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a b s t r a c t

Behavioral evidence suggests that emotion processing deficits in individuals with autism spectrum dis-
orders (ASD) may occur at the level of basic (early, rapid, automatic) affective processes. Consistently,
neurological evidence indicates that key brain areas associated with basic affective processing are atypi-
cal in ASD. The current study sought to better specify these deficits by comparing different components
of basic affective processing in 14 adolescents and adults with ASD and 14 typical controls matched for
age and verbal ability. Participants viewed affective pictures, and their responses were assessed with (i)
affective eyeblink startle modulation, an indicator of the brain’s aversive motivational system; (ii) facial
electromyography, an online indicator of implicit valence appraisal; and (iii) self-report, an indicator of
overt valence appraisal. The results show that in contrast to the typical pattern, in which exposure to
negative stimuli increases startle whereas exposure to positive stimuli decreases startle, individuals with
ffect
otivation

lectromyography (EMG)

ASD showed startle potentiation to both positive and negative stimuli. Atypical potentiation during posi-
tive stimuli occurred despite individuals with ASD demonstrating appropriate implicit valence appraisals,
reflected in their facial EMG responses, and appropriate overt appraisals, reflected in their self-reported
ratings of the stimuli. Potentiation of startle to both positive and negative stimuli suggests a disruption
in basic affective processes in ASD at the level of the early motivational response. This atypical pattern
of responses has implications for understanding social and emotion deficits in ASD and calls for further

ctive
investigation of basic affe

Clinical experience and research reveal that individuals with
utism spectrum disorders (ASD) have a mosaic of social and emo-
ional skills. People with ASD show atypicalities in several areas
f social and emotional functioning (Fein, Pennington, Markowitz,
raverman, & Waterhouse, 1986; Hobson, 2005; Kanner, 1943;
ogers & Pennington, 1991; Sigman, Kasari, Kwon, & Yirmiya, 1992;
igman & Ruskin, 1999). These disruptions include altered respon-
iveness to social and affective signals, atypical processing of faces,
nd greater generation of negative emotional expressions (Dawson
t al., 2002; Dissanayake, Sigman, & Kasari, 1996; Hobson, 1995,
999; Kasari & Sigman, 1996; Rieffe, Terwogt, & Stockmann, 2000;
ogers & Pennington, 1991). However, not all areas of social and

motional functioning are disrupted. Individuals with ASD express
full range of emotion, show attachment behaviors, and compre-
end a variety of emotional situations (Braverman, Fein, Lucci, &
aterhouse, 1989; Rogers & Pennington, 1991; Sigman et al., 1992;
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Sigman & Ruskin, 1999). Additionally, some ASD deficits in affec-
tive processing may be better attributed to cognitive or language
factors (Dawson, Soulieres, Gernsbacher, & Mottron, 2007; Ozonoff,
Pennington, & Rogers, 1990).

The above pattern of findings suggests that social and emotional
processing in ASD is selectively disrupted, rather than uniformly
impaired. This calls for a careful examination of different aspects
of affective processing to specify which functions are atypical.
The present study contributes to this goal by assessing several
components of basic affective processing using physiological and
behavioral measures.

Successful affective processing involves several basic compo-
nents, including assignment of salience to stimuli, determination
of positive or negative valence, activation of aversive and appetitive
systems which prime approach and avoidance behaviors, and gen-
eration of affective experience. These early, rapid, spontaneous, and
largely automatic processes help guide behavior, especially in fast,

dynamic, online interactions with the environment, such as recip-
rocal social exchanges (Bradley & Lang, 2007; Cacioppo, Tassinary,
& Berntson, 2000; Dawson et al., 2002; Lang, 1995). Some of these
processes are so rudimentary that several writers proposed that
human infants are biologically prepared to perceive and recipro-
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ally respond to social and emotional information (Balaban, 1995;
eltzoff & Moore, 1995; Stern, 1995; Valenza, Simion, & Cassia,

996). Consequently, disruptions in these basic skills may con-
ribute to atypical social and emotional development.

Behavioral and neuroscience research suggests that basic affec-
ive processes, such as those involved in creating emotional
eciprocity, are impaired in autism (Dawson, Webb, & Wijsman,
005; Dissanayake et al., 1996; Pennington, 2002; Rogers &
ennington, 1991). For example, individuals with ASD are impaired
n rapid and spontaneous facial mimicry (McIntosh, Reichmann-
ecker, Winkielman, & Wilbarger, 2006; Oberman, Winkielman,
Ramachandran, 2009). They also show undifferentiated and

nconsistent rapid facial responses to emotional expressions (Beall,
oody, McIntosh, Hepburn, & Reed, 2008) and demonstrate

ncreased latencies in early event related potential (ERP) brain
esponses to faces (Webb, Dawson, Bernier, & Panagiotides, 2006;
cPartland, Dawson, Webb, Panagiotides, & Carver, 2004; Dawson

t al., 2005).
Behavioral evidence of atypicalities in basic affective processes

s consistent with the neuropsychological evidence of ASD deficits
n basic affective and social brain networks, especially the temporal
obe, the orbital frontal cortex, and the prefrontal cortex (Amaral,
auman, & Schamann, 2003; Bachevalier, 2000; Baron-Cohen, Ring,
ullmore, Wheelwright, & Williams, 2000; Brothers, 1997; Dalton
t al., 2005). In particular, work has focused on the amygdala, a
emporal lobe structure involved in processing faces, assignment
f affective significance to stimuli, and organization of defensive
esponses (Aggleton, 2000). Compared to typical peers, in ASD the
mygdala shows functional and structural differences (Aylward et
l., 1999; Bauman & Kemper, 1985; Bauman & Kemper, 2005) and
typical activation to affective and social stimuli (Baron-Cohen et
l., 2000; Critchley et al., 2000; Dalton et al., 2005; Hazenedar et
l., 2000; Pierce, Muller, Ambrose, & Courchesne, 2001). In non-
uman primates, removal of or damage to areas of the temporal

obe, including the amygdala, result in deficits in social and affec-
ive functioning that parallel some deficits in ASD (Amaral et al.,
003; Bachevalier & Loveland, 2006).

Although behavioral and neuroscience evidence suggests ASD
eficits in basic affective processes, it is not clear which spe-
ific components are atypical. To examine this, the current study
sed three different methods that tap into motivational, valence,
nd explicit appraisal components: (i) affective startle modula-
ion; (ii) facial electromyography; and (iii) self-reports of stimulus
alence. As described in the next section, affective startle modula-
ion measures the influence of the valenced stimuli on the rapid and
eflexive responses of the aversive motivational system. Typically,
egative stimuli activate the aversive response system (enhancing
tartle) whereas positive stimuli dampen its activation (reducing
tartle). In contrast, facial EMG provides an online measure of
mplicit valence appraisals. Typically, positive stimuli activate facial

uscles associated with smiling whereas negative stimuli acti-
ate facial muscles associated with frowning. Finally, self-report
atings of stimulus valence tap the overt appraisal of the stimu-
us as well as the socialized understanding of the stimulus value.
ssessing all these three components together helps better spec-

fy the typical and atypical operation of basic affective processes
hat underlie social and emotional functioning in people with
SD.

. Motivational response system: affective startle

odulation

The modulation of a startle response during exposure to affective
timuli has been used extensively to study aversive and appeti-
ive response systems in the brain (Davis, 1997; LeDoux, 2000).
logia 47 (2009) 1323–1331

This method has several benefits. Responses are not contingent
upon motor planning, language, or participants’ voluntary actions
(Ornitz, Lane, Sugiyama, & de Traversky, 1993). Startle modula-
tion is evident across the lifespan, from infancy through adulthood
(Balaban, 1995; McManis, Bradley, Berg, Cuthbert, & Lang, 2001).
The method is validated across several clinical populations, includ-
ing individuals with anxiety disorders and sociopathy (Patrick,
Cuthbert, & Lang, 1994; Patrick & Zempolich, 1998).

In typical humans and other animals, negative stimuli prime an
aversive motivational response (supporting avoidance behaviors)
by enhancing startle magnitude to a sudden loud noise whereas
positive stimuli prime an appetitive motivational response (sup-
porting approach behaviors) by dampening the startle responses
(Bradley, Cuthbert, & Lang, 1990; Cuthbert, Bradley, & Lang, 1996;
Davis, 1997). Importantly, simple startle responses are intact among
individuals with ASD (Bernier, Dawson, Panagiotides, & Webb,
2005; McAlonan et al., 2002; Ornitz et al., 1993). Thus, the extent
and direction of startle modulation by affect helps assess the func-
tioning of basic motivational systems in people with ASD.

Affective startle modulation is supported by neural systems
involved in basic affective processing, such as the amygdala. For
example, electrical stimulation of the amygdala directly enhances
startle reflex amplitude, while lesions abolish it (Davis, 1997; Lang,
1995). Thus, atypical startle modulation responses in individuals
with ASD may point to a disruption in amygdala function.

Despite the value of the affective startle modulation as a probe
into the early affective and motivational systems, only one study has
examined it in ASD, and it obtained inconclusive results (Salmond,
de Haan, Friston, Gadian, & Vargha-Khadem, 2003). Salmond and
colleagues compared startle modulation to “nice” and “scary”
images in children and adolescents with ASD and typical peers.
Unexpectedly, in both typical and ASD groups, startle magnitudes
were smaller during the negative stimuli than the positive. The typ-
ical group results are especially surprising as they run counter to
the highly robust finding of startle enhancement during negative
stimuli in adults. The interpretation of the study is further compli-
cated by the absence of a neutral condition. Without it, it cannot
be determined if there was a suppression of startle to the nega-
tive stimuli or an elevation of the positive. Still, these results could
be interpreted as reflecting the characteristics of their sample and
the characteristics of the manipulation. First, the participants were
largely young males (13:1 for ASD, >50% of typical controls). Inter-
estingly, previous research found that typical boys (but not typical
girls) demonstrated increased startle responses with exposure to
positive versus neutral stimuli and suppressed startle with exposure
to negative versus neutral stimuli (McManis et al., 2001). Additional
data showed that the typical boys did not demonstrate as strong of
arousal activation (skin conductance) or affective responses (corru-
gator activity) to the negative stimuli as girls or adults. McMannis
and colleagues proposed that the results indicate incomplete acti-
vation of the defensive response system in the young boys. Second,
it is worth pointing out that the Salmond and colleagues study
did not control for the arousal value for the stimuli. Thus, assum-
ing the mild nature of researcher-selected images for children,
the observed decreased amplitude (reflecting orienting) to nega-
tive stimulus would be expected, rather than a defensively related
increase found at higher levels of intensity for negative stimuli. As
shown in previous research, decreased activation to negative or
threat stimuli is also occasionally found in adult males, and also
across genders when the stimulus intensity is low (Bradley & Lang,
2007; Cuthbert et al., 1996). Finally, the startle probe in Salmond

and colleagues (2003) was set at a significant lower volume than is
customary for startle research, which could further weaken acti-
vation of the aversive motivation system. In short, the previous
research on affective startle modulation in ASD is not conclusive
regarding the presence and nature of any atypicalities.
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Table 1
Group demographics and matching information.

Group N Age,
mean (SD)

PPVT score,
mean (SD)

ASQ score,
mean (SD)

Number
of males

Greenwald, Bradley, & Hamm, 1993). The SAM has been used for children as young
as 7 years and is thought to be language and culture-free. Participants looked at each
stimulus picture as long as they liked and then indicated on a computer keyboard
how they felt when they looked at the pictures.2
J.L. Wilbarger et al. / Neurop

In the present study, we address limitations in the previous
tudy. We compared responses across positive, negative, and neu-
ral images from standardized image sets. The positive and negative
mages were equated for arousal levels with mean arousal rat-
ngs sufficient to differentiate startle modulation between positive
nd negative stimuli. Based on previous behavioral and neuro-
ogical findings, we predicted that individuals with ASD would
emonstrate disruptions in startle modulation to affective stimuli,
upporting an atypical connection between affective appraisal and
otivational response.

. Spontaneous online evaluation: facial electromyography

To assess online, implicit evaluation of stimuli, the current study
ssessed automatic activation of the facial muscles associated with
he expression of emotion (Cacioppo, Martzke, Petty, & Tassinary,
988; Dimberg, 1982; Winkielman & Cacioppo, 2001). In particular,
ctivity over the corrugator supercilii, which knits the brow as in a
rown, typically shows greater activity during exposure to negative
timuli. The zygomaticus major, which pulls the lips back as in a
mile, shows increased activity during exposure to positive stimuli,
ecreased activity during exposure to negative stimuli (Dimberg,
982).

The research using facial EMG in individuals with ASD is rela-
ively sparse. However, during passive viewing of facial expressions,
dults and children with ASD have not shown typical, rapid, affec-
ive muscular reactions to others’ facial expressions of emotion.
oth diminished and enhanced EMG activity has been documented
Beall et al., 2008; Magnée, de Gelder, van Engeland, & Kemner,
007; McIntosh et al., 2006). When asked to classify emotions of
iewed faces, however, children with ASD do show matching emo-
ional facial expressions, but their responses are delayed when
ompared to those of typically developing children (Oberman et al.,
009). These observed differences in facial responses to affective
timuli in ASD may reflect disruptions in mimicry or behav-
oral matching, or they may reflect atypical affective responses to
he faces (Moody & McIntosh, 2006; Moody, McIntosh, Mann, &

eisser, 2007). Because these previous studies did not examine
esponses to non-facial stimuli, it is unclear if these differences are
otor or affective responses to faces (an affective response to a face
ay be the same as a motor matching response to the face). Equally

nclear is if the differences are specific to social stimuli. In the
urrent study, we examined affective EMG in response to a wider
ariety of stimuli to evaluate whether people with ASD show a gen-
ral difference in the automatic appraisal of the affective valence
f stimuli. If theories supporting atypical appraisals of emotional
timuli are correct, and the earlier findings reflect this difference,
hen individuals with ASD should show diminished affective EMG
esponses to emotional stimuli.

. Overt evaluations: self-report of experienced affect

We also collected self-reports of experienced affect. This is
mportant because what people consciously feel and explicitly
eport after viewing a stimulus may differ from the basic moti-
ational response to the stimulus (assessed via startle) and from
he implicit valence appraisals (assessed via facial EMG) or both.
ased on evidence that people with ASD comprehend emotional
ituations and express a full range of emotion (Sigman & Ruskin,
999), we did not expect significant group differences on the self-

eport measure. The prediction of group similarity on self-report
easures, but not on basic affect measures, is also consistent with

roposals that individuals with ASD use slower, more intentional
ompensatory processes to perform social-emotional tasks (e.g.,
utherford & McIntosh, 2007).
ASD 14 21.9 (7.5) 104 (21) 22.7 (3.3) 11
Typical 14 21.1(5.7) 112 (12) 1.2 (1.3) 12

4. Method

4.1. Participants

Fourteen high functioning adolescents and adults with ASD were matched to a
group of 14 typically developing individuals on chronological age and verbal ability
as measured by the Peabody Picture Vocabulary Test (Dunn & Dunn, 1997) (see
Table 1). Participants were recruited from Denver, Colorado, area clinics, support
groups, community advertisements, and the university research pool. Participants
were paid or received course credit. Consent and/or assent were obtained from all
participants or their legal guardians. All procedures were approved by the University
of Denver Institutional Review Board for the use of human subjects.

Individuals with ASD met the criteria for either Autistic Disorder (AD) or
Asperger’s (ASP) syndrome using the DSM-IV TR (APA, 2001) and on either the
Autism Diagnostic Inventory-Revised (ADI-R) (Lord, Rutter, & Le Couteur, 1994) or
the Autistic Diagnostic Observation-Generic (ADOS-G) (Lord et al., 1997). All par-
ticipants’ parents completed an Autism Screening Questionnaire (ASQ) (Berument,
Rutter, Lord, Pickles, & Bailey, 1999).1 Individuals in the ASD group scored above the
suggested cut-off (15 points) discriminating between ASD and pervasive develop-
mental disorders (PDD). Typical participants scored well below the cut-off point.
Individuals were excluded from participation if they had a significant hearing or
visual impairment or other medical conditions prohibiting full participation or if
they had autism associated with another condition such as Fragile X syndrome or
Tuberous Sclerosis.

4.2. Measures

4.2.1. Verbal ability
The Peabody Picture Vocabulary Test (PPVT) is a receptive language scale that

demonstrates good reliability and validity. Average correlation to the Wechsler Intel-
ligence Scale for Children (WISC) Verbal Scale is .91. Responses require only pointing
and do not rely on expressive language. Standard scores are available for individu-
als 3 years to adult. Groups were matched within one standard deviation on PPVT
standard scores.

4.2.2. Startle modulation
Affective startle modulation was assessed by magnitude of eye-blink startle

measured by EMG activity over the area of orbicularis oculi muscle following a 90 db,
50 ms white noise instantaneous rise startle probe. Two electrodes, 5 mm apart, were
centered below the bony orbit of the left eye (Berg & Balaban, 1999; Blumenthal et
al., 2005). Each eye blink was scored for activity between 30 ms and 150 ms after
the onset of the startle probe. A period of 120 ms was chosen to capture eye-blink
responses with longer latencies as seen in individuals with autism (Ornitz et al.,
1993). Activity was expressed as the difference between muscle activity during the
startle period and a 120 ms baseline period before the startle probe.

4.2.3. Affective facial EMG
Electrodes placed on the left brow and the left cheek measured EMG activity over

the corrugator supercilii (frown) and zygomaticus major (smile), respectively. All
EMG procedures followed guidelines established by Fridlund and Cacioppo (1986).
Activity was computed by subtracting muscle activity during a 2 s baseline period
before the picture presentation from activity during the first 2 s of the 6 s picture
viewing.

4.2.4. Picture ratings
Participants rated the affective valence of the images using the self-assessment

manikin (SAM) a 9-point picture symbols scale (Bradley & Lang, 1994; Lang,
1 The ASQ has subsequently been published as the Social Communication Ques-
tionnaire by Western Psychological Services, Los Angeles.

2 The instructions were to “PRESS the number between 1 and 9 that best tells
HOW YOU FEEL when you look at the picture.”
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Table 2
Mean normative ratings for valence and arousal for the IAPS picture stimuli by
valence category.

Picture Valence

Negative Neutral Positive

Valence ratings
Mean 2.35 5.32 7.88
Range 1.78–3.72 4.47–6.64 7.38–8.34
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Table 3
Means and standard deviations for startle modulation for Picture Valence for each
group and Picture Valence.

Group Picture Valence

Negative, mean (SD) Neutral, mean (SD) Positive, mean (SD)
lerting ratings
Mean 5.36 3.75 5.19
Range 4–7.35 2.77–5.51 4.1–6.44

.3. Picture stimuli

Participants viewed a total of 54 images; 45 from the International Affective Pic-
ure System (IAPS) (CSEA-NIMH, 1994) and nine from a standardized set of facial
xpressions (Matsumoto & Ekman, 1988)3 Six pictures each of three valences (nega-
ive, positive, neutral) were presented in blocks of 18 trials. Positive images included
ature scenes, food, and positive facial expression. Negative images included spi-
ers, snakes, car crashes, negative facial expressions, and people in distress. Neutral

mages included objects such as kitchen utensils and faces with neutral expressions.
alf the pictures in each valence category had social content (e.g., faces, people
ngaged in some type of activity4), and half did not (e.g., environments, animals or
bjects). Because no systematic content effects were found, all analyses included all
timulus types and content effects will not be discussed further. The stimuli were
uitable for presentation to individuals across a range of ages and cognitive abilities.

The IAPS images have normative data for the intensity of affective valance and
rousal value, validated through self-report rating procedures and psychophysiolog-
cal measures (Bradley & Lang, 2007). Positive and negative images were matched
or arousal ratings. By nature, the neutral affective images have lower arousal rat-
ngs. The positive and negative are in a relative moderate range because images of
raphic violence or erotica were excluded. The mean normative valence and arousal
atings for the negative, neutral, and positive pictures are displayed in Table 2.

.4. Procedures

After arrival, participants were oriented to the study; diagnostic information,
onsent, and assent were obtained; and the PPVT was administered. During the
ab session, participants were seated comfortably, their skin was prepared with
sopropyl alcohol and mild skin abrasive, and 4 mm silver/silver chloride surface
lectrodes were attached (impedances less than 15 k�). After a brief habituation
eriod, participants engaged in the picture viewing (startle) procedure. Startle pro-
edures were based on previous studies (Bradley et al., 1990; Cuthbert et al., 1996).
ifty-four pictures were shown in three randomly presented blocks of 18. Stimuli
ere randomized within each block of 18 by presentation software (E-Prime). Each
lock had an equal number of each valence and social condition. No other con-
traints were placed on the presentation. Pictures were shown for 6 s on a computer
creen, followed by an inter-stimulus interval (ISI) of 10–17 s. A startle probe was
resented binaurally through Beyerdynamic TDE-65 sound attenuating headphones
uring two thirds of the pictures in each block. On these trials, the startle probe was
resented pseudorandomly at 2.5, 3.5 or 4.5 s after the onset of the picture. Three
ersions of the experiment were counterbalanced such that across participants each
icture was paired with the acoustic probe an equal number of times. Startle probes
ere also presented pseudorandomly during the blank screen ISIs. The probe time
as varied during trials and additional probes were presented during the ISI to con-

rol for conditioning to and anticipating of the sound stimuli. After each block, the
articipant viewed the stimuli again, this time rating them for affective valence on

he Self-Assessment Manikin (Bradley & Lang, 1994). All picture and sound stim-
li were presented and responses recorded via computer using E-Prime software
Schneider, Eschmann, & Zuccolotto, 2002). Participants were also videotaped to
ontrol for movement and attention artifacts.

3 The source and identification numbers for the affective picture stimuli are listed.
nternational Affective Picture Set (CSEA-NIMH, 1994) – negative non-social stimuli:
280, 6230, 7380, 9290, 9340, 9560, 9561, 9830, 9910; negative social stimuli: 2800,
900, 3230, 3301, 3350, 9220; neutral non-social stimuli: 1121, 1560, 1670, 7034,
100, 7233, 7235, 7500, 7560; neutral social stimuli: 2214, 2250, 2383, 2487, 4605,
070; positive non-social stimuli: 1440, 1710, 1750, 5700, 5910, 5982, 7230, 7330,
501; positive non-social stimuli: 2070, 2150, 2340, 2550, 8420, 8470. JACFEE or
ACNeuF Facial Images from Matsumoto and Ekman (1988) – negative: E1, E21, E31;
eutral N1, N27, N46; positive: E36, E38, E40.
4 In all but five of the 27 social content images, facial expression could be clearly

een. In all positive facial expressions were happy and joyful, negative were balanced
etween anger, sadness and distress.
Typical .29 (.36) .06 (.34) −.14 (.43)
Autism (ASD) .10 (.23) −.19 (.27) .14 (.22)

4.5. Apparatus

A Neuroscan 32-channel Synamps amplifier controlled by SCAN software col-
lected, amplified, and filtered 3 channels of EMG with millisecond accuracy. A PC
computer controlled and synchronized data collection and stimulus presentation.
The startle probe was amplified and sent to the headphones via a Technica amplifier.
Sound levels were calibrated with a Radio Shack Audiometer.

4.6. EMG data acquisition, reduction and analysis

EMG signals were amplified by a factor of 150 at the head box located near the
participant and by a factor of 500 at the amplifier. Signals were filtered on-line with
a low pass of 500 Hz and a high pass of 10 Hz. Data were sampled at 2048 Hz. The
baseline and response period signals for each muscle were rectified, integrated, and a
magnitude was calculated offline using CNS Suite data reduction program (Ohio State
University Social Neuroscience Laboratory, 1999). The magnitude of EMG response
was determined using a Waveform Moment Analysis (WAMA), which calculates a
mean of EMG activity across the selected measurement time window (Cacioppo &
Dorfman, 1987).

Electromyographic data from each of the three muscles were logarithmically
transformed to normalize the distribution of scores and reduce the influence of
extreme values. Scores were standardized by block for each individual to reduce the
influence of drift and make the data comparable across subjects. All EMG trials for the
affective startle modulation and affective facial responses were screened via review
of videotapes and raw EMG data. Videotapes were reviewed for lack of attention to
the screen, extraneous movement, and lack of eye blinks during startle trials in the
participants. We also examined the raw EMG data for activity not related to stimuli
(noise) in the pre-stimulus and post-stimulus periods or a lack activity of 10% or
greater over the baseline period within the startle probe window. Approximately
10 percent of trials were eliminated, the majority of which were due to movements
artifacts; this proportion did not differ across groups. The criteria for trial elimination
were based on previous publications (e.g. Berg & Balaban, 1999; Cuthbert et al., 1996).

5. Results

5.1. Startle modulation

As described above, affective startle modulation taps the func-
tioning of the basic appetitive-defensive motivational system.
Based on reports of psychological and neurological atypicalities
with core affect functioning, we predicted that participants with
ASD would show atypical affective startle modulation. We first
examined whether there were any effects related to the social
content of the pictures. There were no significant main effects
or interactions with the other factors for social content factor
(p’s = .39–.80). Differences in affective startle modulation were then
examined between the two groups (ASD, Typical) and for three
different pictures valences (Negative, Neutral, Positive) (Table 3).
A mixed model repeated measures ANOVA indicated a significant
main effect of Picture Valence, F(2,52) = 5.23, p = .009, and a signif-
icant Group by Valence interaction, F(1,26) = 5.82, p = .005. There
were no significant differences in startle response for probe time
for either group or between groups (p’s = .1–.45).

As displayed in Fig. 1, the typically developing group showed
the expected pattern of startle potentiation during negative stimuli
and suppression during positive stimuli. Startle responses during
the negative stimuli were significantly larger than during the neu-

tral stimuli, t(13) = 2.28, p = .04 (all t-tests are two-tailed) and the
positive stimuli, t(13) = 2.94, p = .01. There was a trend for smaller
startle responses during the positive stimuli compared to the neu-
tral stimuli, t(13) = 1.56, p = .10.
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Fig. 1. Mean standardized log EMG activity over the area of the orbicularis oculi
across 120 ms beginning 30 ms after a 50 ms 95 db burst of white noise measured
while participants viewed affective picture stimuli. Individuals with ASD differ from
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Fig. 2. Mean standardized log EMG activity over the areas of the (A) zygomaticus
he typical pattern by showing startle potentiation while viewing positive stimuli
last column).

As predicted, individuals with ASD did not show this typical
attern. They showed startle potentiation for both negative and
ositive stimuli relative to the neutral stimuli. Startle responses
uring negative and positive stimuli were significantly larger
han responses during the neutral stimuli, t(13) = 2.29, p = .04 and
(13) = 2.75, p = .02, respectively. Startle responses during exposure
o the negative and positive stimuli did not differ significantly from
ach other.5

Additional comparisons within each stimulus valence revealed
hat groups differed in responses to positive and neutral stimuli,
ut not to negative stimuli. Specifically, during the positive stim-
li, the ASD group showed greater startle than the typical group,
(26) = 2.12, p = .04. During neutral stimuli, the ASD group showed
ower startle than the typical group, t(26) = 2.15, p = .04. In short,
ndividuals with ASD demonstrated a strikingly consistent pattern
f potentiation to both positive and negative stimuli. Eighty-six per-
ent of the ASD group demonstrated this pattern, whereas only one
erson (7%) in the typical group did so.

.2. The role of arousal in startle magnitude

It is important to consider whether the increased startle mag-
itudes for both positive and negative stimuli in the ASD group
re due to the higher arousal ratings of the positive and negative
timuli. To evaluate this possibility, bivariate correlations were per-
ormed between the arousal values and startle magnitudes. There
ere no significant correlations between startle magnitudes and

rousal values for the individual stimuli. Correlations between star-
le magnitudes and the normative arousal ratings for the picture
timuli for the typical and ASD groups are respectively, .24 and .06
or positive stimuli, .08 and .05 for neutral stimuli, and .08 and .12

or negative stimuli. Arousal ratings do not appear to account for
he startle modulation results.6

5 The apparent suppression of startle responses to neutral pictures is an artifact of
tandardization. Responses were standardized for each individual. The standardized
tartle responses for the neutral stimuli are usually at the mean or zero point. This
as true for the typical group. In the ASD group, the overall standardized mean

tartle responses are higher because of the increased magnitude of startle responses
o the positive stimuli. This results in the responses to the neutral stimuli that fall
elow the mean or become negative.
6 In the current study, startle responses did not correlate with the established
orms for arousal rating for any of the groups. However, individuals in the current
tudy did not rate the pictures for arousal value, so we do not know if the established
orms apply to the ASD group.
major and (B) corrugator supercilii across a 2 s interval while participants viewed
three valences of affective stimuli. Responses were equivalent between individuals
with ASD and typical individuals for both muscles and across Picture Valence.

5.3. Affective facial EMG

As described above, facial EMG taps into appraisal of Picture
Valence reflecting higher-order, yet implicit processes. If atypical-
ities in ASD processing occur uniformly across multiple levels of
affective processing, one should expect group difference on this
measure. However, if higher-order processes are intact, one should
expect no differences.

These predictions were tested in two Group (Typical, ASD) by
Picture Valence (Negative, Neutral, Positive) repeated measures
ANOVAs, one for each facial muscle (zygomaticus and corruga-
tor) (Fig. 2A and B). Overall, there were no Group differences or
Group by Valence interactions in zygomaticus or corrugator activ-
ity (p > .05). More specifically, in both groups the analysis revealed
a standard pattern of facial reactions to affective pictures. For zygo-
maticus activity (e.g., smiling), there was a significant main effect
for Picture Valence, F(2,66) = 13.44, p = .001, with greater zygomati-
cus activity during positive images compared to the negative and
neutral images, t(35) = 4.1, p < .001 and t(35) = 4.1, p < .001, respec-
tively. There was no difference in EMG activity over the zygomaticus
between the negative and neutral conditions. For corrugator activ-
ity (e.g., scowling), there was also a significant effect for Valence,
F(2,46) = 20.98, p = .001, with more corrugator activity during neg-
ative images than during positive and neutral images, t(35) = 4.89,
p < .001, and t(35) = 2.69, p = .011, respectively. Corrugator activity
was lower during positive compared to neutral images, t(35) = 5.13,
p < .001. In conclusion, the EMG data indicated that this sample
of high functioning individuals with ASD demonstrated typical
appraisal of the valence of the stimuli shown through expressive
responses.
5.4. Self-report picture rating

Finally, we collected participants’ self-report of valence. This
measure allowed us to determine whether any atypical physio-
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ogical responses reflect different understandings of the affective
ualities of the stimuli. The groups did not differ in their affective
atings of the pictures. A Group (Typical, ASD) by Picture Valence
Negative, Neutral, Positive) repeated measures ANOVA found no
ifferences for Group or Group by Valence interactions (p > .05).
here was a significant effect of Picture Valence, F(4,48) = 260.75,
= .001. Positive stimuli received the most positive (highest) rat-

ngs (M = 7.25, SD = 1.1) followed by neutral (M = 4.4, SD = .67) and
egative stimuli (M = 2.62, SD = .87). These ratings are consistent
ith norms established for these stimuli (Center for the Study of

motion and Attention, CSEA-NIMH, 1994).

. Discussion

The current study assessed startle modulation, facial EMG, and
elf-reported affective responses during emotional stimuli to exam-
ne different components of affective processes in individuals with
SD and typical controls. There were three important findings.

First, and most critically, the results supported our prediction
f atypical startle modulation, with ASD individuals showing star-
le potentiation to both positively and negatively valenced stimuli.
his pattern contrasts with typical affective modulation of startle
esponses, in which startle is suppressed during positive stimuli
nd increased during negative stimuli (Lang, 1995).7 As discussed
n the introduction, unusual affective startle modulation in chil-
ren and adolescents with ASD was also reported by Salmond et al.
2003). They found greater startle during positive versus negative
timuli. However, there was no such difference in the present data.
he lack of an affectively neutral condition, uncertainty regarding
rousal levels of the stimuli, and a weaker than usual startle probe in
almond and colleague’s study may explain the differences in find-
ngs. At minimum, the two studies together indicate that affective
tartle modulation is disrupted in ASD, with atypical startle poten-
iation during positive stimuli. Given the differences in methods,
here is good evidence from the present study that there is also
otentiation during negative stimuli.

The atypical potentiation during positive stimuli occurred
espite the next pair of findings. Individuals with ASD made
ppropriate implicit appraisals of the positive and negative stimuli
demonstrated through facial EMG), and made appropriate self-
eports of affective valence. These findings from the current study
rovide an important context for interpreting the affective startle
odulation result.
The second finding of valence-appropriate EMG responses in

SD participants runs against suggestions that ASD individuals
re impaired across different levels of affective processes. Instead,
he current findings are consistent with recent reports that facial
MG responses in ASD may be atypical or typical, depending on
hether the task requires spontaneous responses or encourages

ctive valence processing. Specifically, during passive viewing of
acial expressions children (Beall et al., 2008) and adults (McIntosh
t al., 2006) with ASD do not consistently show the same pattern of
apid matching of emotional facial EMG responses as seen in typical
hildren and adults. However, other work found that ASD indi-
iduals will show valence-congruent facial EMG responses when
he task encourages explicit categorization or involves longer peri-

ds of viewing (Magnée et al., 2007; Oberman et al., 2009). The
resent study used a relatively long 2 s viewing window, but partic-

pants were not asked to explicitly categorize the stimuli. We may
ave tapped into responses that, while implicit, were more sub-

7 Hess et al. (2007) found that in typical males, which make up most of our control
ample, the startle modulation by affective faces was similar to the non-face stimuli
potentiation to angry, inhibition to happy). This is consistent with our findings
here we saw no effects of social versus non-social content.
logia 47 (2009) 1323–1331

ject to higher-order influences because we measured EMG over a
longer period of time than studies looking at rapid and spontaneous
responses. In conclusion, it appears that individuals with ASD may
use higher-order, atypical, or less rapid processes to make affec-
tive appraisals (Rutherford & McIntosh, 2007). Interestingly, the
absence of any differences in valence appraisal based on the social
versus non-social content of the stimuli suggests that observed
differences are unrelated to differences in attention to faces. Still,
further work evaluating this possibility directly would be useful.

Finally, the current study found no group differences on self-
reports of affective experience. The finding that ASD individuals can
appropriately evaluate standard affective stimuli is consistent with
previous findings and further supports the idea that the higher-
order process of valence appraisal is intact in individuals with ASD.

6.1. Possible implications of atypicalities in affective startle
modulation

The observed atypical potentiation of startle during positive
stimuli in ASD individuals, despite their intact higher-order valence
appraisals, has several implications for understanding the basis of
behavior and development in autism.

First, these results suggest a disruption in ASD in a specific early
stage, automatic affective process: potentially due to either the
atypical priming of an aversive motivational system or the lack of
activation of appetitive influences during exposure to positive stim-
uli. One of the primary functions of affect is preparation for action
towards or away from stimuli in the environment. The presence of
affective stimuli automatically influences motivational responses
such as startle, which is a basic automatic defensive response. Expo-
sure to positive stimuli that activates appetitive motivation should
suppress startle (Lang, 1995; Schmid, Koch, & Schnitzler, 1995).
That positive stimuli enhanced startle responses in adults with ASD
indicates a possible dissociation between the typical motivational
response to affective stimuli and the higher-order assignment of
valence to stimuli.

Several questions arise about possible consequences of this phe-
nomenon. Full activation of the defensive response system involves
a cascade of behavioral and physiological responses (Graham, 1984;
Davis, 1997; LeDoux, 2000). Behaviorally, the results of defensive
responses include freezing, fleeing or fighting. Although defen-
sive types of behaviors such as avoidance or aggression are not
uncommon in individuals with autism neither are they predomi-
nant behaviors across all individuals, particularly high functioning
individuals with ASD. Therefore, atypical priming or the lack of
suppression of the aversive response system to positive stimuli is
likely to result in more subtle behavior such as diminished approach
behaviors, decreased range of preference or increased general neg-
ative affect (Murphy & Zajonc, 1993; Winkielman, Berridge, &
Wilbarger, 2005). Indeed, children with autism have been reported
to demonstrate more negative emotional expressions, are more
likely to demonstrate negative affect in positive situations, use more
blended emotions, have gaze aversion, and show reduced social
approach and attention (Kasari, Sigman, Yirimiya, & Mundy, 1998).
Further, some autobiographical accounts by adults with ASD note
discomfort with affective social contact and often describe the need
to learn the rules of social engagement that seem to come so natu-
rally to others (Jones, Quigley, & Huws, 2003; Grandin, 2000).

The second implication of finding atypical affective processing
concerns the development of social and emotional skills. Several
authors have proposed that deficits in the assignment of salience

or reward to affective stimuli may explain key deficits in autism,
such as face processing, joint attention and language (Baron-Cohen
et al., 2000; Dawson et al., 2005; Gaigg & Bowler, 2007; Mundy
& Neal, 2000; Winkielman, McIntosh, & Oberman, in press). The
results of our study support the notion of a disruption in the assign-
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ent of reward value to stimuli rather than a lack of responsiveness
o affective stimuli in ASD. Even if positive stimuli are not directly
versive, individuals with ASD may perceive positive stimuli as
mbiguous or lacking reward. Accordingly, they may cognitively
ppraise them as positive, but experience a low-level defensive
otivational (somatic) response. Such ambiguity may render pos-

tive stimuli unreliable, useless, or even noxious. For example, if a
hild’s mother’s smile towards a new toy primes the same physi-
logical tendency for aversive responding as a frown at approach
o a hot stove, at some point referencing a parent for affective cues

ay not yield salient information. Social referencing may therefore
iminish.

Third, our results have implications for the study of the neu-
ological substrates of ASD, and emphasize the importance of
urther investigation of aversive and appetitive response systems.
pproach and avoidance behaviors involve multiple overlapping
rain systems (Berridge, 2003; Rolls, 1999). Some of the brain sys-
ems involved in appetitive and defensive behavior have also been
mplicated in autism, including the temporal lobe, the amygdala,
nd oribitofrontal cortex (OFC) (Amaral et al., 2003; Aylward et
l., 1999; Bachevalier, 2000; Bachevalier & Loveland, 2006; Baron-
ohen et al., 2000; Brothers, 1990; LeDoux, 1996; Rolls, 1999).

The amygdala is an important structure to consider as it has
een implicated in autism, and is critical in affective modulation of
tartle responses (Davis, 1997). One key function of the amygdala is
he coordination of output to the autonomic nervous system (ANS)
or defensive responding such as in affective startle modulation.
ur results imply that the output of this circuit function typically

or the potentiation of startle during exposure to negative stimuli,
ut not for the suppression of startle during exposure to positive
timuli. This finding provokes the question of how key a neural sys-
em for the modulation of affect, such as the amygdala, functions in
utism. Some researchers argue that the amygdala is responsible for
he assignment of both significance and valence of stimuli (Davis,
997; LeDoux, 2000). Others point to the role of the frontal reward
ystem in the assignment of valence to affective stimuli, particu-
arly in primates (Rolls, 1999). The OFC is particularly important in
he assignment of reward value in the context of motivation (Rolls,
999). Additionally, appetitive behavior is coordinated by a host
f other brain structures that interface with the amygdala, such as
he nucleus accumbens (NAC) and hypothalamus (Berridge, 2003).
n particular, lesions or pharmacological disruptions in the NAC in
nimals have been shown to reduce the effect of appetitive stim-
li startle attenuation (Koch, Schmid, & Schnitzler, 1996). Although
urrently there is little evidence of differences in the NAC in peo-
le with ASD (Langen, Durston, Staal, Palmen, & van England, 2007),
nimal models of autism in rats prenatally treated with valproic acid
how deficits in the NAC related to hedonic functioning (Schneider,
iòłkowska, Gieryk, Tyminska, & Przewłocki, 2007).

Recent proposals about social and affective deficits in ASD have
mplicated both the amygdala and the OFC. Dalton et al. (2005)
ropose that attention to face stimuli activates affective process-

ng circuitry including the amygdala and the OFC and produces
egatively valenced hyperarousal which in turn leads to charac-
eristic gaze aversion to faces. Dawson et al. (2005) have proposed
social motivation hypothesis for explaining affective processing
eficits in ASD involving reward circuitry of the amygdala and OFC.
he authors propose that the usual affective or social stimuli fail
o activate the expected reward circuitry. In particular, this nega-
ively influences attention to affective and social stimuli resulting
n significant deviations in the development of affective processing

apacities and a disadvantage in emotion processing tasks.

Animal models of autism have pointed to deregulation of
he amygdala response to affective stimuli (Amaral et al., 2003;
achevalier, 2000; Markram, Rinaldi, Mendola, Sandi, & Markram,
008). Rats prenatally treated with valproic acid, which disrupts
logia 47 (2009) 1323–1331 1329

development of the amygdala, demonstrate not only many behav-
ioral features of autism but also demonstrate lack of inhibition
and dysregulation of the amygdala (Markram et al., 2008). The
treated rats have greater levels of anxiety, decreased prepulse inhi-
bition, and exaggerated and prolonged fear conditioning. Cellular
recording from the amygdala showed increased excitability, hyper-
plasticity, sensitization, and impaired inhibition. Based on these
results Markram et al. (2008) propose an “aversive world” hypoth-
esis in autism, one in which individuals may be overly averse
responsive.

The currently observed atypicality in the phenomenon of affec-
tive startle modulation, a phenomenon which has been closely
linked to aversive and appetitive neural systems such as the amyg-
dala and the nucleus accumbens in previous research, is consistent
with neurofunctional deficits in autism. However, as direct or spe-
cific neural activity was not measured, the data do not directly
address its role in the observed disruptions. Nonetheless, the data
do underscore the importance of further examination of the neu-
rological underpinnings of aversive and appetitive motivation, and
the assignment of significance and valence to affective stimuli in
people with ASD. Further study can clarify whether the results
found here are more related to disruptions in the priming of aver-
sive responses or the suppression of appetitive activation for the
positive stimuli. An additional alternative to explore is the poten-
tial role of disruptions in the early assignment of valence to the
stimuli. Lack of valence discrimination may leave responses open
to non-valence specific influences such as an arousal dimension.

Finally, our findings have important implications for interven-
tions for individuals with ASD. If exposure to affective stimuli
activates an aversive motivational response or increases general-
ized arousal, then intervention strategies might best be directed
towards facilitating modulation or regulation of responses. The
results here also suggest a dissociation between rapid and auto-
matic processing, and more voluntary and cognitively oriented
strategies for interpreting affective stimuli. This finding should
be taken into account in intervention for individuals with ASD.
Awareness of the possible dissociation of somatic and cognitive
responses to social or emotional situations at the least should be
acknowledged in the intervention process. Strategies for increased
understanding of emotional and social information might be paired
with strategies for managing the possible stress associated with
processing emotional or social stimuli.

6.2. Limitations

The interpretation of the current results is limited to high func-
tioning adolescents and adults with autism or Asperger’s syndrome.
All the individuals in this study had normal or above average cog-
nitive and verbal abilities. Individuals with lower cognitive and
language skills may show differences in the self-report of affec-
tive appraisals and possibly facial EMG. In fact, the disjunctions
observed here may reflect the ability of our sample to compensate
for the lack of low-level basic valence discrimination with higher
order, rule-driven processes (Rutherford & McIntosh, 2007). At the
same time, the typical nature of facial EMG responses suggests that
our sample did not only report proper valence, but also responded
with their faces accordingly. In any case, the observed pattern of
increased potentiation to positive stimuli was striking and the find-
ings strongly suggest further study of a broader group of people
with ASD, including younger and more affected individuals.

It is possible that the results of this study could be related to poor

modulation of arousal and attention in general. The participants in
this study did not rate the stimuli on an arousal dimension. With-
out participants’ ratings, the contribution of arousal to the startle
responses remains unclear. The ASD participants’ unique percep-
tion of the arousal values of the stimuli may have contributed to
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he results. Although, as found in other studies (Bradley & Lang,
007), the magnitude of startle did not correlate significantly with
he arousal values of the stimuli, and attention was controlled by
ideo review of looking behavior. Nonetheless, direct measurement
f arousal ratings or physiological arousal such as the use of electro-
ermal responses or heart rate would shed light on this question.

. Conclusion

In typically developing individuals, a combination of affective
rocesses that mark certain stimuli as important or salient and
irect action towards relevant stimuli typically support appro-
riate social and emotional behavior. Consequently, deviations in
hose processes may result in functional deficits. The present study
eveals that focused examination of separate components of affec-
ive processes can enhance understanding of differences related to
SD, revealing both strengths and deficits. These data add specific
upport to the idea that an important aspect of the emotion dis-
uption in ASD is in early stage, automatic, affective processes. The
ossibility that affective stimuli activate the aversive motivation
ystem in the nervous system should be considered in theories for
nderstanding social and emotional functioning in ASD as well as
he corresponding intervention approaches.
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