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The Human Electrophysiology Component of the 
CHDD Brain Imaging Core
by Kate Forster

The Human Electrophysiology 
Component (HEC) is one of several 
components of the larger CHDD Brain 
Imaging Core—part of the scientific 
core facilities the CHDD offers research 
affiliates in their study of intellectual 
and developmental disabilities (IDD). 
Researchers who use the HEC are 
interested in measuring electromagnetic 
signals produced naturally by the human 
body, both at rest and in response to 
external stimuli. These measurements 
can provide valuable information about 
alterations in the functioning of the 
human nervous system associated 
with IDD. Electrophysiology is unique 
compared with other modalities that assess physiological function because it gives information about 
the timing of physiological activity at a much higher resolution than other noninvasive techniques. For 
example, for studies of disorders involving the brain, it can provide information about alterations in the 
speed of information transfer, which is not available with neuroimaging. Electrophysiology can also be 
used to detect alterations in the level or location of activity. By studying electrophysiological responses 
in populations with IDD, investigators gain an improved understanding of the mechanisms that underlie 
these disorders. 

Researchers at CHDD can use HEC resources to take advantage of the complementary nature of 
magnetic resonance imaging (MRI) and electroencephalogram (EEG) data. “Combining MRI with EEG 
data allows investigators to localize the sources of electrical signals to specific regions of the brain,” said 
Neva Corrigan, Ph.D. “This allows for a high-resolution characterization of brain activity patterns.” 

Corrigan is the director of the HEC, and she, along with research scientist Mark Pettet, Ph.D., 
collaborate with researchers who want to use the facilities as part of their studies, and they work to ensure 
that all needs are met. This includes the needs researchers anticipate having once their studies get 
underway as well as the needs they have as they write their grants. “It’s often the case that an investigator 
wants to try an experiment, but it’s not yet funded,” said Pettet. “The key role that an organization like 
CHDD plays is that we can provide core services, such as the ones we do at the HEC, to help develop a 
research program so that a researcher may be prepared to apply for funding and address the questions 
they have.” 
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Mark Pettet, left, and Neva Corrigan help and collaborate with CHDD 
research affiliates who want to use the Human Elecrophysiology 
Component.
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“This core is as much about equipment as it is about support,” added Corrigan. “We can inform 
investigators on the equipment available to them; we can advise them on the type of equipment they may 
need to purchase; and we can help with purchasing equipment by working with the manufacturer. We can 
also install or facilitate installation of new equipment. So while there are common equipment resources 
available, we offer much more. We have the expertise to help investigators acquire new funding and 
help them through all stages of their research projects.” Once new equipment has been installed, Pettet 
trains investigators who are new to the equipment and the corresponding software programs and teaches 
them how to collect data. He also develops software, when needed, for generating stimulus patterns that 
study participants will be looking at or listening to while their brainwaves are being recorded. Once all the 
data has been recorded, Pettet then helps investigators develop software to analyze that data. He often 
customizes software applications that come with the equipment to fit a researcher’s specific needs. 

IDD research in the HEC
Researchers at CHDD use the HEC to measure and assess the functioning of brain systems that are 

specifically used in learning and memory as well as those related to the core features of autism spectrum 
disorder (ASD) and other IDDs. “If you measure a population that has a developmental disability,” said 
Pettet, “you can see differences in the amplitude and timing from those who are typically developing. 
That’s also the case for measures of other electrical signals in the body as well.” This type of research 
holds promise for the discovery of gene-brain-behavior relationships in ASD, epilepsy, and other IDDs. 
One example of a CHDD research affiliate who is using the HEC for this purpose is Raphael Bernier, 
Ph.D, who is using the Core to investigate of the pathogenesis of ASD in his study of the relationships 
among ASD risk genes, brain function, and behavior in affected children. Other examples include Todd 
Richards, Ph.D., and Virginia Berninger, Ph.D., who are using electrophysiological tools to explore 
alterations in brain activity patterns that interfere with the ability to read in children with specific learning 
disabilities in written language, such as dyslexia. In addition, research affiliate Jeffrey Tsai, M.D., Ph.D., 
uses HEC resources to study neural hyperexcitability in patients with idiopathic generalized epilepsies. 
The results from this work not only have implications for developing novel treatments and biomarkers for 
diagnosing and managing epilepsy, they also have the potential to be applied to other brain disorders that 
exhibit altered neural excitation and inhibition. 

Mark Pettet models a Hydrocell 
Net, a high-density EEG acquisition 
instrument manufactured by 
Electrical Geodesics Inc. (EGI).

HEC equipment
The equipment available to research affiliates through the 

HEC includes state-of-the-art EEG systems manufactured 
by Electrical Geodesics Inc. (EGI). The systems are used to 
acquire continuous EEG data from high-density sensor nets, 
which contain 128 or more closely spaced electrodes and use 
software integrated with a 400-series high-impedance amplifier 
with computing technology built directly into it. It also has fiber 
optic signal input and output for optimal digital bandwidth, 
as well as support for 32 extra channels of physiological 
measurements. This technology is currently being used by 
Bernier and research affiliate Sara Webb, Ph.D., to measure 
electrical signals in the brains of children diagnosed with ASD.

Bernier and Webb are also using an eye-tracking system 
concurrently with a EGI 400 system, which allows for concurrent 
recording of EEG and eye-tracking data from children with ASD 
as well as typically developing children while they watch videos 
depicting various social situations. These videos are designed 
to evoke different responses in children with and without ASD. 
By carefully measuring changes in brain activity, gaze, and pupil 
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response, Bernier and Webb plan to develop sensitive and reliable indices for future studies of ASD to assess 
treatment effects as well as differences between the two groups.

The HEC also has developed an extensive library of software, including programs for artifact screening 
and coregistration of electrophysiological data with other psychophysiological and behavioral coding data 
obtained from videos that have been concurrently recorded during experiments. Finally, a BrainAmp EEG data 
acquisition system, which allows for simultaneous recording of MRI and EEG data inside the MRI scanner, is 
available through the HEC.

In addition to equipment, Corrigan and Pettet also provide support for equipment designed to measure 
electrophysiological signals that may be owned by individual investigators and located in laboratories in 
different departments. For example, CHDD research affiliates Wendy Stone, Ph.D., and Scott Murray, Ph.D., 
are investigating the utility of measuring abnormal pupillary response to complex stimuli as a marker of ASD 
in early childhood. The HEC has helped them with this project by developing a system that allows for accurate 
and precise coregistration of temporal changes in pupillary response with heart rate and skin conductance 
responses.

Implications for IDD
By using the electrophysiology technology available through the HEC, research affiliates have the potential 

to greatly advance the way we understand and treat IDD. “By source localizing voltage changes on the scalp, a 
researcher can determine the strength and speed of electrical signaling as different regions become activated 
during a specific activity, or even while a person is at rest,” said Corrigan. “In this way, you can not only detect 
the existence of alterations in brain activity associated with IDD, but also determine the timing at which these 
alterations occur and the specific areas of the brain associated with the alterations. The possibilities are 
extraordinary.”
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