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Mathematical anxiety (MA) negatively affects all aspects of activities re-
lated to manipulating numbers, both in education and in everyday life. MA
is negatively associated with mathematical self-efficacy, subjective value of
mathematics, attitude, and interest towards mathematics. Individuals with
pronounced MA have a lower need for cognitive load and reflective think-
ing. Among the predictors of MA, cognitive, personality, and social aspects
can be identified. The question of the brain mechanisms of MA remains
relevant. The review provides an analysis of studies on the neurophysiologi-
cal correlates of mathematical anxiety using modern psychophysiological
methods: electroencephalography, magnetic resonance imaging (MRI). The
results of studies using these methods are inconsistent. When studying MA,
attention is paid to brain structures associated with the processing of both
emotional information and cognitive processes. The analysis of the litera-
ture has shown that when implementing corrective measures, it is important
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to consider the lack of a unified theoretical approach, which raises ques-
tions about the causes of MA.
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MpencTaBneHHble B cTaTbe MaTepuarsbl NOCBALLEHbI Npobnieme MareMatuye-
ckon TpeBoXHOCTU (MT). MT HeraTvBHO BNWSIET Ha BCE CTOPOHbI OeSATeNb-
HOCTW, CBSI3aHHbIE C MaHUMyNMPOBaHWEM YUCNaMUN Kak B OOy4EHWUU, Tak 1 B
NOBCEAHEBHOM XWN3HWN YenoBeka. AKTyaslbHbIM OCTaeTCA BOMPOC O MO3roBbIX
MexaHuamax MT. ABTOpbl CTaBWiIn Liefblo NPOBECTU 0630p UCCIefoBaHWU
HEenpon3MoNOrM4ecKnX KOppensaToB MaTemMaTUHecKon TPEeBOXHOCTU C Mo-
MOLLbIO MCUXOOUINONOTMHECKNX METOLOB: 3fIeKTpo3dHuedanorpadum (93r)
N MarHuTHO-pe3oHaHcHol Tomorpadumn (MPT). PedynetaThl uccnefoBaHui ¢
VX UCMONb30BaHNeM HeogHopogdHbl. Mpu nccnepgosaHu MT BHUMaHWe ype-
NAeTcs TeM MO3roBbIM CTPYKTypaMm, KOTOpble CBA3aHbl C 06paboTKOM Kak
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3MOLMOHASIbHOW MHopMaumm, Tak U KOFHUTMBHBIX mpoueccoB. Pesynstar
NpoBeAEHHOro 0630pa NPOAEMOHCTPUPOBA, YTO Y NnL, € Bbicokor MT o6Ha-
PY>XMBaIOTCA 3HAYMMbIE Pa3nnyusi BO BCEX U3MepsieMbIX nokasartensax 3l .
Y wnenbiTyembix € Bbicoko MT akTuBmpyeTcsi 605bLUe 30H, OTBETCTBEHHbIX
3a nepexvBaHue HeraTMBHbIX 3MOLMIA (CTpax M 6OMb) NpY peLleHnn 3anad,
yucnoBas MHopMaLmsa BOCMIPUHMMAETCA Kak yrpo3a U Bbi3biBaeT Hanpsxe-
Hue. Teopusi MexaHn3ma HegoCTaTOHHOrO TOPMOXKEHMSA OMNUCHIBAET LMK 06-
patHon cBsisu MT: MT BbI3bIBaeTCq MareMaTu4eckon 3agaqen, nocre 4yero
BO3HUKaET CTpax, 3aHMMalLLMIA 4acTb pabo4en namsaT, No3Tomy ee obbema
He xBaTaeT Ansl peLleHns MatemMaTMyecKon 3agayn, YTo NpUBOAUT K Henpa-
BWUITbHOMY peLueHunto. Paboyas namaTb BO MHOMOM OMnpefenseT yCrneLwHoCTb
06y4eHusl B LLeIOM U MatemaTtuke B YacTHocTu. MPT-uccnegoBsaHma 4emMoH-
CTPUPYIOT yHacTue MO3roBbIX 30H B Koppensumm Bbicoko MT v pacnpegene-
HUsi BHUMaHus. Takxke B MPT-nccnegoBaHusix nokasaHo, Y4To nNpuy npegbsiere-
HUW CINOXHbIX MaTeMaTUYECKMNX 3adaHnin, HesaBmucmuMo oT MT, akTuBMpytoTCA
30Hbl MO3ra, OTBETCTBEHHbIE 3@ KOTHUTWBHBIA KOHTPOSb U PErynsaumio Hera-
TUBHbIX 3MOLMIA. Y fofein ¢ BbICOKOM MT noBbILLAETCA aKTUBHOCTb PErMOHOB
MO3ra, OTBETCTBEHHbIX 32 BbIMOIHEHNE YMCIIOBbLIX Onepauuii Npyu UCnosb30-
BaHWM CTpaTermm KOrHUTUBHOW NEepeoLEHKM, YTO NPOSBASETCA B MNOBbILLEHNN
3(PhEeKTUBHOCTU PELLEHNA MATEMATUHECKUNX 3afad U CHVXKEHUU HEraTUBHbIX
nepexuBaHuin. Ha ocHoBe npoBefdeHHOro o63opa fAenaeTtcs BbiBOf 06 OT-
CyTCTBUM eguHou Teopun MT 1 HEo6XoaMMOCTU MPOBEAEHUS KOMMIEKCHbIX
NCUXOU3NONOrMHYECKUX UCCNENOBAHNI C YHETOM KOTHUTUBHBIX U 3MOLMO-
HaslbHbIX KOMMOHEHTOB MaTteMaTU4eCKo TPEBOXHOCTW.

Knro4eBbie cnoBa: matematnyeckas TPEBOXHOCTb, NPUYMHbI MaTemMaTun4e-
CKOW TPEBOXHOCTU; Ncuxodmanonornieckne metodbl; O3l MarHMTHO-pe3o-
HaHcHasa Tomorpadms (MPT).
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BpPeMeHHbIX nccnefgosanuii // MNevxonornyeckas Hayka n oépasosanune. 2025. Tom 30. Ne 1. C. 81—

92. DOI: https://doi.org/10.17759/pse.2025300106

Introduction

Mathematical anxiety (MA) is a nega-
tive emotional reaction characterized by
avoidance, as well as feelings of unease
in situations related to mathematical cog-
nition and thinking. In other words, MA can
be defined as a negative affective reac-
tion of an individual to situations involving
numbers and calculations, accompanied
by feelings of tension and anxiety that
hinder the manipulation of numbers and
the solving of mathematical problems in a
wide range of situations. MA can also be
defined as a robust experiencing of nega-

tive emotions associated with broad range
of situations that require the use of num-
bers. The difficulties some individuals face
performing mathematical operations neg-
atively impact their subjective well-being
and, consequently, their socio-economic
status, posing a significant challenge to
contemporary Russian society. However,
which psychophysiological mechanisms
are involved in the formation of MA and
to what extent remains a topic of discus-
sion. As long as this issue remains un-
resolved, it is impossible to effectively
identify the causes of MA and to carry
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out corrective and compensatory mea-
sures. Thus, identifying the psychophysi-
ological mechanisms of MA is not only an
academic problem but also an acute issue
justified by the demands of society: math
competencies are a necessary condition
for academic and professional success in
the modern high-tech world. MA is nega-
tively associated with the development of
math competencies, leading to adverse
consequences in career choice, limiting
opportunities for employment and profes-
sional activity. This review aims to discuss
the psychophysiological methods used to
study the phenomenon of MA, as well as
to analyze the main findings from research
conducted using these methods.

MA is distinct from general anxiety or
test anxiety, as well as it has specific psy-
chophysiological and behavioral manifesta-
tions [1]. It is discussed that MA correlates
with general anxiety; genetic differences
contributing to general anxiety also contrib-
ute to genetic differences in MA, meaning
that if a person has high anxiety, they are
likely to exhibit high MA as well [40]. How-
ever, individuals who do not have high gen-
eral anxiety can still display MA. Supporting
this fact, data has shown that various indi-
cators of MA correlate more strongly with
each other than with constructs of general
and mathematical anxiety [8]. In one study,
it was found that MA arises as a response
to numerical rather than textual representa-
tions of a problem [25].

Psychophysiological Methods
for Measuring MA

MA Questionnaires are often used to
assess MA [14;17;20;34]. However, as
reported by F. Demedts and co-authors,
this method of measurement is associated
with a number of problems. Questionnaires
require participants to recall how they feel
in various situations, which involves ret-
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rospective assessment [15]. Here we en-
counter distortions in self-reports related
to the peculiarities of memory. Additionally,
the ability to self-report on one’s behavior in
specific situations is not available to all age
groups, such as young children.

Measuring MA with psychophysiological
methods is possible, as well as MA is root-
ed in physiological mechanisms of stress
response. When MA occurs, a variety of re-
actions associated with the hypothalamic-
pituitary-adrenal (HPA) axis and the release
of glucocorticoids are activated [28;33].
Thus, MA has a well-defined physiological
basis, allowing its psychological manifes-
tations to be correlated with physiological
reactions. Compared to survey methods,
psychophysiological registration has sev-
eral advantages, such as objectivity and
the ability to directly measure MA in a mod-
eled situation. The choice of registration
methods can be based on the goals of the
research. For measuring MA in educational
settings such as schools and universities
(i.e., in situations with high ecological valid-
ity) it is convenient to use methods that do
not interfere with the everyday educational
activities of respondents. Techniques may
include the registration of skin galvanic re-
sponse, heart rate, etc. In laboratory-based
studies it is possible to use other methods:
multichannel electroencephalography,
magnetic resonance imaging, functional
near-infrared spectroscopy, etc. In the next
sections, we will take a closer look at the
main psychophysiological methods used in
MA research.

Electroencephalography (EEG)

Electroencephalography (EEG) is a
non-invasive method for studying the func-
tional state of the brain by recording its bio-
electrical activity. Indicators such as event-
related potentials, measures of rhythmic
brain activity, source localization of elec-
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trical activity, and connectivity metrics are
examined in EEG analysis.

Event-related potentials are measured
brain activity that occur in response to sen-
sory, cognitive, or motor events. The wave-
forms of event-related potentials consist of
a series of positive and negative voltage
deflections associated with a set of basic
components. Some components of event-
related potentials are denoted by abbrevia-
tions (e.g., the negative result associated
with an error — ERN), while most compo-
nents are labeled with a letter (N/P) indi-
cating polarity (negative/positive), followed
by a number indicating either the delay in
milliseconds or the ordinal position of the
component in the waveform. The compo-
nents of event-related potentials analyzed
in MA research include: P2, P3, N450, and
ERN. Differences in N450, a negative wave
of the event-related potential that occurs in
the 450 ms period after stimulus presenta-
tion, are explained within the framework
of Eysenck’s attention control theory: indi-
viduals with high MA demonstrate reactive
(post-hoc) control, while those with low MA
exhibit proactive (anticipatory) control [39].
More negative ERN amplitude has been
shown in individuals with high MA dur-
ing numerical tasks, indicating specificity
in error monitoring [38]. It has also been
demonstrated that individuals with high MA
exhibit higher P300 event-related potential
during mathematical tasks compared to
those with low MA. The P300 component
is a positive wave that peaks around 300
milliseconds after stimulus presentation
[13]. The P300 component in individuals
with MA also varies depending on deci-
sions regarding purchases [19]. Another
EEG study highlighted the important role of
the P600/P3b component: this component
has a higher amplitude and later onset in
mathematically anxious individuals [38].
Individuals with high MA, regardless of

their success in solving tasks, demonstrate
higher P300 amplitude when anticipating a
math problem.

EEG studies of event-related potentials
have shown greater amplitude of event-
related potentials during math problem-
solving in students with high MA compared
to those with low MA. This difference was
observed across various types of math
tasks [30]. This result is interpreted as an
increase in working memory load.

A widely used approach involves
source localization of the brain’s bioelec-
trical activity recorded by electrodes dur-
ing EEG recording. This approach allows
for the identification of zones (sources) of
current brain activation. Studies utilizing
source localization methods (particularly
sLORETA) indicate that individuals with
high MA activate regions such as the insula
and amygdala. The insula is involved in
pain responses, while the amygdala is as-
sociated with emotional experiences (fear,
stress, anxiety). Specifically, EEG studies
have shown that individuals with high MA
activate more areas responsible for expe-
riencing negative emotions (fear and pain),
whereas those with low MA show greater
activation in regions responsible for work-
ing memory function—such as the anterior
cingulate cortex, insula, and supplementa-
ry motor area [22]. These findings support
theories explaining MA as a precursor to
pain and align with fMRI research showing
that individuals with MA activate regions
associated with pain sensations during
problem-solving, as well as studies dem-
onstrating that MA is linked to activation of
centers responsible for experiencing nega-
tive emotions [27;41].

Another informative EEG-indicator is
the rhythmic activity of the brain. The EEG
rhythm is a regular (having a fixed frequen-
cy) type of electrical activity corresponding
to a certain specific state of the brain and
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associated with particular cerebral mecha-
nisms. The main EEG rhythms are linked to
various mental states. Studies have shown
an increase in gamma-range activity in indi-
viduals with high MA: the power of gamma
oscillations increases in frontal leads [26].
A comparison of responses to numerical
and textual information in people with high
and low MA demonstrates that individuals
with high MA exhibit higher gamma activ-
ity when perceiving numerical information
compared to textual information, while no
such differences were found for individu-
als with low MA. According to the authors,
these results indicate that people with high
MA perceive numerical information as a
threat [10]. Additionally, studies have found
differences between highly anxious and
low-anxiety individuals in the alpha range
[2]. Alpha activity is traditionally associated
with wakefulness in a calm state, and thus
the differences may reflect a variance in
the ability to relax among those with high
versus low MA.

Psychological traits, including MA, are
related to the structural features of brain
networks, particularly the number of “weak”
pathways for information transmission
within the network. The theory of the insuf-
ficient inhibition mechanism describes the
feedback cycle of MA: MA is triggered by a
mathematical problem [5;6;18]. This induc-
es fear in the individual, occupying part of
their working memory, which is insufficient
for solving the math problem, leading to
incorrect solutions. Functional connectiv-
ity analysis shows that individuals with low
MA have more structured cortical networks
with increased connectivity in areas related
to working memory, such as the frontal
cortex. In contrast, the brains of individuals
with high MA exhibit a more dispersed and
unstructured network, supporting the no-
tion of working memory impairments [22].
Furthermore, an EEG study on cognitive
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fatigue during math problem-solving did
not reveal differences in neural correlates
of cognitive fatigue between individuals
with high and low MA [42]. It should also
be noted that MA can be predicted with
93.75% accuracy based on features of the
electroencephalogram (EEG), using the
machine learning method NBTree [21].

Magnetic Resonance Imaging
(MRI), Functional MRI (fMRl),
Diffusion MRI (dMRI)

When studying MA, special attention is
paid to those brain structures that are asso-
ciated with the processing of emotional in-
formation and working memory. Neurocog-
nitive research using fMRI has shown that
MA is linked to abnormal activity in the right
amygdala [11;31]. Working memory is con-
sidered one of the important determinants
of successful learning and mathematical
cognition [24]. According to Baddeley’s
model, working memory includes three
components: (I) a visuospatial component,
which serves as a storage for visual and
spatial information; () a verbal component
necessary for storing verbal information;
(lll) a central executive component involved
in regulating, manipulating, and process-
ing information [9]. Children with low levels
of the visuospatial component of working
memory suffer the most from MA when
learning math [36].

MRI studies using morphometry have
shown that high MA is negatively correlat-
ed with the volume of gray matter in the left
intraparietal sulcus, which is responsible
for attention distribution [16]. A study us-
ing functional magnetic resonance imaging
(fMRI) showed that when employing a cog-
nitive reappraisal strategy, individuals with
high MA exhibit increased activity in brain
regions responsible for performing numeri-
cal operations (Dorsal PFC/supplementary
motor cortex, Inferior frontal cortex/frontal
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operculum, Medial prefrontal/temporal
lobe, Temporo-parietal junction, Left an-
terior prefrontal cortex). At the behavioral
level, this is reflected in an increase in cor-
rectly solved tasks and a simultaneous de-
crease in negative experiences related to
math stimuli [32].

In another fMRI study it was revealed
that when anticipating a complex math
task, negative emotions arise in both indi-
viduals with high and low MA, and brain
activity during this does not depend on a
person’s level of MA. It was also shown that
when anticipating a complex math task, re-
gardless of MA, areas of the brain respon-
sible for cognitive control and regulation
of negative emotions (such as the anterior
cingulate cortex) are activated [23].

Using fMRI, differences in functional
connectivity within and between the dorsal
attention network (DAN), ventral attention
network (VAN), and default mode network
(DMN) were demonstrated in physics stu-
dents with high and low MA while solving
physics tasks [35].

A study using diffusion magnetic reso-
nance imaging (dMRI) revealed a positive
correlation between scores on the Abbrevi-
ated Math Anxiety Scale (AMAS) and the
degree of microstructural connectivity in
the left arcuate fasciculus (AF), the body of
the corpus callosum (CC), right cingulum,
and left inferior longitudinal fasciculus (ILF)
in men. In women, a positive correlation
was found between AMAS scores and the
degree of microstructural connectivity in
the genu of CC, right ILF, and bilateral for-
nices; a negative correlation was observed
between AMAS scores and the degree of
microstructural connectivity in the left cin-
gulum and right cingulum [29].

Conclusion

The literature analysis revealed a meth-
odological problem in studies of the brain

mechanisms of math anxiety (MA), which
raises questions about the causes of MA
and complicates the selection of psycho-
logical and pedagogical interventions and
their effectiveness.

Firstly, this is due to the complexity of
the phenomenon of MA itself. MA is a dis-
tinct psychological construct with cognitive,
personal and social predictors. For exam-
ple, MA can arise in individuals with high
anxiety and high cognitive abilities, as well
as in low-anxiety individuals with deficits in
specific cognitive functions.

Secondly, the results of studies using
psychophysiological methods (EEG, MRI,
fMRI, dMRI) demonstrate a wide range of
data due to the specificity of each of the
mentioned methods. On the one hand,
data regarding the involvement of cognitive
characteristics, such as working memory
and attention control, in the formation of
MA have been obtained. On the other
hand, a link between MA and emotional
experiences and feelings of pain has been
identified.

The analysis conducted allows for a
more detailed plan for further research
aimed at identifying the brain mechanisms
of MA. The first stage involves conducting a
study using EEG, which will include partici-
pants with varying levels of MA and general
anxiety. The experimental design will incor-
porate cognitive abilities significant for MA
(working memory, solving arithmetic tasks,
academic grades in math disciplines, etc.).
EEG will be recorded in a resting state and
during experimental tasks, allowing us to
subsequently use analysis based on graph
theory. The goal of our research is to spec-
ify the psychophysiological mechanisms of
MA using EEG, particularly in identifying
the activation of brain regions and parame-
ters of functional connectivity. In the future,
we plan to expand the study by including
other psychophysiological methods.
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