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Abstract

While perception is recognised as being atypical in individuals with autisririsme
conditions (ASC), the underlying mechanisms for such atypicality are unidieta we test

the hypothesis that individuals with ASC will show enhanced orientation discrinminatio
compared to neurotypical observers. This prediction is based both on anecdotal report of
superior discriminatory skills in ASC and also on evidence in the auditory domasothat
individuals with ASC have superior pitch discrimination. In order to establish whether
atypical perception might be mediated by an imbalance in the ratio of neuratiercind
inhibition (E:l ratio) we also measured peak gamma frequency which provides catiori

of neural inhibition levels. Using a rigorous thresholding method we found that onentati
discrimination thresholds for obliquely oriented stimuli were significantlyelow

participants with ASC. Using EEG to measure the viguatiuced gamma band response we
also found that peak gamma frequency was higher in participants with ASWer&bedi
well-matched control group. These novel results suggest that neural inhibition may be
increased in the occipital cortex of individualgh ASC. Implications for existing theories of

an imbalance in the E:l ratio of ASC are discussed.

Key words:autism; electroencephalography; gamma actiyagrception; neural inhibition.

General scientific summaryhis study found that one aspect of visual perception, orientation
discrimination, is enhanced in autism. Peak gamma frequency was also found to benhigher i
individuals with autism. Together these findings suggest that neural inhilsitiocreased in

auism.



Introduction

It is now widely acknowledged that atypical perception is part of the autism
phenotype (APA, 2013). Empirical attempts to measure perception in autism spectrum
conditions (ASC) have focussed on obtaining psychophysically derived discrimination and
detectian thresholds (e.g. Koh, Milne & Dobkins, 2010a; O’Riordan & Passetti, 2006). One
of the more consistefindings from thisbody of work is evidence for superior auditory
discriminationin ASC. To dateat least sevestudies have demonstrated that individuals
with ASC are more able to discriminate pure tone pitch than neurotypical conwalse(B
Mottron, Peretz, Trudel & Gallun, 2003; Bonm¢lal.2010;Heaton Hudry, Ludlow & Hill,
2008; Jonest al.2009; Meilleur, Berthiaume, Bertone & Mottron, 20BtRiordan &

Passetti, 2006; Stanutz, Wapnick & Burack, 20Hdwever, 1 is unclear whether similarly

enhanced discrimination abilities in ASC are seen in the visual domain.

Although anecdotal reports of firgrained attention to detail in ASC and empirical
evidence of superior visual search in ASC have led many to speculate that visual
discriminationmay beenhanced in ASC (e.g. O’'Riordan & Plais2@DJ), little direct
evidence supports this position. Indeed when visual discriminatid8C has been
measured directly, results indicate impaired discrimindboisome stimuli, e.g. colour
(Franklin, Sowden, Burley, Notman & Alder, 2008; Franidiral 2010;Heatonet al.2008
Hurlbert Loveridge, Ling, Kourkoulou & Leekar2011), or unremarkable discriminatitor
other stimuli such alsiminance discrimination and contrast sensitiviéglirmannThomas
& Humphreys, 2006; De Jonge al.2007; Frankliret al.2010; Koh, Milne & Dobkins,
2010b). However, it has been found that individuals with ASC show a heightened
ability to detect luminance-defined gratings, demonstrating that low level visual
perception is altered (Bertone, Mottron, Jelenic & Faubert, 2005Kéita, Guy,

Berthiaume, Mottron & Bertone, 2014). Whilst the study from Bertone and colleagues is



often cited as an example of an orientation discrimination task in th&Gtudy principally
measures ability to detect either horizontal or vertical gratings undermlif levels of

contrast.

Nevertheless,rientation discrimination is a particularly relevant metric in ASC given
the role that neural inhibition plays in shaping the tuning curves of orientatiotivselec
neurons (Hubel & Wiesel, 1968). For examplgleation of the inhibitory neurotransmitter
GammaAminobutyric acid (GABA) to neurons in the primary visual cortex has been found
to lead to narrower tuning curves and improved orientation selectivity astduetised cats
(Li, Yang, Liang, Xia & Zhou2008). Conversely, the application of GABA antagonists
reduces orientation selectiviti{étzner Busse & CarandinR011). In addition, resting levels
of GABA, measured with magnetic resonance spectroscopy (MRS), have beenahawn
related to orientatiodiscrimination thresholds in human volunte@dden,

Muthukumaraswamy, Freeman & Sin@®09).

Neuralinhibition has also been shown to play a role in the processing of auditory
stimuli (Houtgast, 1972), akin to the effect on orientation selective neuronex&mple,
applying a GABA antagonist to neurons in the primary auditory cortex of chexchill
increases the range of frequencies to which the neurons redyand Caspary & Salvi,

2000 Wang Ding & Salvi, 2002). Given that pure-tone pitch discrimination is enhanced in
ASC, andorientation discrimination thresholds are negatively correlated with autistscitra
the newotypical population (Dickinson, Jones & Milne, 2014), it is possible that individuals
with ASC may show superior orientation discrimination. To our knowledge only one study
has measured orientation discrimination thresholds in ASC (Schwarzkopf, Anderson, de
Haas, White & Ree014). In this study, the jusiBticeabledifference betweetwo
obliquely-orientated gratings waseasured in a sample of 15 adults with ASC and 12

controls. This study found no significant difference in orientation discriminatiestibids



between the two groups. However, the authepertecthat participants were natstructed
to maintain fixationor keep a constant viewing distangeaddition the small sample size
may not have been sufficient to reveal any differences in orientation disdronimaASC.
Therefore, here we used a more rigorous psychophysicabtasasure orientation

discrimination thresholdand collected data from a larger sample of individuals

Given that neural inhibition mediates orientation discriminatiore{lal.2008; Edden
et al.2009), a difference in the orientation thresholds of individuals with and without ASC
would suggest an alteration in the balance of neural excitation and inhibition. Consequentl
our prediction that orientation discriminatioraybe enhanced in ASC implies that neural
inhibition in visual areasvill be increased in ASAn order toinvestigate E:l balance in
ASC,wealso investigated the sustained gartmad response elicited by the presentation of
a visual stimulus. Gamma band activity, recorded by either MEG or &fig@s from the
interaction of pyramidal cells and GABAergic inldyy interneurons (Buzsaki and Wang,
2012), with E:1 balanceeting the oscillation frequency of the netwofpecifically,higher
levels of inhibition lead to higher peak gamma frequency (Brunel and Wang, 2003).
Therefore peak frequency of the visuafiguced gamma response is consideraeflect E:|
balance in human observers. The relationship betwddralance and gamma frequerisy
furthersuggested bwork which has found thacreased resting GABA levels in the
occipital cortex (Edden et al., 2009, Muthukumaraswamy, Edden, Jones, Swettenham &
Singh, 2009pand decreased dynamic glutamate levels in the lateral occipital cortex (Lally et
al. 2014)are relatedd higher peak gamma frequency. In addition, orientation discrimination
thresholdsarecorrelated with peak gamma frequency (Edeteal.2009; DickinsonBruyns
Haylett, Jones & Milne, 2015) providing further support for the link between neural

inhibition, peak gamma frequency and orientation discrimination Although many studies



have measured gammawer in ASC (e.g. Snijderdylilivojevic & Kemner, 2013), to the

best of our knowledggeak gamma frequency in ASC has not yet been reported

In sum, the aim of this study was to measure orientation discrimination
thresholds in ASC. Baed on previous evidence fdow level visual enhancements, and
enhanced auditory discrimination in ASC(Meilleur, Berthiaume, Bertone & Mottron,
2014) wepredicted that orientation discrimination would be enhanced in ASCIn order
to establish whether superior orientation discrimination might reflect an imbadatice E:I
ratio in ASC we measured peaisually-inducedcgamma frequency, which has been

identified as a correlate okural inhibition in the occipital cortex



Method

Participants

Ninety-six volunteers, half of whom had a diagnosi&\8{C were enrolled to this
study. Participants with ASC were either recruited from our existing paritoija@abase, or
through a local NHS neurodevelopmental service which provides adult autism spectrum
diagnoses. Control participants, defined as individuals who did not have a diagrassis of
ASC nor a first degree relative with an ASC, were reeduitom our existinglatabasef

research volunteers.

Data from twentynine participants were excluded from all analysesparticipants
with ASC declined to tee part in the EEGecording;ten further datasetéie ASC. five
control) were excluded due to excessive EEG artifacts (see below). Ten parti@fsrits
ASC, two controf were taking medication which may affect E:I balance at the time of the
study, tlerefore their data were also excluded. Finally, three participants (one ASC, tw
control) were excluded as their orientation discrimination threshatdsmore than 2
standard deviations above the group mean. Data from the remaining 67 parti@@ants (

ASC, 39 control) are reported below.

Insert Table 1 about here please



Within the ASC sample, seven people were diagnosed with autism and 21 were
diagnosed with Asperger syndrome. Three participants with ASC had an additional idiagnos
of ADHD; one had an additional diagnosis of OCD. One participant in the control group had
been diagnosed with ADHD. Module four of the Autism Diagnostic Observation Schedule
(ADOS; Lordet al 2000),andthe selfreport version of theocial responsiveness scale
(SRS2; Constantino & Gruber, 201 %vere used to assesymptomologyn the participants
with ASC. The ADOS is a standardised, sestructured assessment used by both clinicians
and researchers to assess communication and social interaction in ASfihbdPastengage
in different socialcommunicative sequences with an examinemfalthich are designed to
elicit a different combination of particular social behaviours. Participaatscared based on
the presence of these behaviours, with a score of 10 or above on the combined
communication and interaction sgbses defined as the eoff for the presence of ASC. The
adult selfreport version of the SRS a 65item questionnaire which measures the severity
of social impairment in ASC, with a highgtore indicating severer ASC symptomology. A

T-score of 60 or above indicates the-offtfor an autism spectrum diagnosis.

Due to timelimitations during testing, or participants being unable to return for a
second testing session, ADOS scores were not obtainedvenparticipantsFive of these
participants did however scoreae the clinical cubff for ASC on the SRS. One of these
participants did not complete the SRS and the other comidtetiobtained ®elow cutoff
score of 52. Of the twenty-omarticipants wih ASCwho completed the ADO®jghteen
met cutoff for autism spectrumrwo of the three participants who did not meetchnical
cut-off score forautism spectruron the ADOS, did however meet the aifit-on the SRS, the
other did not complete the SRS. Thus, three participants withddbaot meet the critex
on either ADOS or SRS score, either due to scoring below the clinical cut-off or due to

missing dataWe retained these participants in our analyses given that they all had a clinical



diagnosis of ASClIn addition, analyses were repeated afteremoving these participants,

and this had no impact on the results reported below.

Non-verbal 1Q was assessedal participantsusing the matrix reasoning subtest of
the WechsleAbbreviated $ale oflntelligence(WASI; Wechsler, 1999Mean age, matrix
reasoning scores, ADOS and SRS scorepraméaded inTable 1 No participant had taken
part in any of ouprevious researcibfckinsonet al.2014; Dickinsoret al.2015). The study
received full ethical approval from the local research ethics committee. Parsqgipavided

informed written consent, in accordance with the declaration of Helsinki.

Orientation discrimination task

A two-alternative forced choice adaptive staircase procedure task was used to
measure orientation discrimination thresholds. This task was adapted from Edden and
colleagues (Edden et @&009), and was used by us in previous warickinsonet al.2014;

Dickinsonet al.2015. The task design is illustrateal Figure 1.

Each trial consisted of presentation of a reference grating, followed lyea tar
grating. Both circular gratings (diameter 4°; spatial frequency 3 %'ddgree; conast 99%;
mean luminance 83 cd/m2) were displayed for 350ms each and were separated by 500ms of
fixation. Stimuli were created in MatLalblfe Mathworks, 2000) using the PsychToolbox set
of functions (Brainard, 1997Stimuli were displayed on a lineariseatMwW MR19C-ABAD
LCD monitor with a spatial resolution of 1280 x 1024 pixels and a temporal resolution of

60Hz.



On each trial, participants were asked to verbally report whether the teatjeg tnad
been rotated cloelise, or anti-clockwise, comparedttee reference grating. The

experimenter recorded each response using the keyboard.

There were two conditions, one in which the reference grating was oriented at O
degrees (vertical) and one in which it was oriented at 45 degrees. Twastaiwere used
each condition, one which presented clockwise transformations of the stimulus andrthe othe
presented the antiockwise transformations. Each staircase used aiprieree-down
method which converged on 79% accurdayek, 200). The target grating wasesented 5
degrees away from the reference grating on the first trial of each stairbasaitibl step
size was 1 degree and this was decreased by 75% after each reversal. Thegdasestvere

randomly interleaved to form one run.

Participants wer seated 57cm away from the monitor, in a completely dark room.
The monitor had a circular aperture placed over it which obscured the edge of éneiscre
order to remove any external orientation cues. Participants completed a practitectu
continted until each of the staircases had completed 20 trials. Participants then edmplet
one run, which finished when each of the four staircases had reached 8 revetesats. Af
short self-timed break (of around 2 minutes), participants completed a second run. @kreshol
were computed by averaging the last 6 reversals of each staircase. We calculatezl separat
thresholds for the oblique and vertical conditions, by averaging the two stausasks
each condition. We then averaged the oblique and vertical thresholds obtained from the first

and second runs to get an overall oblique threshold, and an overall vertical threshold.
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EEG Task

EEG data were collected from 128 electrodes using the BioSemi ActiveTteonsys
(Amsterdam, The Netherland€EG data were filtered online with a band pass of 0.01 -
140Hz and digitised using BioSemi ActiView software at a sampling rate 8H204Al
recordings were carried out in an electrically shielded room, and directtooifisst voltages
were kept below +/25mV. A linearised Viglen LCD monitor with a spatial resolution of
1280 x 1024 pixels and a temporal resolution of 60Hz was used to display the stimuli.
Participants were seated 57cm from the monitor in a comfortable chair and kestdaas
remain astill and relaxed as possible in order to minimise muscle artifacts. Stimuli were
identical to those that we previously used to measure peak gamma frequenays(ieki
al. 2015 and were originally adéagd from Edden and colleagues (Edéeal.2009. A red
cross (1° x 1°) was present in the centre of the screen throughout the experiment and
participants were asked to fixate on this cross throughout Each trial consisteldck and
white square grating (4° x 4°; spatial frequency 3 cycles/degree; cA@fir6%b; mean
luminance 39.33 cd/m2) presented to the bottom left of the fixation point. The grating was
displayed for a jittered duration between 15BDOms, with a jittered inter stimulus interval
of 1500-2500ms. Participants were asked to pressgacebar every time the grating
disappeared. There were 200 trials, with a self-timed break half way throudhichtpeint

participants swapped the hand which they were using to respond.

Problems of measuring induced gamma activity

In general, ectrooculography (EOG) and EMG dacts are highly prevalent in any
EEG signal. In addition, there are two specific EEG artifacts which atieiyparly

problematic for the current investigation as they share a similar frequeamgy to the

11



gamma band of interest. These are: power line interference which causessatifoughout
the EEG signal at 50Hz; and power changes in the gamma frequency range télated to
saccadic eye movementsuval-GreenbergTomer, Keren, Nelken & Deouell, 2008). One
way to minimise the effects of these artifacts on the data is to use indepesrdpohent
analysis (ICA), a statistical blind source separation technique, to decomp&teGhe
recording into maximally independent components (Makeig, Jung, Belhr&hani &
Sejnowski, 1997). Analysing data from a single independent component for eachpaartici
which best represented the visual response to the stimuli allowed us to isolasedhe v
response and eliminate artifacts including EMG, EOG, the Skhargimall amount of
residual 50Hz power line interference that resisiedtricalshielding. The reliability of

this technique has been demonstrated previously, as studies which usgechbve criteria,
such as those used here (described below), reveatisimilar independent components
are present across different participantsDebener et al., 2007; Joyce, Gorodnitsky &

Kutas, 2004;0nton, Delorme & Makeig, 2003.

Off line EEG Analysis

The BioSemDBF Decimator software was used to desample continuous EEG
data from 2048Hz to 1024HAll additional data analysis was completed using EEGLAB

(Delorme &Makeig 2004), and in-house MATLAB scripts.

Data were referenced to the vertex electrode, aimdta impulse response filter was
used to remove frequencies below 1Hz. Data were visually inspected, and anyschannel
segments of data which were clearly artifactual were removed. Data were sshment
epochs (-200 to 1500ms), with stimulus presentation at Oms. Any trials which had a response

time of over 1500ms following stimulus offset were removed.

12



Independent components were derived using the extendedarfalgorithm within
EEGLAB (Delorme& M akeig, 2004).There was no significant difference in the number of
channels submitted to ICA between participants with ASC (M=114.82, SD=7.47) and control
participants (M=116.38, SD=6.6; t(65)=-.91, p=.37). There was also no difference in the
number of epochs (and therefore data points) submitted to ICA between those @ith AS
(M=181.18, SD=13.22) and control subjects (M=183.23, SD=116K)=-.67, p=. 51). Once
independent components had been derived, we used the DIPFIT function in EEGLAB, to

estimate the anatomicsburce location of each compone@obtendorp & Oosterom, 1989

Independent Component Selection

In order to identify the component reflecting visually-induced activity, weechout
an iterative process for each participant. Initially, we examineddhlp topography of all
components, and retained all components which had focal activity lateralisedigithe r
hemisphere in or near the occipital cortex. This led to up to eight components beitegiselec
for each individual. The time course of the ERP from each of the selected components was
then inspected to find any components which had a clear visual evoked response. This led to
up to two components being selected for each participant. Time frequency afuaysiibed
below) was then performed on each of the selected components. In the case of the imdividual
who had more than one suitable component, we selected the component which showed the
clearest sustained gamma response in the wavelet decomposition. Thus, one compgonent tha
reflected the visual response was selected for each participant. The residunalevafithe
dipole model fit for each of the final selected components did not differ signifidaetiyeen
those with ASC (M=9.88, SD=9.13) and controls (M=7.44, SD=4.885)=.1.42, p=.16)

indicating similar data quality between the groups. Component selection andtwave

13



transformwere carried out whilst the participant was blind to any participant details,

including group and orientation discrimination thresholds.

In summary, for each piEcipant we selected one component which reflected a source
in or near right occipital cortex, which clearly demonstrated visually alicigeiral activity

identified as a sustained response in wavelet decomposition.
Time Frequency Analysis

The time seBs of the selected independent component from each subject was then
analysed in the tim&equency domain using wavelet transforms. The complex Morlet
wavelet (a complex exponential modulated by a Gaussian, ®0= 6; where ®0 is
nondimensional frequency) walsosen as the function y0 because it provides a good balance
between time and frequency localisation for feature extraction purgésastéd Moore &
Jevrejeva2004,Miiller et al.2004). The complex Morlatavelet is described by the

following function:

o) = mH4eiwane /2 1

The wavelet transforri?*(n, s) is a complex quantity whose modulus expresses the
amount of power ix and whose angle represents the local phase localised in time and
frequency (scale). Scale determines the temporal resolution of the snéhssicontinuous
wavelet transform of a time series of N subsampled data points at equal time increments

of 6t (Kaiser, 2010), is defined as the convolutioxpfvith a scaled and translated version

of Yy:

14
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wherey; is the complex conjugate af,, n is the time index and denotes the wavelet
scale. The set of scales were chosen such that the number of octaves per scale Wi&® set at
which provided a sufficiently smooth picture of wavelet power and resulted in enffici

spectral resolution in the Gamma range for the purposes of the present inoestigEtiz).

The time series of the selected component for each subject was analysed using this
wavelet method to examine the two main types of stimulus related gamma activityd evok
and inducedGalambos, 1992Evoked responses are phase locked to the onset of a stimulus,
and occur at around 100msec post stimulus ofs#ib+-Baudry & Bertrand, 1999 Evoked
activity can be detected by first averaging the time series of single triahsesgpand then
subjecting them to tiefrequency analysis. Thus, to estimate changes in evoked gamma
(phaselocked), data were trial averaged and then subject to the wavelet tranBfigrmean
values of power for each scale during the pre-stimulus period were considered gelimeba
and wee subtracted from the wavelet transform. As such, data is presented as changes in
power following stimulus presentation. The maxima of the subsequent matrix provided the
maximum posstimulus increase in evoked power in the gamma range following stimulus
presentation and the associated frequency at which it occurred. The analysstieed to

the gamma range, ie. frequencies betweef@(@dz ( Edden et al., 2009).

Induced gamma band activity typically occurs later than evoked actiniyc@nsists
of oscillatory bursts with variable onset latency from trial to trial. As such, indye@na
band responses cannot be observed by averaging data befofeetjoercy analyses, since

they are not phase locked to the stimulus. Thus, induced gamma aciivigried by

15



performing timefrequency analyses on each trial and then averaging the power changes at
each frequency. However this analysis will also contain the power change<ubkieel
(phaselocked) gamma response. Therefore, a better estimateunfaddctivity can be

obtained by subtracting the power changes at each frequency of the evpkededsom

these initial estimates of the induced activibayid, Kilner & Friston, 2006). Thus, to

estimate changes in induced gamma for each subject, the wavelet transforms faereeger

on each trial and were then subsequeanieraged (see Figure 2A &2 to remove the
remaining contribution of evokedagnma to the signal, the power changes for each frequency
for the evoked response were subtraéteoh the full signal (see Figurel®. As the induced
wavelet transforninad different magnitudes of power change to the full signal wavelet
transform, the transformsere rescaled between zero and unity before subtraction. The
maxima of the subsequent matrix wedected, providing the maximum pasimulus

increase in induced power in the gamma range following stimulus presentation and the

associated frequency at which it occurred.

16



Results

Orientation Discrimination Thresholds

As expected, all participants showed an oblique effect with thresholds sigiyficant
higher in the oblique condition (M= 6.31°, SD=2.13°) than the vertical condition (M=1.35°,
SD=.73°; 1(66) = -22.07, p=<.001). A omezy ANOVA indicated that there was a significant
effect of group on discrimination thresholds (F(1, 65) =488.55, p=<.001) and a significant
interaction between group and orientation discrimination condition (F(1,65)=5.39, p=.02).
Further analyses revealed that individuals with ASC had significantly loblgue
orientation discrimination thresholds (M=5.64°, SD=2.11°) than control participants
(M=6.8°, SD=2.05°; t(65)=-2.25, p=.0285.56), indicating superior orientation
discrimination in the participants with ASSee Figure B). However, there was no
significant difference in vertical orientation discrimination thresholds katweose with
ASC (M=1.27°, SD=.63°) and controls (M= 1.41°, SD=.80°; t(65)=-.72, pd4.19 see

Figure 3B.

As there was a significant interactibatween group and orientation discrimination
threshold, we calculated the magnitude of the oblique effect by subtracting eaatuists
vertical orientation discrimination threshold from their oblique orientation discaiioim
threshold. Participants with ASC had a significantly smaller obliquetdfite 4.37°,

SD=1.8°) than control participants (M=5.39°, SD=1.77°; t(65)=-2.32, pd-37).

Peak Gamma Frequency

As shown in Figure 3B, induced peak gamma frequency was significantly higher in
individuals with ASC (M=62.19 Hz, SD=10.04 Hz) than controls (M=51.61Hz,

SD=10.75Hz, t(65)=4.08, p=<.00d51.02. There was no difference in induced peak gamma

17



power between individdsawith ASC (M=68, SD=.28) and control participants (M=.74,
SD=.41; t(65)=-.653, p=.521=0.17). Pearson’s correlation coefficient indicated that peak

induced gamma frequency and peak induced gamma power weetated(r=.07, p=.60).

There was no significant group difference in peak evoked gamma frequencgibetwe
individuals withASC (M=45.62Hz, SD=15.38) and control participants€ 45.97Hz, SD=
17.95;1(65)=.086,p=.93,d=.02). There was also no significant difference in peak evoked
gamma power between individuals with AS@=5.51,9D=1.32) and control participants

(M= 5.87,9D= 1.46;1(65)=1.04,p=.3, d=.2).

We furtherinvestigated the extent to which induceshk gamma frequency was
correlated with orientation discrimination thresholaisd found, as expected, a significant
negative correlation between these two variapfes32, p=.008). Pearson’s correlation
coefficient indicated that peak induced gamma powerQ5+p=.72), peak evoked gamma
frequency (r=0.5, p=.69) and peak evoked gamma power (r=.14, p=.26) were not correlated

with orientation discrimination threshis.

Neither induced peak gamma frequency (r=.04, p=.78), oroblique orientation
discrimination thresholds (r=.01, p=.92) were correlated with aga/VASI T -scores were
correlated with oblique orientation discrimination thresholds (r=-.362, p=.003), buhot

induced peak gamma frequency (r=.11, p=.39).
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Discussion

Here, for the first time, we report thadividuals with ASC have superior orientation
discrimination thresholdsompared tanatchedcontrols.Both oblique thresholds and the
oblique effectaresignificantlyreduced in ASCwhilst vertical thresholds do not diffeFhis
echoes the results of previous work demonstrating that whilst oblique @ntation
discrimination thresholds are linked to autistic traits in the general populéion, this
relationship is not seen for vertical discrimination thresholds (Dikinson et al., 2014).
Given that performance for vertical stimuli is superior than that for cardinal stimuli
(Appelle, 1972), it is likely that vertical orientation discrimination thresholds may lead
to ceiling effects in both groups, and thus lack the adequate sensitivity totdet group

differences (see Dickinson et al., 2014 for a full discussion).

We also report the novel finding that the peak frequency of visually-induced gamma
activity is higher in ASCPeak gamma frequency was not found to decrease with age, as
has been previously reported (Muthumumaraswarmy et al., 2009), although this may be
due to age not being evenly distributed across the current sampleor example 75% of
participants were aged between 18 and 34 and only 25% of participants were aged
between 35 and 65As both enhanced orientatidiscriminationand higher peak gamma
frequency are associated with higher levels of neural inhibition in the at@prtex (Edden
et al.2009;Muthukumaraswamy et &009), we suggest that our results may indicate an
increase in occipital inhibition levels in ASC. This suggestian-igie with a previous claim
thatatypical neural connectivityy ASC maylead to increased lateral inhibition (Bertone et
al. 2005). Howeverasorientation discrimination threshold and peak gamma frequency have

specifically bea linked to GABAergic inhibition (Chen, Lemonnier, Lazartigues & Planche,
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2014; Edderet al.2009; Muthukumaswamyet al.2009) we suggest our data may indicate

increased occipital GABA levels in ASC.

While evidence of superior orientation discrimination in ASC concurs with work in
the auditory domain showing superior discrimination of gare pitch in ASC, at first
glance, this result appears to be inconsistent with existing studies in thedaswh. For
example, there are a number of studies showing thadlisagmination is impaired in ASC
(Franklinet al.2008; Franklinet al.2010; Heatoret al.2008; Hurlberet al.2011), whereas
luminance discrimination and contrast sensitivity are uredt¢ranklinet al.2010, Kohet
al. 2010b). Taken together however, all of these findings are entirely consistent with the
suggestion thaBABAergic inhibitionmay be increased in ASC. For example contrast
sensitivityis unrelatedo GABA levels(Yoonetal. 2010), and medicatiowhich increases
GABA levels, such as vigabatrin, leagdscolour impairments in healthy individuals
(Mecarelli Rinalduzzi & Accornero, 2001). In other words, increased GABA levels have
been associated with enhanced orientation discrimination and impaired colouridestooim)
and have been shown to exert no effect on contrast sensitivity. These findingerigtiag
psychophysical literatuneeporting perception in ASC. Further corroboration of our
suggestion that GABA levels may be increased in the visual cortex in ASG ¢ame
evidence that individuals with ASC show a slower rate of binocular rivalry thandodigi
without ASC (Robertson, Kravitz, Freyberg, Baron-Cohen & Baker, 20t8jether with
evidence thahigher GABA concentration in visual cortex and the administration of
lorazepam are associatetth slower rivalry dynamics in healthy voluntegasreduced rate

of binocular rivalry alterations may also suggest increased occipital GABA levels in ASC.

A more direct way to measure occipital GABA levels in ASC is to use MR
spectroscopy (MRS). To our knowledge, only one study has measured restiagievel

occipital GABA using MRSn ASC (Gaetz et aR014), and no differences in occipital
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GABA levels were found between individuals with and without ASC. However, close
inspection of the data indicates that there was a small trend towards increagieal occi
GABA levels in ASC. As theample size of this study was smaliata were obtained from
only eight individuals with ASC and ten controli$ is possible that this study was not
sufficiently powerful to detect differences in occipital GABA levels betwadividuals with
and without ASD. Nevertheless, the direction of the findsng-line with oursuggestion that
enhanced orientation discrimination and higher peak gamma frequency indicatesthcreas

neural inhibition in the visual cortex of individuals with ASC

In their original article proposing increased E:l ratio in autism, Ruber&tein
Merzenich (2003) suggested that E:I ratio may be increased in a number of kéy neura
systems including sensory systems. Our finding suggests that this may notasetiier the
visual cortex. Existing literature provides conflicting evidence witlardgto other sensory
modalities. As discussed above, at least some individuals with ASC show enhanceg auditor
discrimination, indicating inceessed inhibition in auditorgortex however MRS studidsave
found lower GABA levels in auditory cortex in ASC (Gaetz et al. 2014; Rojas et al., 2014).
These findings are from different research groups, and different individusdseeeuited to
the MRS and the auditory studies, therefore it is not possible to compare theny.directl
more valuable approach would be to obtain MRS and psychophysical data from the same
individuals, as was done by Puts and colleagues (Puts, Wodka, Tommerdahl, Mostofsky &
Edden, 2014), who found reduced (worse) tactile discrimination thresholds and

correspondingly lower GABA levels in somatosensory cortex in ASD.

Rubenstein & Merzenich (2003) also stated that increased E:| ratio may bt@sso
with some, but not all, forms of autism. The theory is based largely on the increased
prevalence of epilepsy in ASC, which is estimated to occur in 5-46% of people with AS

(Bryson Clark & Smith,1988; Hughes and Melyn, 2005). Noofethe participantérom
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whom data are reported here had epilepsy or any seizure hikemgfore, on the basis of the
current data, our suggestion for increased vsutical inhibition is restricted to the
subgroup of individuals who have ASC but do not have epil&fbyle the recruitment of
a relatively homogeneous sample of participants, i.e. higianctioning adults with ASC
with a relatively low incidence of cemorbid conditions, can be seen as strength of this
study, this sample is unlikely to be representative of the entire population aidividuals
with ASC. Indeed, although all of the participants had been given a clinical diasis of
ASC by a trained clinician in the UK, not all of the participants reached the cubff for
ASC on the ADOS aml / or the SRS. It will be important to establish whether the
findings reported here are replicated in children with ASC, lower functioning
individuals, those with increased symptom severity, and indeed individualshe have

both ASC and epilepsy.

The increased E:| ratio theory of autism has been linked by some to abnormal
minicolumn structure in ASC (Casanova, Buxhoeveden, Switala and Roy, 2002a;
2002b) If the structure of columns of orientation selective cells is altered in ASQ is
likely that this would have some impact on orientation discrimination ability. Post-
mortem studies have demonstrated that individuals with ASC show minicolumnar
abnormalities in the frontal and temporal regions of the brain (Buxhoevedental.,
2006; Casanoveet al, 2002a; 2002b; Casanova et al., 200&)ith minicolumns having
reduced neuropil space (Buxhoeveden et al., 2006; Casanova et al., 2002b; Casanova,
Buxhoeveden & Gomez, 2003), which has been postulated to lead to weakened
inhibition (Casanova et al., 2003). However, computational modelling work has
suggested that narrower minicolumns may actually lead to increased inhtion
(Gustaffson, 1997. Adding to this mixed literature is recent evidence that minicolumns

are in fact wider in sensory and higher order cognitive areas of cortex IASC
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(McCavanagh, Buckley & Chance, 2015). Therefore, it is difficult to interprethe
current data in terms of minicolumnar abnormalities, as there is confliahg evidence as
to how minicolumns are altered in ASC, and the consequenctsat this would have for

E:l balance.

Considering our present finding in the light of existing data, it is clear thatithare
need for larger studies that use different approaches to measure neurabmmobitiding
measuring sensory discriminatianross modalities, measuring GABA levels across different
areas of the cortex, and measuring peak gamma frequetiw/ same individuals. Peak
gamma frequency may represent a more reliable variable with which to iatestidividual
differences in cortial inhibition as it has been shown to be stable over time
(Muthukumaraswampegt al.2009), and also heritable (van R&bosma & Fries2012).
Obtaining converging within-participant results using different methodologiesldition to
anatomical correlates such as V1 size @chwarzkoptt al.2012), would provide much
clearer insight into E:I balance within individuals and would also pgeovitally important

evidence regarding heterogeneity in neural profiles within ASC.

To our knowledge, this study is the first to report peak gamma frequency in ASC
although numerous studies have measured gamma power in ASC, yielding mixed results.
Somestudies find reduced evoked gamma power and increased induced gamma power in
ASC (e.g. Rojas, Maharajh, Teale & Rogers, 2008) whereas other studies have found no
difference in evoked (Gandal et al. 2010; Wright et al. 2012) or induced gamma power
(Gandal e&al. 2010). Here, we found no significant difference in either evoked or induced
peakgamma power between the participants with and without ASC. Furthermore, there was
no significant relationship between peak gamma frequency and peak gamnmagpfmeig

which concurs with existing datdig Xing & Kohn, 2013).
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In conclusion, here we report that in a group of high functioning adults with ASC both
orientation discrimination thresholds and peak frequency of visually induced gamwitg acti
were significarly alteredcompared to a welnatched control groupVe suggest that these
results may indicate increasedcipital inhibition in ASC, which may be mediated through
increased GABA levelshis contrasts with the widelizeld view that neural inhibition may
be reduced in individuals with ASC. These data therefore highlight the possibilifjeoéni
neural profiles in ASC between different sutypes of ASD and / or between different brain
areas Crucially, thimmay be important in understanding the hetenggty seen in response to

clinical trials of drugs that attempt to modulate E:I balance in &3CErickson et al., 2014).

24



Acknowledgements

This work was supportday a small grant from the Experimental Psychology Society
awarded to EMWe thank all of the participants wigenerously gave up their time to

participate in this research.

References

American Psychiatric Associatio(2013).Diagnostic and statistical manual of mental

disorders, 5th ed Arlington, VA: American Psychiatri®ublishing.

Appelle, S. (1972). Perception and discrimination as a function of stimulus orientation: the"

oblique effect" in man and animaksychological bulletin, 78(4), 266.

Behrmann, M., Thomas, C., & Humphreys, K. (2006). Seeing it differently: visual piragess

in autism.Trends in cognitive sciences, 10(6), 258-264.

Bertone, A., Mottron, L., Jelenic, P., & Faubert, J. (2005). Enhanced and diminished visuo-
spatial information processing in autism depends on stimulus compBeain, 128(10),

2430-2441.

25



Bonnel, A., McAdams, S., Smith, B., Berthiaume, C., Bertone, A., Ciocca, V., ... & Mottron,
L. (2010). Enhanced pure-tone pitch discrimination among persons with autism but not

Asperger syndromeéNeuropsychologia, 48(9), 2465-2475.

Brainard,D. H. (1997). The psychophysics toolb&atial vision, 10, 433-436.
Brunel, N., & Wang, X. J. (2003). What determines the frequency of fast networktostslla
with irregular neural discharges? |. Synaptic dynamics and exctHatidntion balance.

Journal of neurophysiology, 90(1), 415-430.

Bryson, S. E., Clark, B. S., & Smith, I. M. (1988). First report of a Canadian epidemiblogica

study of autistic syndrome3ournal of Child Psychology and Psychiatry, 29(4), 433-445.

Buxhoeveden, D. P., Semendeferi, K., Buckwalter, J., Schenker, N., Switzer, R., &
Courchesne, E. (2006). Reduced minicolumns in the frontal cortex of patients with autism.

Neuropathology and applied neurobiology, 32(5), 483-491.

Buzsaki, G., & Wang, X. J. (2012). Mechanisms of garoswllations.Annual review of

neuroscience, 35, 203.

Casanova, M. F., Buxhoeveden, D., & Gomez, J. (2003). Disruption in the inhibitory

architecture of the cell minicolumn: implications for autigine Neuroscientist, 9(6), 496-

507.

Casanova, M. F., Buxhoeveden, D. P., Switala, A. E., & Roy, E. (2002a). Minicolumnar

pathology in autismNeurology, 58(3), 428-432.

26



Casanova, M. F., Buxhoeveden, D. P., Switala, A. E., & Roy, E. (2002b). Asperger's

syndrome and cortical neuropathologgurnal of Child Neurology, 17(2), 142-145.

Casanova, M. F., van Kooten, I. A., Switala, A. E., van Engeland, H., Heinsen, H.,
Steinbusch, H. W., ... & Schmitz, C. (2006). Minicolumnar abnormalities in aucn

neuropathologica, 112(3), 287-303.

Chen, C. M. A, Stanford, A. D., Mao, X., Abi-Dargham, A., Shungu, D. C., Lisanby, S. H.,
... & Kegeles, L. S. (2014). GABA level, gamma oscillation, and working memory

performance in schizophrenideurolmage: Clinical, 4, 531-539.

Cochran, D. M., Sikoglu, E. M., Hodge, S. M., Edden, R. A,, Foley, A., Kennedy, D. N, ... &
Frazier, J. A. (2015). Relationship among Glutamine, y-Aminobutyric Acid, and Social
Cognition in Autism Spectrum Disordedaurnal of child and adolescent

psychopharmacology, 25(4), 314-322.

Constantino, J. N., & Gruber, C. P. (2002). The social responsivenesd ss#iageles:

Western Psychological Services.

27



Cousijn, H, HaegensS, Wallis, G, Near J., Stokes, M.G., Harrison, R &.Nobre, A.C.
(2014). Resting GABA and glutamate concentrations do not predict visual gammenfrgqu

or amplitude Proceedings of the National Academy of Sciences, 111 (25), 9301-9306.

David, O., Kilner, J. M., & Friston, K. J. (2006). Mechanisms of evoked and induced

responses in MEG/EE®leuroimage, 31(4), 1580-1591.

Debener, S., Strobel, A., Sorger, B., Peters, J., Kranczioch, C., Engel, A. K., & Goebel, R.
(2007). Improved quality of auditory evergtated potentials recorded simultaneously with 3

T fMRI: removal of the ballistocardiogram artefadeuroimage, 34(2), 587-597.

De Jonge, M. V., Kemner, C., De Haan, E. H., Coppens, J. E., VandenBerg, T.J. T. P, &
Van Engeland, H. (2007). Visual information processing in high-functioning individudls wit

autism spectrum disorders and their parex¢sropsychology, 21(1), 65.

Delorme, A., & MakeigS. (2004). EEGLAB: an open source toolbox for analysis of single-
trial EEG dynamics including independent component analj@isnal of neuroscience

methods, 134(1), 9-21.

Dickinson, A., Bruyns Haylett, M., Jones, M., & Milne, E. (2015). Increased pgakma

frequency in individuals with higher levels of autistic tralisropean Journal of

Neuroscience, 41(8), 1095-1101.

28



Dickinson, A., Jones, M., & Milne, E. (2014). Oblique orientation discrimination thresholds
are superior in those with a high lewe¢lautistic traitsJournal of autism and devel opmental
disorders, 44(11), 2844-2850.

Edden, R. A., Muthukumaraswamy, S. D., Freeman, T. C., & Singh, K. D. (2009).
Orientation discrimination performance is predicted by GABA concentratiol gamma
oscillaion frequency in human primary visual cort@&ke Journal of Neuroscience, 29(50),

15721-15726.

Erickson, C. A., Veenstra-Vanderweele, J. M., Melmed, R. D., McCracken, J. T., Ginsberg,
L. D., Sikich, L., ... & King, B. H. (2014). STX209 (arbaclofen) fatiam spectrum
disorders: an 8veek operabel studyJournal of autism and developmental disorders, 44(4),

958-964.

Franklin, A., Sowden, P., Burley, R., Notman, L., & Alder, E. (2008). Color perception in

children with autismJournal of Autism and Developmental Disorders, 38(10), 1837-1847.

Franklin, A., Sowden, P., Notman, L., Gonzal&ixon, M., West, D., Alexander, I, ... &
White, A. (2010). Reduced chromatic discrimination in children with autism spectrum

disordersDevelopmental science, 13(1), 188-200.

Gaetz, W., Bloy, L., Wang, D. J., Port, R. G., Blaskey, L., Levy, S. E., & Roberts, T. P. L.

(2014). GABA estimation in the brains of children on the autism spectrum: measurement

precision and regional cortical variatidweuroimage, 86, 1-9.

29



Galambos, R. (1992). A comparison of certain gamma band (40-Hz) brain rhythmsnd cat a
man. Ininduced rhythmsin the brain (pp. 201-216). Birkhauser Boston.

Gao, F., Edden, R. A, Li, M., Puts, N. A., Wang, G., Liu, C., ... & Barker, P. B. (2013).
Edited magnetic resonance spectroscopy detects aelatgd decline in brain GABA levels.

Neuroimage, 78, 75-82.

Gandal, M. J., Edgar, J. C., Ehrlichman, R. S., Mehta, M., Roberts, T. P., & Siegel, S. J.
(2010). Validating y oscillations and delayed auditory responses as translational biomarkers

of autism.Biological psychiatry, 68(12), 1100-1106

Grant, A. C., Henry, T. R., Fernandez, R., Hill, M. A., & Sathian, K. (2005). Somatosensory

processing is impaired in temporal lobe epile@ylepsia, 46(4), 534-539.

Grinsted, A., Moore, J. C., & Jevrejeva, S. (2004). Application of the cross wavelebtnansf

and wavelet coherence to geophysical time se¥adinear processes in geophysics,

11(5/6), 561-566.

Gustafsson, L. (1997). Inadequate cortical feature maps: A neural cirauit tfeautism.

Biological psychiatry, 42(12), 1138-1147.

Heaton, P., Ludlow, A., & Roberson, D. (2008). When less is more: Poor discrimination but

good colour memory in autisrResearch in Autism Spectrum Disorders, 2(1), 147-156.

Houtgast, T. (1972). Psychophysical evidence for lateral inhibition in hedhagdournal of

the Acoustical Society of America, 51(6B), 1885-1894.

30



Hubel, D. H., & Wiesel, T. N. (1968). Receptive fields and functional architecture of monkey

striate cortexThe Journal of physiology, 195(1), 215-243.

Hurlbert, A., Loveridge, C., Ling, Y., Kourkoulou, A., & Leekam, S. (2011). Color
discrimination and preference in autism spectrum disoddernal of Vision, 11(11), 429-

429.

Jia, X., Xing, D., & Kohn, A. (2013). No consistent relationship between gamma power and

peak frequency in macaque primary visual corfée Journal of Neuroscience, 33(1), 1725.

Jones, C. R., Happé, F., Baird, G., Simonoff, E., Marsden, A. J., Tregay, J., ... & Charman, T.

(2009). Auditory discrimination and auditory sensory behaviours in autism spectrum

disordersNeuropsychologia, 47(13), 2850-2858.

Joyce, C. A., Gorodnitsky, I. F., & Kutas, M. (2004). Automatic removal of eye movement

and blink artifacts from EEG data using blind component separ&sgchophysiology,

41(2), 313-325.

Kaiser G (2010).A friendly guide to wavelets. Boston(MA): Birkhauser.

Katzner, S., Busse, L., & Carandini, M. (2011). GABAA inhibition controls response gain in

visual cortex:The Journal of neuroscience, 31(16), 5931-5941.

31



Kéita, L., Guy, J., Berthiaume, C., Mottron, L., & Bertone, A. (2014). An earlyrofigi
detailed perception in Autism Spectrum Disorder: biased sensitivity forspatal

frequency informationScientific reports, 4.

Koh, H. C., Milne, E., & Dobkins, K. (201paSpatial contrast sensitivity in adolescents with

autism spectrundisordersJournal of autism and developmental disorders, 40(8), 978-987.

Koh, H. C., Milne, E., & Dobkins, K. (2010b). Contrast sensitivity for motion detection and
direction discrimination in adolescents with autism spectrum disorders and thegssib

Neuropsychologia, 48(14), 4046-4056.

Lally, N., Mullins, P. G., Roberts, M. V., Price, D., Gruber, T., & Haenschel, C. (2014).
Glutamatergic correlates of gamihand oscillatory activity during cognition: a concurrent

ER-MRS and EEG studyeuroimage, 85, 823-833.

Leek, M. R. (2001). Adaptive procedures in psychophysical resdaiadgption &

psychophysics, 63(8), 1279-1292.

Li, G., Yang, Y., Liang, Z., Xia, J., & Zhou, Y. (2008). GABAediated inhibition correlates

with orientation selectivity in primary visual cortex of ddéuroscience, 155(3), 914-922.

Lord, C., Risi, S.LambrechtL., Cook, E.HJr., Leventhal B.L., DiLavore, P.C.Pickles
A., & Rutter, M. (2000). The Autism Diagnostic Observation Sched@ereric: A standard
measure of social and communication deficits associated with the spectrutisiof a

Journal of autism and developmental disorders, 30(3), 205-223.

32



Makeig, S., Jung, T. P., Bell, A. J., Ghahremani, D., & Sejnowski, T. J. (1997). Blind
separation of auditory event-related brain responses into independent components.

Proceedings of the National Academy of Sciences, 94(20), 10979-10984.

MATLAB, 6.1, The MathWorks Inc., Natick, MA, (2000).

McKavanagh, R., Buckley, E., & Chance, S. A. (2015). Wider minicolumns in autism: a

neural basis for altered processingfain.

Mecarelli, O., Rinalduzzi, S., & Accornero, N. (2001). Change®lar vision after a single
dose of vigabatrin or carbamazepine in healthy volunt€&irgcal neuropharmacology,

24(1), 23-26.

Muller, K., Lohmann, G., Neumann, J., Grigutsch, M., Mildner, T., & von Cramon, D. Y.
(2004). Investigating the wavelet cohererphase of the BOLD signdburnal of Magnetic

Resonance Imaging, 20(1), 145-152.

Muthukumaraswamy, S. D., Edden, R. A., Jones, D. K., Swettenham, J. B., & Singh, K. D.
(2009). Resting GABA concentration predicts peak gamma frequency and fMRiwatapfi
response to visual stimulation in humalRsoceedings of the National Academy of Sciences,

106(20), 8356-8361.

33



O'Riordan, M., & Plaisted, K. (2001). Eamced discrimination in autisniihe Quarterly

Journal of Experimental Psychology: Section A, 54(4), 961-979.

O’Riordan, M., & Passetti, F. (2006). Discrimination in autism within different sgnsor

modalities. Journal of autism and devel opmental disorders, 36(5), 665-675.

Onton, J., Delorme, A., & Makeig, S. (2005). Frontal midline EEG dynamics during working

memory.Neuroimage, 27(2), 341-356.

Oostendorp, T. F., & Van Oosterom, A. (1989). Source parameter estimation in
inhomogeneous volume conductorsadbitrary shapeBiomedical Engineering, IEEE

Transactions on, 36(3), 382-391.

PerreaultA., Gurnsey, R.Dawson M., Mottron, L.,& Bertone A. (2011) Increased

sensitivity to mirror symmetry in autisrRLoS One, 6(4), €19519-e19519.

Puts, N.A., Edden, R.A., Evans, C.J., McGlone,& McGonigle, D.J. (2011Regionally

specific human GABA concentration correlates with tactile discrimination thlidssfifhe

Journal of Neuroscience, 31(46), 16556-16560.

Puts, N. A., & Edden, R. A. (2012). In vivo magnetic resonance spectroscopy of GABA: a

methodological reviewProgressin nuclear magnetic resonance spectroscopy, 60, 29-41.

34



Puts, N. A., Wodka, E. L., Tommerdahl, M., Mostofsky, S. H., & Edden, R. A. (2014).
Impaired tactile processing imitdren with autism spectrum disorddournal of

neurophysiology, 111(9), 1803-1811.

Robertson, C. E., Kravitz, D. J., Freyberg, J., Baron-Cohen, S., & Baker, C. I. (2013). Slower

rate of binocular rivalry in autisnThe Journal of Neuroscience, 33(43), 16983-16991.

Rojas, D. C., Maharajh, K., Teale, P., & Rogers, S. J. (2008). Reduced neural synchronization
of gamma-band MEG oscillations in first-degree relatives of children witbnalBMC

psychiatry, 8(1), 66.

Rojas D.C., Singel, D.Stenhmetz S., Hepburn, S.& Brown, M.S. (2014)Decreased left
perisylvian GABA concentration in children with autism and unaffected siblings.

Neuroimage, 86, 28-34.

Rojas D.C, Becker K.M., & Wilson, L.B. (2015).Magnetic Resonance Spectroscopy
Studies of Glutamate and GABA in Autism: Implications for Excitafi@mbition Imbalance

Theory. Current Developmental Disorders Repolgk), 26-57.

Rubenstein, J. L. R., & Merzenich, M. M. (2003). Model of autism: increased ratio of
excitation/inhibition in key neural systentenes, Brain and Behavior, 2(5), 255-267.
Schwarzkopf, D. S., Anderson, E. J., de Haas, B., White, S. J., & Rees, G. (2014). Larger
extrastriate population receptive fielasautism spectrum disordee Journal of

Neuroscience, 34(7), 2713-2724.

35



Schwarzkopf, D. S., Robertson, D. J., Song, C., Barnes, G. R., & Rees, G. (2012). The
frequency of visually induced gamma-band oscillations depends on the size diusaaly

visual cortex.The Journal of Neuroscience, 32(4), 15071512.

Snijders, T. M., Milivojevic, B., & Kemner, C. (2013). Atypical excitation—inhibition ha&
in autism captured by the gamma response to contextual moduleignimage: Clinical,

3, 65-72.

Stanutz, S., Wapnick, J., & Burack, J. A. (2014). Pitch discrimination and melodic memory in

children with autism spectrum disordefsttism, 18(2), 137-147.

Tallon-Baudry, C., & Bertrand, O. (1999). Oscillatory gamma activity in humans sunolét

in object representatiofirends in cognitive sciences, 3(4), 151-162.

van Loon, A. M., Knapen, T., Scholte, H. S., John-Saaltink, E. S., Donner, T. H., & Lamme,
V. A. (2013). GABA shapes the dynamics of bistable percep@iarrent Biology, 23(9),

823-827.

Wang J, CasparyD., & Salvi, R.J. (2000) GABA-A antagonist causes dramatic expansion

of tuning in primary auditory cortedeuroreport, 11(15), 1137-1140.

Wang J., Ding, D.& Salvi, R.J. (2002). Functional reorganization in chinchilla inferior

colliculus associated with chronic and acute cochlear darkisgeing research, 168(1),

238-249.

36



Wechsler, D. (1999)Vechsler Abbreviated Scale of Intelligence. San Antonio, TX: The

PsychologicalCorporation.

White, S. J., & Saldafa, D. (2011). Performance of children with autism on the Embedded
Figures Test: a closer look at a popular tdskirnal of autism and developmental disorders,

41(11), 1565-1572.

Wright, B., Aldersonbay, B.,Prendergast, G., Bennett, S., Jordan, J., Whitton, C., ... &
Green, G. (2012). Gamma activation in young people with autism spectrum disorders and

typically-developing controls when viewing emotions on fa&eSOne, 7(7), e41326.

Yoon, J. H., Maddock, R. J., Rokem, A., Silver, M. A., Minzenberg, M. J., Ragland, J. D., &
Carter, C. S. (2010). GABA concentration is reduced in visual cortex in schizophrenia and
correlates with orientatiegspecific surround suppressiorhe Journal of Neuroscience,

30(10), 3777-3781.

Yuval-Greenberg, S., Tomer, O., Keren, A. S., Nelken, I., & Deouell, L. Y. (2008). Transient

induced gamm#éand response in EEG as a manifestation of miniature sacbkedesn,

58(3), 429-441.

37



Table 1. Demographic variables of participants included in analyses.

Measure Autism Spectrum Control Group Group Comparison
Condition Group

Mean (SD), Mean (SD), Student’s P-Value
Range or number (% Range or number t (or XZ)
(%)

Age (years) 30.11 (11.75), 28.77 (12.15), 45 0.65
18-55 18-65

Sex (N females) 9 10 0.34 0.59
(32.14%) (25.64%)

Matrix reasoning 30.63 (2.72), 29.32 (3.90), 1.51 0.14

raw score 25-35 16-34.

Matrix reasoning T- 61.52 (5.5), 58.95 (8.71), 1.38 0.18

score 51-72 29-70

ADOS 8.98 (3.89), 3-16

Communication

and Social

Interaction Total

(N=21)

SRS T-Score (N=20) 74 (9.12), 52-86
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Figure 1. Schematic diagram of orientation discrimination task.

Target grating
oriented at 55°

Reference grating
oriented at 45°

Figure 2. (A) Time frequency decomposition of all frequency bands (@00Hz) for one
participant. (B) Average scalp map of all selected independent component.)(Time
frequency decomposition of full gamma activity signal, including evokedral induced
activity for one participant. (D) Time frequency decomposition of induced gamma band
response for one participant. (E) The total power change at each frequencytime full
gamma signal (figure Z; plotted in blue) and in the induced gamma signal (figure 2;

plotted in green) for one participant.
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Figure 3. (A) Box plots demonstrating oblique orientation discrimination thre$olds for
both ASC and control participants. (B) Box plots demonstrating vertical orientation
discrimination thresholds for both ASC and control paticipants. (C) Box plots

demonstrating peak gamma frequency for both ASC and control participants.

A B Cc
T 12 = 12 80
z —_
2 2 . o
I
'E 104 5 104 = =
£ £ § 70
s e
o 8 8 8 g
2
: : $ o
E 6 § 3 g
g 5 o 50
2 g 4 : ¥
3 3
3 1 3 . 3 w .
2 24 3 24 = °
; : :
o

2 01 £ 01 30 =
3 T T g T T

ASC Control ASC Control ASC Control

Group Group Group

40



