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ABSTRACT

SENSORY GATING, HABITUATION, AND ORIENTATION OF PS@AND N100 EVENT-
RELATED POTENTIAL (ERP) COMPONENTS IN NEUROLOGICAM.TYPICAL

ADULTS AND LINKS TO SENSORY BEHAVIORS

This thesis project used a novel electroencephaitny (EEG) auditory paradigm, the
orientation/habituation paradigm, to understandnigpaocessing in response to multiple auditory
stimuli. This paradigm allowed the exploration ef/eral neurological processes within one task:
sensory gating, orientation to deviant stimulugl Babituation and dishabituation. Sensory
gating has been studied extensively in individwate neurological disorders (Arnfred & Chen,
2004; Boutros, Belger, Campbell, D'Souza, & Kryst&l99; Kisley et al., 2003) and there are a
few studies that have examined habituation andhtai®n in individuals with epilepsy or
schizophrenia (Rosburg et al., 2004; Rosburg £2@06; Viswanathan & Jansen, 2010). The
construct of dishabituation, referring to the bisjrocessing of standard stimuli after the
presentation of a deviant stimulus, has not baaied previously. In addition to exploring these
neurological phenomena, this project investigaledrélationship between brain processing and
scores on sensory behavioral inventories, the Adelet/Adult Sensory Profile (Brown & Dunn,
2002) and the Sensory Gating Inventory (Hetrickclson, & Smith, 2012).

Participants were 38 neurologically typical ad(#gerage age 19.6 +1.46 years). These
adults demonstrated significant sensory gating fstimulus 1 to stimulus 2 at all electrode sites
(p < .0005). There was also a significant orientagffect of P50 and N100 to the deviant

stimuli. There was no habituation of the P50 ERRmonent over time and there were mixed



results regarding whether or not the P50 was ditletbd when a deviant tone was presented. In
contrast to the P50, there were significant lineamds found for N100 at four of the five
electrode sites, demonstrating habituation. Adddlly, when presented with a deviant stimulus
in the middle of a series of standard stimuli, NY@&® not dishabituated, and in some cases
demonstrated significant increase in habituatieerdahe deviant stimulus. These results indicate
that there is some sort of cognitive control over suppression of the N100 amplitude that is not
seen for the suppression of P50. Finally, whenetated with sensory behavior tasks, sensory
gating of N100 amplitude was significantly assaaiiatvith Sensation Avoiding on the
Adolescent/Adult Sensory Profile (A/ASP) (Brown &bn, 2002). Increase in P50 amplitude to
the deviant stimulus, reflecting orientation, weghgicantly negatively correlated with both
Over-Inclusion and Fatigue and Stress Vulnerabdftthe Sensory Gating Inventory (Hetrick,
Erickson, & Smith, 2012) and positively with thenSation Seeking quadrant of the A/ASP.
Increase in N100 amplitude to the deviant stimuleBiecting orientation, was significantly

related to the Touch Processing subscale of th&SRIA
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CHAPTER 1
This thesis project used a novel electroencephapiny (EEG) auditory paradigm, which
we termed the orientation/habituation paradigm amedusing to understand brain processing in
response to multiple auditory stimuli. This paradigllows the exploration of several
neurological processes within one task: sensolipgadrientation to deviant stimulus, and
habituation and dishabituation. Studies using EB@&loften investigated sensory gating by
using a dual click paradigm in individuals who hanirological disorders compared to a group
of control peers (Arnfred & Chen, 2004; Boutros|dge, Campbell, D'Souza, & Krystal, 1999;
Kisley et al., 2003). There are a few studies lizate examined habituation and orientation in
individuals with epilepsy or schizophrenia (Rosbat@l., 2004; Rosburg et al., 2006;
Viswanathan & Jansen, 2010). The construct of dishation, which we are defining as the
brain’s response to standard stimuli after thegmtzgion of a deviant stimulus, has not been
studied previously. In addition to exploring thesirological phenomena, this project
investigated the relationship between brain prangsand scores on sensory behavioral
inventories, the Adolescent/Adult Sensory Profite $he Sensory Gating Inventory. The
following chapter reviews literature regarding thenefit of studying neurologically typical
adults, explains electroencephalography (EEG) aedterelated potential (ERP) components,
outlines prior studies investigating sensory gatimapituation, and orientation, explores the
brain areas involved in these phenomena, and @esdoackground information on the sensory
inventories used in the study.
Benefit of Studying Neurologically Typical Adults
Sensory processing phenomena, such as sensorg gatirhabituation, have often been

studied in individuals who have neurological disosdincluding schizophrenia, autism, and



sensory processing disorder. Although studyingifipetisordered populations sheds light on
much about brain processing, equally importanthisi@derstanding of typical brain responses to
external stimuli. Persons (1986) suggested that thee several advantages to studying a specific
psychological or neurological phenomenon in newiclally typical adults rather than a sample
of individuals with neurological disorders. Onetlo¢ advantages is that psychological symptoms
are often experienced on a continuum from non-pagjical to severe and may be found in
populations other than a specific diagnostic graaphy studying a broad population, one may
see more diversity and gain better understandinigeophenomenon. Hetrick, Erickson and
Smith (2012) studied non-psychiatric samples bexaaasory gating difficulties occur

frequently in typical individuals as well as thagigh neurological disorders. The knowledge
gained from understanding neurological procességinal individuals enriches information
gathered about disordered populations by providifigundation from which to interpret the
results found.

It is well documented that individuals with neumgilcal disorders such as schizophrenia,
attention deficit hyperactivity disorder (ADHD),rs®ry processing disorders, and autism
demonstrate different brain responses to auditimyud than their neurologically typical
counterparts (Boutros, Belger, Campbell, D'Souz&rgstal, 1999; Dunn, Gomes, & Gravel,
2008; Gavin et al., 2011; Jeste & Nelson, 2009teljigt al., 2003; Marco, Hinkley, Hill, &
Nagarajan, 2011; Olincy et al., 2000; Sokhadzé.e2@09). This difficulty processing sensory
information at the neural level leads to aberraftdviors seen in these populations. For
example, individuals with schizophrenia demonstadieormal perception and attention to
stimuli, leading to the characteristic experienagesot being able to ignore stimuli in the

environment and being flooded by sensory infornmafldetrick, Erickson, & Smith, 2012).



Those with autism often display characteristic v@rgpatterns that also demonstrate sensory
difficulties, such as tactile, oral, visual, andléory defensiveness (Kern et al., 2006). Children
with sensory processing disorder may be hyperypohsensitive to stimuli (Davies & Gavin,
2007; Dunn, 1997). By studying both the neurologieaponse to stimuli and behavioral actions,
neuroscientists expect to provide information thay lead to the development of interventions
that will address the neurological differences thatl to aberrant behaviors. This study aims to
use electroencephalography to better understanchietwre brains of adults, who do not have
neurological or sensory deficits, process audisanysory information.
Electr oencephalography

Electroencephalography (EEG) is a non-invasivendraaging technique that measures
the electrical activity of the extracellular fluid the cortical regions of the brain as recorded by
electrodes placed at specific locations on thepsaatording to the International 10-20 system of
electrode placement (Banaschewski & Brandeis, 28@fn, Ray, & Quigley, 2001). Other
brain imaging techniques, such as functional magmesonance imaging (fMRI) and positron
emission tomography (PET) scans, provide spatiatnmation as to where brain activity occurs;
however, they do not give the temporal resolutromilliseconds that EEG provides. This
precise temporal resolution is important to underding the neural processing that occurs
during brain function (Banaschewski & Brandeis, 20®or these reasons, EEG is the best tool
for the study of brain processing.

EEG is used to measure brain activity at rest, wdlert, when asleep, and during
sensory, motor, and cognitive processing tasksr{&teal., 2001). These processing tasks
activate the brain and result in event-related maits (ERPs). ERPs are derived from segments

of the running EEG taken just around each pregentaft a stimulus. These time-locked data are



averaged over many trials. This allows the randotivigy in the running EEG data to be
cancelled-out leaving just the response to theutisy or the ERP, which shows a particular
pattern of positive and negative deflections tleaearchers call components (Roach &
Mathalon, 2008; Stern et al., 2001). Componentdadreled based on the latency, or time since
the onset of the stimulus in milliseconds, anddinection of the deflection (Coles & Rugg,

1995; Stern et al., 2001). For example, at appratehy 50 ms after a stimulus, there is generally
a positive deflection, labeled P50, and at 100 ftes a stimulus, a negative deflection is called
N100 or sometimes N1. See Figure 1.1 for an im&ge &RP with components labeled. The
latency and amplitude of the components are gdgeegorted in studies and compared

between groups (Coles & Rugg, 1995).
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Figure 1.1:Labeled ERP components of P50 and N100. The aédashed line represents when the
auditory stimulus occurred.

Each of the components in an ERP has been linkegeaific aspects of brain
processing. Early and mid-latency components (206-ms) are thought to be affected by
exogenous information, meaning that they changetémsity or amplitude based on changes in

information coming into the nervous system throtlghsenses. They reflect sensory processing
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whereas later components (250 ms and later) reftagitive processing and are influenced by
endogenous information (Boutros et al., 1999; C&l€éaugg, 1995; Olincy et al., 2000; Polich,
1993; Ponton, Eggermont, Kwong, & Don, 2000). Fas study, analysis will focus on the P50
and N100 ERP components. The P50 component is tihdaidpe representative of automatic
processing (Olincy et al., 2000; Stern et al., 30Bbwever there is controversy whether or not
the P50 is mediated by attention (Jerger, BiggnBein, 1992; Lijffijt et al., 2009). It is thought
that N10O is related specifically to triggeringeatiion, the brain’s orientation to a stimulus, as
well as initiating working memory (Bomba & Pang,04Q Boutros et al., 1999; Lijffijt et al.,
2009). As we are interested in the intial sensoog@ssing of repeated auditory stimuli, P50 and
N100 are appropriate components to measure.
Sensory Gating

Sensory gating refers to the reduction in the aungidis of ERP components, including
the P50 and N100, to repetitive stimulus and isegaly elicited with a paradigm that uses two
auditory stimuli, typically clicks (Boutros et al999; Kisley, Noecker, & Guinther, 2004;
Kisley et al., 2003). Those with certain types etirological deficits, such as schizophrenia, do
not demonstrate sensory gating. For example, Keshel/colleagues (2003) used a sensory
gating paradigm with 10 adults with schizophrermenpared to 10 typical adults both while
awake and during REM sleep cycles. They foundtti@individuals with schizophrenia did not
show gating at P50 in either state. Comparativalyadults without schizophrenia did
demonstrate P50 gating in both states. When compére N100, the groups differed during
awake states, with typical adults showing grea#ing. Olincy and colleagues (2000) compared
sensory gating among 16 adults with schizophrdriagdults with ADHD, and 16 typical adults.

Similar to the Kisley et al. study, Olincy and ealgues (2000) found that adults with



schizophrenia did not gate auditory informationwbwer adults with ADHD were not
statistically significantly different than the naahadults with regard to sensory gating of the P50
component amplitude.
Habituation

To further explore how the brain processes sensféoymation, short term habituation
paradigms have been used to analyze the ERP comigarfanultiple stimuli to see what
happens over a series of repetitive inputs. A keyracteristic of habituation is that with each
subsequent presentation of the same stimuli, i@ besponse should decrease (Budd, Barry,
Gordon, Rennie, & Michie, 1998). There is curreglbate in the literature as to if the decrease in
amplitude of ERP components is due to an inhibipbanomenon or a refractory period. An
inhibition theory suggests that inhibitory signate actively sent to reduce the firing of neurons
to repeated stimuli (Boutros et al, 1999). A retfoag period, or recovery cycle, is explained to
be the time it takes for a single neuron to retara resting state after the action potential; it
cannot fire again until it is recovered (Budd et 8998). This process is considered passive, and
the recovery involves clearing the synaptic spate/éen the neurons through re-uptaking the
neurotransmitters into the firing neuron or thdisarption by other cells so that the next
message will be able to be sent. Another aspe@coivery includes making sure that the firing
neuron has enough neurotransmitters to fire; ghislated to the reuptake of the
neurotransmitters as well as the creation of newateansmitters as needed by the neuron
(Widmaier, Raff, & Strang, 2011).

Several EEG researchers have attempted to stuglgehular phenomenon by looking at
the summed electrical activity of the brain throtlglé manipulation of the inter-stimulus

intervals (I1SI) between repeated auditory stimdbch, Skendzel, and Neville (2005) describe



“... anincrease in ERP amplitude to the same stimplesented with a longer ISI as compared
to a shorter ISl is a reflection of the greaterpblpgical recovery [refractory period] overtime
of the neurons generating the response to thatuktgh(p. 2185). In auditory brain processing,
Coch and colleagues (2005) summarize that it mkey dhleast 3 seconds and possibly up to 10
seconds for full recovery. Although several EEGeaeshers investigating habituation interpret
their results to indicate that the decrease in aug@ of components to multiple stimuli is due to
a refractory period (Budd et al., 1998; Rosburglgt2006; Rosburg et al., 2004, Rosburg,
Zimmerer, & Huonker, 2010), another possibilityars inhibitory response (Boutros et al., 1999;
Sable, Low, Maclin, Fabiani, & Gratton, 2004). Sahhd colleagues (2004) did not find that
refractory periods were sufficient to explain tkeults of their study and suggested that for
stimuli that are repeated within 400 ms of theahstimulus, there is a latent inhibitory process
whereby the N100 generators experience a nega@abhck loop that inhibits their production
of the next N100 response, but takes 300-400 res i initial stimulus to activate the
inhibitory process.

In early studies of habituation, there was a famusong-term habituation, that is, the
decrease in amplitude of an ERP component ovessaaaseof stimuli (rather than a short train of
a few stimuli, repeated over the session and aedréay analysis, which is considered short term
habituation). Generally, long term habituation @snd by the % or 4" stimulus (Fruhstorfer et
al., 1970; Ritter, Vaughan, & Costa, 1968). Ritad colleagues (1968) studied 9 individuals
and used a variety of habituation studies. In oqeeement, which mirrors more closely the
current short term habituation paradigms, the R2ffituated between th&%and 4" stimuli,
finally stabilizing after the d stimulus. Fruhstorfer and colleagues (1970) stii@ealthy adult

males and used trains of 8 identical clicks of limduration presented either at 1 click per



second or 1 click per 3 seconds. They also fouatthere was habituation in P100, N100, and
P200 by the "8 or 4" stimulus, with no further decrease noted.

More recently, Rosburg and colleagues (2004) ctemtracranial ERP data from 29
patients with epilepsy using a short term habiaraparadigm with a train of 5 clicks and a
deviant &' click. They found that from the first to seconitk) there was a reduction in
amplitude in the P50 and N100 components, reflgdensory gating as discussed in the
previous section. Clicks 2-5 produced no additialedreases in either the P50 or N100
component which led the authors to suggest tha¢ lseno habituation, and the suppression of
components was due to a refractory period. Rosandgcolleagues used a similar paradigm in
2006 when examining brain responses in 23 indivglwéh epilepsy. Their paradigm used 5
identical tones and 1 deviant tone that differednfithe others in duration (100 ms as compared
to standard of 50 ms), but not in pitch or intensithe deviant was presented at positions 3, 4, or
5. The researchers collected data intracranialtiyarnhe scalp. As with other short term
habituation studies, Rosburg and colleagues fouteteease in P50 and N100 from the first
stimulus to the second stimulus and no other stally significant decreases after the second
stimulus. When recorded intracranially, N100 hadradency to be smaller to the final stimulus
than the second one; however, the findings onlyahed significanceg(= .074). The
amplitudes of P50 were consistent for the secorautgh fifth stimuli.

Individuals with other neurological disorders Bdeen studied using short term
habituation paradigms as well. Boutros and collead999) studied 12 adults with
schizophrenia as compared with 12 typical adulitsgué auditory gating paradigms including a
short train paradigm where there were 5 clickofeid by a 8 deviant click. For the

participants with schizophrenia, P50 gating fromkcl to click 2 was not statistically



significant. For P50 and N100, there was also gniicant habituation from click 1 to click 5.
Normal controls demonstrated decreases in ampliudating response, of P50 and N100 for
click 2, compared to the amplitude of click 1. Whka authors compared the ratio of the first to
second click and the ratio of the first to fifthic&l, there was no difference, suggesting no short
term habituation beyond the initial gating response

Rosburg, Zimmerer, and Huonker (2010) varied atdbom habituation paradigm to
investigate how the interstimulus interval (ISI),timme between the stimuli in the train, would
impact the N100 and P200 gating and habituatioe. gdradigm included 3 short term
habituation trains consisting of five 50 ms torlg¥)0 Hz at 75dB. The only difference among
the three trains was the length of ISI: 600, 120@ 1800 ms. The participants were adults
without neurological deficits. The authors foundttfor all 3 trains, the second stimulus,
compared to the first stimulus, produced signiftgasmaller amplitudes and decreased latency
for N100 and P200, a gating effect. They also ntheatlas the ISI increased from 600 ms to
1800 ms, there was a decrease in the amount ofetfesm stimulus 1 to stimulus 2. The
authors interpret this to give support to the cphod a refractory period, that when there is
more recovery time between stimuli the cells reconere fully in preparation to fire again. As
with the above studies, the responses for stinililisough 5 were similar in nature with N100
demonstrating stabilization in amplitude after stins 2, suggesting no habituation after gating
the second stimulus.

Prior habituation studies have not investigatedidea of dishabituation proposed in this
study although they occasionally use deviant stiftolbe discussed below in the orientation
review). In the Orientation/Habituation paradignsegies of 8 standard tones is interrupted by a

deviant tone. If this deviant tone dishabituateslitain’s response to the standard tones that



follow it, it would be expected that the amplitudethose tones would be larger than the ones
that preceded the deviant. By looking at whetherdéviant tone dishabituates the brain’s
response, we are better able to confirm if an iibdnip or refractory process may be responsible
for habituation. This is important for understargithe neural mechanisms involved in auditory
sensory processing.
Orientation

Orientation refers to the way the brain attendsrants to a novel or deviant stimulus.
Viswanathan and Jansen (2010) took their short bedoituation paradigm a step further than the
prior studies and considered how a final deviantdus or knowledge of train length affected
the amplitude of the P50 and N100 components faltimg adult participants to the final deviant
tone. They called this dishabituation, rather tbaantation; however, both the paradigm for the
proposed study and the one Viswanthan and Jansenadslress the brain’s response to a
deviant stimulus presented after a series of stdrgtamuli; therefore for this review, the results
of Viswanathan and Jansen will be associated \welotientation phenomenon. The response to
the deviant stimulus depended on which componentdbearchers were looking at and was
impacted by several aspects of the train. For elartipge P50 did not seem to be affected by the
participant having prior knowledge of the traindém or type of deviant in the series (chirp
versus tone). The N100 was significantly largehvatmore complex stimulus (a chirp rather
than a tone), and was significantly smaller whengéarticipant had knowledge of how long the
trains were going to be. The researchers concltltgdhe amplitude of P50 to a deviant
stimulus is not affected by the complexity of thiensilus or expectancy/knowledge of the train
length; however, the amplitude of N100 was largemhore complex stimulus or in response to

the deviant when the trains were unpredictable.
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Rosburg and colleagues (2004, 2006) also investigarain responses to deviant stimuli
in some of their short term habituation paradigseduwith individuals with epilepsy. In 2004,
the paradigm they used included a final deviamk¢liffering from the standard clicks in both
frequency and duration. They found that for theiaevclick, the P50 amplitude was greater
than the previous click, but not as large in aradit as the P50 to the first click. The deviant
click elicited an N100 that was similar to the r@sge to the first click. In 2006, Rosburg and
colleagues used a short term habituation traiomés and found that the deviant, which only
differed by length of tone, did not produce a statally significantly orienting response, i.e., a
larger amplitude, to the deviant as measured byde50L00. Boutros et al (1999) found that in
their short term habituation paradigm that conatbaéh a deviant click, normal control
subjects demonstrated an increase in amplitudé@faRd N100 to click 6, whereas those with
schizophrenia did not.

Brain Regions Associated with Neural Phenomena

Researchers have used EEG and fMRI to determinehwieural substrates are
associated with various types of brain procesgMdghis point, the literature has addressed
orientation to novel information and sensory gatifige neural mechanisms behind habituation
have not been explored. Although knowing the beseas associated with each neural
phenomenon is not the focus of this study, it ipamant to note that different aspects of brain
processing are performed in different brain areas.

Tregellas and colleagues (2007) used fMRI for trst fime to assess the spatial aspects
of sensory gating with those who have schizophremmpared to typical adults. They modified
sensory gating paradigm to be repeated clicks &ecbnds because fMRI gives data in seconds

rather than on the millisecond level (and thereftwes not have the temporal sensitivity to
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assess early attentive responses to stimuli),lbatused EEG data with a typical gating
paradigm in order to associate the fMRI and EE@.dBbey found that individuals with
schizophrenia had greater activation of the hippumss, dorsolateral prefrontal cortex, and
thalamus when compared to a control group of agehed adults for a repeated click paradigm
relative to a single click paradigm. Interneuramshie hippocampus and thalamus are thought to
be specifically involved in sensory gating. Thehaus suggest that the dorsolateral prefrontal
cortex may be involved when the hippocampus anditias “fail to inhibit afferent sensory
information” (p. 269).

Boutros and colleagues (2013) used EEG collected frortical electrodes implanted on
64 patients with epilepsy undergoing pre-surgeluation. These participants listened to a
typical sensory gating two click paradigm and wesked to focus their attention, or listen, to the
clicks. The authors used the EEG data in combinatith models created from MRI data for
source localization. The researchers located @naaslemonstrated the highest P50 amplitude
(to click 1), or orientation, and the strongest BGPpression (click 1 to click 2), or sensory
gating. They found that the involved brain regifmsthese two phenomena were different, with
the former being temporal (4 areas), parietal €as), and cingulate (3 areas). For the
suppression measure, five of the top 10 areas wehe pre-frontal cortex. The researchers
suggest that perhaps there are three regions iamdd the auditory suppression phenomenon
based on the MRI data: the temporal neo-cortexptagontal cortex, and the hippocampus,
with possible contributors being the parietal amgjglate regions. This demonstrates that there
are different neural networks for different aspedtbrain processing. In this case, the temporal

lobe is important for processing initial stimulumput where the frontal lobe is activated to
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suppress the response to subsequent identicallistadaung with possibly temporal neo-cortex
and hippocampus.

Although there are no studies that specificallyradd habituation, it is possible that the
brain areas responsible for suppression may bemsgye for habituation effects. Research on
this topic would inform whether the mechanismsdating and habituation are different.
However, from the above information it may be assdithat there are a variety of brain regions
involved in each aspect of sensory and cognitieegssing. Therefore, it may be possible that
sensory orientation, gating, and habituation oedgthr activation in different neural networks.

Unique Features of the Orientation/Habituation Paradigm

The orientation/habituation ERP paradigm used imdbrrent study addresses several
aspects of brain processing. The paradigm usesr®ror series, of auditory stimuli, each
composed of 8 tones, which are presented biauallye participant. For one series, the tones
are identical. For the other two series, thereds\dant tone presented in th® @r 5" position in
the series of tones. This paradigm allows the eratiuin of sensory gating from the first to the
second tone, habituation to subsequent identicglst@as the train goes on, orientation to a novel
stimulus when the deviant tone is presented, astththituation of standard tones following a
deviant tone. Although there are many studies os@® gating in individuals across age or
diagnostic groups, there is much less known ababitiration and orientation, especially in the
neurologically typical population. For habituatistudies, researchers have looked at 23-29
participants with epilepsy (Rosburg et al., 2006sBurg et al., 2004), 12 individuals with
schizophrenia compared with 12 normal particip@Btsitros et al., 1999), and 17-18 healthy
subjects (Rosburg, Zimmerer, & Huonker, 2010; Visataan & Jansen, 2010), all of which are

smaller sample sizes than this current study. Wighincreased sample size to 38 individuals and
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a more complex paradigm, a more detailed understgrad orientation and habituation brain
responses in adults may be revealed.
Sensory Inventories

Although understanding the physiological responsa stimulus is vastly important, it is
understood that human experiences are not confmaderies of individual pieces of sensory
information. A person experiences a multitude ofssey input at every second and the brain has
to organize, filter, and attend to appropriate infation. As mentioned above, it is likely that
individuals who have neurological disabilities a able to process all the sensory information
in their environment and, therefore, exhibit ch&gdstic behavioral responses to sensory input
that is different than responses of their neuralally typical counterparts (Belmonte &
Yurgelun-Todd, 2003; Hetrick et al., 2012; Tomcl8&ekunn, 2007). For example, if a person is
not able to process the auditory, visual, olfackegsory input at a grocery store, he or she may
easily become overwhelmed and be unable to buyegescindependently, an important task for
most adults. A common way that sensory processifigudties are measured is through
behavior surveys. Two such surveys that can be fosetiults are the Adolescent/Adult Sensory
Profile (Brown, Tollefson, Dunn, Cromwell, & Filigr2001) and the Sensory Gating Inventory
(Hetrick et al., 2012).
Adolescent/Adult Sensory Profile

The Adolescent/Adult Sensory Profile (A/ASP) isdédsn Dunn’s Model of Sensory
Processing (1997). Dunn acknowledges that the alemtrvous system (CNS) modulates
sensory input in order to interpret and responatingly. This modulation includes both
habituation and sensitization. Habituation in Dwnmodel is the way that the CNS stops

sending repetitive information, such as the amlsenid in a room, to the brain. Sensitization is
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similar to our definition of orienting and occursi@n the CNS acknowledges something novel in
the environment, such as a person opening thetddbe room. The orientation/habituation
paradigm used in this study addresses both of ttwseepts of sensory modulation on a
neurological processing level. Dunn (1997) discsiske idea that habituation and sensitization
have a give and take, and when there is a podiaeship between these factors, “maladaptive
behaviors, such as being overly excitable or hygism (i.e., too much sensitization — low
thresholds) or overly lethargic and inattentive.(itoo much habituation — high thresholds)”
occurs (p. 25). She describes these thresholdsiag bn a continuum, and that there are four
guadrants in sensory modulation: low registratgamsory sensitivity, sensation seeking and
sensation avoiding (see Figure 1.2). These areingbe Adolescent/Adult Sensory Profile
(Brown et al., 2001). The quadrant of low registratoccurs when a person has high
neurological threshold and difficulty assessingrteensory environment; they act as though
they are uninterested in the environment. An exarfipim the profile is “I don’t notice when
my name is called.” Those with sensory sensitikidlye a low neurological threshold, that is,
they seem to attend to too many things and behgveractively. For example, “I become
bothered when | see lots of movement around meiVviduals who are sensation seeking have

high thresholds but rather than being lethargiey theek out stimulation to fill these needs, and

Neurological Threshold Behavioral Response Continuum

Continuum
respondsin ACCORDANCE respondsto COUNTERACT
with threshold the threshold

HIGH (habituation) Low Registration Sensation Seeking

LOW (sensitization) Sensory Sensitivity Sensation Avoiding

Figure 1.2:Relationships between behavioral responses amdlogical thresholds (adapted
from Figure 1 in Dunn, 1997, p. 24)

15



tend to be very busy. An example from the A/ASH I&ke to go barefoot.” Finally sensation
avoiding occurs when individuals have low thresk@dd they seem to avoid activity because it
is too overwhelming for them. For example, “I oelgt familiar foods.” The A/ASP has been
used with individuals with schizophrenia (Brownp@well, Filion, Dunn, & Tollefson, 2002),
individuals with obsessive-compulsive disorder @Ri& Anderson, 2009), adolescents with
autism spectrum disorders (De la Marche, Stey&edpens, 2012), and healthy adults (Engel-
Yeger & Dunn, 2011). Brown et al (2001) reporteattthe A/ASP had good construct validity
by showing that scores in the different quadrargsewelated to different physiological
responses to skin conductance measures. Theyegsded the item reliability for the items in
each quadrant and found that the internal consigtim the Sensation Seeking subscale was
moderate (alpha = 0.60), and there was strongnakeonsistency for the other subscales (alpha
= 0.78 for both Sensory Sensitivity and Low Registm, and alpha = 0.77 for Sensation
Avoiding). The combination of good reliability andlidity of the instrument as well as the
frequent use in both research studies and praciatees the A/ASP an excellent choice for
determining relationships to ERP data.
Sensory Gating Inventory

The Sensory Gating Inventory (SGI) created by HdktriErickson, and Smith (2012) is
also a self-report questionnaire that asks behaMiprestions aimed at seeing how the
neurological aspects of sensory gating may show tipe behaviors of typical or neurologically
atypical individuals. In this model, Hetrick andleagues found four factors that play a part in
sensory gating. Perceptual Modulation refers taathikty to modulate stimulus intensity and
“perceptual inundation” (p. 182). Distractibilitgfiers to difficulties with attending. Over-

Inclusion is an awareness of all aspects of arrenwient. And Fatigue-Stress Modulation refers
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to how someone can modulate information even whaggued. See Table 1.1 for examples of
each factor from the inventory. Kisley and colleeg)(?004) found that the typical adults who
had difficulty with perceptual modulation (partiedly with regard to filtering difficulties), as
measured by a subset of the SGI, demonstrate® s gating. Additionally, those with

difficulty in over-inclusion had less N100 suppiiessto the second click. These results may
give support to the literature suggesting that &5 N100 are unique aspects of sensory
processing. The test-retest reliability for the $3between 0.86 and 0.88 as measured at 4.5, 6.5
and 9 weeks (Hetrick et al., 2012). Hetrick andeagjues found “substantial convergent validity
evidence” (2012, p. 187) using a battery of otlmrstructs. For example, the attentional
“overload” by external stimuli subscale of the TekAttentional and Interpersonal Style and the
composite SGI score were strongly correlat€d19) = 0.79). They also found discriminant
validity of the four factors measured in the SQGiislinventory is appropriate to use for this
study as it has been linked to ERP data and hagsnaiadto strong validity and reliability.

Table 1.1: Sensory Gating Inventory Factors andiptas

Factor in Sensory Gating Example Item from the Sensory Gating Inventory

Perceptual Modulation “Every now and then coloensenore vivid to me than usual”

Distractibility “I have more trouble concentratititan others seem to have”

Over-inclusion “I notice background noises morentbther people”

Fatigue-Stress modulation “When I'm tired, the htigess of lights bother me”
Conclusion

In order to better understand the neurologicahpheena of sensory gating, habituation,
and orientation more fully, it is important to syua neurologically typical sample of individuals
using this novel EEG paradigm. This will providbaseline by which to compare adults with
neurological disorders, assess the developmerttiloiren, and eventually study children with

neurological disorders. By determining the braihdogor links using common behavior surveys,
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this research will help explain what neurologicAépomena may be related to a particular set of
sensory behaviors. This information may be helfifutresearchers who either want to better
comprehend the nervous system or develop intementhased on the evidence found. The
information would also provide health practitioneeduable information in order to understand a

client and provide appropriate recommendationgHat client as supported by best evidence.
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CHAPTER 2

It is well documented that individuals with neumgilcal disorders such as schizophrenia,
attention deficit hyperactivity disorder (ADHD),rs®ry processing disorders, and autism
demonstrate different brain responses to auditimyud than their neurologically typical
counterparts (Boutros, Belger, Campbell, D'Souz&rgstal, 1999; Dunn, Gomes, & Gravel,
2008; Gavin et al., 2011; Jeste & Nelson, 2009teljigt al., 2003; Marco, Hinkley, Hill, &
Nagarajan, 2011; Olincy et al., 2000; Sokhadzé.e2@09). Differences in sensory processing
may lead to the characteristic behaviors in thésgndstic groups. A commonly studied group is
those with schizophrenia, who process each piee@difory information as if it is novel. This
leads to an experience of being flooded by sensdoymation (Hetrick, Erickson, & Smith,
2012). Those with autism or sensory processingdéss respond to their sensory world
differently than their typical peers and often shmehaviors of being hyper- or hypo-sensitive to
tactile, oral, visual and auditory sensory stinfDiavies & Gavin, 2007; Dunn, 199; Kern et al.,
2006). By studying both the neurological respowsgtimuli and behavioral actions, we expect
to provide insights into the brain-behavior confew. This may pave the way for the
development of interventions that will addressrbarological differences in sensory processing
that lead to aberrant behaviors.

The focus of this study is on three aspects a@srprocessing: sensory gating,
habituation and dishabituation, and orientatiomenrologically typical adults. Persons (1986)
suggested that there are several advantages torsjuaspecific psychological or neurological
phenomenon rather than a sample of individuals metlrological disorders. One of the
advantages is that psychological symptoms oftega@m a continuum from non-pathological to

severe and may be found in populations other thapeaific diagnostic group. Although there
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are studies on sensory gating in many diagnosticilations (Kisley et al., 2003; Olincy et al.,
2000), the majority of studies on habituation andrdation look primarily at samples of
individuals with neurological disorders such adeysy or schizophrenia (Boutros et al., 1999;
Rosburg et al., 2004; Rosburg et al., 2006). ithigerative that the understanding of typical
brain processing is advanced in order to make safitbe information gathered from disordered
populations.

This study used electroencephalography (EEG), amaasive brain imaging technique
that provides temporal information about brain pssing through the measurement of electrical
activity of the extracellular fluid in the cortetg, explore the neurological responses to auditory
stimuli (Banaschewski & Brandeis, 2007). From thiening EEG data, event related potentials,
or ERPs, are segmented just around the onsettwhalgs of interest and averaged over many
trials. This allows the ERPs to show a particulsitern of positive and negative deflections, or
components, which occur in response to that stismm(lRRoach & Mathalon, 2008; Stern, Ray, &
Quigley, 2001). Components are labeled based olathecy, or time since the onset of the
stimulus in milliseconds, and the direction of thedlection (Coles & Rugg, 1995; Stern et al.,
2001). For example, at approximately 50 ms aft&imaulus, there is generally a positive
deflection, labeled P50, and at 100 ms after audtia) a negative deflection is called N100 or
sometimes N1.

Early and mid-latency components (10 — 250 ms}tareght to reflect sensory
processing whereas later components (250 ms a) taflect cognitive processing (Boutros et
al., 1999; Coles & Rugg, 1995; Olincy et al., 20P0jich, 1993; Ponton, Eggermont, Kwong, &
Don, 2000). For this study, analysis will focustba P50 and N100 ERP components. The P50

component is thought to be representative of auiorpeocessing (Olincy et al., 2000; Stern et
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al., 2001). N100 is related specifically to triggerattention, that the brain orients to a stimulus
as well as initiating working memory (Bomba & Pa@g04; Boutros et al., 1999; Lijffijt et al.,
2009).

Sensory gating refers to the reduction in ampétudf ERP components, often the P50
and NOQO, to repetitive stimulus and is generaligiteld with a paradigm that uses two auditory
stimuli, typically clicks (Boutros et al., 1999; ey, Noecker, & Guinther, 2004, Kisley et al.,
2003). Those with certain types of neurologicalats, such as schizophrenia, demonstrate
significantly less sensory gating in P50 and N1@thtdo their typical peers (Kisley et al., 2003;
Olincy et al., 2000).

Habituation refers to the idea that with each sgbseat presentation of the same stimuli,
the brain response, or amplitude of the ERP compsnshould decrease (Budd, Barry, Gordon,
Rennie, & Michie, 1998). Research support for ghienomenon is mixed. Several current
researchers suggest that the decrease in amptitelRP components is mostly due to a
refractory period, or recovery cycle, which is @&g®ae, automatic process. This is the time it
takes for a single neuron to return to a restiatesafter the action potential; it cannot fire agai
until it is recovered (Budd et al., 1998). Otharggest that the decrease is due to an inhibitory
process, at least in stimuli that occur within 800 ms of each other (Boutros et al., 1999;
Sable, Low, Maclin, Fabiani, & Gratton, 2004). Arnibitory process is considered an active
process where there is a cognitive control ovebtiaen’s response to multiple presentations of
the same stimuli (Boutros et al., 1999). Some ER&iss have found habituation by the third or
fourth stimulus with no further decrease in ampléwf components (Fruhstorfer et al., 1970;
Ritter, Vaughan, & Costa, 1968), and others hateseen this habituation subsequent to a

second stimulus (Boutros et al., 1999, Rosburd, €2@04; Rosburg et al., 2006; alpha order).
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Dishabituation has not been previously researchied. phenomenon can be studied in a
paradigm that uses a series of standard stimutfnisncase tones, and presents a deviant stimulus
within the series. Dishabituation would be founthié amplitudes of the ERP components in
response to a standard tone following the deviensignificantly larger than the one prior to the
deviant. Dishabituation would imply the reductionamplitude of response is due to a passive
refractory period as the neurons would have twheeatmount of time to regroup to fire after the
deviant. A lack of dishabituation occurs when tli&PEcomponent amplitudes to the tone after
the deviant are the same or smaller than the regpirthe tone before the deviant. This would
support that habituation is related to an activehittory process, where working memory stores
information about prior standard tones and sergigral to supress the response to standard
tones following the deviant. By studying this pherema, we will gain information that supports
whether it is an active inhibitory or passive refoay process that is responsible for any
habituation of brain response to standard tones.

Orientation is the brain’s response, or attentiorg novel stimulus. The novel stimulus
could be to the first tone in a series or to a @levione at any position in a series of tones. In
some habituation studies, researchers have attdrigptenderstand this phenomenon by
terminating their trains of standard stimuli witld@viant stimulus which results in an increase in
amplitudes of P50 and N100 for neurologically ty@biadults (Boutros et al., 1999; Rosburg et
al., 2004). In only one study were deviant tones@dl in the middle of a train of tones; Rosburg
and colleagues (2006) found that their deviantcwidiffered only by length of tone, did not
produce a significant orienting response at P91#0. Other researchers have investigated
orientation by using deviant tones at the end sérées of standard tones. Viswanathan and

Jansen (2010) explored a variety of deviant stimuthe end of a train of standard stimuli to
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determine if the participant having knowledge @& ttumber of stimuli in the train or type of
deviant would impact the response to the deviamusit The results indicated that P50 did not
seem to change with knowledge of the length ohtaaiwith different deviant sounds, but N100
was decreased when the participant knew the lesfgtie train, and increased when the deviant
was complex.

Human experiences are not confined to a serieglofidual pieces of sensory
information. A person experiences a multitude ofssey input at every second and the brain has
to organize, filter, and attend to appropriate iinfation. Individuals who have neurological
disabilities may not able be to process all thessgninformation in their environment and,
therefore, exhibit characteristic aberrant behalimrsponses to sensory input (Belmonte &
Yurgelun-Todd, 2003; Hetrick et al., 2012; Tomcl8&ekunn, 2007). A common way that
sensory processing difficulties are measured wmutlin self-report behavior surveys. Two such
surveys that can be used for adults are the Adetegedult Sensory Profile (A/ASP) (Brown et
al., 2001) and the Sensory Gating Inventory (S@#8t(ick et al., 2012). The A/ASP measures an
individual’s ability to modulate sensory informatichas been used with many populations, both
neurologically intact and otherwise, and has shgawd construct validity and internal
consistency for its subscales (Brown et al., 2@bwn, Cromwell, Filion, Dunn, & Tollefson,
2002; De la Marche, Steyaert, & Noens, 2012; Engaler & Dunn, 2011; Rieke & Anderson,
2009). The A/ASP asks questions about taste/smatkegsing, movement processing, visual
processing, touch processing, activity level, anditary processing and scores from these
guestions are summarized into a four quadrant M@t registration, sensation seeking,
sensory sensitivity, and sensation avoiding). TG¢ &plores four factors involved in sensory

gating: perceptual modulation, distractibility, oweclusion, and fatigue-stress modulation. The
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survey demonstrates good test-re-test reliabfistybstantial convergent validity evidence” (p.
187), and discriminant validity of the factors (Hek et al., 2012).
Purpose of this Study
The purpose of this study is to gain a greateestdnding of how mature brains process
auditory information by examining the P50 and NERP components obtained in response to
stimuli in the Orientation/Habituation paradigm tight to reflect automatic sensory processing,
as well as to determine if there is a correlatibthe sensory gating, habituation, or orientation
phenomena to reported sensory behavior. Priorefudisensory gating have shown that there is
a connection between gating and behavior (Hetrick.e2012; Kisley et al., 2004). Prior
habituation and orientation studies had small sarajzles, focused on people with neurological
diagnosis, and have not explored the relationgbapaeen performance on EEG paradigms and
behavioral measures. By studying how typical adedtsorm, we will be able to better
understand how the mature brain processes audiitianynation as well as to examine the brain
and behavior relationship
Resear ch Questions and Hypotheses
1. Sensory Gating. What are the P50 and N100 sensory gating responsesirologically
typical adult brains and is there a relationshippeen sensory gating and a person’s self-
reported behavioral response to sensory information
la. For trains of tones with no deviants, the figdi will replicate previous results that show
that there is a significant difference in amplitwdd>50 and N100 from tone 1 to tone 2.
1b. There will be a relationship between the amadisensory gating of P50 and N100 and
scores on and scores on the Perceptual Modulatid®aer-Inclusion factors on the

Sensory Gating Inventory.
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2. Habituation. How does the typical adult brain process a seffiespetitive tones, how is the
response influenced by a deviant tone, and is theetationship between P50 or N100
habituation/dishibituation and a person’s self-régmb behavioral response to sensory
information?
2a. For trains of tones with no deviants, this gtwdl replicate previous results showing that
there will be no significant difference in the amyde of P50, however there will be a
significant difference in the amplitude of N10Orésponse to tones 2-8.

2b. In a train with a deviant tone, the tone tlodibfvs the deviant will elicit a P50 and N100
response that follows the trend of P50 and N100Oli&undes found for the tones prior to
the deviant.

2c. There will be a relationship between the défere of amplitudes of N100 from tone 2 to
tone 8 of the no deviant trains and the scoreS#msation Avoiding and Sensory
Sensitivity quadrants of the Adolescent/Adult Sep$trofile and the Perceptual
Modulation factor of the Sensory Gating Inventory.

3. Orientation. What is the orienting response of P50 and N10@prcal adult brains and is
there a relationship between orientation and agpéssself-reported behavioral response to
sensory information?
3a. In a train with a deviant tone, the amplituodEB50 and N100 for the deviant tone will be

significantly different than the amplitudes of P&fd N100 for the tone prior to the
deviant.
3b. There will be a relationship between the dédfee of amplitudes of P50 and N100 from

the deviant tone to the prior tone related to twes on the Distractibility and Over-
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Inclusion factors of the Sensory Gating Inventang ¢he Sensory Sensitivity and
Sensation Avoiding quadrants on the Adolescent/@®8ahsory Profile.
Methods

Participants

All procedures of this study were approved by tmaversity’s Institutional Review
Board. Participants in this study were 38 adulisrage age of 19.6 years (SD 1.46 years),
39.6% male and 34/38 (89.5%) of the sample wasawR#@rticipants were recruited from an
undergraduate university via an online advertisdrtet listed exclusion criteria. Exclusion
criteria listed included: a history of traumati@lor injury with loss of consciousness (Kisley et
al., 2004), history of neurological disease, psyichdisorders, or bipolar disorder (Lijffijt et al.
2009), smoking within an hour of the study (Adldoffer, Griffith, Waldo, & Freedman, 1992),
or taking medications, such as antipsychotic meicalinked to affect sensory gating
(Nagamoto et al., 1996). None of the participargsenexcluded by the researchers; however, it
is unknown how many may have self-excluded baseti@online advertisement. Participants
completed an informed consent form and demogragiteet prior to EEG collection.
Data Collection

Procedures. The data analyzed in this study was collected far pesearch in the
Brainwaves Research Lab at Colorado State Uniyeisitr the larger study, participants came
to the lab for two sessions on different days witipproximately two weeks of each other. In
each session, EEG data were collected first foltblebehavioral data. The EEG and sensory
behavioral data analyzed here were collected duhegecond lab session. Data that were

collected during the first session will be reporédsewhere. This study involved data analyses to
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answer novel research questions. The followingarplhow the EEG and sensory inventories
were collected from these participants.

EEG/ERP collection. For all data collection, the BioSemi ActiveTwo (Biemi B.V.,
Amsterdam, Netherlands) EEG/ERP acquisition systasiused. Data were collected through
32 channels, 2 reference electrodes placed oratit@bes, 2 electrodes placed over the mastoid
bone, and 4 electrodes measuring eye movementsli8gmate was 1024 Hz. Each participant
was seated in a relaxed position and trained onetthection of artifacts (eye blinks and muscle
movement) prior to the collection of data. The ®oéthe paradigm were presented biaurally
through the ER-3A inserted earphones (Etymotic Be$@ using E-Prime Software
(Psychological Software Tools, Pittsburgh, PA, USA)

Orientation/habituation paradigm. The orientation/habituation paradigm consists of
three different trains, or series, of stimuli. bch, there are 8 tones with an interstimulus irstlerv
(IS1), or time between the stimuli, of 500 ms. $&gure 2.1 for a visual diagram of the series.
Standard tones were 1 kHz at 70 dB with a50 mstidmaDeviant tones were 3 kHz tones at 70
dB for 50 ms. The frequencies of 1 kHz for the dtad tones and 3 kHz for deviant tones were
chosen because in the human primary auditory comexrons that process 1 kHz tones are
different than those that process 3 kHz tones (isamo et al., 2003). One series contained all
standard tones, one had the deviant tone in'thEodition, and one had the deviant in tfe 5
position. The inter-trial interval (ITI), or timeebwveen the trains, is 9 seconds on average, with a
random ITI between 8 to 10 seconds. Each of theetheries was presented in a pseudo random
order 80 times. During the presentation of the mugiparadigm, participants were visually
distracted by watching a silent animated movie ipigyn a computer monitor and were not

asked to attend to the auditory stimuli.
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Tones: Standard Deviant
50 ms 1kHz 3kHz
duration

8to 10
seconds

Figure 2.1:A visual representation of the 3 series of tos¢andard tones at 1kHz at 70 dB for
50 ms followed by an ISI of 500 ms. Deviant tonesev3kHz at 70 dB for 50 ms. ITI was 9
seconds on average.

EEG datareduction. EEG data were reduced to produce averaged ERRisia
BrainVision Analyzer2 (Brain Products GmbH, GilchjrGermany, 2002nd Matlab softwares
(The MathWorks, Inc, Natick, Massachusetts, USA)r@duce the ERPs out of the running
EEG data, the data were bandpass filtered apptefyri@r each component as the brainwave
frequencies associated with P50 and N100 vary. &asore the P50, the EEG data were filtered
from 10 - 75 Hz to capture the high frequency wergths expected for this early ERP
component (Chang, Gavin, & Davies, 2010). To meatue N100, the filter was set to .23 - 30
Hz to focus on the slower frequencies associatdd @grly cognitive processing (Stern et al,
2001). For both the data for P50 and N100, the B&G were then segmented around each

stimulus from 200 ms prior to onset of stimulusilB@0 ms after the onset of the final stimulus
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in the train. Each segment was baseline correctad {200 ms to 0 ms, and this baseline taken
before the series of tones was used to correceponses to each stimuli. Artifacts, including
eye blinks and muscle movement, were rejected. Thesegments were averaged for each
individual. To select which of the 32 electrodesitecorded by the BioSemi to analyze further,
t-maps were created in Matlab. The electrode #i@sshowed component amplitudes that are
the most statistically different from zero werees#dd to continue the data analysis. These sites
were Fz, Cz, Pz, C3 and C4. Finally, baseline sak@enplitudes for P50 and N100 were
measured using a program in Matlab called PeakP{&avin, Brainwaves Research Lab, Fort
Collins, CO, 2009) which recorded the latency amgletude of each peak into Microsoft Access
for further data analysis. P50 amplitudes werendad as the highest peak in a the 40-70 ms
time window, and N100 amplitudes were the most treg&rough in the 60-140 ms time
window. Each component was then visually assessddtermine if the peak or trough selected
was in fact the component of interest and was &efjusn an individual basis. Most peaks were
within the above range, however some occurredezantilater. For P50, there were 4530 data
points, with 464 earlier than 40 ms (10.2%), anél B3er than 70 ms (11.9%). The range of P50
latency was 17.58 - 106.45 ms. For N100, there w8 data points, with 64 earlier than 60
ms (1.4%), and 151 later than 140 ms (3.3%). Thgeaf N100 latency was 18.55-241.21 ms.
Baseline-to-peak measurements were used for bditaR® N100 amplitudes rather than peak-
to-peak measurements because there was greataraaat unreliability in the N45 component
which would have been used to determine the P50itauthg had peak to peak measures been
used. Using baseline-to-peak measurements is cormmutadies looking at adult brainwaves
(Budd et al., 1998; Jerger, Biggins, & Fein, 1988) has been found to be more reliable than

peak to peak measures for P50 gating (Rentzsckedn&cherubl, Boutros, & Gallinat, 2008).
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Sensory behavioral tests. Each participant filled out the Adolescent/AdulinSery
Profile (A/ASP, 60 questions) (Brown et al., 20@hH the Sensory Gating Inventory (SGI, 36
Questions) (Hetrick et al., 2012) during their getweisit to the Brainwaves Research lab. The
data collected from the A/ASP and the SGI wereredteto a Microsoft Access file for further
data analysis.
Data Analysis

Dependent measures. For P50 and N100 gating, amplitudes of the resptmsémuli 1
and 2 in the all standard tones series were redadd a difference (C-T difference) score,
where “C” refers to the conditioning response @panse to stimulus 1 and “T” refers to testing
response or response to stimulus 2, was calcul@tesldependent measure has been found to be
more reliable than the T/C ratio typically reportegensory gating literature (Smith, Boutros, &
Schwartzkopf, 1994). For habituation, amplitudessach component in response to stimuli 2
through 8 of the all standard tone series wererdeebfor analysis. The difference between the
response to stimulus 2 and stimulus 8 was calalifatecorrelation analysis with the behavioral
measures. To measure dishabituation, amplitudesaidn component in response to stimulus 2
through 8 of the deviant trains were recorded. Whiientation can be measured to the first tone
in the series or the deviant tone, this study Igaksat orientation to a deviant tone. For the
orientation dependent measure, the amplitudesabf eamponent for the deviant tone and the
prior tone were recorded. Then a difference sdo+B, (deviant “D” stimulus minus prior “P”
stimulus), between these responses was calculatesé in correlation with sensory behavioral
measures.

The dependent measures used for the behavior nesasare the subscores on the

A/ASP and the SGI. For the A/ASP, dependent measuege the scores for each of the sensory
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guadrants (Low Registration, Sensation Seekings@grSensitivity, and Sensation Avoiding)
and the subscales (taste/smell processing, movgmatcgssing, visual processing, touch
processing, activity level, and auditory proceskif@r the SGI, dependent measures were the
subscores calculated for each of the four facteesdeptual Modulation, Distractibility, Over-
Inclusion, and Fatigue and Stress Modulation).

Statistical analysis. Descriptive statistics were run for both the Ed®Fhponent and
behavioral data. Most of these data were founcetodymally distributed, and for the few that
were skewed, non-parametric statistics were cangistith the results found through parametric
statistic data analysis. Therefore, all statistegsorted are results of the parametric statistics.

To test the hypotheses regarding sensory gatiRp0fand N100 (la)tests were used
to compare amplitudes of P50 and N100 to stimulaedL.to stimulus 2 at each electrode site
(Fz, Cz, Pz, C3, and C4). To determine the relahgnbetween P50 and N100 gating (as
measured by the C-T score at each electrode sitefh@ Perceptual Modulation and Over-
Inclusion factors on the SGI (hypothesis 1b), ar&@aproduct-moment correlation coefficient
was calculated.

To test hypothesis 2a regarding habituation, aatepemeasures ANOVA with tones as
the within factor was run. Results were examineadafsignificant main effect for tones for P50
and N100 amplitudes. If significant sphericity wasnd, Greenhouse-Geisser correction was
examined to confirm that the main effect remaingdiBcant. The tests of within subject
contrasts results are reported. Least significdfdgrdnce (LSD) pairwise comparisons of the
amplitudes were calculated among the stimuli ofstiadard tone series. To address
dishabituation (hypothesis 2b), a similar ANOVA bs&s was conducted to examine the P50

and N100 amplitudes for stimuli 2-8 of the deviseties and the tests of within subject contrasts
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are reported. LSD comparisons between amplitudesmponents to the stimulus prior to the
deviant and post-deviant were investigated usifgrmmation from this analysis. Because the
deviant stimulus was a significant contributorhe trend analysis results, the ANOVA analysis
was repeated excluding the N100 amplitude respntdee deviant stimulus to determine the
trend of brain responses to just the standard sti@arson product-moment correlations were
performed to identify associations between thertsability to habituate, using the difference in
amplitude of N100 from stimulus 2 to stimulus &loé all standard tones series, and the
performance on the Sensation Avoiding and Sensengiflvity quadrants of the A/ASP and the
Perceptual Modulation factor of SGI (hypothesis 2d)er analysis of the amplitudes of N100
for tones 2 and 8 of the all standard tones sdtiess noted there were no statistically
significant differences between tone 2 and tonddvever the trend analysis over tones 2-8
showed significant linear and sometimes cubic tsemdth the greatest N100 amplitude
difference between stimulus 3 and 7. Because sf te also chose to run correlations between
the difference from stimulus 3 to stimulus 7 anel blehavioral measures.

To test orientation in hypothesis 3d;t@st was used to compare P50 and N100
amplitudes to the deviant stimulus and the priongius at each electrode site. Pearson product-
moment correlations were used to see if there wassociation between the orientation
difference score and performance on the Distrdityit@ind Over-Inclusion factors of the SGI
and the Sensory Sensitivity and Sensation Avoiduadrants on the (A/ASP).

Results

The Orientation/Habituation paradigm allowed thpleration of gating from stimulus 1

to stimulus 2, habituation over time, and oriemiatio a deviant stimulus. See Figure 2.2 for an

image of the grand average brainwave responsesgaitithree series.
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Grand Average EEG Brainwaves during Orientation/Habituation Paradigm
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Figure 2.2:Brain responses throughout the Orientation/Habdongaradigm
Question 1: Sensory Gating

In addressing hypothesis 1a, sensory gating indR8N100}-tests were performed to
see if there was a significant reduction in ampitwf P50 and N100 to a second stimulus.
Sensory gating for P50 and N100 was significanafbelectrode sites g@t< .0005. See Table
2.1 for amplitudes of P50 and N100 for tone 1 ameet2, as well as theest statistics.

The C-T difference scores for P50 and N100 amptsudere used as dependent
measures of sensory gating to relate to sensogMiidata. There were no significant Pearson
product-moment correlations between the C-T diffeeescore at each site and the Perceptual
Modulation or Over-Inclusion factors on the SGlaimexploratory examination of the other
behavior data, it was noted that the N100 C-T ckffiee score showed a pattern of correlations
(at 4 of the 5 electrode sites) with the Sensafeoiding quadrant of the A/ASP at CH35) =
.34,p = .040), Pz((35) = .33,p =.049), C3((35)=.33,p=.050), and C4r(35)=.33,p=
.049). This suggests that individuals who demotsseeater gating also demonstrate fewer

sensation avoiding behaviors.
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Table 2.11-test Results for Sensory Gating at P50 (N=38)Mibd0 (N=37)

Tone 1 Tone 2 Mean difference of

Mean P50 Mean P50 P50 amplitude (SD)
Electrode amplitude (SD) amplitude (SD) in microvolts
Site in microvolts in microvolts t-value
Fz 2.61(0.97) 1.49 (0.69) 1.13 (0.94) 7.37*
Cz 2.53 (1.05) 1.33 (0.73) 1.21 (0.96) 7.76*
Pz 1.58 (0.86) 1.01 (0.61) 0.57 (0.72) 4.89*
C3 2.32 (0.99) 1.41 (0.79) 0.90 (0.91) 6.12*
C4 2.20 (0.97) 1.27 (0.70) 0.92 (0.81) 7.08*

Tone 1 Tone 2 Mean difference of

Mean N100 Mean N100 N100 amplitude
Electrode amplitude (SD) amplitude (SD) (SD)
Site in microvolts in microvolts In microvolts t-value
Fz -7.27 (3.03) -4.42 (2.66) -2.84 (2.85) -6.07*
Cz -7.71 (3.36) -3.96 (2.62) -3.75 (2.89) -7.89*
Pz -5.14 (2.30) -2.29 (2.25) -2.85 (2.28) -7.61*
C3 -6.85 (3.12) -3.88 (2.10) -2.97 (3.00) -6.03*
C4 -6.20 (2.57) -3.55 (2.21) -2.65 (2.22) -7.27*
*p <.0005

Question 2: Habituation/Dishabituation

The results of the repeated measures ANOVA trexadlyais showed a lack of habituation

of P50 amplitude over stimuli 2 through 8 during #il standard tones series. See Figure 2.3 for

the amplitudes of P50 in response to stimuli 2ugtho8 of the all standard tone series. There

were no significant linear, quadratic, or cubiatte at any electrode site for the P50 component,

however at sites Cz and C3, order four trends wigiraficant. At CzF (1, 37) = 4.27p = .046;

however, there were no significant pairwise conguars at this site. At C§, (1, 37) = 4.50,

p = .041, with one significant pairwise comparisotween the amplitude of P50 for tone 2 and

the amplitude of P50 for tone 7, mean difference26,p = .022.

The results of the ANOVA trend analyses for N1@fpitudes showed habituation for

Fz, Cz, C3 and C4 during the all standard tondsseBee Figure 2.4 for trend analysis graphs

and Table 2.2 for all pairwise comparisons. Atfzeslectrode site, there were significant linear

(F(1, 36) = 4.70p = .037) and cubic trend&(1, 36) = 6.12p = .018). At Cz, there was a
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Figure 2.3:ANOVA trend analyses for P50 amplitudes in thestdihdard tones series, tones 2
through 8, at each of the electrode cites. No Baanit trends were found for any electrode site.
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Table 2.2: Pairwise comparisons of N100 amplitusligés significant mean difference for 4
electrode cites. Pz site is not included as thwn@ not significant comparisons.

Mean Mean
Site  Tones difference p value Site  Tones difference p value
Fz 2&3 .87 .029 C3 287 -73 .038
3&5 -1.10 .021 3&6 -.87 .046
3&7 -1.24 .002 3&7 -.98 .002
3&8 -.98 .013 3&8 -.86 .014
487 -.78 .029 48&7 -.68 .041
Cz 287 -.90 .016 C4 287 -72 .030
3&7 -1.12 .002 3&7 -1.07 .008
487 -.90 .012 3&8 -.99 .008
5&7 - 74 .014 4&7 -.79 .025
48&8 -71 .030
5&7 -.55 .049

significant linear trendK (1, 36) = 7.53p = .009). Pz did not have any significant trends, n
were there any significant pairwise comparisonsC3f there was a significant linear trend
(F (1,36) = 8.39p =.006). At C4, there was a significant linear tr¢h (1,36) = 10.32,
p =.003).

To address dishabituation for P50 (hypothesis 2B} pairwise comparisons for the
tone prior to the deviant tone and the tone afterdeviant tone were calculated from the
ANOVA trend analysis. For example, in the seriesooes with the deviant in thd'$osition,
responses to stimulus 3 and stimulus 5 were cordpkie the P50 component in the series of
tones with the deviant in thd'4osition, there were no significant differencesaeen stimuli 3
and 5 at any electrode site. For the series ofstavith the deviant in theé5position, Cz, Pz, and
C4 did not have significant differences betweemsti 4 and 6. These all support the hypothesis
that the deviant tone did not dishabituate thenisaesponse to the standard tones. For the other
two sites, there were significant differences betwstimulus 4 and stimulus 6, which does not
support the hypothesis because the amplitude foraPStimulus 6 was significantly greater than

the amplitude of P50 at stimulus 4. At Fz, the méiffierence between tones 4 and 6 = -[286,
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.014. At C3, the mean difference between tonesddean -.27 p = .033. See Figure 2.5 for
examples of brain responses that demonstrate mhitigion (support hypothesis 2b) and that
demonstrate disinhibition (do not support hypoth&s).

For the N100 component, LSD pairwise comparisortberrepeated measures ANOVA
showed no significant difference in amplitude te ghimulus prior to the deviant and the
amplitude to the stimulus after the deviant foreddictrode sites during the series of tones with

the deviant in theposition. In the series of tones with the deviarthe 5" position, there
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Figure 2.5:Graphs (a) and (b) illustrate examples of P50 dogds that show no significant
difference between the tone prior to the deviant &ter the deviant tone. Graphs (c) and (d)
show a significant increase in amplitude to torieé tone 4, which does not support
hypothesis 2b.
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were no significant difference in amplitude betws@mulus 4 and stimulus 6 at electrode sites
Pz and Cz. At Fz, Cz, and C4, however, there wagraficant decrease in amplitude from
stimulus 4 to stimulus 6, indicating significantther habituation after the deviant tone. At Fz,
mean difference between stimuli 4 and 6 = -¥4,.047. At Cz, the mean difference between
stimuli 4 and 6 = -.94) = .028. And at C4, the mean difference betweenuii4 and 6 = -.94,

p = .004. See Figure 2.6 for examples of brain resps that demonstrate no disinhibition,

therefore supporting hypothesis 2b, and that detratessignificant further habituation.
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Figure 2.6:ANOVA trend graphs (a) and (b) show no disinhdatirom tone 3 to tone 5 (no
significant differences). Graphs (c) and (d) demw@te significant further habituation after the
deviant tone as the amplitude to stimulus 6 wasifstgntly smaller than the amplitude to
stimulus 4.
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In the initial ANOVA trend analysis, there were @anmber of significant trends that were
influenced by the amplitude of N100 to the deviamie, resulting in each site and series
demonstrating quadratic, order 4, and order 6 sehtderefore, to gain a greater understanding
of the behavior of the N100 to the standard tomesray the series that contained deviant tones,
ANOVA trend analyses were run again with the N1€€ponse to the deviant tone removed. For
every electrode site, and in both deviant serfeggtwere at minimum significant linear trends
found, see Table 2.3 for the results of the ANOY&nt analyses.

To address the final hypothesis regarding habnatvhich asks if there is a relationship
of habituation to sensory behavior inventories,r8@aproduct-moment correlations were run

Table 2.3: ANOVA trend analysis of N100 with dewiaone removed

N100 LSD Comparisons from Prior- to  N100 Significant Trend when Deviant

Post- Deviant Tone is Removed from ANOVA
Analysis
Fz (Deviant 4th)  No significant difference Linear:F (1,37) = 9.658, p=.004

Fz (Deviant 5th)  Significant decrease (further habituation)Linear. F (1,37) = 21.285, p<.0005
QuadraticF (1,37) = 6.844, p=.013

Cz (Deviant 4th)  No significant difference Linear:F (1,37) = 24.241, p<.0005

Cz (Deviant 5th)  Significant decrease (further habituation)Linear:F (1,37) = 24.037, p<.0005

Pz (Deviant 4th)  No significant difference Linear:F (1,37) = 5.853, p=.021
Order 4:F (1,37) =10.431, p=.003
Pz (Deviant 5th)  No significant difference Linear. F (1,37) =10.910, p=.002
QuadraticF (1,37) = 5.691, p=.022
C3 (Deviant 4th)  No significant difference Linear:F (1,37) = 9.045, p=.005
C3 (Deviant 5th)  No significant difference Linear:F (1,37) = 16.268, p<.0005
QuadraticF (1,37) = 4.404, p=.043
C4 (Deviant 4th)  No significant difference Linear:F (1,37) = 14.072, p=.001

Order 4:F (1,37) = 10.314, p=.014

C4 (Deviant 5th)  Significant decrease (further habituation)Linear:F (1,37) = 17.827, p<.0005
QuadraticF (1,37) = 9.349, p=.039
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using the N100 difference score from stimulus &thmulus 8. The difference score was not
significantly associated with any of the sensoryadwor categories hypothesized (Sensory
Sensitivity or Sensation Avoiding on the A/ASP loe Perceptual Modulation subscore of the
SGI). Additionally, after noting the significanhiar trends above and that the biggest difference
scores for habituation was not between stimuli@ &(see Table 2.2 for pairwise differences), a
difference score of N100 between stimuli 3 and g ealculated for a more accurate
representation of the habituation phenomena. Tiffereince score also did not correlate
significantly with the Sensory Sensitivity or Setnsa Avoiding on the A/ASP or the Perceptual
Modulation subscore of the SGI.

Question 3: Orientation

Thet-test results comparing the amplitudes of P50 ab@ONbf the deviant stimulus to
the stimulus prior to the deviant resulted a sigaift increase in amplitude of each component
to the deviant stimulus. For P50 in the series Withdeviant in the%and &' positions, the
orientation response was statistically signifioaith most pairs demonstrating significance of
p < .0005. For orientation in the N100 componentteiveas a significant difference between the
amplitude of N100 for the deviant stimulus to tm®pstimulus at all siteg(< .0005). See
Table 2.4 for specifics.

Difference scores (deviant-prior) for P50 and Na@tplitudes were used as a dependent
measure of orientation to test hypothesis 3b whglts whether there is significant relationship
between orientation to the deviant tone and sensengvior. Pearson product-moment
correlations were run between the orientation meaand the subscales of Distractibility and
Over-Inclusion on the SGI and the Sensory Sensitand Sensory Avoiding quadrants on the

A/ASP. The only statistically significant correlati was found in the deviant in thd gosition
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Table 2.41-test Values for Orientation of P50 and N100 (N=38)

Deviant Tone
Mean P50

Prior Tone
Mean P50

Mean difference of
P50 amplitude

amplitude (SD) in amplitude (SD) in (SD) in microvolts t-value

Electrode Site microvolts microvolts
Fz (deviant EP) 2.18 (0.90) 1.37 (0.63) 0.82 (0.80) 6.26**
Fz (deviant @) 2.07 (0.86) 1.38 (0.66) 0.69 (0.77) 5.54**
Cz (deviant EF)# 2.15 (0.96) 1.33 (0.60) 0.82 (0.76) 6.57**
Cz (deviant %) 2.07 (0.88) 1.37 (0.69) 0.69 (0.83) 5.15**
Pz (deviant t21)# 1.33 (0.65) 1.04 (0.49) 0.30 (0.60) 3.02%
Pz (deviant ‘S)# 1.35(0.61) 0.96 (0.53) 0.39 (0.80) 2.95*%
C3 (deviant HT) 1.89 (0.87) 1.34 (0.87) 0.55 (0.82) 4.14%*
C3 (deviant g) 1.89 (0.86) 1.29 (0.64) 0.60 (0.78) 4,77
C4 (deviant L'I?) 1.89 (0.76) 1.23 (0.56) 0.66 (0.84) 4.86**
C4 (deviant @) 1.75 (0.93) 1.36 (0.65) 0.39 (0.98) 2.45*%

Deviant Tone Prior Tone Mean difference of

Mean N100 Mean N100 P50 amplitude

amplitude (SD) in amplitude (SD) in (SD) in microvolts t-value

Electrode Site microvolts microvolts

Fz (deviant 2F) -9.38 (3.09) -4.84 (2.68) -4.54 (2.26) -12.39**
Fz (deviant @) -9.67 (3.29) -5.88 (2.69) -3.79 (2.80) -8.35**
Cz (deviant EIT) -8.74 (3.46) -4.35 (2.47) -4.39 (2.27) -11.90**
Cz (deviant %) -9.14 (3.33) -5.04 (2.46) -4.10 (2.98) -8.48**
Pz (deviant 91) -4.67 (2.49) -2.47 (1.87) -2.20 (1.84) -7.38**
Pz (deviant i3) -5.93 (2.30) -3.48 (2.46) -2.44 (2.41) -6.25**
C3 (deviant HT) -7.23 (3.06) -4.26 (2.24) -2.97 (2.58) -7.10**
C3 (deviant @) -8.09 (3.04) -4.72 (2.16) -3.37 (2.16) -9.61**
C4 (deviant L'I?) -7.13(2.73) -3.54 (2.22) -3.60 (2.06) -10.79**
C4 (deviant g) -7.49 (2.77) -4.48 (2.22) -3.01 (2.27) -8.17**

#N=37; *p <.05** p <.0005

series between the P50 deviant-prior differenceesabCz and C4 with the Over-Inclusion

subscale of the SGI. For P50 at Cz and Over-Inoiysi(35) = -.34 p = .038) and for P50 at C4

and Over-Inclusion; (36) = -.37 p = .024). This means if a person had greater Pigdtation,

he or she were likely to experience less “overusidn”, that is, this person was less likely to

notice every little thing in the environment.

An exploratory analysis of the orientation-behawlata resulted in several correlations

that demonstrated a pattern of occurring minimiall2 out of 10 opportunities. It is likely that

these are not random due to the consistency asitessand condition, and results are as follows:

Sensation Seeking on the A/ASP was correlated 3vaht of 10 possible P50 orientation

42



dependent measures. At Fz, during the series hétli¢viant in the®position, the deviant-
prior score was correlated with Sensation Seekiigq) = .34,p = .039). At Fz during the series
with the deviant in the"5position ¢ (36) = .33p = .042), and at Cz, during the series with the
deviant in the % position, the deviant-prior score was correlatéth Bensation Seeking (36)
=.34,p = .040). This means that greater P50 orientatiopliéude difference is correlated with
higher sensation seeking behaviors. P50 orientatesnegatively associated with the Fatigue
and Stress Vulnerability (FSV) factor on the SG12mf possible 10 dependent measure
correlations. During the series of tones with theiant in the % position, the FSV factor was
associated with the orientation score atrH86) = -.36,p = .025) and at C4y (36) =-.37p=
.023). This indicates that greater P50 orientasassociated with less fatigue and stress
vulnerability. The N100 orientation measure wenanid to correlate to the touch processing
subscale of the A/ASP in 3 of 10 opportunitiefat( (36) = -.42,p = .009), at Cz,r((36) = -
46,p =.004) and at C4r (36) = -.48p = .002). This indicates that greater N100 orieoiteis
associated with higher scores on touch proces$imgitems on the touch processing subscale
indicate that a higher score (or marking “almosgtasis”) is related to a sensitivity to touch;
therefore, larger N100 orientation is associatetth greater sensitivity to touch.
Discussion

The results of this study provide information neljag the voltage changes in P50 and
N100 ERP components during the neurophysiologibehpmena of sensory gating, habituation,
and orientation over time and in a novel paradighe-first to address all of these phenomena in
one ERP task. The results confirm that in neuralalty typical adults there is significant
sensory gating of P50 and N100 and significantnbai@on to a novel or deviant stimulus. The

results also show significant decrease in the dog#diof N100 over time, with or without a
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deviant tone present and the data suggest thétaatry period cannot be the major mechanism
for the decrease in amplitude as suggested by msaarch. Finally, although there were limited
brain-behavior links, the ones found help demotetnaw neural processing may be manifested
in behaviors.
Sensory Gating

P50 and N100 sensory gating, or suppression af lbeaponse as measured by voltage
changes in the amplitude of ERP components fromustis one to stimulus two, was confirmed
by the data presented in this study. This woulexymected based on the results of a variety of
previous sensory gating studies regarding neurcétigitypical adults (Kisley et al., 2003;
Rentzsch, Jockers-Scherlbl, Boutros, & Gallina®80
Habituation and Dishabituation

N2100 is thought to reflect attention and the &titin of working memory (Boutros et al.,
1999; Lijffijt et al., 2009), so theoretically,was reasonable to predict that it may be affected b
a short term habituation type paradigm. While otiesearchers have not found N100 habituation
past the second stimulus in their short term habin studies (Boutros et al., 1999; Rosburg et
al., 2006; Rosburg et al., 2004), the results isf stludy undeniably demonstrate significant
linear trend of amplitude reduction of N100 oves tourse of eight tones. The results that
suggest a lack of disinhibition of N100 subsequera deviant stimulus more strongly support
the idea that the brain habituates to standardutdiion even in the presence of a disorienting, or
novel, stimulus. For 7 conditions, there was cargthsuppression of the components after the
deviant tone, and for Fz, Cz, and C4 during theesef tones with the deviant in the fifth
position, there was even the demonstration of &urttabituation, that is, the brain responses to

the stimuli after the deviant stimulus were sigraftly smaller than the ones prior to the deviant
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stimulus. Finally, there was, at minimum, a lingand for all sites during both the deviant in the
4" and §' position series when the deviant tone was reméwednalysis, which supports the
hypothesis that suggests the deviant tone wilimtetrupt the trend of decreasing brain response
to the standard tones.

These results suggest that a refractory perioddaood be the major mechanism for
suppression, or decrease in amplitude, of the aydN100 ERP component. Rosburg,
Zimmerer and Huonker (2010) propose that refragb@ryods are responsible for brain’s
response to multiple presentations of stimuli, tirad if there are gradual decreases in
component amplitude, it could be due to two poss@xplanations. First, it may be due to
overlap of ERPs because stimuli are presentedi¢sely together. This could not account for
the results in this study for three reasons. Orleaswe baseline corrected each ERP to the pre-
train baseline, which would remove any overlapagjrative processing from the previous
stimulus. Another reason is that our ISI was 50Q0wtsch was longer than the 400 ms Rosburg
and colleagues (2010) reported to be responsiblnioverlap. Finally, in the series of tones
with deviants, the time between the standard stibefbre and after the deviant is 1050 ms,
which is more than enough time to prevent overladpRPs. The other way that Rosburg and
colleagues (2010) say that a decrease in ampldodie still be due to a refractory period is a
processing negativity. Processing negativity inisahat over time, attention to the stimuli
declines. Because we baseline corrected the resporsch stimulus with the baseline from -
200 to 0 ms prior to the first tone we were abled¢gate a negative drift. As we still showed a
trend of decreased amplitude of N100 having coecett this way, it is not possible for that to

be a refractory period in conjunction with procagsnegativity.
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Additionally, both the Rosburg et al. (2010) stuhd this one used 1000 Hz tones for 50
ms at similar sound pressure (70 dB in our studgue75 dB in the Rosburg study). The ISI
between our standard tones was 500 ms, howevergline series with the deviant stimuli, this
ISI between standard tones prior to after the devrecreased. For example, in the series of
tones with the deviant in thd'4osition, the ISI between standard tones at fhar@ 8"
positions was 1050 ms. Using the data reportedarRiosburg study, the response for the longer
ISI should be approximately 1 microvolt larger thha 500 ms ISI; this was not seen in our
results, further indicating that something othertla refractory period is responsible for the
amplitude reduction.

Boutros and colleagues (2013) used EEG in comloinatith models created from MRI
data to attempt to locate the brain regions asttiaith some neurological processing. They
found that orientation to novel stimuli activatedas in the temporal, parietal, and cingulate
areas, whereas auditory suppression was relatie fare-frontal cortex. As the pre-frontal
cortex is involved in executive functioning, inciad inhibition, this further suggests that
cognitive control may account for the decrease I0MWto multiple stimuli. In fact, Sable et al.
(2004) suggest that for stimuli with less than 4@0ISI, there is a latent inhibition that is
responsible for the decrease in amplitude of NY@bile that study used different methodology
than this one, it is important to note that theeyrbe other neural controls alongside a refractory
period responsible for component suppression taipheistimuli.

As hypothesized, P50, thought to reflect automsgitsory processing (Coles & Rugg,
1995), did not demonstrate habituation during #rées of all standard tones, which replicates
findings by Rosburg and colleagues (2004; 2006)Bwmutros and colleagues (1999). These

results do not provide the same strong evideneelatk of refractory period being responsible
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for the decrease in amplitude as found for N10thdy be possible that there is some sort of
neural control which is responsible for the P50psapsion found for the post-deviant stimulus in
8 of the 10 deviant series, but as 2 of the 8 dahssignificant increase, these results do not
provide strong evidence for or against any hypotieegismechanism for suppression.

Orientation

The results of this study confirm that both P58 Bri00 show significant increases in
amplitude to novel information as seen in priodgts (Rosburg et al., 2004; Viswanathan &
Jansen, 2010). Because early ERP components algedvin the processing of sensory
information, it is not surprising that this was popted (Coles & Rugg, 1995; Stern et al., 2001).
The fact that our results demonstrated that oupsaappropriately oriented to novel
information was critical in helping us interpreetfindings for habituation of the N100. Without
knowing that there was indeed an orienting respomsavould not have been able to say that a
deviant did not dishabituate the brain’s respondbé standard tones.

There is only one other published study at thistathat positioned a deviant tone in the
middle of a short term habituation paradigm. Roglaumrd colleagues (2006) found that when
they used a deviant that differed by length of tthey did not find a statistically significant
orienting response of P50 or N100. ViswanathanJamden (2010) reported that stimulus
complexity affects ERP component amplitude, withrenmomplex tones inducing a greater
N100. Therefore, it may be possible that stimuéingth is not as alerting as the change in
frequency of a tone as was done for the currentystu
Neural Processing and Sensory Behavior Links

The lack of correlations of the gating respons%0 or N100 to any of the factors of the

SGl is surprising, as Hetrick and colleagues (2Gp2&cifically developed the SGI based on the
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theory that difficulty in sensory gating is duedifficulty in perceptual and attentional processes.
They used factor analysis to confirm the factow®ived resulting in the reduction of a 124
guestion survey to one of 36 questions. This taslddso been correlated with sensory gating
using EEG. Kisley and colleagues (2004) found ih&ealthy adults, less P50 sensory gating
ability was correlated with more difficulty with Reptual Modulation factor, and less N100
sensory gating ability was related to Over-Incladiactor. Some possible reasons this study did
not replicate findings in the Kisley study are ttie¢ sample was smaller (38 in this study versus
52 in Kisley’s), the Kisley study used an abbrez@hl 7 question SGI rather than the complete
36 question survey, and Kisley also correlatedodtgavior measures to a T/C ratio whereas we
used a C-T dependent measure. Also, Kisley useadradoclick paradigm, the most common
sensory gating paradigm. There may be some difterenthe brain’s response to tones as
compared to clicks, or some sort of attention gueexancy experienced by those who listened to
the orientation/habituation paradigm in this cutrgmdy which has eight stimuli instead of the
traditional two stimuli for sensory gating. Evemtigh both tones and clicks show gating, there
have been no studies to compare gating for a gkecgus tone paradigms, so the amplitudes to
different stimuli may relate to behavioral measunegifferent ways.

The lack of correlation between sensory behavisnrme@asured on the A/ASP and SGI
and habituation is unexpected especially after gimgthe dependent measure to reflect the
greatest amplitude difference from stimulus 3 bmslus 7. One explanation may be that the
difference score is not the best reflection or wagapture the habituation phenomena. Another
may be that using a small sample of 38 neurololgitgbical adults may not have provided
enough variation to truly capture a differenceithesr the sensory behavior or the EEG brain

data, however as the data were normally distributesl difficult to determine if this was true.
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Correlations between the P50 orientation measutédahaviors indicated that when
someone does not appropriately orient to novelwtii(has a smaller deviant-prior difference
in amplitude), they are more likely to notice trsng their environment, experience difficulty
modulating sensory input when fatigued, and arg ligsly to seek out sensation. P50 orientation
correlated negatively with Over-Inclusion (SGI),iahis the idea that a person is aware of more
things in their environment than the average personexample, a person may be unable to
select the things in his or her environment thatisportant to orient to even though he or she
notices everything in the environment. Becausertsslt was found with the P50 rather than the
N100, this supports the idea that this awarenesshmaelated to automatic processing rather
than attention processing. P50 orientation wasceés®al with higher Sensation Seeking
behaviors on the A/ASP. What may be happeningighdase is that a person who has smaller
orientation brain responses does not seek out ts@m$eecause their nervous system does not
recognize the new information as novel or intengstlhey may not experience the pleasure
average individuals derive from sensory experieneB® orientation was also negatively
associated with the Fatigue and Stress Vulnergliditor of the SGI, indicating that the larger
orientation to new stimulus, the less likely thesom is to experience fatigue and stress
vulnerability. On the SGI, an example questiontfos factor is “when I'm tired sounds seem
amplified.” It is possible that individuals who dvetter able to modulate their sensory
information even when fatigued would also be mactimed to have greater attention to
important stimuli in the environment.

Only one brain-behavior correlation was found foe N100 orientation measure. N100
orientation was associated with higher scores naht@rocessing on the A/ASP. As the touch

processing subscale asks questions from all fasmg quadrants, it is not clear what this
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correlation means clinically; however, upon cldsek at the individual items, it appears that
higher touch processing scores indicate a persmie sensitive to touch. Therefore, the more
sensitive someone is to touch, the larger thegndation to novel auditory stimuli.

Overall, there is initial association between baiocessing and sensory behaviors in
neurologically typical individuals. Further resdaexploring these connections will be
important for furthering the explanations of belwasj especially for those who experience
neurological disorders.

Limitations

Limitations of this study include the use of 38 argtaduate students and no baseline
data. Many EEG researcher studies report braimigcin college age students, so our average
age of 19.6 is not unusual (Davies, Segalowitz,&i@, 2004; Ponton et al, 2000). Other
habituation, gating, and orientation studies usedpes of individuals with neurological
disorders whose average ages were between 34 arehB90old (Olincy et al., 2000; Rosburg et
al., 2004; Rosburg et al., 2006). It would haverbadetter comparison to those studies to have
a larger age range in the current study. Anotimeitdition is that with the multiple series of tones
there were no baseline data as to what the brasa without deviant tones. In our results, the
amplitude of N100 showed habituation throughoutstages, however, demonstrated an increase
in response to the final tone at every site. Tincsgase was not statistically significant, however,
was a trend that was unexpected and may be repaégerof some sort of expectation effect as
the all standard tones series occurred only 1fBefime. This increase to the final tone was not
seen in the deviant series. Without having a baselata set of only standard tones it is difficult

to determine what may have caused this phenomenon.
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Further research is needed to replicate and fullesstand the construct of N100
habituation. As there were only a few correlatitre show the brain-behavior connection, this
should continue to be an important aspect to irecinduture research.

Conclusion

In a novel orientation/habituation auditory EEGguagm used with typical adults, this
study showed sensory gating, habituation, and tiem in one data set. We found both P50
and N100 demonstrate sensory gating as well astatien to novel stimuli and that the P50
does not habituate to stimuli across series oftéaytes. For the first time in recent EEG studies,
the study confirmed that the N100, an ERP compoagsiciated with attention, demonstrated
habituation over a series of identical tones, aad mot dishabituated when a deviant tone was
presented. In fact, for the N100, there was adhibiabituation occurring following the deviant
tone for some of the series analyzed. These realglissupport the idea that N100 habituation
could not be due to a passive refractory periotinust be explained by an active mechanism,
like inhibition.

When associated with sensory behavior data, N100gyaas correlated with Sensation
Avoiding on the A/ASP, P50 orientation was assedatith Over-Inclusion and Fatigue and
Stress Vulnerability on the SGI as well as Senadieeking on the A/ASP, and N100
orientation was associated with the Touch Procgssibscale of the A/ASP. These correlations
suggest that the different brain phenomena arecedsd with different sensory behavior
experiences and begin to lay the foundation fahgmrstudies on individuals who live with

neurological disorders.
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CHAPTER 3

Occupational therapists are interested in helpwgviduals who are limited in their
ability to perform activities to engage in the #prthey need and want to do (American
Occupational Therapy Association, 2008). Occupalitimerapists may work with individuals
who experience physical, biological, psychologicalenvironmental barriers to participation.
One type of biological barrier is the nervous systeresponse to sensory information.
Difficulties in sensory processing, or in integngtisensory information within the brain,
commonly occur in individuals with autism, schizoghia, sensory processing disorders, and
attention deficit/hyperactivity disorders and mayriwticed when the individual displays
aberrant behaviors (Belmonte & Yurgelun-Todd, 288trick et al., 2012; Tomchek & Dunn,
2007). Individuals with these diagnoses are ofedarred to occupational therapy because they
are not able to participate in their daily actesti Understanding the neural underpinnings of
behavior is essential to understanding the “whybeliavior, and can support the development
of more effective interventions.

The practice of occupational therapy is informedabsariety of scientific disciplines
including occupational science, rehabilitation sces psychology, and exercise science (Yerxa
et al., 1990). As such, it is a practice that agspthe basic science unearthed by these other
disciplines. One area that is important in occuypei therapy is the knowledge of typical and
atypical neurological development of individualsass the lifespan. Developmental
psychologists primarily used behavior assessmertty to understand the brain development in
children, but believe “purely behavioral measunmesre longer considered adequate” and now
explore the brain-behavior development throughugeof brain imaging techniques along with

behavioral measures (Segalowitz & Schmidt, 2008) pBridging this gap is important to
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understanding the phenomena, and also forms agbas®rmation that will inform therapy with
individuals who have difficulty doing activities teuse of neurological deficits. Occupational
therapist and researcher Carolyn Baum (2009) suetbst individuals in the rehabilitation field
fully embrace the idea of multimodal approacheth&vapy; that an individual’s participation is
the ultimate goal of all researchers and practienand this requires the understanding of many
levels of rehabilitation. She suggests that imprg\participation requires the translation of
knowledge along a continuum from cellular mechasisonparticipation. If occupational
therapists are more involved in the design, impletadéon, and interpretation of basic as well as
applied research studies, it may be more likely tihe findings will be applicable to

occupational therapy practice.

In this research study, translation between thenbatical mechanisms, body function and
structure, functional limitation and activity lewskre explored. Specifically, the biomedical
mechanisms involved with the neurological phenonadrsensory gating, habituation, and
orientation, as well as the individual’s activigvkel as measured on sensory behavioral
inventories. The sensory inventories themselves giore information about the body functions
and functional limitations for each individual, kare explored when a person answers questions
about their engagement in particular activitieghis controlled environment, the results begin
to shed light onto some things an occupationakiist may see in practice.

The EEG results of this study are not specifichtiiged to what one might see in an
occupational therapy clinic, but do provide somki&hale information for therapists. This will be
especially helpful once data on individuals withatders is compared to this baseline data from
neurologically typical adults. Especially interestiis the idea that typical adults experience a

habituation of the N100, which is believed to heas of the attention system, to multiple
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stimuli, and this is not disturbed when a deviaimsgli is presented. This may look like an
individual who is able to “habituate” to sound, Betample the ambient noise in a coffee shop.
When a new sound occurs and alerts the individheagr she does not have to re-habituate to the
ambient noise. Or that we habituate to our clothnajice when someone or something touches
us, but do not then also notice our clothing angelia re-habituate to it. Although we are not
able to test such a “real life” experience with EEGderstanding this phenomenon in a
controlled environment explains that real situatioa new way and allows us to better
understand what is happening at a neurological les&ause we can limit confounding

variables. As studies progress to look at the negital phenomena of sensory gating,
habituation, dishabituation, and orientation irodikered populations, it would not be surprising
to find that individuals who have trouble attendiagitching attention, or filtering sensory
information would not show that same habituatiothieir ERPs as the group studied here. Those
with neurological differences have been shown txess information differently, for example, it
has been shown that children with sensory procgsbkgorders process simple auditory stimuli

in a different way than their typical peers do ((Baat al., 2011).

Occupational therapists have long been interestduei brain-behavior relationship. In
the case of sensory behaviors, the theory of sgmstmgration was developed by A. Jean Ayres,
occupational therapist and psychologist, in the 1£8360s (Parham & Mailloux, 2010). Ayres was
interested in the neurobiological explanationsbiehaviors, and her research informs a practice
framework used primarily in pediatric occupatiottarapy called Ayres Sensory Integration.
The brain-behavior connection is important as lidedes the theories in which therapists are
grounded. For example, the idea that sensory diffags exist and they are, at least in part,

related to brain processing rather than an attinxdenvironmental influences.
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Other occupational therapy researchers have expimesory processing. The Adolescent/Adult
Sensory Profile (A/ASP) was developed in occupaidmerapy from Winnie Dunn’s model of
sensory processing (1997). Her four quadrant moidetnsory modulation explains behavior as
being related to the amount of sensory input (legrcal threshold) one needs, and the way one
responds to that information. Some of the resulthie data correlate specifically with two of
these quadrants (See Figure 3.1). Individuals wh@ansation Seeking have high neurological
thresholds and they seek out stimulation to féisth needs; they tend to be very busy. P50
orientation is correlated with Sensation Seekinthat those who have low sensation seeking
have smaller P50 orientation. This may look likgeason whose nervous system does not
recognize new information as novel or interestsahe or she does not experience the pleasure
that average individuals derive from sensory exgrexes, and do not seek it out. Individuals who
fall into Sensation Avoiding experience low neugtal thresholds and refuse to participate in
activities because they are overwhelmed. This behaas correlated with the sensory gating of
N100, meaning that the better the individual gatéormation, the less likely he or she was to be

sensation avoiding. The opposite helps make tb@ret: if a person is a

Neurological Threshold | Behavioral Response Continuum
Continuum
respondsin ACCORDANCE with | respondsto COUNTERACT the
threshold threshold
HIGH (habituation) Low Registration Sensation Seeking
“I don't notice when my name is “I like to go barefoot”
called” *Correlated with P50 orientation
measure*
LOW (sensitization) Sensory Sensitivity Sensation Avoiding
“I become bothered when | see lots “l only eat familiar foods”
of movement around me” *Correlated with N100 sensory
gating measure*

Figure 3.1:Dunn’s Model of Sensory Processing, adapted fragaréi 1 in Dunn, 1997, p. 24,
with examples of survey questions and correlatiortSRP data.
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sensation avoider, he or she may have less segating ability, that is, he or she may not be
able to “ignore” the repeated stimulus. And if tisisincomfortable for this person, he or she
may do whatever it takes to avoid the sensatior ain-behavior correlation was found for a
subscale of the A/ASP. The N100 orientation phemmneavas associated with touch processing.
Although the scale asks questions from all foussepnquadrants, a closer look at the individual
items reveals that a higher score on each itemrgiyendicates someone is more sensitive to
touch. So, it may be that when a person is seedititouch, he or she has greater orientation,
and in this case, greater attention (because itheabl100 component) to novel stimuli.

Hetrick’'s (2012) Sensory Gating Inventory (SGIht a measure used by occupational
therapists, but has been used in EEG researctertifies four factors involved with sensory
gating: perceptual modulation, distractibility, oweclusion, and fatigue and stress modulation
(see Table 3.1 for examples of statements fronmthentory). The negative association of P50
orientation with both Over-Inclusion and Fatiguel &tress Vulnerability may show up
clinically. For example, an individual who is likeo “over-include,” that is to notice
environmental stimuli, is likely to have smaller@P&rientation. In this case, the individual may
have difficulty picking out the important stimufi an environment to attend to. Another

Table 3.1: Sensory Gating Inventory Factors andédlatrons to ERP data

Factor in Example Item from the Sensory Gating Inventory Niegacorrelation
Sensory Gating with ERP measure
Perceptual “Every now and then colors seem more vivid to nanth
Modulation usual”
Distractibility “I have more trouble concentratititan others seem to

have”
Over-inclusion “I notice background noises morentb¢her people” P50 orientation
Fatigue-Stress  “When I'm tired, the brightness of lights bother’me P50 orientation
modulation

56



relationship found was that individuals who aredreable to modulate their sensory information
even when fatigued would also be more inclinedreatgr attention to stimuli in the
environment (or orientation).

For the occupational therapist, understandingttiatthere is a connection from the
brain processing of sensory information to the b&ra seen is vital to support our general
understanding of behavior and to influence our waitk individual clients. The results from
this study provide the basis for further reseantb populations of individuals with neurological
disorders that are likely to be treated by occumeti therapists. Because the brain processing of
neurologically typical adults is correlating alatig sensory continuum, it may be predicted that
if individuals who fell a little further out on th@ntinuum would tell us even more about the
brain processing involved in these phenomena.

The demonstration of sensory gating, habituatol, orientation in a novel paradigm is
showing promise as a way to understand these rgical phenomena. The understanding of
underlying neurological mechanisms, in this case tieurologically typical adults experience
sensory gating and orientation to novel stimulivad as the increased habituation to stimuli
over time which is not disrupted by deviant infotioa, is important for therapists to
understand. Continued research through an occuygédtioerapy lens into the specific
neurological and behavioral difficulties experietidxy their clients will advance the profession’s

basic understanding and support the developmesffadtive interventions.
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