solving studies
were dominated by 32 studies in algebra (5.4%), with 10
studies in arithmetic (1.7%) and only 2 studies in geom-
etry (0.3%). fMRI was the primary tool for investigating
equation-solving (29 studies, 4.8%), particularly in algebra,
while eye-tracking (7 studies, 1.2%) and EEG (4 studies,
0.7%) were less utilized. Mathematical reasoning was pre-
dominantly studied using fMRI (22 studies, 3.7%), EEG (16
studies, 2.7%), and eye-tracking (14 studies, 2.3%), with
arithmetic being the main focus (21 studies, 3.5%), fol-
lowed by geometry (11 studies, 1.8%) and algebra (5 stud-
ies, 0.8%). Overall 10 (1.7%) studies focusing on advanced
mathematical thinking (AMT related to solving problem in
high school and university mathematics).

4.2.7 Mathematical tasks used in the studies with
neurocognitive tools

Figure 14 displays the distribution of various advanced
mathematical tasks studied using fMRI, EEG, and eye-
tracking. The figure shows that strategy tasks, representa-
tions, and word problems appear across all three tools.

As depicted in Fig. 14, strategy tasks were implemented
in 26 fMRI studies (4.3%), 16 EEG studies (2.7%) and 27

eye tracking studies (4.5%), collectively representing 11.5%
of all studies, indicating a strong interest in understand-
ing how the brain supports strategic thinking during math-
ematical tasks. There was a focus on representations in 46
fMRI (7.7%), 16 EEG (2.7%) and 14 eye tracking studies
(2.3%). Word problems appeared in 8 fMRI (1.3%), 3 EEG
(0.5%), and 20 (3.3%) eye tracking studies; eye tracking was
the most popular tool, emphasizing its importance in under-
standing problem-solving in mathematics. Stroop effect and
distance effect were mostly studied with EEG (11 studies,
1.8% and 17 studies, 2.8%, respectively). Tasks with ge-
ometric topics such as shapes, 3d-shapes and angles were
primarily implemented using eye-tracking with 8 (1.3%), 7
(1.2%) and 12 studies (2%), respectively. Unsurprisingly,
eye tracking is widely used for tasks involving visual en-
gagement.

4.2.8 Individual differences linked to mathematical
processing

We found that 260 (43%) of 598 studies included in the sur-
vey examined differences in brain activity focused on indi-
vidual differences in mathematical processing. Along with
differences in mathematical skills, mathematical achieve-
ments, mathematical giftedness, math anxiety, general dys-
calculia and mathematical difficulties these studies focused
on the different levels of intelligence.

Figure 15 shows the frequency with which various as-
pects of individual differences were studied, while Fig-
ure 16b provides an overview of how various aspects of
individual difference are studied using fMRI, EEG, eye-
tracking, and fNIRS.
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Fig. 16 VOS network map of the between key words in the survey study

Analysis of neurocognitive tools revealed that fMRI
dominated math skills research (47 studies, 7.9%), followed
by EEG (24 studies, 4%). Math anxiety studies primarily
utilized EEG (21 studies, 3.5%) and fMRI (12 studies, 2%),
with limited use of eye-tracking (5 studies, 0.8%) and fNIRS
(1 study, 0.2%). Intelligence studies employed fMRI (14
studies, 2.3%) and EEG (11 studies, 1.8%), while math-
ematical expertise and giftedness research used EEG (25
studies, 4.2%), fMRI (14 studies, 2.3%), and eye-tracking
(8 studies, 1.3%). Dyscalculia research primarily used fMRI
(13 studies, 2.2%) and EEG (4 studies, 0.7%), with minimal
eye-tracking use (2 studies, 0.3%). Math difficulties were
equally studied using fMRI and EEG (6 studies each, 1%).
Fig. 16 shows a strong preference for using fMRI and EEG
to study various aspects of individual differences. fMRI is
particularly favored for understanding math skills (50.5%),
and dyscalculia (68.4%). EEG is prominently used to study
math anxiety (53.8%). Eye-tracking is valuable for explor-
ing the visual and attentional processes in math experts’ in-
dividuals (30.7%), while fNIRS is used more selectively,
primarily for studying math skills and math difficulties.

4.2.9 Major clusters of keywords

The network map in Fig. 17 shows the connections between
different topics in mathematics education research.

It highlights the relationships between various key words
with 7 or more occurrences. Figure 16 shows 84 out of 474

keywords met the threshold of seven occurrences. The cen-
tral nodes in the network are arithmetic, mental calculation,
brain mapping, and fMRI, indicating their critical role in the
overall research landscape. The visualization shows dense
connections between different clusters, highlighting the in-
terdisciplinary nature of neurocognitive research in mathe-
matics education.

VOS viewer analyzer revealed four main clusters as de-
picted in the network in Fig. 16 using different colors. Ta-
ble 2 depicts the four clusters with thematic labels assigned
manually based on the content that comprised each clus-
ter. Cluster-1, in red, is the largest cluster and consists of
29 items. It demonstrates that studies employing advanced
mathematical tasks linked to examination of high ability
students and cognitive load associated with mathematical
processing. These studies employ ERD and eye-tracking
methodologies. Cluster-2, in green, emerged as the second
largest cluster, comprised of 23 items. It shows that arith-
metic processing is often examined with MRI/fMRI tools,
which, in turn, allow analysis of brain connectivity. This
cluster reflects connections between individual differences
in mathematical skills and associated memory characteris-
tics. The blue cluster, cluster-3, consisted of 18 key words
reflecting connections between EEG and fNIRS method-
ologies and examination of basic numerical skills, cog-
nitive development, executive functions, cognitive control
and math anxiety. The yellow cluster-4 comprises 14 key-
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Fig. 17 The Temporal Evolution Trend of the Research Topics (colors indicate the average year of publication associated with each term)

words, denoting linkages between studies focusing on trans-
lations between different representations of numerical con-
cepts and processes, mathematical achievements and math-
ematical difficulties. In this way, the VOS viewer analysis
validates the content analyses presented in this section.

Figure 17 shows a time network map of the keywords that
visualizes tendencies in neurocognitive research over time,
focusing on the period 2014-2018. The temporal gradient,
from blue to yellow, illustrates how research priorities have
evolved.

The VOS viewer software identifies 2014-2018, despite
our longer review period (1980-2024), pointing out that this
was a particularly dynamic period in the field with sub-
stantial changes in research patterns, topics, or method-
ological approaches. VOS viewer analysis included changes
in research density, changes in keyword relationships and
changes in citation patterns.

Analysis of research term evolution revealed distinct tem-
poral patterns. Core research areas represented by terms
like fMRI and brain mapping appeared in blue to green
shades, indicating their established presence in the field.
Math skills and math difficulties, shown in greenish-yellow,
emerged as growing research areas around 2016-2017. More
recent research trends were indicated by lighter colors, in-
cluding eye-tracking, mathematical reasoning, and problem-
solving, reflecting increased interest in visual engagement

with mathematical tasks and cognitive processing. Num-
ber line, numerosity, and dyscalculia also appeared in re-
cent studies, suggesting growing focus on spatial number
representation and learning difficulties. The evolution of
research focus progressed from dyscalculia studies to nu-
merosity investigations, then to algebraic research, and fi-
nally to problem-solving studies.

5 Discussion and concluding notes

The systematic review of 598 studies examining neurocog-
nitive research in mathematics education reveals a field char-
acterized by rapid growth and evolving methodological ap-
proaches. The research landscape demonstrates strong in-
ternational collaboration networks, primarily centered in the
United States, Germany, United Kingdom, China, and Bel-
gium, though publication patterns indicate a concerning gap
between neuroscientific findings and educational practice,
with most studies appearing in neuroscience rather than ed-
ucation journals.

Our findings show a clear increase over the past 20 years
in research combining neuroscience and mathematics edu-
cation. Many neuroscience journals published studies that
examined brain activation evoked by mathematics process-
ing. Our analysis revealed distinct methodological patterns
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Table 4 Keyword Clusters (for keywords with 7 or more occurrences)

Cluster Thematic labels Keywords included by VOS analytics

1 Advanced Mathematics algebra; AMT; geometry; statistics; university-level; diagrams;
formula-implementation; function-graphs; function-tasks;
math-reasoning; mental-rotation; problem-solving;
series-completion; solving-equations; strategy-tasks; videos;
visuospatial-processing; word-problems

Cognitive load, creativity attention; cognitive-load; creativity; intelligence; insight-tasks

Eye tracking, ERD ERD; eye-tracking

High ability math-experts; math-gifted

2 Arithmetic Arithmetic; abacus; addition; division; multiplication; subtraction

MRI, fNIRS, Connectivity MRI/fMRI; dti; fNIRS; brain-mapping; brain-plasticity;
connectivity; white-matter; gray-matter

Individual differences, individual-differences; math-skills; memory; working-memory;
training

3 Basic numerical skills fractions; dot-magnitude-comparison; number-comparison;
number-processing; number-sense

Task characteristics congruity-effect; distance-effect

EEG EEG; ERP; brain-stimulation

Individual differences cognitive-control; cognitive-development; executive-functions;
inhibition; math-anxiety

4 Approximation 3d-shapes; ANS

Representations dot-magnitude-processing; enumeration; estimation;
number-line; numerosity; representations; subtilizing

Math-difficulties affect; dyscalculia, math-achievements; math-difficulties;

and tool applications. The field is predominantly shaped
by fMRI (45.6%), EEG (32.4%), and eye-tracking (14.9%),
with each tool serving specific research purposes. While
fMRI excels in studying arithmetic processing and neu-
ral correlates of mathematical thinking, eye-tracking proves
particularly valuable for investigating visual engagement
and problem-solving strategies, especially in geometry. The
emergence of newer tools like fNIRS (7.1%) suggests ex-
panding methodological possibilities, though their adoption
remains limited.

The content analysis exposed several significant trends
and gaps. Basic arithmetic (42.3%), number sense (6%), and
numerosity (6%) dominate the research landscape, while ad-
vanced mathematical topics such as calculus (1.2%), statis-
tics (1.7%), and probability (0.8%) remain understudied.
Problem-solving (15.6%) has emerged as a key research
area, particularly through eye-tracking methodologies, in-
dicating growing interest in understanding complex math-
ematical processes. Our findings show that whereas an in-
creasing number of mathematics topics and types of com-
petences (e.g., reasoning) have been investigated using neu-
roscience tools, still there are some which have rarely been
examined (e.g., probability, advanced mathematics content).
Despite the growing interest in neurocognition in mathemat-
ics education, and despite the potential for this type of re-
search to contribute meaningfully to the field, we noticed

several lacunas. Most of the studies are performed in asso-
ciation with basic and elementary mathematical processing,
with only a few looking at advanced mathematical process-
ing. Correspondingly, relatively few studies have examined
learning of advanced mathematical topics such as calculus.

Neurocognitive research is able to provide information
that cannot be obtained through behaviour-based research
alone. Studies have shown that similar problem-solving be-
haviours can be linked to different brain activation or eye-
tracking patterns. That is, what appears identical through be-
havioural study may be based on different mental processes.
Neurocognitive tools have the potential to deepen our under-
standing of mental processing associated with mathematics,
the connection between mathematics and various cognitive
traits, and more. Findings from mathematics education stud-
ies can be verified through neurocognitive techniques that
examine tasks previously studied using behavioral proto-
cols. For instance, researchers can explore differences be-
tween procedural and conceptual understanding using EEG,
fMRI, or eye-tracking methodologies while implementing
tasks that correspond to these two types of mathematical
thinking as defined in educational literature.

The survey reveals a notable pattern in participant charac-
teristics: university students and adults dominate these stud-
ies, likely due to their accessibility to researchers. Primary
school students are also well-represented, reflecting the crit-
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ical importance of this developmental stage for understand-
ing early mathematical cognition. However, toddlers and
preschoolers are underrepresented, presumably due to the
practical challenges of conducting research with very young
children. More studies on advanced mathematics should be
conducted with secondary school students of different ages
to track the neurocognitive characteristics of mathematical
learning stages and skill development, thus providing deeper
insight into the neurocognitive foundations of mathematical
development.

Additionally, nearly all research that uses neurocognitive
tools to study mathematics learning is published in neuro-
science journals, rather than education journals. This sug-
gests that mathematics educators may remain poorly in-
formed about neurocognition even if they take care to follow
the education literature. We argue that mathematics educa-
tion journals should encourage the publication of studies in-
tegrating mathematics education and cognitive neuroscience
through special issues and thematic series focusing on this
important topic.

We suggest that several key directions for future interdis-
ciplinary research between mathematics education and neu-
roscience emerged based on the survey:

• There is a need for mathematical tools and procedures to
better capture the learning and cognitive processes across
diverse mathematical content and competencies with neu-
rocognitive tools.

• As neurocognitive tools become more widely accessible
and more interdisciplinary research is being conducted, it
is crucial that neuroscience-based methodologies specific
to mathematics education are developed and understood
to ensure research rigor and consistency.

• As neurocognitive research deepens our understanding of
the origins of individual differences, mathematics educa-
tors can raise specific questions about the differences in
mathematical processing they see in their research and
practice.

• Future research can explore how classroom socio-cultural
norms impact students’ cognitive development in mathe-
matics, or how cognitive mechanisms like inhibition in-
fluence the development of specific mathematical compe-
tencies.

To ensure the advancement of neurocognitive research
focusing on mathematics education, more collaboration be-
tween researchers from neurocognition and mathematics ed-
ucation is needed to integrate theories from these two well-
developed branches of research. This collaboration can en-
rich research procedures and instruments as well as elabo-
rate and extend interpretations of research results. Moreover,
such collaboration is essential in order to increase the eco-
logical validity of research and elaborate on neuroscience-
based evidence for educational application. These directions

provide a framework for expanding the intersection of neu-
roscience and mathematics education, ensuring that future
research addresses both theoretical and practical concerns
in the integrated field.

Future research directions should focus on expanding
methodological approaches and content coverage. The field
would benefit from increased application of newer tools
like fNIRS, development of integrated methodological ap-
proaches combining multiple tools, and creation of stan-
dardized protocols for mathematics education-specific neu-
roscientific research. This integration is crucial for advanc-
ing our understanding of mathematical learning and devel-
oping more effective educational strategies based on neu-
roscientific evidence. Success in this endeavor requires sus-
tained effort to bridge the gap between research and practice,
making neuroscientific insights accessible and applicable to
educational settings.
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