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Disparity of Non-verbal Language Learning

ldentical Rate of Acquisition, Neurological Adaptations, and Cognitive Development

Science 100 Capstone Poster by Bethel Sileshi

Language involves input, thought and output:
a process of receiving, interpreting and
responding in order to communicate.

Cognitive development is the overarching
term describing the complex and logical
thought processes of developing children.
Comparing hearing and deaf children in
academic achievement, performance on

Areas within the left and right hemispheres of the brain are analysed by various methods including scalp
topography, functional magnetic resonance imaging (fMRI), and volumetric analysis.
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Infants learn any language at the same rate,
including American Sign Language, ASL, or
Langue des Signes Québeécoise, LSQ)
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Figure 4. Hypertrophy (red
areas) in white matter standardized intelligence tests and visual—

In an experiment, 17 hearing subjects and 10 congenitally deaf

subjects were presented with nouns and verbs while connected Hearing
to an array of scalp electrodes. The resulting scalp topography subjects
identified areas of different brain activity (Figure 1).
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spatial skills, will be the basis for identifying differences in
= cognitive outcomes.

People born with severe (70—89 dB loss) or

profound (>90 dB loss) hearing loss are
referred to as deaf and despite deafness, they These maps have the same scale and display a current sink in the | ..

can still have a strong foundation in language |eft hemisphere of the hearing subjects. As shown by the black subjects
arrows, the current sink over the anterior temporal region is

Academic Achievement
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A recent national study, the Stanford Achievement Test Series
(established by The Gallaudet Research Institute), found that
ud /m**2 - In Math: 80% of deaf students attained scores in the lowest
quartile of the general population

- In Reading: <10% of deaf students were at/above grade level
Functional Magnetic Resonance Imaging (fMRI) This disparity suggests that children with hearing loss have
difficulty in the reading and mathematical areas of academic
achievement.
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Howeve [ missing in the deaf SUbJECtS- Figure 1. Scalp topography of current densities

the process of language acquisition causes
different neurological adaptations in the
brains of hearing and deaf subjects which
creates different cognitive outcomes in the
deaf population: it hinders academic
achievement, slightly affects 1Q test
performance and improves visuospatial
abilities.

Figure 2 shows blood flow measured by fMRI in the active brain, as an indirect
measure of neural activity. This data suggests that neural systems mediate
language because there is significant activation of the left hemisphere when |Q Test Performance
normal hearing adults and deaf adults read their native languages. There are
alterations in these neural systems as a consequence of deafness and the
acquisition of sign language.

The academic performance measured by an 1Q test indicates
whether the lower academic achievement of the deaf
population compared to the hearing population is as a result of

The greatest difference in the brains occurs around Broca’s area, in the anterior a lower 1Q. According to the office of Demographic Studies at
temporal region. Recent studies have shown that Broca’s area plays a role in Gallaudet University, the mean nonverbal 1Q is 100 for both the
processing hand actions and facial gestures as well as motor speech- general hearing and deaf populations. The equal IQ suggests
production. While language processing and sentence formation may be that deafness does not impact IQ.

impaired in deaf people, their brains show Broca’s area to be activated when
they are presented with either English or sign language sentences therefore it
has been hypothesized that Broca’s area is reorganized as a consequence of

Visual-Spatial Skills

Figure 2. Cortical areas showing
s - blood oxygenation on fMRI

e deafness.
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SpokerT ]_angqage Sig’f\/_lfﬂgyage The theory that deaf children perform better than hearing

children on visual tasks as a result of their increased visual
acuity was proven by the Benton Test of Facial Recognition:

| Processed inthe Volumetric Analysis T participants presented with a photo of an individual are asked
[ arcead il il Y ':;nalgshgfgz ., - | | | | | | ol to match the face to one of six simultaneously-presented
| e e Reorganlzatlon.m the brain caTn also be |.nvest|g.ated using volum.etrlc analysis faces. All sign language users, whether deaf or hearing,
hemisphere of brain  acquisition ; of grey and white matter: white matter is the tissue through which messages | :* oerformed more accurately therefore using sign language
= el tl Lﬂg’rz';'s;on y pass between different areas of gray matter. Another study examining " sharpens visual-spatial abilities.
ate/ sestures and structural differences between 14 native signing deaf individual and 16 i
/ space matched hearing controls, hypothesized hypertrophy (non-tumorous ol

enlargements) in Broca’s area as well as the motor and language cortices.
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. . .- . ) The human brain is remarkably flexible and can adapt to a loss
No significant volumetric differences were detected at the lobar level (Figure | . y. X
, . . of one sensory input by allocating more resources to use other
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