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Abstract
Over the last two decades, the number of teachers trying to apply Ml theory has
increased, even if it is considered a neuromyth. This critical literature review suggests
stopping using neuromyths in literacy as long as it has been proven not to be a scientific
theory and start using trustworthy lands just like neuroscience. Neuroscience is closer to the
pedagogy arena because of its new instruments and concerns about the learning process,

which can be useful in the literacies field.

Keywords: education, literacy, learning, multiple intelligences, neuromyths



iii
Resumen

En las Gltimas dos décadas el nimero de profesores que intentan aplicar la teoria de
las IM ha ido en aumento, incluso si esta es considerada un neuromito. Este estudio de tipo
revision critica de la literatura sugiere el uso de neurociencia en lugar de neuromitos, en este
caso, el neuromito de las inteligencias multiples. Asimismo, expone algunos argumentos
sobre el porqué es un neuromito. La neurociencia esta cada vez mas cerca del campo de la
pedagogia por sus nuevos instrumentos y preocupaciones sobre el proceso de aprendizaje,

que pueden ser de utilidad en el campo de la literacidad.
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Introduction

It is not uncommon to hear teachers talk about multiple intelligences. In 1983,
Howard Gardner published his seminal work, Frame of Mind. Gardner (1983) claimed he
would change the traditional concept of intelligence there. At the beginning of his theory, the
psychologist talked about linguistic, musical, logical-mathematical, spatial, bodily-
kinesthetic, and personal intelligence. However, by 1999, he had already added two more
(and during an interview in 2016, he talked about adding some more). Nonetheless, the fact
that it seems he uses ability as a synonym for intelligence, so he has to add new types each
time, is not the only reason why many academics criticize his work.

Nobody can deny that the idea of everyone being an uncomprehended, misjudged
genius is attractive. People want to hear that they are capable (and worse, studies have shown
that the most ignorant people tend to overestimate their intelligence according to the BBC,
[2013]). However, if teachers trust theories because they are enticing without thinking about
their context or students, they do not deserve to be called pedagogues but salespeople. One of
the main problems with this is that when the education system sees the student as a customer,
methodological decisions are not taken because of their effectiveness, resulting in a
substandard educational process (Bay & Daniel, 2001). Gardner (2011) admitted that his
method does not judge intelligence scientifically but in an artistic way.

It could happen that inside an informal institution where they do not care about
formation but about making money, it is okay to sell the idea of multiple intelligences. After
all, they do not have a big responsibility toward human beings but only specific knowledge.
Their duty as a company is to satisfy customers. However, inside formal education such as
primary, secondary, high school, and higher education, teachers have a more complex

responsibility: educating human beings, not customers. The student as a customer does not



consider the global process but only the moment, a short-term satisfaction (Bay & Daniel,
2001). Teachers must search for proven theories, not just flashy ones.

Now, Gardner does have arguments that are based on science. For example, he uses
the brain's ability to change as an argument. He claims that we have specific brain zones for
every single brain function, like the capacity to locate ourselves in space, or what he would
call spatial intelligence (Gardner, 2011), proving that we have several kinds of intelligence.
However, this statement is rather problematic for two reasons. On the one hand, this implies
that intelligence is not something we are born with but something we acquire. On the other
hand, having different brain zones for different cognitive functions would mean every zone
would have a distinct intelligence. We would have to talk about at least four types of
intelligence to encode what our eyes see (Bear et al., 2016). So, naturally, it would imply we
have many kinds of intelligence derived from kinesthetic as we have many different parts of
the brain in charge of moving in a certain way in every part of our body.

That said, when talking about literacies, it is better for the education process if
teachers use trusted, proven theories (unless they are doing research, in which case the
relationship with theory is shifting). If educators want to get into the brain business to
improve their teaching methods, this text suggests replacing neuromyths with authentic
neuroscience. For instance, Kuhl (2011) assures that safe functional brain measurements in
the arena of language can document the neural signatures of learning at a remarkably early
point in development and finds that these early measures predict performance in children’s
language and pre-reading abilities from two to five years. This way, neuroscience can help
pedagogies achieve their objectives and contribute to the dignity of the teacher’s labor by
showing they are trustworthy through science instead of theories based on rumors and

feelings. The purpose of this text is to convince teachers to use trustworthy theories instead of



unsubstantiated pseudo-theories. This thesis invites teachers to stop using neuromyths and
start using science.

MI theory is a good thing to discuss in a school setting because it could affect how
teachers teach or assess (Ferrero et. al, 2021; Kezar, 2001; Suarez et. al, 2010). If itis a
scientific, well-founded theory, it could even change curricular guidance in general. But on
the other hand, if it's not scientific, it's helpful for teachers to figure out if we can use some
parts of Gardner's theory or if teachers should ignore it all. The importance of this is directly
implied in students' learning. If the theory is true, it is necessary to perform a more
personalized education, which is complex, especially when the average number of people per
classroom, according to the OECD (2013), is more than 20.

Consequently, two questions drive the conversation in this thesis, (a) what are some
valid critiques of M1 theory in language education? (b) How could the intersection of
neuroscience and literacy be a better way to teach language than MI? These questions are
just the beginning of a conversation and a line of inquiry that must be further explored
through the mixing of neuroscience and education (two subjects of interest for the author of

this text), rather than definitive statements that will need more time and actual research.



Setting the Scene

A Brief Literature Review

Neuromyths are present in the education field even nowadays with all the information
that is one click away. Hughes et al. (2020) claim neuromyths are misconceptions about
learning generated by a misunderstanding, misreading, or misquoting scientific facts, as the
Organization for Economic Co-operation and Development (OECD) defines them, and they
can drive teachers to use ineffective and non-evidence-based teaching practices, which have
“serious adverse effects on education systems.”

Dekker and colleagues (2012) use the same definition as Hughes, the OECD one.
Also, they explain that the influence of these myths in education is a problem because it
wastes (not spend but wastes) “money, time, and effort which could be better spent on the
development of evidence-based practices.” Also, they spread rapidly among teachers, who
will be most eager to use misunderstood brain-based ideas in the classroom. Their study
points to MI theory as one of the most famous (and applied) neuromyths.
Key Terms for this Review
Education

All of this research is related to education. When talking about the brain in education,
John Geake (2008) says: “Educational practices which claim to be concomitant with the
workings of the brain should be so, at least to the extent that the scientific jury can ever be
conclusive.” That is why it is necessary to bring the MI discussion as long as it claims to be
SO.
Pedagogy

Teachers must not only teach but also learn. As Fawcett and Nicolson (2007) explain,
“Pedagogy is the art and science of teaching and learning.” If some teachers are using

neuromyths to teach, they should learn actual science and bring it to the classroom.



Literacy
Mackey (2002) defines literacy as
Primarily something people do; it is an activity, located in the space between thought
and text. Literacy does not just reside in people’s heads as a set of skills to be learned,
and it does not just reside on paper, captured as texts to be analysed. Like all human
activity, literacy is essentially social, and it is located in the interaction between
people.
As the author claims, the literacy process in school is less problematic if it uses
pedagogical methods.
Learning
There are many complicated words in the educational field, and learning is one of
those. About the concept, Houwer and colleagues (2013) suggest doing “An explanatory
mental mechanism and invent a new term to refer to learning as a to-be-explained functional
effect.” The word learning could be considered an abstract one. It makes it difficult to define
what it is exactly, like with an object as a car or a chair. However, it is possible to see it as a
process. There are certain methods to make this process more effective. Teachers who use
non-trustable “theories” to teach will obstruct learning.
Teaching
Studying the brain can be helpful for the teaching process. As Owens and Tanner
(2017) claim,
Because teaching and learning arise from properties of the human brain, the ability of
a teaching technique to harness the processes in a student’s brain that support the
formation and retrieval of long-term memories will help determine that technique’s

effectiveness in promoting that student’s learning.



Due to that, it is relevant to look up better techniques to improve the student’s
learning. That is the reason why using theories related to neuroscience could be helpful.
Multiple Intelligences (M)

MI theory has been widely criticized for being considered a neuromyth. However, a
broad number of teachers still trust it,

Howard Gardner's Multiple Intelligences (M) theory has been widely accepted in the

field of education for the past two decades. Most educators have been subjugated to

the MI theory and to the many issues that its implementation in the classroom brings”

(Peariso, 2008).

As long as it brings issues to the classroom, it is a matter to analyze the theory and
search for a solution.

Neuroscience

There has been an increased push to use neuroscience to analyze and improve
learning. Clement and Lovat (2012) talk about it when they explain that the growing
knowledge of the human brain generated by the proliferation of new brain imaging
technology in recent years has given rise to questions about the potential for this new
knowledge of neural processing to translate it into “usable knowledge” that teachers can use
in the classroom. The application of neuroscience findings to education is controversial.
Some people question its relevance to educational practice. Simplistic generalizations about
the application of neuroscience in education are considered neuromyths and are at best
considered irrelevant or counterproductive to good educational practice. There are some risks
to using it as how jazzy neuromyths could sound. However, when teachers take care of
falling for them, the use of neuroscience in pedagogy results in engrossment. As Ching et al.

(2020) claim,



As the connection between neuroscience and education becomes more evident, an
interdisciplinary field commonly referred to as “educational neuroscience” has
emerged. Although there have been scepticisms regarding the implications, usually
the direct implications or applications of neuroscience for education [8,10,11,57,85],
it is generally accepted that neuroscience can make wideranging contributions to
education.

As a study made by Moirano and colleagues (2019) showed, knowledge of diversity
and interdisciplinary collaboration, training, exercises, and experiences are important
interactions in education. Neuroscience brings one of many opportunities teachers can take to
make their classroom and interdisciplinarity a place.

Neuromyth

Not every “information” about the brain and mind is scientifically proven. Sometimes
there are mistaken ideas, as the Centre for Educational Neuroscience (2023) explains,
“Teachers and parents have a great enthusiasm for the brain sciences and the light they can
shed on children’s and adults’ learning in educational environments. We share that
enthusiasm at the CEN.”

However, we also believe that sometimes this enthusiasm can lead to educators too
readily accepting teaching practices, ideas, or techniques that do not actually have a scientific
basis in neuroscience — or which reflect some basis in neuroscience but have not been
rigorously tested within an educational context. This phenomenon has been labelled the
spread of ‘neuromyths’ — mistaken ideas about the brain — and has been the topic of
neuroscience researchers' discussion.

M1 theory is considered a neuromyth, so the term is directly related to this article.



Methodology

This study uses references supporting different points to build the most appropriate
conclusions. According to that, it is qualitative research; as Law et al. (1998) explain,
qualitative research “is oriented towards theory construction, and the reasoning behind data
analysis is inductive; i.c., the findings emerge from the data.” Also, as long as it uses existing
research to answer existing questions, it is a critical literature review (Mora, 2020).

When doing a good critical literature review, the study helps to advance the
understanding of what is already known (Jesson & Lacey, 2006; Saunders & Rojon, 2011).
That is why it uses at least fifty references. As is explained in the following pages, the new
technologies in the neuroscience field have shown some relevant information for teachers and
pedagogues. However, not many educators know the area. Numerous studies show that there
is a wide number of teachers who believe in neuromyths. For instance, a study by Satyavi and
Bissessar (2021) showed that the teachers they based their study on could not recognize at
least half of the neuromyths they used in their surveys. Now, talking about multiple
intelligences, several studies already show it as a neuromyth. Nevertheless, teachers still
believe in it as a neuroscientific fact (Torrijos, 2021). Based on that, and due to the problem it
represents, | consider it necessary to get deeper into the issue and use different existing
studies to draw my conclusions.

The critical literature review can have different objectives. One of those, as Jesson
and Lacey (2006) explain, is doing a systematic review to inform evidence-based policy or
practice, as in the case of this article. This text is trying to put an eye on the Multiple
Intelligences of Gardner’s theory because of the number of teachers believing in it.
Nonetheless, doing neuroscience research requires many monetary and educational resources

(Soe et. al, 2012) which | do not have. Additionally, analyzing brain mechanisms by myself



would take a couple of years, and it would be only one part of this article. As a solution to
this problem, the critical literature review allows using existing proofs.

Calle (2016) explained that one of the most important things while writing a scientific
article is finding relevant information from specialized and trustable resources. To find the
articles for this review I took a two-level approach. For the first level (recognizing major
trends in the fields), | explored web-based article search engines and websites such as Google
Scholar and ResearchGate, as they offered direct access to journals such as Mind, Brain, and
Education and to printouts of journal articles from different scholars I also recognized
through Google Scholar. For the second level (locating specialized articles) I relied on the
existing databases at my two universities, including ScienceDirect, EBSCO, and JSTOR. The
searches on these databases helped me find more information about the topic from
educational and medical perspectives. As an additional resource for both levels, I also used
Frontiers to find information, as having free access to different texts helped me complete

major sections of this article.
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Findings

As this is a critical literature review, it intends to treat the literature as data, so it uses
a variety of texts to answer the research questions. The research questions in this text inquire
about the valid critiques of MI theory in language education and how to intersect
neuroscience and literacy as a more feasible alternative to teaching language than MI. This
question stems from the worries about the number of teachers who believe in this neuromyth.
For instance, an Australian study by Hughes and colleagues (2020) showed that 79% of the
studied teachers believed in the MI theory, which is the third most famous neuromyth among
teachers. This situation is problematic because, as Grospietsch and Lins (2021) explain, it
could lead educators to use ineffective learning strategies for their students, wasting the
education system’s money, time, and effort instead of spending it on more effective theories
and methods.

Even with all the debate around it, some teachers support the MI theory and even use
it in the classroom. For instance, Shearer and Karanian (2017) uphold Gardner’s theory based
on “a detailed examination of three levels of neural analysis.” First, they argue that there is a
correlation between eight large neural regions and that none of the "intelligences" uses the
same three main subregions. Their second argument to support Ml theory is that we use
particular brain regions for each of the "intelligences" proposed by Gardner. Their “third-
level examination of specific structures within sub-regions™ talks about different structure
configurations and gives as an instance the “visual-spatial intelligence”, which they claim is
associated with the parietal cortex (primary level) and intraparietal and superior parietal
lobule (sub-regions) and also the precuneus (third level). The most common defense is that
we use different parts of our brain for actions related to each of the eight "intelligences"

Gardner described.
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However, intelligence and brain are not as simple as dividing the first into sections for
each ability. Brain functions result from complex mechanisms that work mostly like a chain,
all connected by axons and dendrites between others (Zinsmaier et. al, 2008). They are not as
easy as one part in charge of one function as this argument wants to make it appear. For
instance, it would not be possible to talk about a specific part of the brain for “visual
intelligence” because it consists of much more than one single part (Kels, et. al, 2015), and it
is not even a hierarchy. The brain is not as "tidy" as that. (Hegdé & Felleman, 2007). The
images captured by the eye reach the retina through the optic pathways to the primary visual
area (also known as V1), located in the occipital region of the brain. Then, it divides into two
different routes: the ventral and the dorsal. The ventral route goes to the parietal lobe, and the
dorsal one to the temporal lobe. Here we already have three distinct (and distant) parts of the
brain, and, if it were little, the visuospatial intelligence talks about differentiating shapes and
administrating space at the same time, while those are different brain processes, the first one
made in the ventral root and the second one in the dorsal one (Neira et al., 2022).

The ventral route helps with the object and how we perceive its shape and color. The
dorsal route, instead, is the one in charge of processing the location in space, the depth, and
its movement (Conway, 2013). Object recognition involves the left mid-inferior temporal
lobe, the right anterior temporal lobe, and the left cerebellum (Humphreys et. al, 1997).
Keeping that in mind, if every single function of the brain is going to be considered a
different intelligence, it would be necessary to make up two different "intelligences™ only for
one part of the vision process, and it is still missing the rest. That said, it is not practical to
create a thousand "intelligences” to separate the different functions of the brain.

Even if a teacher decides to believe in the multiple intelligences theory, it does not
help its use in the classroom because it is not the same as learning styles. The most logical

thing to think about when one hears about different intelligences is that teachers can use
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different ways of teaching, so everyone understands better. Due to this, many people link the
MI theory with the Learning Styles theory. The Learning Styles theory proposes that
individuals have different ways of learning, so they must be instructed in their favorite mode
of instruction so they will understand better, and in the last decades, it has become more
famous each time (Pashler, et al., 2018). About this, Gardner itself disagrees. As Westhy
(2019) mentions,

Learning different types of content requires different types of intelligences. Multiple

intelligences are not learning styles. Gardner maintained that there’s no clear evidence

that teaching to a student’s learning style produces better outcomes. In fact, according
to Gardner, “insistence on learning styles may be unhelpful, at best, and ill-conceived
at worst.” Strength or weakness in one kind of intelligence does not predict strength
or weakness in other intelligences. All of us exhibit variations among the different
intelligences described by Gardner. Some persons are better at math, others at music,
art, or writing. This does not mean that one should employ a mathematical approach

to teach music. (p. 2)

If you are supposed to be a genius with the movements of your body, it does not mean
that you can learn math better if you do it while dancing. It only means you are good at
moving your body.

Even if teachers decide to ignore that they are using two different theories (that sound
the same but are so different that Gardner says LS could even make the learning process more
difficult), none of them has proven true. Some “MI” theory studies are already taken to the
classroom (which do not use Ml but LS). One example is the one performed by Derakhshan
and Faribi (2015). They claim to report the effects of multiple intelligences on learning and

teaching English, and their study concluded:
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no single method of teaching writing can best suit all types of learners since writing is

shown to be differentially related to different types of intelligence and since human

beings enjoy different levels of the various types of intelligence, the logical result to
be drawn is that learners will experience differential success no matter how they are

taught writing” but that it can motivate students. (p. 70)

However, they also concluded that it is possible to motivate English learners by using
strategies oriented to the different intelligences proposed by Gardner. But despite that, the
study conclusion is clear when it says no correlation is found between M1 and successful
teaching.

As one can see (and Gardner admits), the arguments to support Ml theory are more of
a creative process than actual science; it does not even have a real usage for teaching
techniques because M1 is not the same as Learning Styles, and it is not proven to work
(Cuevas, 2015). However, if teachers still want to use brain knowledge in their classrooms,
they can get into neuroscience. Thanks to new technologies, neuroscientists have real-time
representations of the functioning of the living human brain, which have yielded interesting
scientific results to help understand a few more about brain mechanisms useful in education
(Goswami, 2009). This thing, the basic neuroscience knowledge, and insights, is called
neuroscientific literacy (Jolles & Jolles, 2021). If future research takes an interdisciplinary
approach to problems in the educational field, teachers could find even better techniques.

However, the situation makes it indispensable to mention the necessity to be careful
while touching such a complex field as neuroscience. As mentioned before, teachers do not
have extensive or specialized knowledge in the neuroscientific field (Ching et al., 2020). That
is one of the reasons why neuromyths exist: people try to easily understand complex topics,
which leads to misunderstandings (Tokuhama-Espinosa, 2018). For instance, various

neuromyths exist because they are partially true and transmit sensationalist ideas. If a teacher
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uses neuroscience in his classroom, they must actualize the information constantly. As an
example of this confusion, as Tokugama-Espinosa (2018) mentions, some myths were "true"
at a specific moment because they used old tools during the experimentation but not with the
new technologies. But those are not the only misunderstandings that can happen.

There is a famous belief that the environments of rich stimuli improve children’s
brains. The Organization for Economic Cooperation and Development (2002) explains that
the myth could have originated because of an experiment with rodents. The examination
performed by six scientists proved that rodents living in enriched spaces could solve
problems easier and even have a higher brain density than the rats who lived in a non-
enriched one. However, humans are not rats, so it is impossible to affirm that if something
works in a rat’s brain, it also works in a human brain, especially when the stimulus is so
specific. It would imply that children can solve complex labyrinths if you put cheese in their
exit. The rich environment could represent different things for the rats, and it is not feasible to
be sure if it also works with humans unless the experiment is tested with humans.

Notwithstanding, the risk of believing in neuromyths is lower if the educators who
want to use neuroscience knowledge are informed. In the same study that showed the
prevalence of neuromyths mentioned before, Bissessar and Joussef (2021) found that when
teachers receive specific in-service training related to educational neuroscience, the currency
of neuromyths is lower. Educators could attempt to use neuroscientific knowledge in their
classrooms (Ansari & Coch, 2006). They only need to consider that they must get informed
by trustable resources, not believing in something they heard from someone. Also, they must
keep actualized. The scientific field is constantly changing, and teachers must comprehend
that; as well as they do not continue believing that locking kids into cages when they do not
obey during class is a good thing, the other scientific camps are also modifying their

knowledge daily.
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Conclusions

This article used a critical literature review approach to solve some questions and
create valid critiques of the MI theory. At the beginning of the research, | searched for
information that could help answer the question about using multiple intelligences in the
classroom. However, the more | investigated it, the more | realized it was a non-trustable
theory. The study about using multiple intelligences theory in the classroom became an
article about questioning the theory.

As seen during the last paragraphs, the Multiple Intelligences theory by Gardner has
no scientific (especially neuroscientific) support but is more about beautiful words. The
arguments to support the theory are not enough, so it is considered a neuromyth. Neuromyths
can represent a big problem in the classrooms because they are wasting time and resources
that could be spent in trustable theories. However, that is not the only problem when
discussing the Multiple Intelligences Theory due to one of its actual enemies: The learning
styles theory.

Learning styles theory is not related to the MI theory. Gardner itself is against it. this
“theory” is getting each time more in the classrooms, and some teachers use it thinking it is
about M1 theory. Ml theory only claims different intelligences because the brain uses
different zones for different actions. LS theory, on the other hand, maintains the idea of using
different ways of teaching depending on student preferences. They are not the same.

The use of neuroscience in schools is problematic because it could lead to neuromyths
because of the lack of trustable information and the superficial approach. However, if
teachers want to use neuroscientific knowledge in their classrooms, they must only be
informed by trustworthy, constantly up-to-date sources.

In conclusion, while multiple intelligences may be attractive, teachers should be

careful about relying on theories that lack scientific evidence. The use of Ml theory in
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education is considered a neuromyth and it is better if it is replaced with more trustworthy
and evidence-based theories, like Neuroscience. Therefore, teachers must use proven theories
to achieve their objectives and not waste resources and time. The intersection of neuroscience
and literacy may be a better way to teach language than Ml theory, and it is an area that

deserves further exploration.



17

References
Ansari, D., & Coch, D. (2006). Bridges over troubled waters: Education and cognitive
neuroscience. Trends in cognitive sciences, 10(4), 146-151.
Barton, D., & Hamilton, M. (1998). Local literacies: Reading and writing in one community.
Routledge.
Bay, D., & Daniel, H. (2001). The Student Is Not the Customer—An Alternative Perspective.
Journal of Marketing for Higher Education, 11(1), 1-109.

https://doi.org/10.1300/j050v11n01 01

BBC News Mundo. (2013, 27 diciembre). Cuanto mas tontos somos, mas inteligentes nos
creemos. BBC News Mundo.

https://www.bbc.com/mundo/noticias/2013/12/131217 inteligencia y autocritica fin

de vp

Bear, M., Paradiso, M. Connors, B. (2016). Neurociencia. La exploracion del cerebro.
LWW.
Calle, L. (2016). Metodologias para hacer la revision de literatura de una investigacion.

https://www.researchgate.net/publication/301748735 Metodologias para hacer la re

vision de literatura de una investigacion

Centre for Educational Neuroscience. (2023, March 9). Neuro-hit or neuro-myth?
http://www.educationalneuroscience.org.uk/resources/neuromyth-or-neurofact/

Ching, F.N. Y., So, W. W. M., Lo, S. K., & Wong, S. W. H. (2020). Preservice Teachers’
Neuroscience Literacy and Perceptions of Neuroscience in Education: Implications
for Teacher Education. Trends in Neuroscience and Education, 100144,

https://doi.org/10.1016/j.tine.2020.100144



https://doi.org/10.1300/j050v11n01_01
https://www.bbc.com/mundo/noticias/2013/12/131217_inteligencia_y_autocritica_finde_vp
https://www.bbc.com/mundo/noticias/2013/12/131217_inteligencia_y_autocritica_finde_vp
https://www.researchgate.net/publication/301748735_Metodologias_para_hacer_la_revision_de_literatura_de_una_investigacion
https://www.researchgate.net/publication/301748735_Metodologias_para_hacer_la_revision_de_literatura_de_una_investigacion
https://doi.org/10.1016/j.tine.2020.100144

18

Clement, N. D., & Lovat, T. (2012). Neuroscience and Education: Issues and Challenges for
Curriculum. Curriculum Inquiry, 42(4), 534-557. https://doi.org/10.1111/j.1467-
873x.2012.00602.x

Cuevas, J. (2015). Is learning styles-based instruction effective? A comprehensive analysis of
recent research on learning styles. Theory and Research in Education, 13(3), 308-333.

De Houwer, J., Barnes-Holmes, D., & Moors, A. (2013). What is learning? On the nature and
merits of a functional definition of learning. Psychonomic Bulletin & Review, 20(4),
631-642.

Dekker, S., Lee, N. C., Howard-Jones, P., & Jolles, J. (2012). Neuromyths in education:
Prevalence and predictors of misconceptions among teachers. Frontiers in
psychology, 429.

Derakhshan, A., & Faribi, M. (2015). Multiple intelligences: Language learning and teaching.
International Journal of English Linguistics, 5(4), 63.

Diamond, M. C., Greer, E. R, York, A., Lewis, D., Barton, T., & Lin, J. (1987). Rat cortical
morphology following crowded-enriched living conditions. Experimental Neurology,
96(2), 241-247. https://doi.org/10.1016/0014-4886(87)90042-2

Fawcett, A. J., & Nicolson, R. I. (2007). Dyslexia, learning, and pedagogical neuroscience.
Developmental Medicine & Child Neurology, 49(4), 306-311.

https://doi.org/10.1111/].1469-8749.2007.00306.x

Ferrero, M., Vadillo, M. A., & Ledn, S. P. (2021). A valid evaluation of the theory of
multiple intelligences is not yet possible: Problems of methodological quality for
intervention studies. Intelligence, 88, 101566.

https://doi.org/10.1016/j.intell.2021.101566

Flores-Molina, J. C., Garcia-Salazar, J. A., & Rivera-Gonzélez, R. (2022). Organizational

culture and its impact on innovation: A study in small and medium-sized enterprises


https://doi.org/10.1016/0014-4886(87)90042-2
https://doi.org/10.1111/j.1469-8749.2007.00306.x
https://doi.org/10.1016/j.intell.2021.101566

19

in Mexico. Revista de Administracdo Contemporanea, 26(2), e210272.
https://doi.org/10.1590/1982-7849rac2022220272.en

Gardner, H. (1982). Frames of Mind: The Theory of Multiple Intelligences. Basic Books.

Gardner, H. E. (2011). Frames of Mind: The Theory of Multiple Intelligences (3" Ed.). Basic
Books.

Gardner, H. (2016). Intelligence Isn't Black and White: There Are 8 Different Kinds [Video].
https://bigthink.com/videos/howard-gardner-on-the-eight-intelligences/

Gardner, H., & Hatch, T. (1989). Educational implications of the theory of multiple
intelligences. Educational researcher, 18(8), 4-10.

Geake, J. (2008). Neuromythologies in education. Educational Research, 50(2), 123-133.

https://doi.org/10.1080/00131880802082518

Gonzalez-Montero, M. A., Lépez-Hernandez, A. M., & Morales-Marente, E. (2021). Digital
transformation and its effect on the financial performance of companies in Spain.
Contaduria y Administracion, 66(2), e24986.
https://doi.org/10.22201/fca.24488410e.2021.24986

Goswami, U. (2009). Mind, brain, and literacy: Biomarkers as usable knowledge for
education. Mind, Brain, and Education, 3(3), 176-184.

Hegdé, J., & Felleman, D. J. (2007). Reappraising the functional implications of the primate
visual anatomical hierarchy. The Neuroscientist, 13(5), 416-421.
doi:10.1177/1073858407305201

Hruby, G. G., & Goswami, U. (2011). Neuroscience and reading: A review for reading
education researchers. Reading Research Quarterly, 46(2), 156-172.

Hughes, B., Sullivan, K. A., & Gilmore, L. (2020). Why do teachers believe educational
neuromyths? Trends in Neuroscience and Education, 100145.

https://doi.org/10.1016/j.tine.2020.100145



https://doi.org/10.1590/1982-7849rac2022220272.en
https://doi.org/10.1590/1982-7849rac2022220272.en
https://doi.org/10.1080/00131880802082518
https://doi.org/10.22201/fca.24488410e.2021.24986
https://doi.org/10.22201/fca.24488410e.2021.24986
https://doi.org/10.1016/j.tine.2020.100145

20

Humphreys, G. W., Riddoch, M. J., & Price, C. J. (1997). Top-down processes in object
identification: evidence from experimental psychology, neuropsychology and
functional anatomy. Philosophical Transactions of the Royal Society B: Biological

Sciences, 352(1358), 1275-1282. https://doi.org/10.1098/rsth.1997.0110

Jesson, J. K., & Lacey, F. M. (2006). How to do (or not to do) a critical literature review.
Pharmacy education, 6(2), 139-148.

Jolles, J., & Jolles, D. D. (2021). On neuroeducation: Why and how to improve
neuroscientific literacy in educational professionals. Frontiers in Psychology, 12,
752151.

Kezar, A. (2001). Theory of multiple intelligences: Implications for higher education.
Innovative Higher Education, 26, 141-154.

Kuhl, P. K. (2011). Early Language Learning and Literacy: Neuroscience Implications for
Education. Mind, Brain, and Education, 5(3), 128-142.

https://doi/org/10.1111/j.1751-228x.2011.01121 .x

Mackey, M. (2007). Literacies across media (2nd Ed.). Routledge.
Moirano, R., Sanchez, M. A., & Stépanek, L. (2019). Creative Interdisciplinary
Collaboration: A Systematic Literature Review. Thinking Skills and Creativity,

100626. https://doi.org/10.1016/j.tsc.2019.100626

Ng, B., & Ong, A. K. (2018). Neuroscience and digital learning environment in universities:
What do current research tell us? Journal of the Scholarship of Teaching and

Learning, 18(3). https://doi.org/10.14434/josotl.v18i3.22651

Organization for Economic Cooperation and Development (2002). Understanding the brain:

Towards a new learning science. OECD.


https://doi.org/10.1098/rstb.1997.0110
https://doi/org/10.1111/j.1751-228x.2011.01121.x
https://doi.org/10.1016/j.tsc.2019.100626
https://doi.org/10.14434/josotl.v18i3.22651

21

Owens, M. T., & Tanner, K. D. (2017). Teaching as brain changing: Exploring connections
between neuroscience and innovative teaching. CBE—Life Sciences Education, 16(2),
fe2.

Pashler, H., McDaniel, M., Rohrer, D., & Bjork, R. (2008). Learning styles: Concepts and
evidence. Psychological science in the public interest, 9(3), 105-119.

Peariso, J. F. (2008). Multiple Intelligences or multiply misleading: The Critic's View of the
Multiple Intelligences Theory. Online submission.

Satyavi Bissessar, Farid F Youssef, A cross-sectional study of neuromyths among teachers in
a Caribbean nation. Trends in Neuroscience and Education, 23.

https://doi.org/10.1016/j.tine.2021.100155

Saunders, M. N., & Rojon, C. (2011). On the attributes of a critical literature review.
Coaching: An International Journal of Theory, Research and Practice, 4(2), 156-162.

Shearer, C. B., & Karanian, J. M. (2017). The neuroscience of intelligence: Empirical support
for the theory of multiple intelligences? Trends in Neuroscience and Education, 6,
211-223. https://doi.org/10.1016/j.tine.2017.02.002

Sirvanci, M. (1996). Are students the true customers of higher education? Quality Progress,
29(10), 99-102.

Suarez, J., Maiz, F., & Meza, M. (2010). Inteligencias multiples: una innovacion pedagdgica
para potenciar el proceso ensefianza aprendizaje. Investigacion y postgrado, 25(1),
81-94.

Sullivan, K. A., Hughes, B., & Gilmore, L. (2021). Measuring Educational Neuromyths:
Lessons for Future Research. Mind, Brain, and Education, 15(3), 232-238.
doi:10.1111/mbe.12294

The OECD Teaching and Learning International Survey (TALIS) 2013 Results - Excel

Figures and Tables. Retrieved 4 August 2015.


https://doi.org/10.1016/j.tine.2021.100155

22

Tokuhama-Espinosa, T. (2018). Neuromyths: Debunking False Ideas about the Brain. New
York: W. W. Norton & Company.

Torrijos-Muelas, M., Gonzalez-Villora, S., & Bodoque-Osma, A. R. (2021). The persistence
of neuromyths in the educational settings: A systematic review. Frontiers in
psychology, 3658.

Westhy, C. (2019). The Myth of Learning Styles. Word of Mouth, 31(2), 4-7.
doi:10.1177/1048395019879966a

Zinsmaier, K. E., Babic, M., & Russo, G. J. (2009). Mitochondrial transport dynamics in

axons and dendrites. Cell Biology of the Axon, 361-381.



