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Recent studies have shown that the knowledge of society about the functioning of the brain

does not correspond to neuroscience data. The high prevalence of neuromyths can become a

problem in the development of educational technologies. The goal of this study is to identify

the prevalence of neuromyths among pre-service teachers and students of other faculties.

The prevalence of neuromyths among 958 university students was studied using an anon-

ymous survey. It was found that the specialty influenced the results: chemistry and biology

students, as well as physics, mathematics, and computer science students, answered better.

The effect of education is weak. Nevertheless, it has led to an alignment of results between

the specialties in the older group. Self-education has a significant positive effect on students’

recognition of neurofacts. The study confirms that certain neuromyths are especially popular

among students and allows us to draw conclusions about the prevalence of neuromyths

among future teachers.
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Introduction

Throughout history, knowledge from various scientific fields
has been enriching pedagogical science. At the turn of the
20th and 21st centuries, interest in interdisciplinary cognitive

research using the achievements of neuroscience also increased, for
example, campaigns to popularise and create research groups and
university programmes (Torrijos-Muelas et al., 2020). Currently, the
development of neuroimaging technologies and new discoveries
about the functioning of the human body allows us to expand our
understanding of the brain (Bukina et al., 2021; Han et al., 2019;
Janssen et al., 2021; Khramova et al., 2021; Kurkin et al., 2020;
Mcdowell et al., 2013).

Perhaps in the future, teachers will be able to fully use this data
to modernise education on their own (Ansari, 2014; Goswami,
2004; Howard-Jones, 2014; Stern, 2005). Some scientists complain
about this interdisciplinary connection because of the complexity
and ambiguity of its organisation, and problems that may arise in
the process (Busso and Pollack, 2015; Horvath and Donoghue,
2016; Willingham, 2009). One reason for concern is the sus-
ceptibility of teachers (with insufficient knowledge of neu-
roscience) to the influence of common myths about the
development of the child’s brain.

The concept of “neuromyth” is not new, but the modern
definition was formed at the beginning of the 21st century. In
2002, the Organization for Economic Cooperation and Devel-
opment (OECD, 2002) defined neuromyth as a misconception
caused by “a misunderstanding, a misreading and, in some cases,
a deliberate warping of the scientifically established facts to make
a relevant case for education or for other purposes”.

The interest in the application of new technologies based on
neuroscientific myths in the educational process without a suffi-
cient theoretical basis increases the prevalence of neuromyths
among teachers (Fischer et al., 2010; Howard-Jones, 2014). There
is a problem of using unreliable sources of information as the
main ones. For example, questionable Internet sources that
describe simplified or false research results and methods, with the
assistance of which it is supposedly possible to improve educa-
tional indicators (Papadatou-Pastou et al., 2017; Zambo and
Zambo, 2009). Another reason for the spread of neuromyths is
publications and materials prepared by non-specialists in this
field (Goswami, 2006). According to several reports, the mention
of the brain and its images in the description and advertising of
educational courses is the reason for increasing faith in their
effectiveness (Ferrero et al., 2016; Lindell and Kidd, 2013;
Weisberg et al., 2008). Im et al. (2017) found a similar effect when
trust in the text content increased when brain images were added.
There were also results showing that mentions of the brain are
not a decisive factor, although they had a greater impact on
teachers than students (Luiz et al., 2020).

Teachers’ enthusiasm for pedagogical technologies based on
neuroscientific myths may not pose a direct danger to students.
However, this can negatively affect the learning process and
confuse the teachers themselves if they do not obtain the intended
result. Using deliberately false concepts can cause wasted study
time, as well as a lack of confidence, especially among novice
teachers (Dekker et al., 2012; Howard-Jones and Fenton, 2012).

Researchers from different countries studied the prevalence of
belief in neuromyths among teachers with different work
experience, both among practicing and future specialists, for
example, in South Korea (Im et al., 2018), Australia (Hughes
et al., 2020), Portugal (Rato et al., 2013), America (Macdonald
et al., 2017), Morocco (Janati Idrissi et al., 2020), Hong Kong
(Ching et al., 2020), Turkey (Dündar and Gündüz, 2016), India
(Sundaramoorthy et al., 2022) and others. Many authors have
tried to find factors influencing the belief in neuromyths (pre-
dictors) (Howard-Jones et al., 2009; van Dijk and Lane, 2020).

The results often did not coincide, presumably because of various
factors, such as the difference in samples by population, age, and
cultural characteristics, or analysis methods. According to some
studies (Canbulat and Kiriktas, 2017; Dekker et al., 2012; Ferrero
et al., 2016; Papadatou-Pastou et al., 2017), participants with
higher levels of brain knowledge tend to trust neuromyths more.
Other researchers have obtained opposite results, in which sub-
jects with better brain knowledge were able to better identify
neuromyths (Ching et al., 2020; Howard-Jones et al., 2009;
Macdonald et al., 2017; van Dijk and Lane, 2020). Comparisons
of subjects by preferred sources of information about neuromyths
and facts (scientific or popular science journals), as well as phy-
siological characteristics (gender, age) may also differ (Ferrero
et al., 2016; Macdonald et al., 2017).

Scientists suggest different ways to solve the problem of the
spread of neuromyths among teachers. One of them is conducting
and distributing interdisciplinary research (Spitzer, 2012). It is
also proposed to create a cooperation system between neu-
roscience and education by including in this system a qualified
expert versed in related fields of sciences (Coch and Daniel,
2020), or by mediation with the assistance of cognitive psychol-
ogy (Bruer, 1997), etc.

Teachers have a significant impact on the formation and
development of the student’s personality. At the same time, many
authors point to insufficient theoretical training in neuroscience
for both working and future teachers, which may indirectly
negatively affect the quality of education of schoolchildren. A
significant number of scientists note the special popularity of
some neuromyths among pre-service teachers (Canbulat and
Kiriktas, 2017; Ching et al., 2020; van Dijk and Lane, 2020;
Dündar and Gündüz, 2016; Düvel et al., 2017; Im et al., 2018; Kim
and Sankey, 2018; Luiz et al., 2020; Papadatou-Pastou et al., 2017;
van Tardif et al., 2015). Teachers and pre-service teachers meet
with some neuromyths even in studying at the university or
professional training events (Blanchette Sarrasin et al., 2019;
Grospietsch and Mayer, 2020; Lethaby and Harries, 2016). Rogers
and Anisa (2022) compared the knowledge of neuromyths among
1st and 5th-year pre-service teachers. Besides the questionnaire,
they conducted an interview in which future teachers named their
own positive learning experience and the positive experience of
their students (when neuroscientific misconceptions were used in
class) as the main reasons for believing in neuromyths. Pre-
service teachers also noted that they often encountered myths in
studying psychology courses at the university and from other
teachers and curators at school, as well as in the media. In the
study by McMahon et al. (2019), pre-service teachers noted
neuromyths influenced them already at school age, for example,
they performed brain exercises or were classified by their
learning style.

“How and why pre-service teachers and other students should
differ in their beliefs in neuromyths?”—This question is currently
little studied. Prerequisites for differences can be concluded in the
difference in academic disciplines, as well as basic training before
admission, in the features of the psychological portrait. In the
discussion, we compared our results with two relevant studies
(future science teachers in comparison with future mathematics
teachers, as well as a comparison of future biology teachers
depending on their level of education) (Dündar and Gündüz,
2016; Grospietsch and Mayer, 2020).

Since there is a bulk of work devoted to the study of the
influence of neuromyths on future teachers, we considered the
problem from a different angle—we compared the neuroscientific
literacy of students of various specialties to identify the correla-
tion between the specialty of university education and students’
belief in neuromyths. The main goal of this study is to compare
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the results of pre-service teachers with the results of students of
other specialties. The following factors of influence are con-
sidered: the student’s faculty (with special attention paid to future
teachers), the level of education, as well as reading reliable lit-
erature. The last two factors reveal the effect of learning on
reducing belief in neuromyths.

Methods
Participants. 1074 students from the following typical regional
six universities participated in the survey: Saratov State University
(Saratov), Innopolis University (Kazan), Immanuel Kant Baltic
Federal University (Kaliningrad), Kozma Minin Nizhny Nov-
gorod State Pedagogical University (Nizhny Novgorod), Volgo-
grad State Pedagogical University (Volgograd), Samara State
University of Social Sciences and Education (Samara). Students
for the study were recruited based on the following principles:

● on a volunteer basis,
● from the following specialisation groups: pedagogy, psy-

chology, chemistry and biology, physics, mathematics, and
computer science,

● forming balanced samples by the following factors:
specialty and level of education.

Since in our study we decided, first, to focus on young
professionals receiving pedagogical education for the first time,
we excluded the results of all respondents over 35 years old (25
people). Several departments had to be excluded from the study,
as the number of respondents in them was too small in
comparison with larger groups (85 people). Several people were
excluded due to incorrect answers in the questionnaires
(including incorrect data filling or empty questionnaires; 6
people).

The final sample comprised 958 students (725 women, 233
men; average age= 19.8 years; SD= 2.41). Students were divided
into four major groups, depending on their specialisation. In the
first group (n= 382), we gathered pre-service teachers (Pedagogy
group, see Table 1). The second group (n= 172) combined the
results of chemistry and biology students (C&B group). In the
third group (n= 218), there were psychology students, including
special education pre-service teachers and educational psychology
students (Psychology group). The fourth group (n= 186)

represented physics, mathematics, and computer science students
(P&M&IT group).

Students of different levels of education participated in the
survey: bachelor’s degree students in the 1st and 2nd years of
study (so-called, Younger group) and bachelor’s degree students
from the 3rd to the 5th year of study, master’s students, PhD
students, etc. (so-called, Older group) (Table 1). Among all
respondents, approximately 67% were interested in neuroscience.
Among future teachers (n= 382), about 59% were interested in
neuroscience.

Questionnaires. The survey was based on the study by Dekker et
al. (2012). Also, we partially used the items of other researchers
(Herculano-Houzel, 2002; Howard-Jones et al., 2009; Lilienfeld
et al., 2009). In the text, we will mark facts with the letter F, and
myths with the letter M before the number of the question.
Several questions (items F11, F12, M9, and M10) about the
technical principles of brain research were added by the present
authors. In compiling the survey, we abandoned several items due
to the emergence of mixed information in the scientific literature
(e.g., the question of the effect of caffeine on children’s behaviour,
as well as the question of fatty acid supplements that affect aca-
demic performance, and some others) (Macdonald et al., 2017).
The survey was conducted in Russian. We have partially refor-
mulated some items during the translation (while preserving the
original meaning) to avoid ambiguity.

We divided the survey into two parts: (i) a part with questions
and (ii) a part to fill in demographic data and answers to
additional questions. The first part comprised 45 questions with
facts about the brain (20 items) and neuromyths (25 items), the
questions were mixed. A list of the facts presented (translation of
phrases from Russian into English) is given in Supplementary
Table A1 and the myths—in Supplementary Table A2 in
Appendix A. All 20 facts about the brain were formulated as
correct statements, all 25 neuromyths were false statements. The
answer options were “I agree”, “I disagree”, and we also added
the option “I do not know” to avoid a random answer. The
correct answer is to agree with the fact and disagree with the
myth. In the second part, the participants noted their age,
gender, faculty, and educational level. There they also noted the
sources of information from which they received knowledge
about neuroscience (we used this information as the factor of
reading reliable literature) and the degree of personal interest in
this area.

We did not use the term neuromyth in the survey to avoid a
biased attitude to the questions. Participation in the study was
voluntary, the participants were informed about the anonymity of
the results. The results were collected online. The students’
answers are presented in the Supplementary Table which is
available in the Harvard Dataverse repository, https://doi.org/10.
7910/DVN/VZ5JFG.

Data analysis. We analysed the influence on the correctness of
answers of the following factors: gender, specialisation, level of
education (group), and the fact of reading reliable literature. The
size of each group is shown in Table 1. Before the statistical
analysis, the data were checked for normality using the
Shapiro–Wilk test. The data did not meet the normality criterion
in all groups; therefore, we performed multiple statistical com-
parisons using the Wilcoxon test. For each type of comparison,
the Holm–Bonferroni correction was applied to reduce the effect
of the multiple comparisons problem on significance levels in
statistical test results. We used Python statsmodels module to
carry out the statistical analyses.

Table 1 Sample of students.

Gender Specialisation Level of
education

Number

Female Chemistry and Biology Younger group 87
Female Chemistry and Biology Older group 42
Female Pedagogy Younger group 163
Female Pedagogy Older group 154
Female Psychology Younger group 119
Female Psychology Older group 76
Female Physics, Mathematics and

Computer science
Younger group 39

Female Physics, Mathematics and
Computer science

Older group 42

Male Chemistry and Biology Younger group 35
Male Chemistry and Biology Older group 7
Male Pedagogy Younger group 27
Male Pedagogy Older group 37
Male Psychology Younger group 10
Male Psychology Older group 12
Male Physics, Mathematics and

Computer science
Younger group 44

Male Physics, Mathematics and
Computer science

Older group 60
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Results
Brain knowledge. Figure 1 illustrates statistics of answers to the
facts about the brain among all interviewed students. Out of 20
facts, over 60% of all students more accurately noted 14 state-
ments and 6 statements received correct answers from over 80%
of students.

The most well-known facts were about the preferred ways of
obtaining information (item F9, see Table 2; 92%), the effect of
hormones on personality (item F1; 88%), the influence of the
brain on emotions (item F13; 86%) and mental practice on
productivity (item F14; 86%).

The largest number of all surveyed students (42%) did not
agree with the fact about problems with academic performance
(item F8): “Learning problems associated with developmental
differences in brain function can be remediated by education”.
Much fewer respondents (26%) were against the fact that “When
a brain region is damaged other parts of the brain can take up its
function” (item F10).

The facts with the largest number of answers “I don’t know”
among all respondents are “Learning occurs through modification
of the brains’ neural connections” (item F18; 37%), and
“Brain–computer interfaces allow you to control external devices
using mentally generated commands” (item F12; 34%).

Table 2 presents statistics of answers to the facts about the
brain for four selected groups. Full description of the facts can be
found in Supplementary Table A1 in Appendix A.

Neuromyths. Figure 2 presents the statistics of answers to the
myths about the brain among all respondents. Over 50% of stu-
dents agreed with 11 out of 25 neuromyths.

The most popular (90%) among all students surveyed was the
neuromyth about learning styles (item M20, see Table 3)

“Individuals learn better when they receive information in their
preferred learning style (e.g., auditory, visual, kinaesthetic)”. The
following are item M21 about the differences in the dominance of
the hemispheres, as well as item M22 about exercises for the
development of motor skills (both about 73%).

Neuromyths with the highest number of answers “I don’t
know” among all respondents “Electroencephalography, magne-
toencephalography and magnetic resonance imaging are various
ways to visualise the electrical activity of the brain” (item M9;
39%), “The volume of blood in the brain increases with physical
exertion” (item M18; 30%), and “Children are less attentive after
consuming sugary drinks and snacks” (item M12; 29%).

Table 3 shows the answers to questions with neuromyths in
four groups. Full description of the neuromyths can be found in
Supplementary Table A2 in Appendix A.

Results of statistical analysis. We have first tested the effect of
gender. Figure 3 depicts the association between the shares of
correct/unsure answers and gender. Each subplot column repre-
sents different areas of education. As can be seen, there are no
significant differences between male and female answers for each
group. This applies to both shares of correct and unsure answers.
Thus, gender has no significant effect on identifying facts and
myths. Consequently, we discarded this factor in further analysis.

Figure 4 contains boxplots of the shares of correct and unsure
answers by the specialisation and by the level of education. The
results concerning facts and myths are presented separately. For Fig.
4a, c, we aggregated data by the specialisation, and for Fig. 4b, d we
aggregated data by the level of education.

Based on the results in Fig. 4a, c, it is clear that biology students
give the right answers more often and less unsure answers than
other groups. Moreover, people from P&M&IT group are more

Fig. 1 Facts about the brain, the average results of all interviewed students. Green colour marks correct answers, red colour marks incorrect answers,
and grey colour marks uncertain answers.
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confident in identifying facts, compared to pedagogy and
psychology groups. Figure 4a shows that myths and facts are
identified best of all by C&B and P&M&IT groups. No difference
in the correctness of answers is observed between these groups.

We have not found significant differences in the shares of
correct and unsure answers between the younger and the older
groups.

Figures 5 and 6 contain boxplots of the shares of correct and
unsure answers by the specialisation and by the level of education
without aggregation by any of these factors. Figure 5b shows that
students from the younger P&M&IT and C&B groups are more
accurate in identifying facts than the others but this effect evens
out in the older group. Figure 5a shows that no significant
differences were found between the younger and older groups
when dividing by specialisation. However, visual analysis clarifies
that the results obtained in Fig. 5b are related to the fact that the
pre-service teachers and psychology students begin to identify
facts more accurately as the level of education increases, while
C&B, on the contrary, gives fewer correct answers.

At the same time, students from the younger C&B group gave
the most accurate answers regarding myths. In the older group,
the accuracy of P&M&IT students also increases, and their results
do not differ from the results of C&B students. Analysis of the
results in Fig. 5a shows that the last effect is due to the fact that
the P&M&IT students give more accurate answers to myths with
increasing levels of education, while C&B students, on the
contrary, begin to distinguish myths worse than before. The
accuracy of identifying facts in pedagogy and psychology
students’ groups is better in the older group, while the accuracy
of identifying the myths stays the same.

Figure 6 shows the same contrasts as Fig. 5 but for uncertain
responses. Figure 6b demonstrates that C&B has the least share of
uncertain responses in the younger group, but these differences
become insignificant in the older group. Just as with the shares of
correct answers, there are no significant differences between
education levels for each specialisation. It is clear from Fig. 6 that
on average everyone, except C&B, begins to give fewer unsure

responses with increasing the level of education. As a conse-
quence, there is no difference between the areas of education in
the older group.

Figure 7 shows the shares of correct answers to myths and facts
depending on the reading of reliable scientific sources (scientific
literature, articles, reports, etс.). We aggregated all data without
dividing by education level or specialisation because we aimed to
study the main effect of reading reliable literature. The results
have revealed that reading reliable scientific sources helped
respondents to recognise facts more precisely. However, both
groups have shown similar results in recognising myths.

Effect sizes for all significant comparisons (see figure captions
for Figs. 4–7) are medium.

Discussion
The goal of this study was to investigate the level of neu-
roscientific literacy, as well as the prevalence of neuromyths
among pre-service teachers and students of other educational
fields on the example of six regional universities in Russia. Below,
we will discuss the features of our research in comparison with
the results of other authors.

Pre-service teachers demonstrated good results when checking
their neuroscience literacy—half of the respondents answered 16
out of 20 facts about the brain more accurately. The answers to
the F8 turned out to be unexpected—39% of pre-service teachers
felt that learning would not help to correct the problems with
academic performance associated with differences in brain
development. For example, there were 24% comparable answers
among students from Greece (Papadatou-Pastou et al., 2017),
19% among students from Turkey (Dündar and Gündüz, 2016),
and only 5% among students from the USA (van Dijk and Lane,
2020). Although the authors themselves suggest that the sample
could affect the result, over 50% were engaged in special educa-
tion there (van Dijk and Lane, 2020). We assume that such results
in our study may be related to (1) the incorrect interpretation of
the question by the respondents (the degree and type of

Table 2 Facts about the brain, comparison among four groups of students.

No. Answer (%)

I agree I disagree I don’t know

Pedagogy C&B Psychology P&M&IT Pedagogy C&B Psychology P&M&IT Pedagogy C&B Psychology P&M&IT

1 89 81 89 92 7 15 6 6 4 3 4 1
2 81 79 82 69 14 14 14 25 4 7 4 6
3 72 73 68 77 19 20 18 15 9 6 14 8
4 60 78 65 72 12 7 15 10 28 15 21 18
5 45 49 49 61 21 27 19 13 34 25 32 26
6 74 83 78 76 11 11 8 9 15 6 14 15
7 73 91 77 89 9 4 8 3 19 5 15 8
8 46 39 39 37 39 50 38 42 16 11 23 21
9 92 97 89 92 4 3 4 7 3 1 6 1
10 46 60 51 63 29 29 28 15 25 11 21 22
11 59 84 67 83 7 3 10 2 34 12 23 15
12 52 67 47 61 12 11 11 8 36 22 42 31
13 81 95 85 91 12 1 8 5 7 4 7 4
14 85 89 84 88 9 2 9 3 6 8 8 10
15 51 54 49 52 19 29 21 18 30 18 30 31
16 60 68 52 63 16 20 17 8 24 12 31 29
17 79 89 79 85 16 9 14 11 5 2 8 4
18 49 64 46 65 8 13 9 9 43 23 45 26
19 55 67 57 71 15 21 16 12 30 11 27 17
20 58 72 68 61 18 17 13 20 24 11 19 19

C&B—chemistry and biology group of students and P&M&IT—physics, mathematics, and computer science group of students.
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differences in brain development were not specified, which could
confuse them); and (2) insufficient knowledge of students in
inclusive education. These factors were more likely to influence
the responses of non-teaching students from the C&B
group (50%).

According to our results, some neuromyths are especially
popular among students, which also coincides with similar studies
in other countries (Ching et al., 2020; Dekker et al., 2012; Dündar
and Gündüz, 2016; Pei et al., 2015). Myths about learning styles
(92%), hemispheric dominance (80%), and exercises for con-
necting hemispheres, as well as for literacy skills (77% and 75%)
turned out to be the most popular neuromyths among Russian
pre-service teachers.

The myth of learning styles is one of the most popular among
respondents in most of the studies we reviewed (Ching et al.,
2020; Ferrero et al., 2016; Gleichgerrcht et al., 2015; Grospietsch
and Mayer., 2019; Karakus et al., 2015; Papadatou-Pastou et al.,
2017; Pei et al., 2015). The main reason for this is its widespread
popularisation, including in the pedagogical environment and the
training of pre-service teachers (Torrijos-Muelas et al., 2020).
Although we do not consider this myth damaging enough for the
learning process despite its popularity, because it is impossible to
present all educational information in only one specific form.

However, such an approach to learning can distract the teacher’s
attention from more significant issues, as well as cause some
discomfort to the students.

In Russian schools, teachers are most often not familiar with
the Brain Gym programme, which is popular in only a few
regions of the world, and the effectiveness of this programme has
long been recognised as unproven (Hyatt, 2007). However, myths
about the positive impact of certain exercises are spreading in
Russian communities of teachers and psychologists. Usually, they
are called “Brain Development Exercises”. These exercises are
extremely similar to those used in the programme. This probably
supports their popularity even without direct commercial
influence.

The results for item M19 “Environments that are rich in sti-
mulus improve the brains of pre-school children” were not as
high (69%) as for the others: 94% in the USA (van Dijk and Lane,
2020), 95% in the UK (Dekker et al., 2012). As Ferrero et al.
(2016) emphasise, such popularity may also be a consequence of
the widespread distribution of commercial educational products
developed in isolation from proven neuroscientific knowledge. As
in a previous study (Dekker et al., 2012), the popularity of certain
myths is also noticeable among Russian students. They are dis-
tributed through educational websites, conferences, and

Fig. 2 Neuromyths, the average results of all interviewed students. Green colour marks correct answers, red colour marks incorrect answers, and grey
colour marks uncertain answers.
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advertising of various educational programmes for brain devel-
opment when teaching schoolchildren and students, as well as
through rumours.

It should be noted that by adding the “I don’t know” answer
option, we avoided a large number of randomised responses.
About 20–40% of all respondents answered “I don’t know” to
more than half of the facts and neuromyths. In particular,
noticeable difficulties were caused by the questions we added, that
relate to the procedures for conducting brain research (items F11,
F12, M9, and M10). Such results also highlight the problem of
students’ limited knowledge on this topic, especially among future
teachers and psychology students. Students from the C&B group
showed noticeably better results in this type of question.

We found that the gender of the respondent did not affect the
correctness of the answers.

In comparing neuroscience literacy among students of various
faculties we revealed that the C&B and P&M&IT groups showed
better initial levels of neuroscience competence compared to the
Pedagogy and Psychology groups. Regarding the C&B group, this
may be a consequence of preparing for university. The reasons for
the decline in the results of determining facts and myths in the
C&B group during the education process are unclear. According
to Dündar and Gündüz (2016), future teachers of natural sciences
coped better with the identification of neuromyths compared to
pre-service teachers of pedagogical and mathematical faculties.
However, in the study by Grospietsch and Mayer (2020), biology
pre-service teachers demonstrated a fairly high faith in neuro-
myths, although the quality of scientific knowledge increased
among older students.

Psychology, pedagogy, and brain basics are laid at the time of
studying at university, as well as partially at school. In Russian
universities, future teachers and students of some other faculties
study the course of age-related anatomy. But the allotted time

may not be enough to understand the features of the brain
functioning in children. We have analysed the curricula of this
course at several universities mentioned in this article. Based on
the available data, the topics of interest averaged from 4 to 13 h
of lectures and practices (Samara State University of Social Sci-
ences and Education, n.d.; Saratov State University, n.d.).
Although the difference between the groups with the change in
education level is not significant, it can be noted that the Peda-
gogy and Psychology groups have become better at determining
facts with increasing levels of education. The reason for this may
be taking the course of age-related anatomy or similar in cor-
respondence with the curriculum. However, maintaining the
same level of knowledge of neuromyths may signal that such
courses do not contain information about them or do not reduce
belief in them.

We can conclude that despite the differences between students
of different faculties, their neuroscience literacy is relatively
levelled as they continue to study. For example, the training and
taking the course of age-related anatomy or other similar courses
by pre-service teachers contributes to this.

Various authors believe that to prevent neuromyths, it is
necessary to increase neuroscientific literacy through targeted
training, teaching courses on the topic that would include general
knowledge of neuroscience and a description of methods of
neuroscientific research (Ching et al., 2020; Dekker et al., 2012;
Im et al., 2018; Kim and Sankey, 2018; Papadatou-Pastou et al.,
2017). However, there are mixed results here as well. Some
researchers confirm the effectiveness of such training in
improving neuroscience literacy (Anderson et al., 2018; Privitera,
2021; Roehrig et al., 2012; Ruiz-Martin et al., 2022; Schwartz et al.,
2019). Others note that participation in the courses had a positive
effect on literacy, but did not eliminate faith in neuromyths
(Canbulat and Kiriktas, 2017; Im et al., 2018; Macdonald et al.,

Table 3 Neuromyths, comparison among four groups of students.

No. Answer (%)

I agree I disagree I don’t know

Pedagogy C&B Psychology P&M&IT Pedagogy C&B Psychology P&M&IT Pedagogy C&B Psychology P&M&IT

1 62 45 56 42 27 51 31 49 10 4 13 9
2 11 10 11 6 81 81 77 81 8 9 12 13
3 8 1 8 3 88 98 88 95 4 1 3 2
4 77 66 63 62 6 20 14 9 17 14 23 28
5 6 14 12 11 82 81 76 76 12 6 12 13
6 11 5 12 12 64 78 66 62 24 17 22 26
7 17 18 15 22 69 74 67 63 14 8 18 16
8 41 45 52 35 46 47 32 53 13 8 16 12
9 46 69 58 54 6 12 6 8 48 19 37 38
10 15 11 18 18 60 76 62 68 25 13 20 14
11 59 54 60 42 33 41 29 51 9 5 12 8
12 37 36 40 26 35 45 26 39 28 19 34 34
13 36 33 31 31 36 54 40 44 27 12 30 25
14 37 32 35 35 40 54 42 44 23 15 23 22
15 52 60 46 41 29 34 37 51 19 6 17 9
16 52 47 48 43 27 34 26 38 21 19 26 19
17 17 10 14 11 48 76 61 72 35 14 25 17
18 52 51 51 46 20 27 18 19 28 23 31 34
19 69 69 72 66 6 10 8 8 25 21 20 27
20 92 91 90 84 5 7 4 11 4 2 6 4
21 80 71 76 62 10 24 9 23 10 6 15 16
22 75 69 73 72 10 18 8 10 15 14 19 19
23 69 70 66 61 10 11 8 18 22 19 26 21
24 39 25 42 30 42 69 42 55 18 5 16 15
25 38 33 35 40 36 43 35 37 26 24 31 23

C&B—chemistry and biology group of students, P&M&IT—physics, mathematics, and computer science group of students.
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Fig. 3 The effect of gender on choosing the correct and unsure answers. a shows the data for correct answers, and b shows the data for unsure answers.
All effects in the figure were insignificant (p > 0.05).
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Fig. 4 The effect of specialisation and level of education (group) on choosing the correct and unsure answers. a and c show the data aggregated by the
specialisation, and b and d show the data aggregated by the level of education. p-values of the significant effects were evaluated with the Wilcoxon test:
*p < 0.05, **p < 10−3, ***p < 10−4, ****p < 10−5, *****p < 10−6, ******p < 10−8. Wilcoxon effect sizes for significant comparisons in (a): C&B vs. Pedagogy—
0.32, Pedagogy vs. P&M&IT— 0.24, C&B vs. Psychology—0.36, P&M&IT vs. Psychology—0.27 (for myths); C&B vs. Pedagogy— 0.26, Pedagogy vs.
P&M&IT—0.2, C&B vs. Psychology—0.27, P&M&IT vs. Psychology—0.2 (for facts). In C: C&B vs. Pedagogy—0.23, C&B vs. Psychology—0.26, C&B vs.
P&M&IT—0.24 (for myths); C&B vs. Pedagogy—0.28, C&B vs. Psychology—0.32, C&B vs. P&M&IT—0.24, Pedagogy vs. P&M&IT—0.12 and P&M&IT vs.
Psychology—0.13 (for facts).
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Fig. 5 The effect of level of education (group) and specialisation on choosing the correct answers without aggregation by any of these factors. a shows
data for correct answers in comparison of education levels for different specialisations, and b shows data for correct answers in comparison of
specialisations for different education levels. p values of the significant effects were evaluated with the Wilcoxon test: *p < 0.05, **p < 10−2, ***p < 10−3,
****p < 10−4, *****p < 10−6. Wilcoxon effect sizes for significant comparisons in (b): C&B vs. Pedagogy—0.36, C&B vs. Psychology—0.36, C&B vs. P&M&IT
—0.21 (for myths, younger group); Pedagogy vs. P&M&IT—0.29, C&B vs. Psychology—0.35, Pedagogy vs. P&M&IT— 0.29 (for myths, older group); C&B
vs. Pedagogy—0.38, Pedagogy vs. P&M&IT—0.26, P&M&IT vs. Psychology—0.25 and C&B vs. Psychology—0.36 (for facts, younger group).
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Fig. 6 The effect of level of education (group) and specialisation on choosing the unsure answers without aggregation by any of these factors. a shows
data for unsure answers in comparison of education levels for different specialisations, and b shows data for unsure answers in comparison of
specialisations for different education levels. p values of the significant effects were evaluated with the Wilcoxon test: *p < 10−2, **p < 10−4, ***p < 10−5.
Wilcoxon effect sizes for significant comparisons in (b): C&B vs. Pedagogy—0.31, C&B vs. Psychology—0.33, C&B vs. P&M&IT—0.32 (for myths, younger
group); C&B vs. Pedagogy—0.39, C&B vs. Psychology—0.4, C&B vs. P&M&IT—0.25 (for facts, younger group).
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2017; Torrijos-Muelas et al., 2020). In the work by Dijk and Lane
(2020), pedagogical students less trusted both neuromyths and
neuroscientific facts after passing specialised training.

Considering ways to disprove neuromyths, Kowalski and
Kujawski Taylor (2012) considered a direct refutation of myths to be
the most reliable of them. However, there is a possibility of the
opposite reaction to a direct refutation—strengthening faith in myths
(Grospietsch and Mayer, 2020). Lithander et al. (2021) studied the
effectiveness of various forms of refutation (refutation-only, refuta-
tion-explanation, refutation-explanation, and image) and deter-
mined that all three forms were effective a month after correction.

Despite the mixed results, at the moment, reading reliable
scientific literature and participating in relevant courses seem
quite effective in improving neuroscience literacy.

The increased belief in neuromyths among future teachers is
worrying. Perhaps this is due to the relaying of the experience of
their former teachers, and they choose a pedagogical style “the
same as they were taught”. It is also possible that higher values of
belief in neuromyths are associated with insufficient knowledge of
age-related anatomy or psychology of schoolchildren. In our
opinion, we can propose not only increasing psychological
training, but it is also necessary to integrate modern knowledge
from the field of neuroscience into the teacher training system.

Conclusions
The problem of the prevalence of neuromyths in the pedagogical
environment is noted by scientists from different countries of the
world. The reason for this, first, is the complexity of interpreting
the results of neuroscientific research for an untrained person,
hence distortions and simplifications of information arise. In this
case, the inclusion (and updating) of existing neuromyths and
their refutations in the programme of university courses can have
a positive effect, as well as an increase in the number of hours
allocated to the relevant topics.

In our study, we investigated the differences in neurobiological
literacy and the prevalence of neuromyths among pre-service
teachers and students of other specialties. As considered in the
discussion, the study indicates some specific differences in the
results of students of different specialisations. Specialisation had
some influence on the success of choosing the right answers in a
survey of a biology and chemistry students’ group. Presumably, in

the younger group this could be influenced by preparation for
university entrance exams.

The recognition skills of neuroscientific facts among pre-
service teachers and psychology students have increased in the
older groups, which may indicate a positive effect of university
education. At the same time, the ability to recognise neuromyths
remained at the same level, which may be the source of the
problem of the spread of neuromyths among teaching staff—
despite the increase in neuroscientific literacy, future teachers
trust neuromyths to the same extent even after a long study at the
university.

One limitation of our study is the imbalance of the samples by
specialisation. In order to balance the number of participants
from pedagogical and psychological faculties and others, it was
necessary to combine students in groups of related specialisations
(C&B and P&M&IT groups).

The results of this study confirm the problem of the prevalence
of neuromyths among students and, in particular, future teachers.
These results may serve as a reason for further research in this
direction, as well as the search for ways to reduce belief in
neuromyths.

Data availability
The datasets generated during and analysed during the current
study are available in the Harvard Dataverse repository, https://
doi.org/10.7910/DVN/VZ5JFG.
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