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Language evolved, develops,
and is processed in rich
multimodal settings



Language and Communication

* Human language is essentially multi-modal, with strong evidence of
audio-visual integration during language processing

* There is increasing evidence that multi-modality supports not only
communication with others but also cognition in the speaker/signer.



Outline of talk

e Gesture and language

* Speechreading

* Audio-visual speech

* Multi-modality, the brain, and Cochlear Implants



Gesture, cognition and language
development

* A transition from the perception of how objects look, sound, feel and
function to cognitive representations that include this information in
meaning

e Actions get represented as gestures and then words in a continuum

* By 12 months, children recognise the importance of gestures and are
reproducing actions with real objects to attribute meaning. Similar actions
without the objects are representational gestures

* This behaviour is positively correlated with the onset of language and the
growth of expressive vocabulary in the first years of language development

* Children continue to use representational gestures to influence their
vocabulary learning into their third year.



Gesture and language: developmental issues

* Good evidence that children typically express ideas in gesture before
they express the same ideas in speech.

* The age at which ideas are expressed in gesture predicts the age at
which the same ideas are first expressed in speech

e Gesture thus not only precedes, but also predicts, the onset of

linguistic milestones
* Delays in developing gesture can thus serve as a diagnostic tool for pinpointing
subsequent difficulties with language

e Gesture can facilitate learning, including word learning, and can thus serve as a tool
for intervention, one that can be implemented even before a delay in spoken
language is detected.



Gesture and cognition

* Gesture and language can complement each other to express a single
meaning

Speech: Circles going from smaller to larger
Gesture: HERE > HERE > HERE

e Gesture aids cognition

No gesture Gesture Mo gesture

TRENDS in Cognitive Sciences



Revisiting speechreading
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How does the brain do speechreading?

* Are there differences between processing speech with sound
and speech without sound?

Silent speech Audiovisual speech

Silent speech activates regions in deaf people’s brains that have been
identified as auditory speech processing regions in hearing people



Auditory cortex and speechreading

* Regions activated when deaf people speechread include
areas traditionally viewed as dominant for processing
auditory information in hearing people

* When auditory cortex is not activated by acoustic
stimulation, it can nevertheless be activated by silent speech
in the form of speechreading



Speechreading and literacy
e 29 7 & 8 year old deaf children (7 with Cl)

e Reading achievement was predicted by the degree of hearing loss,
speechreading, and productive vocabulary.

* Earlier vocabulary and speechreading skills predicted longitudinal growth in
reading achievement over 3 years

» speechreading was the strongest predictor of single word reading ability

“...in the early stages of learning to read, development is
mediated by speechreading”.

Kyle & Harris, 2006, 2010
Harris & Terlektsi, 2011



Sensitive periods for [anguage acquisition:
late acquisition of a first language

* The existence of sensitive periods suggests that if a child
experiences delays in learning language in early childhood
s/he will never reach the normal level of mastery, with full
command of syntax, phonology and verbal working memory.

* Do late first language learners — who constitute the vast
majority of prelingually deaf people - show atypical
structural and functional circuitry for language processing as
adults?



OPEN AND SHUT

The human brain's sensitivity to learning seems to crest in three broad waves. The critical periods for cortical
regions devoted to vision and other senses (red) open in infancy, then close tightly. Those for language
(vellow) and higher cognition (purple) open later, and never close entirely. The successive waves allow a child
to acquire increasingly complex skills (grey text).
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Comparing phonology in BSL and English —a
functional imaging study

* In the English phonology task, hearing and deaf participants
had to decide whether the English labels for two pictures
rhymed

* In the BSL phonology task, deaf participants had to decide if
the BSL labels for two pictures shared the same location

If similar processing is required to make phonological
similarity judgments about BSL and English, similar brain
areas should be recruited during both tasks



Phonological representations
are:

* Auditory

* Audio-visual
* Articulatory
* Orthographic




Phonological judgements

Activation during the:
A) location task in deaf participants (n=20);
B) rhyme task in deaf participants (n=20);
C) rhyme task in hearing participants (n=24).



The task is harder (in English as well as BSL) for
those who acquired English as a late first language

* Deaf non-native signers (with delayed L1 English) activated
the left inferior frontal gyrus more than native signers during
the BSL task, and also during the task performed in English

* phonological processing required greater effort when a first
language was delayed



Non-native sighers require greater effort on
both rhyme and location tasks

inferior frontal gyrus
148 activated voxels
X=-40; Y=19; Z=30

English (rhyme) task

) M BSL (location) task




Speech processing and Cl



Cochlear implants

e Cochlear implants (Cls) have been highly successful in restoring hearing in
deaf children (Archold & Mayer, 2012)

But outcome is variable (Geers & Moog, 2011)

* By their teenage years, nearly 30% of children with Cl were not within one
standard deviation of hearing children on tests of verbal reasoning

e 20% of children with Cl made minimal progress in reading skills between
elementary and secondary school

* Only 38% scored within one standard deviation of hearing students in
written expression

Why is this so?
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Why aren’t all Cls successful (1)?

e Cochlear implantation (Cl) for profound congenital hearing
impairment does not always result in effective speech processing,
spoken language development and educational success

* Exposure to non-auditory signals during the pre-implantation period
is widely held to be responsible for such failures (Lazard et al., 2011;
Kral & Sharma, 2012; Gordon et al., 2011).

 To this end, shielding the deaf infant from non-auditory signals -
including seen speech and sign language - is claimed to improve the
outlook for speech,hearing, and language.



Audio-visual language processing with
cochlear implants

* People with Cl present a higher audio-visual gain than that
observed in normally hearing people in conditions of noise

* This suggests that people with Cl have developed specific
skills, optimising the integration of visual temporal cues with
sound in the absence of fine temporal spectral information

Rouget et al, 2007



Speechreading in Adult Cl users

* A progressive cross-modal compensation in adult Cl users
after cochlear implantation

* Synergetic perceptual facilitation. This could lead to an
improved performance in both auditory and visual
modalities, the latter being constantly recruited to

complement the information provided by the implant.
Strelnikov et al, 2008



Speechreading

* is strongly implicated in general speec
(Bergeson et al, 2005) and in literacy d
hearing and deaf children (Harris & co

N processing
evelopment in both

leagues)

* Predicts speech processing outcomes for cochlear
implantees (Rouger et al, 2007, Strelnikov et al, 2008)

* continues to play an important role in
processing post-implant (Rouger et al,

segmental speech
2008)



Multi-modal communication
between parent and child



Cl and mother-child interaction

* The hearing mother and implanted deaf child share a
sensory world to a greater extent than a child with an
(ineffective) HA.

* However, this benefit may depend on previously developed
effective vision and touch-based interaction



Conversational study

* 19 hearing children (9 female, mean age 28m)
* 20 deaf children (16 female, mean age 28m)

* All had hearing parents.

* 16 had Cls and 4 had hearing aids.

Morgan, et al. (2014)



Categories of talk
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Mothers’ talk to their children

Proportion of utterances

20
18
16
14
12
10
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desire emotion mod.assert think/know elab. links ch. Life

Less gesture, less connected, and more failed
conversation turns when children are deaf
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Language delay and socio-cognitive
development

* Deaf children experience poorer early interaction, especially
involving connected conversation about the mind.

* Evidence for a remaining atypical pattern in interaction

Is this pattern related to advice given to parents about multi-
modal interaction?



Common confounds in studies of neural
plasticity and Cl success

* Duration of deafness, biological age and experience with
visual language are highly correlated, so inferences about the
separate effect of each of these is problematic

* Sign language skills have not been measured — it is assumed
that anyone who signs is proficient in the language

* Sign language skills of parents/guardians are not measured

* Limited assessment of interaction with care-giver

* Speechreading skills pre- and post Cl are not measured

* Audiovisual speech comprehension skills are not measured



Assessing language proficiency

* ‘Uses a sign language’ is no indicator of proficiency in
phonological, morphological, syntactic and discourse skills

* No assessment of SL proficiency means that a potential
factor in the efficiency of Cl for speech outcome has been
ighored

* An early and well-established visual language may be critical
in assisting a Cl to deliver a ‘new’ language source

* Yet inferences are made and recommendations put forward
for shielding a child from non-auditory inputs
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Current practice (1) in relation to speech training
pore- and post-implant

* Auditory rehabilitation therapy (learning to listen) emphasized as critical to good
language outcome.

* The role played by other, visual, language input sources in relation to outcome is often
strongly de-emphasized.

An Educator’s Guide (see http://www.cochlear.com) states “Auditory therapyfor the child
combined with a home environment that encourages the family to take advantage of every

possible opportunity to use spoken language is critical to the implanted child’s progress...
(In classroom communication)..an auditory-oral placement in which the child...(is) using
spoken language exclusively has been shown to have a significant effect on the auditory
development of a child with a cochlear implant...” (p 13)



Current practice (2)

* Sometimes claimed that exposure to non-auditory communicative signals should be
minimised because of assumed bad effects on the development of auditory cortical

circuits.

* |n some ‘auditory-verbal’ training regimes the speaking model focusses on training the
child’s acoustic skills by reducing (hiding) the visibility of oral actions; parents may be
advised not to develop their child’s gesture or sign language skills prior to implantation
(Chan et al., 2000; Rhoades & Chisholm, 2001; Yoshida et al., 2008; Giezen, 2011)

* Such clinical practice suggests that if a deaf child watches speech or a sign language, this
may disrupt auditory cortical development during the sensitive period.

» “ studies of deaf children have demonstrated that (when) Cl is less effective .. (it)
appears to be related at least in part to communication through sign language,
because of cortical reorganization of the auditory cortex.” (p 20., Charroo-Ruiz et al.,

2013)
Is such advice warranted?



What about visual speech?

* Pre-Cl speechreading in prelingually deaf children is a good
predictor of post-Cl auditory speech processing abilities (Bergeson,
et al, 2005).

* Most studies find a positive correlation between speechreading
and good Cl outcomes

e Rather than visual language interfering with audition after Cl,
correlations between patterns of neural activations in visual cortex
and increasingly successful performance with Cl suggest the
opposite (Giraud et al., 2001; Lazard et al, 2011).



Why aren’t all Cls successful?

* Since early infancy is a critical period for the acquisition of language, deaf
children born to hearing parents are at risk of developing inefficient neural
structures to support skilled language processing (Mayberry et al., 2011).

* The costs of depriving the deaf prelingual infant of visual communicative
signals prior to implantation are considerable and are not supported by the
neurophysiological evidence.

* The cortical signatures for individuals showing poor outcome for Cl may
reflect the effects of impaired language experience and acquisition in the
earliest years, rather than the effects of exposure to non-auditory signals.



What about Cl outcomes in children with sign
language as a first language?

* Hassanzadeh, 2012 compared Cl outcome in native signing deaf children with deaf
parents to Cl outcome in deaf children with hearing parents and no sign language
background.

* The deaf children who were exposed to sign language early in life had better
speech and language outcomes following implant.

* Davidson et al. (2014) found that the speech and language skills of 5 young deaf
children of signing parents were comparable to hearing children who were fluent
English users and who had deaf parents

* This suggests that linguistic development of the relevant cortical circuits for
language is critical to successful outcome with Cl — whatever the role of auditory-
neural developmental processes.



Multi-modal communication

* gives access to spoken language structure by eye, and can
complement auditory processing.

* has the potential to impact positively on the development of
auditory speech processing following cochlear implantation



What do these arguments mean for clinical
management of Cl|?

e Far from shielding an infant from multimodal communication, the deaf child awaiting
Cl needs language and communicative input of all kinds for effective cognitive
development

* The early months and years are crucial for the development of language

* Auditory rehabilitation is necessary to enable effective functioning of the Cl, but the
rehabilitation of hearing — on its own — does not predict satisfactory speech and
language

e Early Cl is an astonishing breakthrough, but success should be measured in terms of
language skills and cognitive development — not just in terms of auditory impact

* The best guarantee of success is good first language acquisition within the early years
— however that may be achieved
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