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“Sharks have very good
eyes, but their importance
only comes out after you
eliminate the major
sense—the lateral line.”

Research: Neuroscience

Where Autism Begins: 
Tapping the Infant Mind

The infants in Helen Tager-Flusberg’s lab stare at alternating pictures
of mommy and a stranger on a computer monitor. Later, a string of
word sounds—ta, ta, ta, ta—is emitted from nearby speakers. The babies
are wearing what look like white plastic hairnets, but are actually a set
of electrodes on the scalp that record small voltage changes—called
event-related potentials, or ERPs—due to brain activity. The hairnet-
wearing babies are part of autism research funded by NIH and the
Autism Speaks Foundation, aiming to identify children at high risk for
autism well before the onset of the behavioral symptoms—trouble with
language, lack of eye contact, social isolation, and repetitive motions
such as arm flapping—that have traditionally led to the disorder’s
diagnosis.  

In recent years, the clinical definition of autism has broadened
into a range of neurological impairments known as “autism spectrum
disorders,” affecting one out of every 150 children born in the United
States, according to the Centers for Disease Control and Prevention.
And while the causes of autism remain mysterious, Tager-Flusberg, a
neurobiologist and director of the NIH Autism Research Center of
Excellence at BU, says that early behavioral interventions focused on
language and social skills can significantly lessen the disorder’s effects.  

So, for about two years, Tager-Flusberg and Charles Nelson, a pro-
fessor of pediatrics at Harvard University and research director of the
Developmental Medicine Center at Children’s Hospital Boston, have
been using ERP studies to look for telltale differences in infant brain
development. Every new picture or word sound creates an ERP wave
“signature.” The researchers then analyze and compare the ERP patterns
produced by the brains of at-risk infants who have siblings diagnosed
with autism and the brains of control infants with siblings who have not
been diagnosed with autism.  

The babies are first tested at three months, and then again every
three to six months until two years of age. While findings are still prelimi-
nary, some clear differences in brain development are already apparent.
For instance, the younger infants, whether at-risk or controls, “find
mom’s face to be so much more interesting than a stranger’s face,” says
Tager-Flusberg, leading to a significant difference in the ERP wave signa-
ture gathered when her picture appears. But by nine months, babies with
typical brain development have a greater interest in and sensitivity to
strangers’ faces than do at-risk infants.

Likewise, the brains of all six-month-old infants are primed to
learn any language, and thus process an English “ta” as a different
sound from the subtly distinct Hindi “ta.” But after several months, the
typically developing brain is a more efficient processor of speech, con-
centrating language tasks in the Broca’s area of the left hemisphere and
leveling many phonetic distinctions in favor of the infant’s native lan-
guage. According to preliminary ERP results, the language processing
of at-risk infants involves more areas of the brain, evidence consistent
with brain scans of older children diagnosed with autism. “It appears
that they need both hemispheres of the brain to process language, so it’s
a lot more effortful,” says Tager-Flusberg. 

If the ERP research can identify autism risk signs in infants, the
next step will be developing intensive, “parent-based interventions
appropriate for such a young age group,” says Tager-Flusberg. “This is a
new area of very cool baby neuroscience.” 

Following the Flow

The fish tanks of the Boston University Marine Program laboratories
gurgle in the background as Biology Professor Jelle Atema snaps open a
large, black case to reveal RoboLobster—a foot-long, battery-powered
tube on wheels that’s stuffed with sensors and processors. Atema
helped create this device in the late 1990s to mimic the way lobsters
track odors that help them find food and identify both rivals and mates.
Unfortunately, RoboLobster was nowhere near as good as a real lobster
in tracking an odor. The problem, Atema says, was that the swirls and
eddies of odor plumes can get chaotic downstream from the source.
Smelling alone was not enough, but it was all RoboLobster could do.
Lobster brains, like those of many marine animals, need flow detection
to properly find their way.  

In recent years, Atema has been looking into how marine animals
interpret the flow of their watery world, and how these systems work
with other senses, such as olfaction and vision, to help them navigate
through the depths and identify objects of interest. His findings could
lead to increasingly autonomous biomimetic robots designed for any
number of underwater chores—from finding the source of a pipeline
leak to stalking enemy ships for the military.

Most recently, Atema has focused on the shark’s lateral line, a sys-
tem of canals under the skin near the animal’s head and along the
length of its body that admit water through very fine pores and sense
flow by detecting slight changes in water pressure. Atema and former
BU biology grad student Jayne Gardiner, now a doctoral candidate at
the University of South Florida, tested the ability of small sharks to
swim to and strike a source of squid odor flowing down an eight-meter-
long tank with a turbulence-causing brick just downstream of the
source of squid juice. In some trials, they eliminated the sharks’ vision
by testing them under infrared light, or they disabled the lateral line
with an antibiotic. Sometimes, they impaired both sensory systems.  

Electrodes measure small voltage changes caused by brain activity
as a 15-month-old control subject in Helen Tager-Flusberg’s study
is exposed to word sounds and images. 

“It appears that at-risk infants
need both hemispheres of the
brain to process language.”

The nostrils of a smooth dogfish shark are seen clearly,
left, as it executes a tight left turn in search of food. 
Small pores midway between the eye and gill slit, below,
form part of the shark’s flow detection system. 


