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ABSTRACT: Cognitive neuroscience explores neural functioning and aberrant brain activity during cognitive and perceptual
tasks. Neurocinematics is a subfield of cognitive neuroscience that observes neural responses of individuals watching a film to
see similarities and differences between individuals. This method is typically used for commercial use, allowing directors and
filmmakers to produce better visuals and increase their results at the box office. However, neurocinematics is increasingly becoming
a standard tool for neuroscientists interested in studying similar brain activity patterns across viewers outside the film industry. In
this review, I argue that neurocinematics provides a straightforward, naturalistic approach to researching and diagnosing learning
disorders. While the neural underpinnings of developmental learning disorders are traditionally assessed with well-established
methods like EEG and fMRI that target particular cognitive domains, such as simple visual and attention tasks, there is initial
evidence and theoretical background supporting neurocinematics as a biomarker for learning differences. By using ADHD,
dyslexia, and autism as case studies, this literature review discusses the potential advantages of neurocinematics as a new tool for

learning disorders research.
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B Introduction

According to the Centers for Disease Control, 17% of chil-
dren ages 3-17 in the US have a developmental disability or
learning disorder.! Children with a learning disorder are at
higher risk of adversity, including familial neglect and poor-
er health outcomes in adulthood. Moreover, children with
learning disorders experience disproportionate levels of fam-
ily adversity compared to typically developing children. The
three most commonly diagnosed learning disorders are at-
tention-deficit hyperactivity disorder (ADHD), dyslexia, and
autism spectrum disorder (hereafter referred to as autism). In-
dividuals with ADHD show signs of being inattentive and/
or hyperactive-impulsive, while students with dyslexia demon-
strate difficulty in talking, reading, writing, and spelling.'® In
contrast, children with autism exhibit impairment in commu-
nication, relationships, verbal skills, and restricted/repetitive
behaviors.? These disorders are necessary to diagnose because
they can help parents be proactive in finding the tools needed
for their child’s education and health and reduce the risk of
adversity in their academic journey or social situations. Under-
standing a child’s learning deficiencies will help parents and
school faculty take the necessary interventions and provide the
correct accommodations for growth.

Because learning disorders and neurological disparity can
impact the adolescent brain and later behaviors, it is essential
to identify learning disorders in children early in life.> One
valuable method of diagnosing these disorders is by examin-
ing biomarkers. Biomarkers are a measurable characteristic of
biological processes such as those relating to psychological ac-
tivity.* Clinicians use behaviors and psychological indicators
to diagnose learning disorders. Still, biomarkers add benefit by
providing more objective criteria for diagnosis. Crucial bio-
markers for learning disorders grounded in neurobiology have

previously been identified through electroencephalography
(EEG) and functional magnetic resonance imaging (fMRI).
EEG is a form of brain imaging that acquires brain signals
called event-related potentials (ERPs) through electrodes
attached to the scalp.’Signals from EEG can determine neu-
rological engagement and functional interactions across neural
networks, making the signals valuable biomarkers for the types
of psychological processes implicated in learning disorders.®
This method is also beneficial for diagnoses because it has a
higher tolerance for motion artifacts, which can better accom-
modate testing with infants and children who tend to move
more during the testing process.” Indeed, combining behavioral
measures and ERPs from EEG during a go/no-go impulsivity
task enabled 84-97% accuracy at discriminating ADHD di-
agnostic status in two different cohorts of participants.® Yet,
high heterogeneity in learning disorders and the tendency to
rely on a single or handful of EEG measures limits the use of
EEG as a diagnostic tool for ADHD and other learning disor-
ders.® In comparison, fMRI indirectly measures brain activity
by capturing changes in the hemodynamic response across the
entire brain, which is the measurement of blood oxygenation.
While fMRI is less portable than EEG, it gives a spatial reso-
lution that may be important for distinguishing between brain
activity in regions with high proximity but distinct functions.’
For example, the go/no-go task has also been used to com-
pare children with and without ADHD. It was shown that the
pre-supplementary motor area, but not other frontal regions,
was hypoactive compared to typically developing children.'
Despite some promising success, similar issues limit the appli-
cation of traditional f{MRI and EEG as biomarkers of ADHD
and other learning disorders. In particular, the use of highly
controlled experiments with simple stimuli in neuroimaging
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limits the ability to capture dynamic responses that better re-
semble brain activity during real-world situations.'!

Neurocinematics is a new and promising method to diagnose
learning disorders, sometimes referred to as naturalistic neuro-
imaging. Historically, neurocinematics has been used to assess
the effects of film and other forms of visual entertainment on a
viewer’s brain activity to inform cinematic techniques for film-
makers. However, this field has recently been used to explore
cognitive processing during dynamic situations reminiscent
of real life.'™> One popular analysis method is intersubject
correlation, which measures the similarities between partici-
pants’ perceptual, emotional, and cognitive states during the
same event.”>'* In a landmark study by Hasson and colleagues
conducted in 2004, five participants watched the first thir-
ty-minute sequence of The Good the Bad and the Ugly directed
by Sergio Leone while their brain activity was measured using
fMRI. Regions of the brain that are shown to be associated
with faces and objects were synchronized across participants,
particularly during moments when faces and objects were in
focus.* This study provided evidence that neurocinematics can
be a powerful technique for uncovering properties of cognitive
processing that are similar across individuals.

This review will evaluate neurocinematics as a new strate-
gy for identifying neurological biomarkers to diagnose three
common neurodevelopmental disorders: ADHD, dyslexia, and
autism. This review discusses each neurobehavioral disorder
in-depth and also seeks to showcase the various physiological
biomarkers present for each, but more comprehensive reviews
include.”'®'” Qverall, the paper highlights a few key studies
that use neuroimaging measures to examine these disorders
and then discusses neurocinematics as a new and promising
method for diagnosis.

Section 1: Children with ADHD:

ADHD is a neurodevelopmental condition that affects
3-5% of children worldwide who typically exhibit symptoms
as early as seven years old. However, the number of children
with ADHD may be higher because the ability to diagnose
and optimally manage the disorder is currently low in devel-
oping countries.'® There is no cure for ADHD. Still, it can
be managed through a multidisciplinary approach, including
behavioral therapy, psychotherapy, and drug treatment. For
instance, Neurotherapy or biofeedback has been seen to im-
prove symptoms. Symptoms exhibited by individuals with
ADHD include inattention, hyperactivity, and/or impulsivity.
'There are also symptoms associated with executive dysfunc-
tion leading to issues with initiation, time management,
working memory, planning, and organizing. This disorder can
be categorized into two subtypes: inattentive presentation
and predominantly hyperactive-impulsive. Children who fall
under the inattentive type demonstrate signs of distractibility,
forgetfulness, difficulty in organizing and completing tasks,
trouble listening when spoken to, and failing to remember to
turn in asynchronous assignments. Individuals categorized as
hyperactive-impulsive subtypes display squirming, talkative-
ness, and fidgeting, and they find it challenging to sit still.
Along with this, they can also be impatient, demonstrate a
lack of emotional restraint, and blurt random and, at times,

inappropriate comments."® Clinical psychologists and psy-
chiatrists diagnose ADHD primarily on psychological
conditions based on a profile of symptoms associated with a
reduction in the quality of social, academic, or occupational
functioning."®

'The causes of ADHD are unknown; however, hypothesized
factors include genetics, diet, and social and environmental
factors. Some onset symptoms can also occur from a close
head injury (CHI). According to past research, 75% of cases
of children with ADHD stem from their genetic background,
specifically genes that affect dopamine transporters such as
dopamine receptors D2 /D3 and dopamine beta-hydroxylase
monoamine oxidase A. Dopamine can contribute based on
its effects on learning and cognitive functioning.”” However,
no single gene has been shown to contribute to ADHD.'®
Another study demonstrates that 10% to 85% of cases of
ADHD in childhood are potentially associated with co-
morbid psychopathology: mood and anxiety disorders.*® The
World Health Organization states that ADHD can also stem
from social dysfunction that a child is exposed to, whether in
their familial life or in the education system, which affects the
child’s self-regulatory abilities.*!

Multiple biomarkers have been identified for ADHD to
help with clinical diagnosis and treatment. EEG biomarkers
use a combination of temporal, spectral, and spatial features
for diagnosis.”?> Major EEG biomarkers include theta-beta
waves ratio and Event-Related Potentials (ERP). However,
previous studies have found difficulty in diagnosing ADHD
with theta waves; a study conducted with 101 people by Og-
rim and his team reported sensitivity of 63% and specificity
of only 58% in differentiating between children with and
without ADHD, in contrast with an accuracy of 85% based
on classification by children’s behavioral omission errors
alone (as cited in 6). Nonetheless, theta waves relate to hy-
perarousal, one of the earliest symptoms associated with this
neurobehavioral disorder.® ERPs are beneficial based on their
ability to capture the temporal evolution of neural activity
following a prescribed event (e.g., responses following selec-
tive attention or other executive function tasks), allowing for a
more specific diagnosis. Although, they can be susceptible to
high variance when relatively few trials are averaged, limiting
the efficacy of ERP in predicting ADHD diagnosis in pre-
vious experimental studies.® Overall, EEG is not an effective
tool for diagnosis. Still, it remains useful in a clinical setting
via multivariate analyses and refined studies of EEG signal
generators to capture additional sources of heterogeneity in
ADHD.*** Another common biomarker is genetics because
the dopamine transporter gene (DAT1 gene) has been linked
to the development of ADHD, showing deficits in inhibi-
tory behavior and hyperactivity.” Dopamine is a modulator
of learning and cognitive functioning.> A European Child &
Adolescent Psychiatry study recruited 273 high-risk Chinese
individuals diagnosed with ADHD and their family mem-
bers. The results demonstrate that the haplotype rs27048
is strongly associated with the inattentive type, concluding
that the DAT1 gene may primarily affect individuals with
ADHD.?
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The use of neurocinematics to identify new biomarkers for
ADHD was recently tested in an experiment with 51 adults
with ADHD (no subtypes were specified) and 29 individuals
without ADHD.?* Patients and controls watched a curated
film showing a conversation with auditory distractors in the
background. ADHD-related aberrant brain responses to this
naturalistic stimulus were identified using ISC on subjects’
fMRI data. The ADHD group demonstrated abnormal func-
tioning in the dorsal and ventral attention networks, salience
network, and sensory areas — namely, patients displayed less
synchronous activity in these regions when distractors were
present compared to control subjects.** By creating a nov-
el experimental design using movies, the authors discovered
abnormal neural processing during a demanding yet highly
realistic situation. This anomalous ISC signature also correlat-
ed with behavioral measures of ADHD symptoms specific to
inattention. This method has been used to detect abnormal
functioning and signatures of ADHD, which provides further
evidence of the potential efficacy of this method for diagnos-
ing learning disorders.

Despite the promising results of this study, it is not clear how
effective neurocinematics is versus past methods in diagnosing
ADHD in children, as no direct comparison has been made.**
Thus, more neurocinematics studies are needed to determine
if this method can account for other symptoms associated
with ADHD, such as skills in sustaining or dividing attention
and the ability to regulate the level of attention on demand.
To date, most neuroimaging biomarkers of ADHD focus on
impulsivity, but there is no promising current biomarker that
distinguishes between the two ADHD subtypes. Distinguish-
ing between different symptom profiles and ADHD subtypes
is essential for prescribing treatments for patients.

In addition to traditional EEG and fMRI approaches, neu-
rocinematics may be a good way of distinguishing ADHD
subtypes based on which parts of the brain respond synchro-
nously to a given set of stimuli. For instance, children with
hyperactive and non-hyperactive subtypes may react differently
when viewing films. For example, children with the hyperac-
tive subtype may require short, attention-grabbing films (i.e.,
a cartoon episode versus a nature documentary) to stimulate
brain activity. This is because hyperactive children may struggle
to focus on a film long enough to acquire necessary stimu-
lus data, such as readouts from EEG. Alternatively, it may be
that neurocinematics, in combination with identifying other
biomarkers, such as genetics, may yield the best detection of
ADHD. However, the perfect diagnostic tool remains un-
known until ADHD is examined more with neurocinematics.

Section 2: Children with Dyslexia:

Dyslexia is a learning disability characterized by difficul-
ty in reading, word recognition, and spelling.” In one study,
it was found that 80% of individuals diagnosed with learn-
ing disabilities have dyslexia.’® Dyslexia is the most common
neurobehavioral disorder affecting children.?® While it is con-
sidered more prominent in girls, recent data has demonstrated
that it occurs equally between both genders.” Students with
dyslexia who have decreased capabilities in reading, causing a
hindrance in academic performance, which leads to self-es-

teem issues and emotional and behavioral problems.25’27 One
study reported that children with reading difficulty at the ages
of eight and twelve were unhappier, more anxious, and less
competent scholastically, and their parents stated that their
self-esteem issues were low.?® There are two main strategies
when prescribing treatment for dyslexia: assistance with the
impaired learning areas (reading and spelling) and psychother-
apy for any coexisting psychological disturbance that may be
present.

The causes of this disorder are unknown; however, some
research indicates that it is predominantly influenced by neu-
robiological and cognitive factors, as well as heritability. This
is consistent with the statistic that 23% to 65% of all children
with dyslexia have a parent with the same disorder."® Most
theories on dyslexia primarily point to problems in temporal
processing and stem from research on the visual and language
systems. Some investigators believe the central difficulty dis-
played in dyslexia patients is rooted in the phonetic system,
which is engaged in processing sounds and speech.'®

'There have been several biomarkers to diagnose and pre-
scribe treatment for dyslexia. Pernet and his team (2009) argue
that the right cerebellum may be a biomarker for dyslexia.”’
In this study, they compared cognitive abilities and the size of
different brain regions in subjects with dyslexia and controls
without this neurobehavioral disorder. The subjects with dys-
lexia had low cerebellar declive volume and performed worse
than those with a high cerebellar decline in the phonological
and lexical tasks assigned. This evidence suggests that various
subtypes of dyslexia may be characterized by different neu-
rological phenotypes that correlate to varying deficiencies in
language processing.”” The best performances on the language
tests were observed in control subjects, who showed a differ-
ent profile of brain size in basal ganglia and right cerebellar
declive. Overall, the study indicated that the basal ganglia, par-
ticularly the right cerebellar declive, are effective biomarkers
for classifying individuals with dyslexia.

In another study, two children with dyslexia and two without
engaged in a lexical task while undergoing fMRI.*® The results
indicated that the children with dyslexia displayed greater ac-
tivation during reading tasks in the frontal and occipital cortex
than typical readers. Other differences in activation between
children with and without dyslexia were recorded in five brain
regions: the right inferior parietal lobe, the right middle fron-
tal gyrus, the left frontal precentral gyrus, the left insula, and
the left fusiform gyrus. However, this study is hindered based
on the small number of subjects examined, making the results
less dependable. Yet other studies with larger samples have also
shown differences in brain activity in similar regions. A study
that recruited 18 individuals with dyslexia scanned them using
an fMRI machine before and after they received instruction-
al treatment.> The study examined the inferior frontal gyrus,
middle frontal gyrus, the occipital region, and cerebellum. The
results concluded that children with dyslexia had greater func-
tional connectivity from the left inferior frontal gyrus to the
right inferior frontal gyrus than the children without dyslexia,
showing another difference in these regions as in the study
above, increasing the validity of the results.*
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The current research on neural biomarkers of dyslexia is
inconclusive, and neurocinematics may provide a new perspec-
tive helpful for diagnosing this disorder. In particular, it may
be that more realistic scenarios in which children are read-
ing in the context of achieving a goal, like understanding a
homework assignment, may be important for understanding
the aberrant neural processes involved in this disorder. For ex-
ample, patients with dyslexia and typical readers could watch
a film with a variety of texts, such as an old silent film, or even
a Khan Academy-style (2021) video teaching on a topic ap-
propriate to their age, such as history or language arts. While
most neurocinematics studies use fIMRI, temporal disruption
is problematic for dyslexic subjects, meaning EEG might be a
better technique to use in conjunction with neurocinematics
than fMRI.

Section 3: Children with Autism:

Autism is a spectrum disorder meaning that a child with
this neurobehavioral disorder can experience a wide range of
symptoms varying from mild to severe. Children with autism
can have difficulty with communication and social interaction.
They also tend to exhibit repetitive behavior and have issues
with adjustment or disturbances to their daily routine. Chil-
dren with autism can also be sensitive to touch, specific smells,
loud noises, extreme temperatures, and certain colors. Signs of
autism can be seen as early as 12 months.

However, the criteria for diagnosis have changed sever-
al times over the last couple of decades, including the age of
diagnosis. The mean age in 1990 was ten years and reduced
to 5 years by 2002.** Also, the diagnostic criteria became
broader over the years based on the wide range of symptoms
one can have with autism since it is a spectrum disorder. For
instance, one study examined 405 individuals between the
ages of 10 and 53 diagnosed with an autism spectrum dis-
order.®® Although 100% of the patients were diagnosed with
autism before their adolescence, based on current criteria for
diagnosis, only 54.8% would be classified as autistic.>* For in-
dividuals to be diagnosed with this neurobehavioral disorder
today, they must display impairments in social interaction and
communication; restricted repetitive and stereotyped patterns
of behaviors, interests, and activities; and delayed or abnormal
functioning before age three years in social interaction, lan-
guage, or symbolic or imaginative play.*®

'The severity of autism also varies between individuals. The
manifestation of symptoms is based on the domain. For in-
stance, adolescents improved more based on the reciprocal
social interaction domain.®® There is no cure for autism, but
there are interventions that can be implemented to help re-
duce or relieve symptoms. For instance, a treatment known as
applied behavioral analysis (ABA) is an educational behavior-
al intervention identified as an effective treatment to address
learning deficiencies.*

Multiple factors can contribute to someone developing au-
tism. There has been a current increase in autism cases in the
United States, Europe, and Japan, a spike reported to stem at
least partly from increased recognition directly, changed diag-
nostic criteria,and changed public attitudes.>* Most researchers
believe that the cause of autism is rooted in genetics and family

factors. There is a concordance of autism in monozygotic twins,
which is reported to be as high as 70%.% Currently, genetic
factors are thought to account for 7-8% of autism cases, and
this number is more reliable since this statistic is from a study
in 2021.%° Despite the evidence tying genetic background to
autism, there is no direct genetic information that thoroughly
explains certain clinical and epidemiological aspects of autism,
which raises questions on other potential influences of this
spectrum disorder. There is also reason to believe that autism
can be caused by environmental factors such as exposure to
toxic chemicals, including lead and methylmercury, and other
prenatally environmental components during embryonic and
fetal life.® However, in a case in Sweden of prenatal exposure
to thalidomide, the percentage of exposed children later diag-
nosed with autism was only 4%. Another potential contributor
is toxins or reactions to vaccines containing mercury.

Individuals with autism have a high rate of comorbidity with
intellectual disability, about 45%, and many (between 29 and
47%) experience regression related to social behavior.* The rise
in cases and severity of autism leads to the clinical need for the
availability of objective biomarkers for use in the prognosis and
diagnosis of these patients.*® Methods used to identify more
efficient biomarkers have included neuroimaging, gene testing,
transcriptomics, proteomics, and metabolomics. Specifical-
ly, fMRI can be used to diagnose children at 6-12 months of
age when autism behavior is first emerging and has a positive
predictive value of 81%.%® However, based on previous studies,
autistic symptoms shown during infancy can begin to dissipate
over time. Another method used is EEG, demonstrating that
the most significant differences appear at ages 9 to 12 months.
Infants were classified with over 80% accuracy into control and
high risk of autism (HRA) groups at age 9. This study indi-
cates that EEG may increase efficacy in diagnosis early on.*”
'The identification of biomarkers for autism spectrum disorder
has improved over the years. However, due to the heteroge-
neity of the disease, the utility of these biomarkers still faces
difficulties and challenges.

Identifying new biomarkers is essential to developing prop-
er therapeutic treatments and interventions for autism, and
neurocinematics may be a potential method. Because films
have Spatio-temporal complexity, neurocinematics can allow
for a deeper understanding of the different brain regions and
symptoms of autism compared to previous studies examining
subjects with learning differences doing lexical tasks. Addi-
tionally, films often show complex social relationships amongst
characters that require the audience to think through social
interactions and language. Recently, a group of researchers
created child-friendly cartoon “films” designed to tap into the
theory of mind (i.e., the ability to think about another per-
son’s thoughts) during neuroimaging.® Curated media is an
effective biomarker of autism given its emphasis on cognitive
processes that go awry in this neurodevelopmental disorder.

B Discussion & Conclusion
This review explained three different neurobehavioral dis-

orders (ADHD, dyslexia, and autism spectrum disorder) and
how traditional biomarkers are used for diagnosis. This argu-
mentative review helps illustrate how neurocinematics—a
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rising field to help with cognitive neuroscience—can be uti-
lized to identify better biomarkers for learning disorders based
on the film's spatiotemporal complexity and ability to tap into
more naturalistic cognitive contexts. This allows for examin-
ing brain functions that may not be present during typical
tasks utilized in current diagnostic methods like fMRI and
EEG. A common trend noticed throughout this paper is that
although these traditional biomarkers have been somewhat
effective with diagnosis, they contain limitations preventing a
complete data analysis of one’s neurological functioning, hin-
dering our understanding of the causation of ADHD, dyslexia,
and autism, and prescribing proper diagnosis and treatment.
However, neurocinematics also presents limitations. There is a
lack of clarity in using film to diagnose developmental disor-
ders for early detection. For instance, 18 months or less early
intervention is deemed critical for ensuring the best outcomes
in autism. However, this age range may not be the appropriate
target for neurocinematics that taps into more complex pro-
cesses. Another limitation is that the studies examined in the
paper discuss small sample sizes, which hinders the ability to
identify biomarkers and understand the vast heterogeneity of
these disorders. Although neurocinematics on its own may be
limited, this field can be more effective in combination with
other approaches. With the increasing interest in neurocine-
matics, it is now time to apply this method to answer some
of the most critical questions about how children with neuro-
developmental disorders learn, with the aim of diagnosis and
treatment.
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