
LANGUAGE INSIDE COGNITION

To what extent 
are the neural 
mechanisms of 
language specific 
to language?



Q: Does this neural signal only operate on language?
To do: Test all other types of stimuli.
Problem: There could always be some stimulus type that you 
didn’t think of or couldn’t test. It’s not possible to test all 
other types of stimuli.
Conclusion: “Is X language specific” is a problematic way to 
formulate a research question.

Neural signal that responds to language



Bemis, D. K., & Pylkkanen, L. (2013). Combination across domains: an MEG investigation into the relationship 
between mathematical, pictorial, and linguistic processing. Frontiers in psychology, 3, 583.

• Results show that the effects elicited for linguistic phrases mostly do not 
extend to these examples of combination in the pictorial and number 
domains. 

• They do not show that the effects are language specific. 



Q: Do we have genetic material that only controls aspects of 
language?
To do: Find a candidate (in humans): a gene whose mutation 
causes some language problem. Test all other types of stimuli.
Problem: Same as before. Can’t test “all other types of stimuli.”
Conclusion: “Is X language specific” is a problematic way to 
formulate a research question.

Language 
genes?



A developmental disorder with a genetic basis:
Specific Language Impairment
• Language impairment without any obvious cause

• Affects approximately 7-8 % of children in kindergarten (Tomblin et al., 1997)
• Cognitive skills are otherwise within normal limits
• No hearing loss

• Runs in families but genetic basis of the disorder is not known in 
the general population. 
• Individuals diagnosed as having SLI are likely quite heterogenous.
•Many hypotheses about the underlying problem have been 

entertained, but it is not clear whether different research groups 
have studied similar individuals.
• Morphology impairment (Gopnik)
• Verbal inflection impairment (Rice & Wexler)

• Problem with rapid auditory processing (Tallal)
• Etc..



KE family
• A heavily studies SLI family in which the genetic basis of their 

impairment is known: a mutation in the gene FOXP2
• Half of the family is affected
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KE family
•Gene mutation is not 
shared in the general 
SLI population.
•The SLI in this family is 
not typical: language 
deficit is more severe
•Tests affected 
members are impaired 
on à
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Past tense production Imitation of oral and facial 
movements

KE family: Not just language problems



FoxP2: Not a language gene, nor a human gene
• FOXP2 is a gene that controls the activity of other genes 
• Has an effect on the development of many organs (brain, heart, 

lungs, digestive system)
• Found in many vertebrates:

MOUSE

GORILLA

ORANGUTAN

RHESUS 
MACAQUE

ZEBRA 
FINCH
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FoxP2: Animal models

• The cross-species generality offers many opportunities to study 
the gene’s function in ways that wouldn't be possible in humans. 

• What would happen to mice if they were given the human 
version of FOXP2?

• Altered ultrasonic (>20KHz) vocalizations.

• What would happen to mice if their FOXP2 underwent the 
mutation that SLI individuals have?

• On isolation from the mother/nest, healthy pups emit 
ultrasounds that elicit retrieval by the parent (cf. crying baby).

• Mice lacking a functional FOXP2 do not produce these calls. 

Enard, W., Gehre, S., Hammerschmidt, K., Hölter, S. M., Blass, T., Somel, M., ... & Becker, L. 
(2009). A humanized version of Foxp2 affects cortico-basal ganglia circuits in mice. Cell, 137(5), 
961-971.



• FOXP2 is a promising window into the evolution 
of speech and language. 

• But it is just one piece of an incredibly complex 
puzzle. 

• We are still far from understanding why we have 
language but our closest evolutionary relatives 
do not.

Fisher, S. E. (2019). Human genetics: the evolving story of FOXP2. Current Biology, 29(2), R65-R67.

FoxP2: Animal models



Ø Via gene mutation, it’s possible to lose aspects 
of language while retaining many other aspects 
of cognition.

Is the reverse attested?

Losing a lot of your cognition 
but not language because of a 
genetic disorder?

Yes: Williams Syndrome



Williams Syndrome
• (rather) general intellectual disability except in 

language

• Caused by a sporadic deletion of one copy of 20 
or so genes chromosome 7. 

• Affects about 1/20000 births, boys and girls 
equally. 

• Low IQ but cognitive profile very uneven. 





WS weaknesses WS strengths
• Spatial cognition • Language

Lenhoff et al. 1997

• Music
• Face recognition
• Hypersocial

• Math
• Motor skills
• Conservation tasks



• Spatial cognition
• Math
• Motor skills
• Conservation tasks

• Language
• Music
• Face recognition
• Hypersocial

• Williams syndrome teaches us about how cognitive 
abilities can cluster together and gives us clues about how 
this may be genetically determined.

• It is reasonable to use the Williams profile as a motivator 
for brain experiments. 

WS weaknesses WS strengths



WS strengths
• Spatial cognition
• Math
• Motor skills
• Conservation tasks

• Language
• Music
• Face recognition
• Hypersocial

Ø Violations of linguistic and musical wellformedness can 
elicit similar ERP responses.

Ø Music can prime the N400 similarly to language.
Ø Agrammatic Broca’s aphasics can show impaired 

processing of musical syntactic relations. 
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• Today, there is no evidence that any specific neural 
correlate of language is uniquely linguistic, and in general, 
proving this would be impossible anyway.

• Genetically based developmental disorders with uneven 
cognitive profiles give us clues about how cognitive skills 
can cluster together.

• In brain experiments, 
we’ll want to understand 
how specific 
computations may (or 
may not) accept input 
from multiple domains.

IN SUM



Probing the 
evolution of 
human language 
in a model 
organism
https://youtu.be/k
27DfgKGVp8

Oliver Sacks: The 
Mind Traveller -
'Don't Be Shy, Mr
Sacks’
https://youtu.be/2J
8YNyHIT64

Further watching

https://youtu.be/k27DfgKGVp8
https://youtu.be/2J8YNyHIT64

