Everything | need to know about Al | learned from my baby

| have been witnessing something truly miraculous. A little over 16 months ago, my
daughter came into the world, her soft skull full of neurons but few connections, her eyes
unable to focus or perceive color, her movements jerky and uncoordinated. Her repertoire
of skillswas very short: she knew how to nurse, turn her head in the direction of my

voice, extend an arm in a“fencing postion” when her head was turned, and that’ s about

it. Of course, she dso knew how to charm the socks off her parents. Less than ayear and
ahdf later, she had acquired the ability to take light sgnds and transform them into
concepts of other things and people. She has figured out that other people have desires
different from hers, and may indeed conflict with them. She is adle to transform sound
waves into individua words, independent of the speaker (or language), turn words into
concepts, and concepts into meaning. Sheis now even mastering her voca cordsto
produce correct sounds that correspond to different concepts. Her persondlity is
emerging, with distinct passions and aversions, a budding sense of humor, and ashoe
fetish! She has gone from ahdplessflailing sack of protoplasm to a miniature human,

who can walk, run, climb, pick up cheerios, throw abal, turn pages of a book, etc. —with
areasonable proficiency. All thisthat Al has been collectively griving for over the past
severa decades, was achieved in afraction of an average grad student’ s lifetime.

So, what has been happening inside my daughter’ s brain and nervous system, and what
can Al researchers learn from it? Surprisngly, developmentd psychologists have began
studying infants only about 30 years ago, and biologists began to study the neurologicad
basisfor learning later dill. The picture that has emerged of the learning processisfar
from complete, but dready extremdy fascinating.

My reading list has lately reflected this fascination. One of the more interesting books |
read was The Scientist in the Crib. The authors, pioneers of infant developmenta
psychology, clam that three factors make possible the incredible progress children make
inthe firg few years of life: innate knowledge, superior learning ability, and dedicated
teachers evolved to be idedlly suited to the teaching task. The evidence that children are
dready born knowing certain things is extensive. For example, babies seem to be aware
from birth of some of the physica properties of objects. A newborn infant will follow a
moving object behind a screen and anticipate where and when it will regppear. She will
recognize a series of different smiling faces as being Smilar to one another and different
from asad face. Even more intriguing are the observations that infants, as young asfew
hours, will mimic facia expressons of adults, for instance, copy an adult sticking out his
tongue. Think of the cgpailitiesinvolved in imitation: the baby not only has to figure out
that an adult’ sfaceis like hers, she has to make the association between the adult’s
tongue and her own and to know that she moved her tongue outside her mouth.

The sacond cog in the triumvirate of early learning — the powerful learning mechanism —
is not addressed by the authorsin great detail. Other books, such as What's Going onin
There and Magic Trees of Mind do a much better job explaining the decades of
neuroscience research about babies brains. | will come back to thisin alater.



The find learning advantage that babies have are wonderful teachers — their parents—
designed by millions of years of evolution to act in ways that enable babies to learn better
and fagter. How do adults function as teachers? There are many examples — the most
compelling from language learning. Until about the age of six months, babies can
differentiate sounds much better than adults. For example, scientists can play a sound
corresponding to “r” and dowly morph it into a sound corresponding to “l.” English
gpeskers will hear asharp trangtion in this smooth sequence from one sound to another.
Japanese speakers will often fall to detect a difference in sounds atogether. Y oung
infants will actudly hear each frequency in the range as a different sound... until the age
of sx months when they start hearing the same sounds as adults in their culture. What
happens? It is the exposure to the loca language, specificaly the “motheress” in which
adults, and even young children, indtinctively address infants, that wires the brain to hear
particular sounds. The comica sounding baby talk, with its exaggerated vowds and
frequent repetition, offers afar purer and better example of the local language than the
often doppy speech we use when communicating with other adults.

Although babies come into thisworld well equipped for learning, thanks to their plagtic
brains and dedicated teachers, the authors of The Scientist in the Crib give mogt of the
credit to babies themsdlves. Asthetitle suggests, they advance a hypothesis that ababy is
redly like ascientist (and a scientist like a baby), forming ideas about the world, doing
little experiments to test them, and refining or discarding ideas in light of experimentd
results. Indeed, the authors believe that babies are driven by aneed to explain, to
understand, and this drive manifestsitsalf during every stage of baby’ s development. Play
gives children an opportunity to practice the scientific method, for example, by pouring
sand or stacking cups. A cantankerous two year old reaching for the forbidden power
cord while watching his parent, is actudly conducting an important psychologica
experiment, to learn about the nature of other minds. It is just an unfortunate consequence
of the“terribletwos’ that it is the parents who are the subjects of these experiments.

Neurologica basis of learning is perhaps of greatest interest to an Al researcher, because
it can sarve asamodd for atificid forms of learning, or a the very least provide ingghts
into how to achieveit. In thisregard, one of the more interesting findings to come out of
neurobiology is that our genes do not encode dl the knowledge that we have. Instead, we
have evolved to be supremey adaptable through the mechanism of neurd pladticity.
Experience (and environment) shapesthe brain. A baby is born with (amost) dl of her
neurons, but very few connections between them. The baby spends first few years
(especidly the first two) growing these connections, caled synapses— many millionsa
second — and dso budly pruning them. Only those synapses that are simulated by
experience or practice will be preserved — the rest will be diminated. In fact, enrichment
sudies of rats have shown thet different types of environment will lead to Sgnificant
differences in the thickness of the cortex, which is a measure of the number of neurd
connections. Another interesting observation is that the brain maturesin phases, from the
back of the brain, where the senses are perceived, to the front, where emotions and
reasoning reside. The order of maturation, and hence the structure of the brain, has been
carefully honed over millions of years of evolution. Each part has a criticd period of
growth and myelination. If repeated experience is not provided during the critica period,



that portion of the brain will forever loose its functiondity. Thus, for example, the
auditory portion of the brain of deaf babiesis not wired for hearing at dl. Ingtead, it
responds to visua stimuli. Thisistrue not only of the senses (5 senses + vedtibular
system and motor skills) but dso of language, emotion and reasoning skills.

The back-to-front maturation of the brain also explains why babies achieve their
milestonesin a certain progression (morphology explains etiology of behavior?). A baby
is able to fed emotions around 6 months when fronta 1obes begin to mature. Thisis
synchronized with motor development — baby first experiences attachment and separation
anxiety right around the time she beginsto crawl (so as not to get too far from mommy)!
It also explains why toddlers use nouns (tel egraphic speech) fird, and grammar much
later, why they are s0 (infuriaingly) dow to do things (they should speed up once
myelination of the motor cortex is complete) and why their persondities oscillate from
angdic to demonic and back again (maturation dternates between hemispheres).

After witnessing the awe-inspiring learning proficiency of ahuman child, the task of
atificidly reproducing such a cgpacity seems more daunting than ever. Can early child
development be a useful guide for Al researchers? | beieve so. Human beings ssem to
come into the world with some amount of innate knowledge required to bootsirap the
learning process. The vast portion of early learning, however, appears to take shape from
the bottom up, acquired through repested observation, repetition, and experimentation,
made possible by awondrous learning agorithm we are still waiting to discover, and lots
of love. The last point isworth repeating — without positive emotiona support, it appears
that no baby can fully develop her intellectua potentid. It isnot clear what love sroleis,
but it is clearly important.
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