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Introduction 

It is remarkable that infants can learn any language at the same rate, regardless of the language 

(Petitto & Marentette, 1991). This also applies to signed languages for example, American Sign Language, 

ASL, or Langue des Signes Québécoise, LSQ which are often used by deaf people. People born with severe 

(70–89 dB loss) or profound (>90 dB loss) hearing loss are referred to as deaf (Mayberry, 2002), and while 

they cannot hear conversational speech (approximately 60 dB), they can still have a strong foundation in 

language. Language involves input, thought and output: a process of receiving, interpreting and 

responding in order to communicate, but language is not explicitly linked to sound. 

Children with hearing can distinguish speech sounds from other types of sound very soon after 

birth, but for deaf children, speech is inaudible so signed language is learned. As a result of the different 

forms of input, the process of language acquisition causes different neurological adaptations in the brains 

of hearing and deaf subjects (Neville and Mills, 1997). This neurological change creates different cognitive 

results in the deaf population: it hinders academic achievement, slightly affects IQ test performance and 

improves visuospatial abilities. After describing similarities in language acquisition between deaf and 

hearing subjects, and discussing the differences that have been studied, this report will determine the 

effects of deafness on cognitive development. 

 

Similarities in Language Learning 

Infants begin language acquisition with babbling at around 7-10 months. Although purposeful 

cries often indicate a desire or emotion (i.e. hungry, tired, lonely, etc), the spontaneous and meaningless 

vocalizations of babbling typically develop into words by ages 12 months and beyond. Deaf children 

exposed to signed languages from birth experience the same initial acquisition phase beginning with 

repetitive hand gestures known as manual babbling. It was unambiguously revealed that manual babbling 
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is structurally identical to vocal babbling because it is spontaneous and meaningless, as well as possesses 

unique phonetic units with syllabic organization (Petitto & Marentette, 1991). 

Manual babbling is entirely different from the rhythmic hand movements of hearing and deaf 

babies, thus a separation between speech and language was discovered. In other words, language without 

vocalization can develop in the same stages as spoken language. This paradigm shift confirmed that 

babbling is a critical stage in language acquisition and led to the same linguistic milestones we observe in 

deaf and hearing children (Petitto & Marentette, 1991). After babbling, both hearing and deaf infants 

reached their “first word stage” (11-14 months) and “first two word stage” (16-22 months) in the same 

time frame and continued with similar grammatical and semantic developments (Petitto & Marentette, 

1991).  

 

Differences in Language Learning 

Although deaf children learn sign language from deaf parents as naturally as hearing children learn 

spoken language from hearing parents, the type of language (vocal or visual) has different impacts on the 

brain. Studies of native ASL acquisition suggest that similar systems within the left hemisphere are 

involved in processing all natural languages. Areas within the right hemisphere are also associated with 

language processing when language acquisition relies on the perception of gestures and spatial location 

(Neville and Mills, 1997). These areas have been analysed by various methods including scalp topography, 

functional magnetic resonance imaging (fMRI), and volumetric analysis.  

Scalp Topography 

Scalp topography is a way to study cortical somatosensory evoked potentials in the brain by 

employing electrodes that monitor nerve stimulation. One study, researching the development of neural 



page 3 of 11 
 

systems in language processing, found different patterns of brain activity in normal, monolingual, right-

handed adults as compared to congenitally deaf adults. In the experiment, 17 hearing subjects and 10 

congenitally deaf subjects were presented with nouns and verbs while connected to an array of scalp 

electrodes. The resulting scalp topography identified areas of different brain activity (Figure 1).  

Figure 1. Scalp topography of current densities  

The top row shows an average of the results obtained from the hearing subjects, while the bottom 

row has the combined results of the deaf subjects. These maps have the same scale and, though they 

show little difference in the right hemisphere, there is a significant difference in the left hemisphere. On 

the maps, the longer wavelengths (purple, green, blue) represent current flowing out of the head while 

the shorter wavelengths (red, orange, yellow) represent current sinks. In the left hemisphere of the 

hearing subjects, there is a current sink over the anterior temporal region (shown by the black arrows) 

Right Hemisphere Left Hemisphere 
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that is missing in the deaf subjects (Neville and Mills, 1997). This study further employed functional 

magnetic resonance imaging (fMRI) to identify regions of difference implicated in language 

comprehension. 

Functional magnetic resonance imaging (fMRI)  

To indirectly study neural activity, fMRI is 

conducted to measure blood flow in the active brain. 

Figure 2 shows the increases in blood oxygenation of the 

cortical areas of the brain on fMRI. There is significant 

activation of the left hemisphere when normal hearing 

adults read their native language, English (top). When 

deaf adults read English (middle) as their second 

language, there is much less activation in the left 

hemisphere. Conversely, there is greater activation in the 

same areas as observed in the hearing subjects, when 

deaf subjects view sentences in their native ASL (bottom). This data suggests that neural systems mediate 

language and there are alterations in these neural systems as a consequence of deafness and the 

acquisition of sign language (Neville and Mills, 1997).  

Comparing Figures 1 and 2 with Figure 3, it is 

noticeable that the greatest difference in the brains 

occurs around Broca’s area, in the anterior temporal 

region. This region implicated in motor speech-

production was also found to play a role in the sequencing 

of actions (Nishitani, 2005). While language processing 

 

  Figure 2. Cortical areas showing 
    blood oxygenation on fMRI 

 

 

Figure 3. Schematic of brain lobes and  

  significant areas  
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and sentence formation may be impaired in deaf people, their brains show Broca’s area to be activated 

when they are presented with either written English or sign language sentences (Neville and Mills, 1997). 

Recent studies have shown that Broca’s area plays a role in processing hand actions and facial gestures 

(Nishitani, 2005). While the exact mechanism of reorganization for visual as compared to auditory 

processing is not known, studies venture that sign language, in addition to lip reading may affect the 

organization of Broca’s area (Leporé et al., 2010).  

Volumetric Analysis 

The functional reorganization that is known to occur throughout the brain can also be 

investigated using volumetric analysis of gray and 

white matter. White matter is the tissue, 

predominantly glia (non-neuronal cells), that transfers 

messages through gray matter: it informs us about the 

structural connections in the brain.  Another study 

examining structural differences between 14 native 

signing deaf individuals and 16 matched hearing 

controls, hypothesized hypertrophy (non-tumorous 

enlargements) in Broca’s area, as well as the motor 

and language cortices (Leporé et al., 2010).  No 

significant volumetric differences were detected at the 

lobar level (Figure 4); however Broca’s area, the 

cerebellum and the splenium (posterior end of the 

corpus callosum) were determined to be larger in deaf people. Broad regions of hypertrophy in the 

brains of deaf people was also discovered (Figure 5). 

 

 
Figure 4. Volumetric differences in white 

  and gray matter in the brain 
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As expected, Broca’s area and 

other areas associated with motor and 

language cortices displayed hypertrophy. 

Since sign language is primarily observed 

by the visual cortex and travels to 

associated cortices for higher-level 

analysis, it is understandable that these 

areas would be enlarged. To produce 

language, the analyzed information is 

processed in Wernicke’s area (Figure 3) 

and the motor cortex is involved to 

produce a responsive sign (Leporé et al., 

2010). The whole network interacts and relies on the splenium in the corpus callosum to transfer 

information between hemispheres: its increased role in transferring visual information is one theory for 

its enlargement.  

 

Cognitive Outcomes of Different Language Learning 

Though the reasons for neurological adaptations in the brains of hearing and deaf subjects are 

not clear, these adaptations cause variations in cognitive development. Cognitive development is the 

overarching term describing the complex and logical thought processes of developing children. It entails 

the multi-faceted ways a child matures and understands his or her environment (Mayberry, 2002). 

Comparing hearing and deaf children in academic achievement, performance on standardized intelligence 

tests, and visual–spatial skills, will be the basis for identifying differences in cognitive outcomes. 

 

Figure 5. Regions of hypertrophy (red areas) in white    

    matter 
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Academic Achievement  

Several US national studies provide updates on the performance of deaf students on standardized 

assessments, and these results are a common way to measure cognitive development. A recent national 

study, the Stanford Achievement Test Series (established by The Gallaudet Research Institute), found that 

in the test of mathematics about 80% of deaf students attained scores corresponding to the lowest 

quartile of the general population. In the areas of vocabulary and reading comprehension, less than 10% 

of deaf students were at or above grade level (Mitchell, 2009). The disparity between deaf students and 

their hearing peers suggests that children with hearing loss have difficulty in reading and mathematical 

areas of academic achievement.  

On average children with mild to moderate hearing loss achieve one to four grade levels lower 

than their normal hearing peers (Mitchell, 2009). Deaf high school students were on average 7.4 grades 

below grade level on tests of reading, and 5.4 grades below grade level on tests of mathematics.7 In one 

test, the median math computation skills of 15- year-old deaf children in the US was at the 7th grade level 

while age-matched hearing children perform at a 10th grade level (Mitchell, 2009). According to these 

statistics, deafness alone does not impede a child’s ability to learn and manipulate abstract symbols and 

symbolic relations in mathematics (Mitchell, 2009); while they scored poorly in comparison to hearing 

children, the gap in academic achievement is a matter of three grade levels, so there is progress present.  

However, as children progress through school it is expected that the gap in academic 

achievement between deaf and hearing children will increase. An example of this increase is in the 

median reading achievement of 17–21 year-old deaf students, which is at the 4th grade level (Mitchell, 

2009).  Deaf children have difficulty with visual representations of speech (i.e. written and read 

language). Other factors, including social class, ethnic background, and other handicapping conditions, 

were also found to impact academic achievement of deaf students in much the same way as hearing 
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students (Mayberry, 2002). Deafness interacts with many other factors to determine academic success 

or failure, therefore it does not solely impair academic achievement and by extension cognitive 

development. 

  

IQ Test Performance 

The academic performance measured by an IQ test indicates levels of cognitive development. If 

the deaf population has a lower IQ than the hearing population, this would indicate that deafness limits 

cognitive development. From the office of Demographic Studies at Gallaudet University, 41 000 deaf 

students enrolled in special education in the United States were tested to determine a mean nonverbal 

IQ.  

The IQ for the general hearing population was 100 and the mean nonverbal IQ for deaf children 

with no additional handicap was also 100 (Mayberry, 2002). The equal IQ suggests that deafness does not 

impact IQ.  In fact, over a span of 88 years mean non-verbal IQ performance was 97.4 on average and 

appeared to increase overtime (Mayberry, 2002). One explanation for the increase is the changing 

methods of testing which more recently use combinations of speech and signs during the administration 

of the test. This would account for the average increase. Although the mean nonverbal IQ of the deaf 

population equates that of the hearing population, some research suggests that there is a difference in 

the strengths and weaknesses of the two populations (Mayberry, 2002). This is understandable 

considering that the deaf participants would rely more heavily on visual acuity than hearing participants 

and hearing participants would have equal access to both audible and visual input. 

 

Visual-Spatial Skills 

Though deaf children perform adequately on language tasks in comparison to hearing children, 

they should perform better than hearing children on visual tasks as a result of their increased visual 
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acuity. With this understanding, visual-spatial skills of deaf and hearing individuals should be greatly 

improved with the use of sign language. One activity testing visual-spatial skills that proved this 

understanding to be true was the Benton Test of Facial Recognition: participants presented with a photo 

of an individual are asked to match the face to one of six simultaneously-presented faces (Mayberry, 

2002).  All sign language users whether deaf or hearing performed more accurately; the advantage was 

increasingly apparent when the faces were shadowed and harder to perceive.  

In this test, the benefit of sign language influenced all users, even those who had only learned 

sign language a couple of years prior to taking the Benton Test of Facial Recognition. It took these 

participants less time and fewer trials to complete face matching tasks. They also had an increased 

accuracy of facial expression identification when compared to hearing participants (Mayberry, 2002). 

Individuals who use sign language are forced to communicate in the visual frame, so they are better at 

taking visual cues, for example the visual cues present in facial expression identification. 

With these results, it is clear that learning and using sign language will eventually sharpen visual-

spatial abilities. Practice using a visual frame in communication would make it easier to complete visual 

tasks, such as recognizing movement patterns and generating and rotating mental images. These skills 

provide a cognitive advantage to sign language users since both deaf and hearing signers were found to 

generate and rotate visual images more quickly than hearing non-signers (Mayberry, 2002). On the 

other hand, deaf individuals without an experienced knowledge of sign language do not show these 

effects. 

 

Conclusion 

Deaf children who cannot hear conversational speech (approximately 60 dB) have difficulty 

mimicking, and thereby acquiring, the spoken language. The option of introducing sign language to a 

deaf child exists and can greatly improve language acquisition by providing a visual method of 



page 10 of 11 
 

communication. However, studies of signed languages have found that despite similarities of language 

acquisition, significant reorganization and hypertrophy occurs in Broca’s area and other areas of the 

brain associated with language.  Comparing the development of deaf children to hearing children also 

determined that deaf children are most significantly impacted with respect to academic achievement 

and visual-spatial skills. While children with hearing loss have difficulty in reading and mathematical 

areas of academic achievement, their visual acuity is increased as a result of sign language. In fact, all 

sign language users whether deaf or hearing are benefitted by enhanced visual-spatial skills.  The 

obstacles that deaf children face in the way of academic success and language development may be 

unique, but considering they display similar IQ performance there is the potential for eventual progress. 

The ability to focus on a visual frame of communication also suggests that the human brain is 

remarkably flexible and can adapt to a loss of one sensory input by allocating more resources to use 

other input (i.e. visual sources) at hand. Further research may lead to different approaches in the 

cognitive development of hearing impaired children that can improve their adult life. 
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