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Abstract

Teachers' beliefs in certain neuromyths about neurodevelopmental disorders can
negatively impact the educational inclusion of students who present them. This
study aims to analyse the prevalence of neuromyths about the health and the
emotional competences of people with autism spectrum disorder (ASD) in pre-
service teachers; and to assess the possible contribution of university training to
constructing accurate knowledge about autism. This prevalence was compared in
three groups of pre-service teachers: Ist-year students, 4th-year students who will be
regular teachers and 4th-year students training to be special education specialists.
Additionally, it was proposed to identify the topic with the most myths (health or
emotional competences) and the most frequent myths. A validated instrument was
completed by 167 pre-service teachers. Overall, the 4th-year specialist group had
more correct answers and fewer doubts that the 4th-year regular group, which had
more correct answers than the Ist-year group. The prevalence of errors was not
statistically different among the three groups. Moreover, participants answered
more questions and made more errors about emotional competences in autism
than about health. Among the most frequent myths are those concerning empathy
or the cause of ASD. Based on these results, some implications for pre-service
teacher education are discussed.

KEYWORDS
autism spectrum disorder, emotional competences, health, knowledge, neuromyths, pre-service
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Key points

* The knowledge of autism varies notably between regular and specialist pre-
service teachers.

* Initial teacher training is insufficient to eradicate some neuromyths about
autism.

* Myths about emotional competences in autism are more prevalent than health
myths.

* To promote educational inclusion, it would be wise to review the university's
teacher training program.
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INTRODUCTION

Nowadays there are many misconceptions about the
development and functioning of the brain that are so-
cially propagated as if they were real, which are called
neuromyths (Organization for Economic Cooperation
and Development [OECD], 2002). Research on neu-
romyths in education has become consolidated in re-
cent years as a broad field of study (Torrijos-Muelas
et al., 2021). However, there are still important gaps
in research on teachers' scientific knowledge about
the neurodevelopmental conditions that their students
could present (Gini et al., 2021). The present study fo-
cuses on one of these conditions: autism spectrum dis-
order (ASD).

How do neuromyths originate and persist?

Most neuromyths actually have a scientific basis
(Howard-Jones, 2009); that is, they originate from cer-
tain scientific facts that are distorted or oversimplified
(Pasquinelli, 2012). This may be due to the complexity
that sometimes arises when translating neuroscience
information into practical applications (Ruhaak &
Cook, 2018). Another explanation for the persistence of
certain neuromyths is that they stem from scientific hy-
potheses that were accepted for a period of time. Even
though these hypotheses were later refuted as new sci-
entific evidence emerged, they have not been fully eradi-
cated from the public's imagination (Pasquinelli, 2012).
For instance, this could be the case for the persistent
misconception that ASD may be caused by the admin-
istration of certain vaccines at an early age (Bennett
et al., 2018).

Furthermore, the proliferation of neuromyths is
greatly fuelled by the media, including the press and the
Internet, which happens to be one of the main sources
of neuroscience information for pre-service teachers
(Torrijos-Muelas et al., 2021). Media coverage of certain
neuroscience facts often falls into three traps that help
spread neuromyths: it includes irrelevant information,
presents facts in a sensationalized way, and/or omits
important details (Pasquinelli, 2012). For example, mis-
conceptions about alternative treatments to improve
certain difficulties for individuals with ASD (Cruchet
et al., 2016; Hawkins et al., 2019; Lardieri et al., 2021), as
well as beliefs in miraculous cures for autism (Bennett
et al., 2018), have been identified in these sources of
information.

Neuromyths in education
When educational practices are designed and imple-

mented based on neuromyths, the result is ineffective
interventions that waste teachers' energy, time and

resources (Ruhaak & Cook, 2018), and negatively im-
pact students' learning and development (Van Dijk &
Lane, 2018).

In the case of students with neurodevelopmental
conditions, such as ASD, their educational inclusion
can be directly affected (Ravet & Williams, 2017). On
the one hand, students' learning can be impaired (Bei
et al., 2024; Papadatou-Pastou et al., 2017) if teachers
have false beliefs about the way students with ASD learn
or about the effectiveness of some pseudo-sciences that,
through non-experimental and supposedly therapeutic
methods, claim to ‘cure’ certain diseases or conditions
(Mulet, 2015). On the other hand, the prevalence of neu-
romyths among teachers, especially in the early child-
hood and primary education stages, can hinder the early
detection of ASD (Arif et al., 2013). Morcover, these
myths contribute to the construction and permanence of
prejudices and stereotypes towards people with autism
(Corrigan & Watson, 2002), which can negatively affect
teachers' and peer group's attitudes when working and
interacting with them.

Prevalence of neuromyths in teachers

Given their impact on education, numerous studies pub-
lished in the past decade have analysed the prevalence
of neuromyths in teachers, according to the review by
Torrijos-Muelas et al. (2021). The majority of the studies
reviewed, including the only one conducted with Spanish
teachers (Ferrero et al., 2016), agree that the prevalence
of neuromyths in teachers is high. However, of the 39
myths identified in the review, only three were related
to neurodevelopmental disorders, and none were specifi-
cally related to ASD.

The study by Papadatou-Pastou et al. (2017) analysed
pre-service teachers' general neuroscientific knowledge,
specific knowledge about some neurodevelopmental
conditions, and belief in neuromyths related to educa-
tion. The results showed a higher number of misconcep-
tions about neurodevelopmental conditions (compared
to the other domains assessed). Therefore, according to
the authors, prospective teachers had less neuroscien-
tific knowledge about students with special educational
needs (SEN) than about neurotypical students. Of the
seven neuromyths about neurodevelopmental condi-
tions, the one that produced the most doubts had to do
with ASD, and it stated that children with autism are
mostly geniuses.

In a study with the general population and in-service
teachers, Gini et al. (2021) also found a higher prevalence
of neuromyths related to neurodevelopmental conditions
(compared to general knowledge about child develop-
ment). However, ASD was the condition with the highest
rate of correct answers by participants, which is inter-
preted as being due to autism awareness campaigns in
recent years. The results of two recent studies conducted
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with Italian (Bei et al., 2024) and Chilean teachers
(Armstrong-Gallegos et al., 2023) were very similar, as
neuromyths about neurodevelopmental conditions were
statistically more prevalent than general neuromyths
about the brain, and autism was one of the neurodevel-
opmental disorders about which the participants had
better knowledge.

Teacher training as a protector factor of
neuromyths

An interesting question is whether the educational
training teachers receive helps them to believe in
fewer neuromyths than the rest of the population.
Surprisingly, some previous studies have identified
teacher-training courses as a source that reinforces
teachers' beliefs in neuromyths, along with other fac-
tors such as social media, peer groups and televi-
sion news (Blanchette-Sarrasin et al., 2019; Sazaka
et al., 2024). The authors suggest two possible explana-
tions for this phenomenon: either the training courses
lack a solid scientific foundation and include certain
neuromyths, or students misinterpret or distort some
concepts and content.

For instance, Gini et al. (2021) found no significant
differences between the number of myths about neurode-
velopmental conditions in the general population group
and in the teachers, and Papadatou-Pastou et al. (2017)
found no differences between pre-service teachers in
training and recent graduates.

Specific training in special education does not
seem to play a role either, given that Van Dijk and
Lane (2018) and Bei et al. (2024) found no differences
between regular and specialist teachers. In addition,
although Ruhaak and Cook (2018) did not make this
comparison, they concluded that neuromyths were
present in a sample of special education teachers.
However, Macdonald et al. (2017) found a significant
difference between the general population and educa-
tion professionals and between education professionals
and people with some exposure to neuroscience. For
this reason, they concluded that training in neurosci-
ence and education could reduce the prevalence of neu-
romyths but not eliminate them.

In this regard, courses on neuroscience appear to
effectively reduce neuromyths among in-service teach-
ers (Bei et al., 2024; Ruiz-Martin et al., 2022), but they
are insufficient for diminishing neuromyths among
undergraduate students, as noted in Rousseau's (2021)
review. The author further suggests that integrating
refutation-based interventions with strategies aimed
at mitigating intuitive thinking in educational settings
could significantly help debunk these neuromyths.
This is a significant point, as one potential source
of beliefs in neuromyths among teachers is cognitive
biases—specifically, the intuitions and perceptions

Helping Everyone Achieve @@ ®

based on their own experiences (Blanchette-Sarrasin
et al., 2019).

Teachers' knowledge and neuromyths about ASD

The analysis of neuromyths specifically related to ASD
in education professionals is especially important be-
cause of the noteworthy increase in the number of chil-
dren diagnosed with ASD in recent years (Chiarotti &
Venerosi, 2020) and the growing movement for social and
educational inclusion supported by international and
national regulations. Both of these issues require regular
and special education teachers to be prepared to address
the needs of students with ASD in mainstream settings
(Roberts & Simpson, 2016).

Although no studies have specifically focused on neu-
romyths related to ASD, there has been some research
on teachers' general knowledge about autism. The sys-
tematic review by Goémez-Mari et al. (2021) detected a
significant lack of knowledge in teachers, especially
those working in mainstream classrooms. The study by
Sanz-Cervera et al. (2017) compared pre-service teach-
ers' knowledge, misconceptions and gaps in the Ist and
4th-years of teacher training. The results showed that
4th-year prospective teachers had more knowledge and
fewer doubts than lIst-year prospective teachers did.
However, surprisingly, they also had more misconcep-
tions. Among the 4th-year students, more correct an-
swers and fewer misconceptions were also found in those
who were studying the specializations of special educa-
tion (SE) and speech-language (SL).

Neuromyths about the health and the emotional
competences of people with ASD

Our research focuses on the study of pre-service teach-
ers' knowledge of two specific aspects related to people
with autism: their health and their emotional compe-
tences. On the one hand, we examine the knowledge
of prospective teachers about the health of people with
ASD by asking them about the causes of autism, comor-
bidity and some possible interventions. For instance, a
neuromyth about the health of people with autism could
be the one related to the effectiveness of certain diets in
overcoming ASD (Van Dijk & Lane, 2018).

On the other hand, the communication and social
interaction difficulties faced by people with ASD are
closely linked to the limitations of their emotional
competences (Jahromi et al., 2021). These are the body
of knowledge, skills and attitudes for understand-
ing, expressing and adjusting emotions appropriately
(Bisquerra & Pérez-Escoda, 2007). The emotional
competences of people with autism are also considered
part of the scientific knowledge that pre-service teach-
ers should have on ASD, considering the neurological
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basis of emotions (in the limbic system and other struc-
tures of the frontal cortex) (Lopez-Mejia et al., 2009).
Some examples of neuromyths regarding the emotional
competences of people with ASD could be the false be-
lief that they do not have empathy or do not like to be
touched (Gini et al., 2021).

Research problem and objectives

Three research questions are raised: Are neuromyths re-
lated to the health and emotional competences of people
with ASD prevalent in pre-service teachers' knowledge
about autism? Does the academic training in the uni-
versity teacher-training degree reshape this knowledge?
What are the most frequent neuromyths about ASD held
by pre-service teachers?

Considering the research questions, the following
three objectives are proposed:

1. Comparing the prevalence of neuromyths about ASD
in three groups of pre-service teachers: 1st-year, 4th-
year regular pre-service teachers and 4th-year pre-
service teachers specializing in SE or SL.

2. Comparing the prevalence of two types of neuromyths
about ASD (emotional competence and health), both
overall and in each of the three groups of pre-service
teachers.

3. Identifying the most frequent neuromyths about the
emotional competences and health of people with
ASD endorsed by pre-service teachers.

MATERIALS AND METHODS

It was proposed a cross-sectional descriptive study in
which the prevalence of neuromyths related to ASD was
compared in three groups of pre-service teachers analys-
ing the effect of two different variables: the moment of
initial training as teachers (first year or last year); and
the specialization in special education (regular teacher
or special education teacher).

Participants

The study sample consisted of 167 students from the
Bachelor's Degree program in Primary Education and
the Bachelor's Degree program in Early Childhood
Education at the University of Valencia in Spain. The
participants were divided into three groups: lst-year,
4th-year (hereinafter, regular) and 4th-year specialist in
SE or SL (hereinafter, specialist). The sample's demo-
graphic characteristics are shown in Table 1.

A non-probabilistic sampling technique, specifically
convenience sampling, was used to select participants.
This approach was chosen based on a specific selection

TABLE 1 Pre-service teachers' demographic information by the
year of the degree and specialty in which they were enrolled.

4th
4th regular specialist
Ist (n="71) (n=174) (n=22)

Sex

Female 67 (94.4%) 65 (87.8%) 21 (95.5%)

Male 4 (5.6%) 9 (12.2%) 1 (4.5%)
Mean age (SD) 19.51 (2.63) 22.51 (4.28) 21.73 (1.61)
Specific training to work with students with ASD

Yes 9 (12.7%) 11 (14.9%) 3 (13.6%)

No 62 (87.3%) 63 (85.1%) 19 (86.4%)
Family member with ASD

Yes 11 (15.5%) 12 (16.2%) 3 (13.6%)

No 60 (84.5%) 62 (83.8%) 19 (86.4%)
Experience working with students with ASD

Yes 23 (32.4%) 49 (66.2%) 17 (77.3%)

No 49 (67.6%) 25 (33.8%) 5(22.7%)

criterion: the course and specialization in which the
participants were enrolled. The discrepancy between
the number of participants in the Ist-year and 4th-year
regular groups and the number in the 4th-year specialist
group is representative of the population group studied.
The number of students enrolled in the 4th-year of the
teaching degree in specializations other than SE and SL
is practically three times the number of students enrolled
in SE and SL.

We analysed whether there were statistically signif-
icant associations between the variables included in
Table 1, based on the group of pre-service teachers (Ist-
year, 4th-year regular and 4th-year specialist). We found
differences in age (Kruskal-Wallis H=59.545, p<0.001),
with the lIst-year pre-service teachers being signifi-
cantly younger than the other two groups in the pair-
wise comparisons, and in previous experience working
with students with ASD (Pearson's Chi-Square=22.505,
p<0.001), with the Ist-year group also having less expe-
rience. However, no differences were found between the
three groups in gender, specific training to work with
students with ASD, or having a family member or close
person with ASD.

Materials

The data collection instrument was designed by the au-
thors, and it is divided into two different sections. The
first section includes six questions asking for partici-
pants' demographic information (listed in Table 1). The
second section presents 20 different items on ASD, the
first ten of which refer to health issues of people with
autism, and the last ten focus on their emotional compe-
tences (see Table 2).
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TABLE 2 Itemsincluded in the questionnaire and their respective correct responses.

Item TIF

1. One of the many causes that can be closely related to autism is the administration, in specific cases, of the so-called triple virus F
vaccine (against measles, mumps and rubella).

2. Children and adolescents with autism have a higher risk of presenting anxiety disorders than people without autism. T

3. People with autism have higher prevalence rates of eating disorders than people without autism. T

4. Some treatments considered alternative, such as aromatherapy, are showing promising results for specific aspects of ASD, such F
as sensory processing difficulties, although strong scientific support for their effectiveness is still lacking.

5. People with ASD have higher prevalence rates of sleep problems than people without ASD. T

6. Experimental drugs such as sodium chlorite, applied in very low doses, are showing promising results in specific cases of F
children with ASD, although solid scientific support for their effectiveness is still lacking.

7. Diets that restrict the intake of gluten (from wheat and cereals) and casein (from milk and dairy products) are effective in F
improving behaviour and reducing symptoms in children with ASD.

8. Thereis a high component of heritability in ASD. T

9. A cure for autism has not yet been found. However, it is reasonably likely that, due to recent advances in locating biological F
markers of ASD and in psychopharmacology, a cure will be found in the medium/long term.

10. The prevalence of epilepsy is higher in people with ASD than in the general population. Similarly, the prevalence of ASD in T
people with epilepsy is also higher than in the general population.

11. One of the most common characteristics of people with ASD is lack of empathy for others. F

12. Most people with ASD are not interested in engaging in romantic and/or sexual relationships. F

13. People with ASD experience the same range of emotions as people without ASD and at the same intensity. T

14. Children and adolescents with ASD are not able to perceive the rejection of their peers; therefore, it does not affect their self- F
concept and self-esteem.

15. Children with ASD may have deficits in their play skills, making it difficult for them to play with their peers, even if they are T

interested in doing so.

16. The employability rate of people with ASD is very low because they generally do not have the necessary cognitive or intellectual F

capacity to work.

17. A child with ASD can enjoy being tickled and hugged by family members in the same way as a child without ASD. T

18. People with ASD may feel frustrated if they do not meet others' expectations of them, which can lead, among other things, tolow T

self-esteem.

19. In countries with access to firearms (such as the USA), the probability of committing a firearm-related crime during adolescence  F

is higher in people with ASD.
20. Not all people with ASD display self-injurious behaviour.

For each of these two topics, five myths and five
facts (true statements) were included. The participant
must indicate whether each statement is ‘true’, ‘false’
or ‘I don't know’. With this instrument, the measures
used for the study were the number of correct answers,
the number of errors and the number of gaps (‘I don't
know’ responses), both overall (for the whole question-
naire) and separately for the health items and the emo-
tional competence items.

The items of the questionnaire were written by the au-
thors of the study. For a large part of the items (1, 2, 5, 8,
9, 11-13, 16, 18 and 20), the work of Bennett et al. (2018)
served as a reference. This publication presents common
myths about autism, grounded in an extensive and rigor-
ous literature review of existing research on the subject.
The study by John et al. (2018) was also consulted for the
formulation of three items (14, 17 and 19), as it explored
myths and misconceptions about autism in the general
population through focus groups.

Building upon previous research on autism-
related topics, the authors proposed the remaining six

neuromyths. In particular, two items (3 and 10) were
formulated regarding the comorbidity of ASD with
other diagnoses such as epilepsy (Capal & Jeste, 2024;
Lukmanji et al., 2019) and eating disorders (Baraskewich
et al., 2021; Mannion & Leader, 2013). Three other items
(4, 6 and 7) address the questionable effectiveness of
certain alternative treatments occasionally promoted
to improve autism symptoms, such as aromatherapy
(Esposito et al., 2020; Hawkins et al., 2019), sodium
chlorite consumption (Chica-Londono, 2022; Lardieri
et al., 2021), or gluten- and casein-free diets (Baspinar &
Yardimci, 2020; Cruchet et al., 2016; Keller et al., 2021).
Another item (15), formulated by the authors, focuses on
the play skill difficulties frequently encountered by chil-
dren with ASD compared to their peers (Bodison, 2015;
Erickson-Tomaino et al., 2014). In the development of
each item, we aimed to use at least two references, en-
suring that these were review publications, including lit-
erature reviews, scoping reviews, systematic reviews or
meta-analyses to ensure a comprehensive and evidence-
based approach.
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Finally, it is important to highlight that the emotional
competences items included the five types established by
Bisquerra and Pérez-Escoda (2007): emotional aware-
ness (Items 11 and 13), emotional regulation (Items 19
and 20), emotional autonomy (Items 14 and 18), social
competence (Items 12 and 17) and competences for life
and well-being (Items 15 and 16).

Validity through expert judgement

The questionnaire was validated by considering the
ratings of five researchers and Ph.D. in the fields
of Educational Sciences, Specific Didactics and
Neuroeducation, from international (Colombia and
Ecuador) and Spanish universities (University of
Valencia). The experts were asked to rate on a scale from
1 (= insufficient) to 4 (= excellent) some formal aspects
and content of the questionnaire. The average rating by
the five experts was positive, in terms of both formal as-
pects and content. In particular, they rated the design
of the instrument as 3.80; the contents related to socio-
demographic information as 3.90; and the contents of
the questionnaire itself as 3.91. Based on these scores,
the validity of the content appears to be adequate.

The preliminary version of the instrument was ad-
ministered to a pilot group of 36 pre-service teachers
who were asked to complete the instrument and iden-
tify items that produced any doubts or difficulties. The
students pointed out some formal aspects related to the
design and the application where they received the in-
strument. Once these issues had been fixed, the design of
the instrument was finalized.

Procedure

This research addresses all ethical procedures required
and The Ethics Commission in Experimental Research
of the University of Valencia approves it.

To distribute the questionnaire, university lecturers
who taught in the 1st and 4th-years of the university de-
gree program to which the participants belonged sent
the questionnaire to their students, who agreed to par-
ticipate voluntarily, without receiving any compensation
for it. The questionnaire was completed online via the
LimeSurvey platform. The first part of the instrument
explained the purpose of the study (without mention-
ing the term ‘neuromyth’ at any time). After reading the
questionnaire and before answering any of the items,
participants gave their informed consent.

Data analysis

The data were analysed using the statistical package
SPSS version 26 for Windows. Once the assumptions

for the application of parametric tests were checked,
for Objectives 1 and 2, mixed analyses of variance
(ANOVA) (2 x 3) and Bonferroni post hoc multiple com-
parison tests were carried out. The independent vari-
ables included were the type of item (within-subjects
variable, with two levels: health and emotional com-
petences) and the group (between-subjects variable,
with three levels: 1st, 4th regular and 4th specialist).
Specifically, three mixed ANOVAs were performed,
one for each dependent variable (correct answers, er-
rors and gaps). In each case, the main effect of each in-
dependent variable and the interactions were analysed,
in order to find out the differences between the groups
on each type of item and the differences between the
two types of items in each group.

For Objective 3, the total error rate for each item was
calculated based on its absolute frequency of errors. The
items selected as the most frequent were those with an
error rate of more than 25%, which would represent a
quarter of the total sample, an error prevalence that was
considered sufficiently high.

RESULTS

Objectives 1 and 2. Prevalence of neuromyths:
Differences among the three groups of
pre-service teachers and differences between the
two types of neuromyths

Table 3 shows the means and standard deviations ob-
tained by each group and by all the pre-service teachers
for the correct answers, errors and gaps on each type of
item (health and emotional competences) and on all the
items included in the neuromyth questionnaire.

The results obtained for each measure in the mixed
ANOVAs and post hoc multiple comparisons are pre-
sented in Tables 4 (correct answers), 5 (errors) and 6
(gaps).

In the case of the correct answers, overall, the 4th-
year specialist group scored more correct answers than
the 4th-year regular group, and the 4th-year regular
group scored more correct answers than the Ist-year
group. In the case of the health items, the 4th-year
specialist group scored more correct answers than the
other two groups. In the case of the emotional com-
petences items, the lst-year group scored lower than
the 4th-year specialist and regular groups. In addition,
both overall and in each of the three groups, there were
more correct answers on the emotional competences
items than on the health items.

In the case of errors, there were no statistically sig-
nificant differences among the three groups overall or
on the health items or the emotional competences items.
However, more errors were made in general on the emo-
tional competences items than on the health items, al-
though the effect size was small. Specifically, only in
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TABLE 3 Means and standard deviations obtained by each group of pre-service teachers and by all the pre-service teachers on each type of

item and on all the items on the neuromyth questionnaire.

Correct answers Errors Gaps
M (SD) M (SD) M (SD)
Ist (n="71)
Health items 2.90 (1.61) 1.62 (1.23) 5.48(2.32)
Emotional competences items 4.65 (2.20) 2.37 (1.47) 2.99 (2.17)
Total items 7.55(3.13) 3.99 (2.02) 8.46 (4.09)
4th REG (n=74)
Health items 3.15 (1.65) 1.84 (1.46) 5.01 (2.21)
Emotional competences items 5.72(2.12) 2.05(1.67) 2.23 (1.74)
Total items 8.86 (2.76) 3.89 (2.11) 7.24 (3.37)
4th SP (n=22)
Health items 5.00 (1.92) 1.59 (1.40) 3.41 (1.84)
Emotional competences items 6.55(2.28) 2.05(1.52) 1.41 (1.97)
Total items 11.55 (2.66) 3.64 (2.06) 4.82(2.48)
Total (n=167)
Health items 3.29 (1.79) 1.71 (1.35) 5.00(2.30)
Emotional competences items 5.37 (2.26) 2.19 (1.57) 2.44 (1.97)
Total items 8.66 (3.17) 3.90 (2.06) 7.44 (3.77)

Abbreviations: REG, regular; SP, specialist.

TABLE 4 Results obtained in the mixed ANOVA (between groups and items) for correct answers on the neuromyth questionnaire.

2

Group: F(z,l 64) P m, Differences between groups
Type of item

All 16.090** <0.001 0.164 4th SP>4th REG> Ist

H 13.652%* <0.001 0.143 4th SP>4th REG, Ist

EC 8.034%x* <0.001 0.089 Ist<4th REG, 4th SP
Type of item: Fi.169) P 112 » Differences between items
Group

All 71.299%* <0.001 0.303 EC>H

Ist 32.854%%* <0.001 0.167 EC>H

4thREG 74.007** <0.001 0.311 EC>H

4th sp 7.971%* 0.005 0.046 EC>H

Abbreviations: EC, emotional competences; H, health; REG, regular; SP, specialist.

#p<0.005; *%p<0.001.

the 1st-year group, significantly more errors were found
on the emotional competence items than on the health
items, although the effect size was small.

In the case of gaps, overall, the 4th-year specialist
group had a lower number of gaps than the other two
groups. In the case of the health items, the 4th-year
specialist group had a lower number of gaps than the
other two groups. In the case of the emotional com-
petences items, the lIst-year group had a higher num-
ber of gaps than the other two groups (although the
difference compared to the 4th-year regular group was
only marginally significant). However, there were no

statistically significant differences between the 4th-
year specialist group and the 4th-year regular group in
terms of gaps in emotional competences items. Finally,
both overall and in each of the three groups, there were
more gaps on the health items than on the emotional
competences items.

Objective 3. The most frequent neuromyths

Finally, Table 7 includes the five neuromyths that were
identified as the most frequent.

85U8017 SUOWIWOD SA1ER.D 8 ceat|dde au Ag peusenob a2 sajole YO ‘8sh J0 Sa|nl Joj Akeid18UljuQ AB|IM UO (SUONIPUOD-PUe-SULBI WD A8 |1 AReIq utjuo//:Sciy) SUonIpuod pue swie | 8y} 88s *[5z02/70/80] Uo ARIq1]auliuo A8|IM BIoUB A 8 BeISPAIUN AQ ££/2T Z08E-T.PT/TTTT OT/I0P/WO0 A8 |im Akeiq 1 Bul|uo's feuInofusseuy/:sdny woly pspeojumod ‘Z ‘520z ‘Z08ETLYT



LACRUZ-PEREZ ET AL.

eryone Achieve 8@ ®

DISCUSSION

» | nasen

The purpose of this study is to answer some questions
that can affect the quality of education received by stu-
dents with ASD in mainstream educational settings,
based on the idea that a high prevalence of neuromyths
about autism is not desirable in pre-service teachers.
First, because this research was carried out with pro-
spective teachers who are in different stages of their pre-
service training, we are able to observe the prevalence of
neuromyths about ASD at the beginning of the training
and at the end. In this regard, as in the study by Sanz-
Cervera et al. (2017), significantly better knowledge
about autism was found in 4th-year regular pre-service
teachers than in Ist-year pre-service teachers, especially
on items related to the emotional competences of people
with ASD. Then, the teacher preparation offered in the

TABLE 5 Results obtained in the mixed ANOVA (between
groups and items) for errors on the neuromyth questionnaire.

Differences
Group: F(2,16 4 P 7 » between groups
Type of item:
All 0.240 0.787 0.003 —
H 0.566 0.569 0.007 —
EC 0.815 0.444 0.010 —
Differences
Type of item: F, (1.164) P ’72,; between items
Group:
All 6.303* 0.013 0.037 EC>H
Ist 9.069* 0.003 0.052 EC>H
4thREG 0.793 0.374 0.005 —
4thSP 1.042 0.309 0.006 —

Abbreviations: EC, emotional competences; H, health; REG, regular; SP,
specialist.
*p<0.005.

teaching degree may have a positive influence on pre-
service teachers' knowledge about autism. The second
finding indicates that specific training related to special
education contributes even more to building adequate
knowledge about autism, since the group of specialist
pre-service teachers showed significantly more correct
answers and fewer doubts than the other two groups, es-
pecially on questions related to the health of people with
ASD.

A dual assessment can be made of this second result.
On the one hand, in line with previous research (Gémez-
Mari et al., 2021; Sanz-Cervera et al., 2017), specific
training in neurodevelopmental conditions seems to be
a powerful tool to improve pre-service teachers' knowl-
edge and train competent professionals to work in inclu-
sive settings. On the other hand, this result is not positive
if we consider that, in reality, only pre-service teachers
who are studying to be special education specialists
have adequate knowledge about ASD at the end of their
university training. Unfortunately, it does not fit the
paradigm of inclusion, in which regular teachers, in coor-
dination with the specialist, have to be prepared to work
with students with ASD in the mainstream classroom.
The origin of this situation lies, among other things, in
the pre-service teacher education program itself, which
is based on a multi-track model (Nash & Norwich, 2010)
where all pre-service teachers receive generic training,
after which some of them specialize in working with stu-
dents with SEN. Consequently, pre-service teachers are
being trained to work with students with ASD, in this
case, in non-inclusive settings.

However, although specialist pre-service teachers
had more correct answers and fewer doubts than other
pre-service teachers, they all believe certain neuromyths
about ASD, regardless of their training stage or chosen
path (regular or specialist). This idea is because no sig-
nificant differences were found between the misconcep-
tions of the three groups on either of the two types of
items, which agrees with the previous studies that found

TABLE 6 Results obtained in the mixed ANOVA (between groups and items) for gaps on the neuromyth questionnaire.

2

Group: Fi3.164 P T, Differences between groups
Type of item:

All 8.767%* <0.001 0.097 4th SP<4th REG, Ist

H 7.304%* 0.001 0.082 4th SP<4th REG, Ist

EC 6.541* 0.002 0.074 Ist>4th REG, 4th SP
Type of item: F, (1,164) ? rfp Differences between items
Group:

All 175.733%* <0.001 0.517 H>EC

Ist 107.004** <0.001 0.395 H>EC

4th REG 139.064** 0.001 0.459 H>EC

4'hsp 21.340** <0.001 0.115 H>EC

Abbrevitions: EC, emotional competences; H, health; REG, regular; SP, specialist.

#p<0.005, **p<0.001.
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TABLE 7 Absolute frequency of correct answers, errors and gaps in the items of the ASD neuromyths questionnaire with an error rate

higher than 25%.
Correct answers Errors Gaps

Item Fi (%) Fi (%) Fi (%)
Item 4. Some treatments considered alternative, such as aromatherapy, 7 (4.2%) 62 (37.1%) 98 (58.7%)
are showing promising results for specific aspects of ASD, such as
sensory processing difficulties, although strong scientific support for
their effectiveness is still lacking.
Item 8. There is a high component of heritability in ASD. 71 (42.5%) 46 (27.5%) 50 (29.9%)
Item 9. A cure for autism has not yet been found. However, it is 43 (25.7%) 53 31.7%) 71 (42.5%)
reasonably likely that, due to recent advances in locating biological
markers of ASD and in psychopharmacology, a cure will be found in
the medium/long term.
Item 11. One of the most common characteristics of people with ASD is 55 (32.9%) 92 (55.1%) 20 (12%)
lack of empathy for others.
Item 13. People with ASD experience the same range of emotions as 30 (18%) 117 (70%) 20 (12%)

people without ASD and at the same intensity.

a high prevalence of neuromyths about certain neurode-
velopmental conditions in teachers (Armstrong-Gallegos
et al., 2023; Bei et al., 2024; Gini et al., 2021; Papadatou-
Pastou et al., 2017).

Thus, in line with the conclusions of MacDonald
et al. (2017), when it comes to debunking neuromyths
related to neurodevelopmental conditions, specific
training in this topic seems to help to reduce their
prevalence, but it is not sufficient to eliminate them.
Torrijos-Muelas et al. (2021) explain that the persistent
presence of certain neuromyths among teachers may
be due to the inaccessibility of the language of the neu-
roscientific literature. Hence, the integration of neuro-
education in pre-service teacher training could enable
teachers to access reliable information in sources such
as peer-reviewed scientific journals, which are protec-
tive factor against the formation and proliferation of
neuromyths (Bei et al., 2024; Macdonald et al., 2017).
However, to date, neuroeducation does not seem to
have sufficiently permeated the teacher training cur-
ricula, especially in the Spanish education system
(Ferrero et al., 2016).

Regarding the comparison of the prevalence of neuro-
myths according to the two types of items included, the
results showed that pre-service teachers are more cor-
rect and have fewer doubts on items about the emotional
competences of people with ASD than on items about
their health, regardless of the stage of training they were
in or the specialty they were studying. However, the num-
ber of errors was higher on the emotional competence
items than on the health items, especially in Ist-year pre-
service teachers. The main interpretation of this result is
that prospective teachers are more cautious on questions
about the health of people with ASD than on questions
about their emotional competences.

As a possible explanation for this finding, we believe it
may be related to the traditional (albeit dubious) dichot-
omy between hard science and soft science (Biglan, 1973).

Pre-service teachers might be interpreting questions
about health as moving in a paradigm with a high level
of certainty (as is thought to occur in disciplines con-
ceived as hard science). Thus, they may consider that
knowing the correct answer depends on previous study.
Then, because they assume that they have not under-
taken this study, their main response to questions is ‘I
don't know’. In contrast, the high number of incorrect
responses on the items related to emotional competences
suggests that pre-service teachers interpret them as ques-
tions that they are able to answer, even though they have
not formally studied them. This might be because socio-
emotional aspects are considered soft science, possibly
due to the abstract nature of emotions, which is surpris-
ing because one of the most studied topics in the field of
neuroscience (considered hard science) is emotions and
their relationship with the prefrontal cortex of the brain
(VanLandingham, 2014).

Another possible explanation for pre-service teach-
ers' greater willingness to respond to questions about
the emotional competences of people with ASD is
that they rely on anecdotal arguments when doing so
(Hermida et al., 2016). That is, pre-service teachers
may take their own experience as a reference when re-
sponding, either because of the contact they have had
with people with autism or based on its representation
in the media. This representation is likely to provide
more information to the public about the social and
communication skills, understanding and expression
and regulation of emotions in people with ASD than
about health issues (Bennett et al., 2018). It should also
be noted that these anecdotal arguments do not nec-
essarily correspond to the empirical evidence, which
would also justify the high rate of errors on the emo-
tional competence items.

Finally, the finding about the most frequent neuro-
myths about ASD, which are related to a lack of empa-
thy in people with ASD and the idea that they do not
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experience the same emotions as everyone else, could
be due to the distortion of some scientific evidence
(Pasquinelli, 2012). Although empathy is a psychological
concept, neuroscience points out that its biological sup-
port lies in ‘mirror neurons’ (Bekkali et al., 2021). When
this neural network is activated, it allows people to de-
tect the emotional and mental states of others and under-
stand their intentions (Gallese, 2001). Some MRI studies
suggest that children with ASD may have dysfunctions in
this neural network (Larban, 2012). However, although
this deficit would involve difficulties in identifying their
own state of mind and that of others, it would not keep
them from experiencing emotions or being able to re-
spond appropriately once they become aware of what the
other person is feeling (Bennett et al., 2018).

Moreover, scientific hypotheses about the aetiology
of autism have existed for years, and although they have
been refuted by later scientific evidence, they remain in
the collective imagination, such as the idea that certain
vaccines can cause ASD (Bennett et al., 2018). Although
participants were asked about this neuromyth, and, for-
tunately, a high prevalence of it was not detected, there
was considerable confusion about the heritability of au-
tism. This can be interpreted as a lack of solid knowledge
in pre-service teachers about the possible causes of ASD,
as Sanz-Cervera et al. (2017) concluded.

These three neuromyths and those referring to the
supposed effectiveness of alternative treatments (such as
aromatherapy) and the possibility of finding a cure for au-
tism are strongly promoted by the media and the Internet
(Lacruz-Pérez et al., 2021), which is possibly the reason
for their high prevalence in pre-service teachers. In this
regard, although the purpose of some videos and news
items is to specifically disprove erroneous beliefs, merely
focusing on them produces a false sensation that there is a
possible debate on the topic, which may contribute to the
perpetuation of the myth (Lacruz-Pérez et al., 2022).

Implications for pre-service teacher education

The persistence of neuromyths among pre-service teach-
ers may lead to inadequate pedagogical practices, which
has direct implications for the educational inclusion of
students with ASD. For instance, if teachers believe that
these students lack empathy or do not experience emo-
tions in a typical way, they may treat them differently, with
lower expectations or ineffective approaches. This could
increase the barriers to equitable participation for these
students in mainstream educational settings. Therefore, it
would be advisable to review the curriculum of univer-
sity institutions that train pre-service teachers to combat
these neuromyths and promote more inclusive attitudes
and teaching practices. In particular, the first proposal
would be to incorporate neuroeducation training into the
university training curriculum for pre-service teachers
(Bei et al., 2024; Papadatou-Pastou et al., 2017; Ruhaak

& Cook, 2018; Torrijos-Muelas et al., 2021). Content on
neuroeducation could help teachers to be better prepared
to reject neuromyths (Ruhaak & Cook, 2018), identify
pseudoscientific actions (Ferrero et al., 2016), and be more
critical when implementing certain interventions with stu-
dents with ASD (Van Dijk & Lane, 2018). Additionally,
they would be more familiar with a language that would
allow them to communicate with other social and health
professionals involved in the education of students with
autism (Papadatou-Pastou et al., 2017), and to search for
information in reliable sources that they can understand
without great difficulty.

Furthermore, it would be strongly recommended that
the neurodiversity movement be included in teacher edu-
cation. Neurodiversity is defined as ‘the range of natural
diversity that exists in human development’ (Pellicano
& Den Houting, 2022, p. 386). Therefore, based on this
paradigm, autism is considered an example of diversity
in all possible brains, considering that all are different
(Baron-Cohen, 2017). Thus, working with prospective
teachers on recognizing neurodiversity could help dispel
some misconceptions such as autism needs a cure (Kapp
et al., 2013).

Moreover, the finding that specialist pre-service
teachers have more adequate knowledge about ASD re-
veals a concerning gap in the initial teacher education of
regular pre-service teachers. This mismatch affects reg-
ular teachers' ability to manage inclusive classrooms, as
in a truly inclusive environment, all teachers must have
the necessary skills to support students with ASD. This
underscores the need to integrate more comprehensive
and specific training on ASD into regular teacher ed-
ucation programs to ensure that all teachers, not just
specialists, can effectively support students with autism
(Sanz-Cervera et al., 2017).

Finally, since the results suggest that pre-service
teachers tend to be more cautious regarding health topics
but less accurate in socio-emotional aspects, this could
indicate the need for greater interdisciplinarity in initial
teacher education programs. In other words, incorpo-
rating evidence-based education on both the biology of
ASD and its psychosocial and emotional aspects could
help to balance these misconceptions.

To sum up, to ensure the inclusion of students with au-
tism in mainstream education, it is essential that educa-
tors, teacher trainers and policy makers work to address
and correct the widespread neuromyths surrounding
autism.

Limitations and future lines of research

Certain limitations of the study can lead to new lines
of research. First, the results correspond to a single
Spanish university, so this research should be general-
ized to other universities. Moreover, although the type
of sample made it possible to infer the possible influence
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of training in remodelling pre-service teachers' knowl-
edge about ASD, it would be also interesting to carry
out a similar study with in-service teachers from dif-
ferent educational stages, including university educa-
tion. Future research could also explore comparisons
between in-service and pre-service teachers, offering
valuable insights into the differences and similarities in
their beliefs regarding neuromyths about ASD. In ad-
dition, a quantitative methodology was employed by
administering a questionnaire in true/false/don't know
format. While this format makes it possible to objec-
tively quantify participants' knowledge, misconceptions
and gaps, open-ended questions in which participants
are allowed to argue and justify their responses may
contribute to enriching the results. Furthermore, future
research could revise and expand the measurement in-
struments to encompass a broader spectrum of neuro-
myths. Additionally, employing qualitative techniques
with a more critical approach, such as individual inter-
views or focus groups, would allow neuromyths about
ASD to emerge organically from pre-service teachers,
rather than being presented directly, as was done in this
study.
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