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Please Note

• To help ensure anonymity, this presentation will not be 
video recorded.

• Slides from this talk (redacted) are at 
http://web.jhu.edu/cognitiveneurology

• Don’t hesitate contacting me at:
– 410-955-3407 (24/7)
– bgordon@jhmi.edu

2

http://web.jhu.edu/cognitiveneurology


Overview
• Translational medicine (precision medicine, personalized medicine)

– 8-year-old male with autism, nonverbal, with severe intellectual disability

– Prognosis for such individuals has been poor

– What could be done – drawing on any and all fields of knowledge, specialties, and methods 
for intervention – to improve his capabilities?

• Cognitive neurosciences (cognitive science, neuropsychology)? 

• Neuropathology?

• Pharmacology?

• Brain stimulation approaches (e.g., tDCS and TMS)?

• Behavioral methods (“teaching”)?

– Using behavioral methods corroborated by the cognitive neurosciences – individualized, 
intensive behavioral methods informed by ongoing data – there have been considerable 
improvements in his behavior, speech, and ability to learn.

– ~21 years: basic neurobiology X his condition

– Distinct possibility that even higher goals are feasible for him and for others 3



Autism Spectrum Disorder (ASD)  
General Background

• Currently, diagnosis purely behavioral

• Behaviors described for > 500 years (Lord et al., 2020); first described formally by 
Kanner, 1943 (but see Chown & Hughes, 2016) 

• Varied definitions applied to varied conditions over the years.

• Current clinical definition: Diagnostic and Statistical Manual of Mental Disorders, Fifth 
Edition: DSM 5 (APA, 2013)
– “Persistent deficits in social communication and social interaction across multiple 

contexts...”
– “Restricted, repetitive patterns of behavior, interests, or activities...”
– “Symptoms must be present in the early developmental period (but may not 

become fully manifest [until later])…”

• Many other concurrent issues (e.g., anxiety, resistance to change)

• TBD:  Splinter skills – savant skills
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Autism Spectrum Disorder (ASD)
General Background

• Can be diagnosed in other conditions (syndromic ASD; e.g., 
RETT syndrome, fragile-X)

• Idiopathic, nonsyndromic ASD is the focus in this talk.

• Prevalence:  18.5/1000 (1:54) among 8-year-old children 
(CDC; Maenner et al., 2020)

• Presentation: ~70% persistent developmental delays, ~30% 
regressive

• Male-to-female ratio: ~4-5:1
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Autism Spectrum Disorder (ASD)
General Background

• ~100 genes known to be associated (e.g., Iakoucheva et al., 2019; 
Woodbury-Smith et al., 2018)
– Inherited as well as de novo mutations
– Regulatory functions, energy metabolism, synaptic modeling, etc.

• Estimated that ~500-1000 genes involved in idiopathic autism (Lord et 
al., 2020)

• “Subtle” differences on neuropathology, structural, and functional 
imaging (Lord et al., 2020)
– Possible lower intraepidermal nerve fiber density (Chien et al., 2020)

• Clinical presentation is thought to be the culmination of developmental 
and environmental domino effects, complexly interacting over time 
(e.g., Johnson et al., 2017) (cf. congenital blindness).
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Autism Spectrum Disorder
Heterogeneity of the Condition

• Seems fairly clear now there are considerable behavioral, 
genetic, and probably neurobiologic differences among 
individuals within the broad category of ASD, although 
categorization is very controversial.

• One consequence: findings from one group may not be 
applicable to another.

• For current purposes, distinguish a subgroup of ASD with severe 
intellectual impairments (low-functioning autism, severe autism 
[National Committee for Severe Autism]; within ASD-level 3 by 
DSM-5 criteria).
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ASD with Severe Intellectual Impairments

• A.I.’s category:  Nonverbal with severe intellectual disabilities

• Relatively little investigation of the neurobiology or the potential treatment of such 
individuals (At one recent meeting devoted to autism, only 4% of the papers were 
concerned with such individuals.)

• Barriers to investigation include: Very limited abilities; behavior extremely variable; very 
difficult to get cooperation; potential for physical aggressiveness

• Large number of mainstream and not-so-mainstream therapeutic (teaching) efforts
– E.g., discrete trial; pivotal response therapy

• Prognosis “poor”
– E.g., for speech:  Widely cited clinical rule of thumb at the time:  If an individual has 

not developed speech by the age of 5, it is ‘very unlikely’ that s/he will ever develop 
oral speech.

– Review by Pickett et al. (2009) confirmed it was very rare for a nonverbal individual 
with autism to acquire speech after the age of 5.
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Initial Goals of the Educational Program

• Which skills to develop in A.I.?
– Communication system – for behavioral management 

(e.g., A.I.’s wishes), teaching, interactions with family and 
other people
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Which Communication System?
• Board or device with photos/line drawings/symbols?

• Sign language?

• Oral speech?
– If feasible, most readily available
– Easiest to use with others (oral speakers)
– Ultimately, most expandable
– Bridge to reading, writing
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Speech Is More Than Communication

• It has been speculated that oral speech evolved not just as 
an aide to communication, but because it can aid thinking.
– More persistent memory (auditory-verbal working 

memory), abstraction, etc.  (cf. Bickerton, 1990)
– The resulting feedback loop led to an explosive growth in 

the abilities of human thought as well as speech →
language.

• Giving A.I. oral speech may give him mental tools for better 
thought processes.

11



What is Required for Speech?
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What is Required for Speech?

• Speech production
– Articulation

• Motor skill
• Extremely demanding motor skill

– Coordination of respiration, larynx, soft palate, 
tongue, jaw, and lips

– High speed
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How Can Speech Production be Learned?

• Memory (learning) ‘classically’ divided into 
– Declarative memory (learning)
– Non-declarative (procedural) memory (learning)
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Declarative Learning

• Clinical testing of memory and learning is heavily a test of 
declarative knowledge and learning.
– E.g.,

• Episodic memory (What were the words I asked you to 
remember a few minutes ago?)

• Factual knowledge (What structures are in the medial 
temporal lobes? Name all the Islands of Langerhans.)

– Learning can be very rapid.
– Language is intimately involved in much of what is tested.
– Critical role for the hippocampal/medial temporal system
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How Can Speech Production be Learned?

• There is general agreement that speech production is 
learned as a skill; it is not declarative learning.
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Skill Learning

• Traditional examples:  riding a bike, driving a car, learning 
golf or tennis

• Not dependent upon language (although can be directed via 
language)

• Learned by performing

• Typically, learning is slow, requiring many repetitions.

• Performance of a learned skill can be extremely rapid.

• Striatum traditional critical structure, other structures 
critical as well
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Impediments to Learning the Skill of 
Articulation in A.I. and Others

• Evidence for a variety of abnormalities of basic motor 
function
– Often difficulties chewing or swallowing
– Difficulties imitating motor movements, voluntary control 

of respiration

• Evidence for auditory speech perceptual problems as well
– E.g., don’t orient to sounds or to meaningful words such 

as their own names
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Skill Learning
• There is increasing theoretical and neurobiologic knowledge 

of what is required for learning (skills and others).
– Some basic mechanisms seem clear.
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Can the Basic Science/Neurobiology be 
Translated?

• Only very tentatively
– No strong consensus as to the mechanisms operating in 

typically developing individuals in real-life situations
– Only coarse, uncertain evidence as to what is and is not 

operating properly in ASD with severe intellectual 
disabilities
• Procedural learning does seem to be intact in many 

paradigms in individuals with ASD, so one foundation 
for skill learning is relatively intact.  Possible basis for 
savant-like skills. 28



Preconditions for Skill Learning
• Much better consensus as to the empirical conditions 

required in practice to engage the mechanisms responsible 
for skill learning (whatever those mechanisms are!).  
Examined in at least several situations:
– Perfecting a motor skill (e.g., sports, performing arts, 

surgery)
– Reacquiring a motor skill (e.g., post-stroke paresis)
– Learning a motor skill de novo
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Example: Post-Stroke Paresis

• Adults > 1 year post stroke, severe upper limb impairments 
(Daly et al., 2019; McCabe et al., 2015; see also Krakauer et 
al., 2021)

• Methods:
– Broke down movements for training:  Single-joint -> 2-

joint -> task components -> full task
– Trained for “quality” (proper form)
– High-intensity: 5-6 hours/day, 5 days/week, 12 weeks

• Results:
– Clinically significant improvements

30



Optimal Conditions for Learning a Skill 
• Perform the precise skill required.

– Maybe in some cases closely related skills

• Perform the skill at a sufficient level of difficulty/effort.
– Not too easy, not too difficult

• Skill should not be performed in isolation, but ideally performed 
in the context it will be used (strong context-dependence, 
perhaps also mutual reinforcement).

• Effortful periods should be interleaved with ‘rest’ periods (or 
engaging in efforts with a different focus; “interval training”).
– Optimal interval: arguable

• Lengthy practice (e.g., hundreds to thousands of hours) 31



Optimal Conditions for Learning a Skill
• Must have sufficient motivation

– Motivation is what seems to ignite the neural circuits that force 
learning to occur.
• Evolutionarily (biologically) a number of different “primary” 

motivators, e.g.:
– Pain
– Hunger
– Fear
– Procreation

• “Secondary” motivators (e.g., monetary rewards, long-term 
goals) are thought by many to ultimately operate through the 
more phylogenetically ancient mechanisms.

• Motivation is necessary to sustain the intensity and time required.
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A.I. Had To Learn Far More Than Motor Skills
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Training of Mental Skills
• There are evolutionary and neurobiologic reasons to believe 

these are based on much the same mechanisms as 
perceptual and motor skills.
– Evolved from same substrate(s)
– While they appear “innate” in typically developing 

individuals, may be learnable with proper foundation

• Learning of mental skills seems to have somewhat similar 
requirements as does learning of motor skills.
– Deliberate, focused, motivated practice is certainly 

important (c.f. Kaufman, 2013).
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Methods – Conceptual Plan for A.I.
• Educational experience coupled with input from cognitive 

science/neuropsychology

• Assess skills present at any particular point in time, and determine what 
is necessary for the next stage.

– Foundational abilities and prerequisites

• Attention, choice, rewards (motivations), intent to communicate

– Basic speech functions

• Articulation

• Speech perception

– Contents of speech/language

• Words and meanings (e.g., foods, activities)

• Thought (elements necessary for communication) 36



Methods – Practical Implementation

• Integrated and coordinated educational and speech 
program

• E.g., everyday activities used as opportunities for 
practicing each skill (e.g., requesting, comprehension, 
articulation, and vocabulary)

• Varied activities
– Paced (interval training)
– Initially, used traditional primary motivators (e.g., mini 

M&Ms)
– Later, used tokens, teacher’s approval as motivators

• Fostered motivation and communicative intent as well as 
task performance
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Environments for Learning

• A.I. had been taught in one-on-one (teacher) situations.

• Some parallels to what initially happens with typically 
developing children taught by their parents

• But typically developing humans then begin learning in 
social situations, e.g.:
– Sibs
– Peers 
– Individuals recognized as leaders and authorities
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Learning in Social Situations

• It has been argued that social situations are extremely important for 
humans and other social species.
– Evolutionary necessity to learn what was important for survival
– Therefore, all existing perceptual, motivational, and learning 

mechanisms become very strongly engaged in social situations.
– There is some evidence that we have evolved distinct mechanisms 

for learning in social situations → specialized perceptual, 
conceptual, and motor mechanisms (e.g., facial expressions, 
speech).

• Currently, social cognition and learning are topics of intense research
– AZA Stephen Allsop, M.D., Ph.D., Neurology Grand Rounds, Oct. 7: 

“Understanding Mechanisms and Creating Interventions for Social 
Cognition and Behavior”
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Can Individuals with Autism Benefit from 
Social Situations?

• Individuals with ASD have “social deficits.”
• Not all of the normal mechanisms for learning in social 

situations may be impaired in ASD.
• Even if some or all of the mechanisms are impaired, their 

residual functions may still be powerful enough for them to have 
a significant role in learning.
– Particularly if other mechanisms usually responsible for 

learning are weak or absent
• Speech/language must have evolved from social requirements 

and are very important for such situations: so mutually 
reinforcing
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Factors in Our Success?
• Many, if not most of the methods used, had been previously described 

(1970s and in some cases 2500 years before).

• Prior efforts (with A.I. and with other individuals documented in the 
literature) had used many, if not all, of these methods and materials.

• We believe our methodology had more success for a number of reasons:

– Selected target skills and methods carefully to be building blocks

• Coordinated and employed across many situations

• Data was used to determine efficacy – not wedded to any one 
methodology or philosophy.

– Engaged A.I.’s interest, more intense

– Long-term

– Eventually, engaged with peers with different types of disabilities
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Factors in Our Success?

• Had the resources to do all of this:

– Financial

– JHU and SOM connection and background

• Educational best practices corroborated and refined by cognitive 
neuroscience perspectives (including outside expertise)

• Staffing and professional guidance

– Ability to recruit and retain great teachers (e.g., offer professional 
career paths; several have gone on to receive PhDs)

• Research experience

– Collecting and interpreting data

– Theoretical notions were subject to empirical tests
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Plans

• Use the motivation and experiences that arise with social 
situations to improve existing skills, and perhaps develop 
new ones, in these individuals.
– Set of essentially single-case studies

• Highly personalized for each individual’s motivations, 
skills, and evolving needs

– Use the data now increasingly available from audio/video 
recordings (real-time and offline).
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Conclusions and Broader Implications

• May be able to germinate and improve many high-level mental skills 
and quality of life with the proper approaches.
– Including skills thought completely out of reach

• Can be clinically valuable for those with severe developmental 
intellectual disabilities

• Even more might be accomplished with typically developing individuals.

• May be able to identify the most productive behavioral approaches

• When combined with optimal behavioral approaches, neurobiologic
methods (e.g., pharmacologic, transcranial direct current stimulation 
[tDCS] and its variants, transcranial magnetic stimulation [TMS], deep 
brain stimulation [DBS]) might produce additional improvements
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Video source
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Thank You!  Any Questions?
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