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Abstract

Since the earliest descriptions of individuals with autism spectrum disofdSD) abnormalities
in affective behaviours have been considered a prominent feature iolithieal manifestations. What
remains unclear, however, is whetherstn@tered emotional behaviours are a mere facet of abnormalities
in socio-cognitive processes or whether they constitute a primarydestthe conditionA number of
studies now indicate that emotional processing atypicalities in ASD ext@luan@ains outside the broader
context of social cognition leading us to suggest that the disorder may baefiseddy basic
abnormalities in how psychophysiological and cognitive emotional respormshgate one another (Gaigg
& Bowler, 2007). In the current study we show that although indal&lwith ASD, like typical
individuals, exhibit a free recall advantage for emotionally arousingendrgically related neutral as
compared to unrelated neutral words, they do not show reduced forgatéador arousing stimuli as do
typical individuals. These observations provide further support éovidw that psychophysiological
emotional responses do not modulate cognitive processes normally in ASDthedifaplicate
abnormalities of amygdala connectivity (in particular with the hippocainin the neuropathology

underlying this disorder.

Key Words: Amygdala; Connectivity; Memory; Psychophysiological modulation of Cognition.
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Introduction

Autism spectrum disorders (ASD) are clinically defined by abnormalitidgeidomains of
communication and reciprocal socio-emotional behaviour and the presenceuf, séereotyped and
repetitive patterns of interests (Wing, 1993). Although current diagnogédai(American Psychiatric
Association, 2000; World Health Organisation, 198Rtinguish between Asperger’s disorder and Autistic
Disorder on the basis of language development, which presents no clisigalficant delay in the former,
it is generally accepted that both conditions form part of the same yindesyndrome. The current paper
adopts such a view and will make use of the term autism spectrum dispodeer all conditions unless a

distinction is necessary.

Since the first descriptions of individuals with ASD, it has been noted that mabkedmalities
in affective behaviours constitute a prominent feature of tiediatioural manifestations. These include the
limited sharing of affect (Kasari, Sigman, Mundy & Yirmiya, 1990; YyaiSigman, Kasari & Mundy,
1992, arestricted and inflexible use of context appropriate emotional expressionsqdw, Spencer,
Galpert & Watson, 1990; Kasari, Sigman, Baumgartner & Stipek, 1993; McDdrattbr, Howlin et al.,
1989; Sigman, Kasari, Kwon & Yirmiya 1992; Yirmiya, Kasari, Sigman & Muntl989) and difficulties
in the perception and recognition of emotional expressions aro{iobson, 1986a,b; Hobson, Ouston &
Lee, 1988a,b; Hobson, 1991; Weeks & Hobson, 1987; but see C&6b for contrasting findings).
Although these atypicalities are regarded as diagnostically relevant (AmericamaB#ycAssociation,
2000; World Health Organisation, 1992), their causes remain the mattebatie. Some authors maintain
that disordered emotional behaviours congitasecondary manifestation of impairments in basic social
capacities such as face-processing (Schultz, 20605Theory of Mind’ (ToM) understanding (Baron-
Cohen, Ring, Bullmore, et al., 2000; Baron-Cohen, Ring, Wiregt, et al.,1999, whilst others argue
that aberrant emotional behaviours reflect primary impairmergsnitional development (Hobson, 1989;
Kanner, 1943; Mundy & Sigman, 1989). In part the difficulty in reisgjthis debate lies in the fact that
most relevant research to date has centred around assessing socially relevist béfeaviours. Since the

findings from such investigations can be accommodated within thpeatorg theoretical frameworksna
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important question that remains largely unanswered is whether emgtionaksing abnormalities extend

to domains outside the broader context of social cognition in ASD.

In typically developed individuals, it is well established that emotionally chaegedts are
remembered better than neutral ones (Bradley, Greenwald, Petry & 19813,dahill & McGaugh, 1998;
Heuer & Reisberg, 1990; Kensinger & Corkin; 2003) but only stuely has to date investigated this
phenomenon in individuals with ASD. In one of four experimentseBslorf and colleagues (Beversdorf,
Anderson, Manning et al., 1998) asked participants to try to remembeea af emotionally charged and
neutral statements (e.g. ‘He talks about death’ vs. ‘He is talking with his roommate’) that were auditorily
presented in a blocked fashion. Following each block, participants were tskesk recall as many
statements as possible. Results showed that whilst typically devepaptzipants recalled significantly
more emotionally charged than neutral statements, those with ASD reaattetybes of statements to a
similar extent. Since the other 3 experiments of this publication derated that individuals with ASD
like typical participants, exhibited enhanced memory for sentences andgmpimghat were syntactically
and conceptually more coherent, the authors concluded that ASD sekensharacterised by a relatively

specific memory decrement for emotionally charged stimuli.

Studies such as the one set out above provide valuable insightheéntwature of emotional
processing abnormalities in ASD by indicating that the emotional significaheavironmental stimuli
atypically modulates cognitive processes outside the broader context of cugétion. As such the
findings by Beversdorf et al. (1998) augment recently accumulatidence showing that the aberrant
emotional processes manifest in ASD are not restricted to social coStext®s of classically conditioned
fear responses for example, indicate that individuals with ASD acquiréofagreviously neutral stimulus
similarly to typical individuals when this stimulus is consistently and repbapaired with a noxious
stimulus (Bernier, Dawson, Panagiotides & Webb, 2005). However wieerassociation between the
neutral stimulus and the noxious stimulus is less consistent, suéh differential fear conditioning
paradigms, fear acquisition in ASD is attenuated in comparison to typ@tislduals (Gaigg & Bowler,

2007). This pattern suggests that whilst basic emotional response mecharagnianction relatively
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typically in ASD, they maynot be normally modulated by the contingencies that determine the emotional
significance of stimuli. Studies assessing the psychophysiologiaivigaof individuals with ASD lend
further support to this view. Such studies show that althoughidhdils with ASD generally exhibit
heightened autonomic responses to emotigrednificant stimuli (e.g. Ben-Shalom, Mostofsky, Hazlett et
al., 2003; Salmond, Haan, Friston, Gadian & Vargha-Khadem, 20@3)responses are often abnormally
modulated by specific stimulus parameters such as the directi@azefig facial stimuli (Joseph, Ehrman,
McNally & Tager-Flusberg, 2005; Kylliainen & Hietanen, 2006) or the tyfpemotional content displayed
(Blair, 1999; Hillier, Carpenter, Smith, Berntson, & Beversdorf, 2006 pddition, even when autonomic
responses are comparable across typical and ASD participants, the accompabijgatively experienced
‘feelings’ participants report tend to differentiate these groups (Ben-Shalom,28G8. and the impact of
such autonomic arousal on decision making processes have also badntdobe atypical (Johnson,
Yechiam, Murphy, Queller & Stout, 2006). Based on this literature, we te@estly suggestl that ASD
may be characterised by abnormalities in how psychophysiological andie®g@motional processes are
integrated and how they modulate one another (Gaigg & Bowler, 28@thory paradigms provide a
useful behavioural tool to test this suggestion because stimulusethghsychophysiological arousal has
been shown to modulate memory processes reliably (e.g. Cahill & MbGA088; Corteen, 1968; Heuer

& Reisberg, 1990; Kensinger & Corkin, 2004; Maltzman, Kantorafagdon, 1966)

In addition to shedding further light on the nature of emotionaigasing atypicalities in ASD at
the behavioural level, studies of memory for emotionally signifistintuli may also provide important
insights into the neuropathological basis underlying them. As Beméretl al. (1998) point out, their
finding of atypical memory for emotional stimuli is in line with thiew that abnormalities of the limbic
system, in particular the amygdala, may play an important role imahepathology underlying ASD
Although several other lines of inquiry support this view (&gchevalier, 2000; Baron-Cohen, Ring,
Bullmore, et al., 2000; Nacewicz, Dalton, Johnstone et al.,)2@06 evidence remains inconclusive and
the extent and nature of a proposed amygdala abnormality unspeeifiedA(maral, Bauman, Mills &
Shumann; 2003; Sweeten, Posey, Shekhar & McDougle, 2002). Basdlbe behavioural evidence

outlined above, one may argue that relatively basic amygdala functionsasutiitose necessary for
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mediating automatic behavioural and autonomic responses to innately emotiué atien relatively
preserved in ASD. Ashwin, Wheelwright & Baron-Cohen (2006) have rgcestiched a similar
conclusion following their observation that individuals with ASD like typical individuals exhibit a ‘pop-
out’ effect (i.e. faster detection) when searching for an angry face amongst neutral or happy face distracters.
What appears to be functionally atypical in ASD is how such basic emotespmdrses modulate and are
modulated by ‘higher’ level cognitive and perceptual processes Together with accumulating evidence
suggesting that the neuropathology underlying ASD may be charactdrysedlatively widespread
abnormalities in connectivity between disparate brain areas (e.g. Bnasit BBoucher & Rippon, 2002;
Just, Cherkassky, Keller, Kana & Minshew, 2006; Rippon, Brock, Bri&vwBoucher, 2007) this pattern of
findings has led several authors to suggest that the amygdalaerfapdiionally under-connected with
areas sub-serving other cognitive and perceptual processes (AS¥éer)wright & Baron-Cohen, 2006;
Gaigg & Bowler, 2007; McAlonan, Cheung, Cheung et &0Q3. Once again, memory paradigms provide
a useful behavioural tool in this context because it is well establishednthedctions between the
amygdala and the hippocampus play a central role in the modulationmbrgn@s a function of the
physiological arousal elicited by emotionally significant stimuli (see Cahilé&Gaugh, 1998; Hamann,

2001; McGaugh, 2000; Phelps, 2004 for reviews).

In order to test the prediction that memory is atypically modulated bylssrmduced autonomic
arousal in ASD, the current study extends the findings by Beverstaif, (1998) in two ways. First, by
directly measuring participaritSkin Conductance Responses (SCR) and asking them to rate eachsstimulu
on ‘arousal’, we confirmed whether or not the experimental stimuli did indeed arathis dimension for
this population. In addition to assessing the impact of arousal oromemore directlythis also allowed
us to address the possibility that emotional memory deficits in ASDanmisgy because of abnormalities in
how such individuals perceive or physiologically respond to emotionhHlyged stimuli. As indicated by
the evidence outlined above, this possibility is tenable since indigidvith ASD do not seem to exhibit
typical levels of physiological arousal in response to all emotionally signifstamtli (e.g. Blair 1999)
and even when they do, such responses may not alter their parseyfttbe stimuli accordingly (e.g. Ben-

Shalom, et al., 2003Becond, we assessed participanismory at three time-points (immediately after
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encoding, following 1 hour and again after at least 24 hours) ier dod establish forgetting rates for
emotionally arousing and non-arousing stimuli. Studies employicky paradigms consistently show that
memories of emotionally arousing stimuli arere resistant to forgetting than non-arousing stimuli (e.qg.
LaBar & Phelps, 1998; Sharot & Phelps, 2004; Walker & Tarte, 1968%d by extensive neuroscientific
evidence (e.g., Adolphs, Denburg & Tranel, 2001; Hamann, Z@0dlps, 2006Phelps, LaBar, Anderson
et al., 1998) this attenuated forgetting restavidely thought to reflect amygdala mediated modulation of
hippocampdy based memory consolidation processes. Therefore such a paradigoh yaktl further
insights into the functional integrity of the amygdala in ASD. Beeawo study has to date addressed the
possibility that the attenuated forgetting rate for emotionally arousimulgtmay in part be the result of
the greater semantic relatedness amongst arousing as compared tousorgastimuli, we included a set
of categorically related items in our experimental materials in order tootdatrthis possibility. This
experimental control was equally important in terms of addressing caniterna memory decrement for
emotionally arousing stimuli in ASD may arise simply because sudtidndls tend to make less use of
semantic relations between items to facilitate free recall @ogvler, Matthews & Gardiner, 1997;
Hermelin & O’Connor, 1967; Smith, Gardiner & Bowler, 20Q7Tager-Flusberg, 1991; But see Lépez &

Leekam, 2003 for contrary evidence).

M ethod:

Participants

Eighteen participants with a diagnosis of ASD (15 male; 3 female) angpically developed
adults (14 male; 4 female) participated in the current experiment. All participatits WSD group had
been diagnosed according to conventional criteria and a review of available mechcdsror assessment
with the Autism Diagnostic Observation Schedule (ADOS; Lord, Rutter, Goode, &089 confirmed
that all met DSM-IV (American Psychiatric Association, 2000) criteria for Aut&mctrum Disorder
Brief interviews ensured that none of the participants suffered &#mymmental or neurological disorder

other than ASD and all participants were free of medication. ASD and typicttigearts were
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individually matched to within 7 points of verbal IQ as measured by thehger Adult Intelligence Scale
(WAIS-11I'Y%; The Psychological Corporation, 2000) and groups did not diffeperformance 1Q, full-
scale 1Q or age (see Table The experimental procedures outlined below adhered to the ethical guidelines
set out by the British Psychological Society and were approved by the University’s Senate Ethical

Committee.

INSERT TABLE 1

Materials & Design

The experimental materials consisted of 16 emotionally arousing, 1@ teatig related neutral
and 16 semanticallyrnrelated neutral words. The arousing words included profanities, sexupligitesnd
taboo words and were between 3 and 10 letters in length. Written foygquemms (Kucera & Francis,
1967) were available for 8 of these items and ranged from lifenr(e.g. Puke) to 84 per million (e.g.
Sex) M = 15.25,SD = 28.08). The semantically related words consisted of 16 itemsibfeken from the
Battig and Montague (1969) category norms and were matched to tegrawrds on letter length
(range 4-10) and written frequendyl & 10.88,SD = 17.47). Similarly, the 16 unrelated neutral words were
selected to match the arousing and semantically related words in ternmerdélagth (range 3-10) and
written frequency Nl = 16.31,SD = 9.249 and none of these words was semantically or conceptually related

to any other words in this study.

Words were presented in pseudorandom order in 46 point Aniairfthe centre of a 15°” laptop
monitor with the constraint that no more than two words of the dgpe (i.e. arousing, related neutral,
unrelated neutral) would occur in succession. An additional 4 filler w@rdsthe beginning and 2 at the
end of the list, were included to counteract primacy and recency effefitse recall. Words were
presented for 5 seconds each and were immediately followed by on-geections asking participants
to rate the woran a 4 point ‘arousal scale (1 = not at all arousing; 4 = very arousing). Once the

participants had indicated their rating by typing the appropriate numkteekeyboard, a fixation cross
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appeared in the centre of the screen and remained there until the expetinggeierd the presentatiom o
the next item via a wireless mou3droughout the experiment participan&CRs were recorded via two
surface electrodes attached to the medial phalanges of the first and third digit of the participants’ non-
dominant hand and a new stimulus word was presented onlytidrenwas no sign of galvanic activity for
at least 2 secondSCR data acquisition was controlled by PowerLab hardware (ADInstrume4s, 20
which sampled electrodermal activity at 1 kHz and Chart 5 software (ADimstitis, 2004) was used for

the storing and assessment of the data.

Procedure

Participants were tested individually in a sound attenuated laboratorpanduurival, were
informed that the experiment they would take pastan concerned with assessing individuals’ emotional
responses to neutral and emotionally charged words. More specifically, @antiscipere told that the
purpose of the experiment was to determine the degree to whichtthsiolpgical responses to different
words would relate to their subjective experience of aroMgalexplained that for this purpose we would
measure their SCR and ask them to rate each word in terms of hawheydhought they physiologically
reacted to these stimuli. It was clarified that their ratings should reflect the degvbih they actually
“felt” an emotional response to each word rather than base their ratings onnimgroéthe words. No

mention was madef any impending memory tests.

Following the instructions, the SCR electrodes were attached and participanéskeat¢o find a
comfortable position in front of the screen and relax for a few méntece SCR had reached baseline
activity (i.e. no noticeable activity for at least 20 seconds), the presentastimoli commenced.
Immediately after the experiment and removal of all equipment, participaregyiven a surprise free
recall test in which they were asked to write down as many wordstfi@experiment as possible in any
order and without time restrictions. Following approximately 1 hchichvwas filled with lunch or non-
verbal tasks, free recall was again requested. For logistical reasons it wasnanédy not possible to ask

participants to return again the next day for the final free recall tesathghey were asked to take home a
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sealed envelope which they were askedmopen until the following day. The envelope contained
instructions to once again write down as many words as possible fecewrpgkriment of the previous day

and to return responses via the envelope provided

Results:

For the analyses ofagicipants’ SCR the largest deflection of galvanic activity during the 5
second stimulus presentation was calculated and square root transfoorast ito normalise the
distribution of the data. We also computed the curve integrations (i.e.rateathe curve) of SCR during
this 5 second window but since the relevant analyses yielded equivalent shdtghfmeasures we only
present the peak response datahéreerage responses to the arousing, related neutral and unrelated
neutral words are set out in Table 2, which also presents the partiCigeertage arousal ratings for these
stimuli. A 2 (Group) x 3 (Word Type) ANOVA of SCR confirmed tktla¢ emotive words elicited higher
levels of physiological arousal than the other classes of stif(@j33) = 17.54p < .001) and the absence
of a main effect of group=(1,34) = 0.78, ns) and interactidf(,33) = 2.36, ns) suggests that both groups
exhibited similar levels of autonomic activity across the different stimAuti aralysis of participants’
ratings equally revealed a significant main effect of word tfg2,83) = 66.21p < .001) but no main
effect of group (1,34) = 0.75, ns) or interactioR(2,33) = 0.75, ns)Together, these results suggest that
the manipulation of arousal was successful and that both groups sipdechived and autonomically
experienced the emotional significance of arousing words. Interestamggsessment of correlations
between autonomic activity and subjective ratings of arousal indicated thdbiothe comparison group
this association was statistically reliable. These correlations were computed foagdbgnt and whilst
the average correlation coefficieM € 0.29;SD = 0.20) across typical participants was significantly &ov
chancet(=6.11,df = 17,p < .001) the average across individuals with ASD=0.10;SD = 0.23) was
only marginally significantt(= 1.85,df = 17,p = .08). The difference between groups was also statistically

reliable ¢ = 2.62,df = 34,p < .05).

! Details on the curve integration data are available upon request from thetfiost au
2 Although inspection of Table 2 suggests that arousing words eliciteevghat higher SCR in typical
than ASD participants, this difference was not statistically reliab#ed(99,df = 34, ns).



Emotional Memory in Autism Spectrum Disorder 11

INSERT TABLE 2

Prior to assessing the free recall data in detail we determined whether participaatsvo
groups completed the final free recall test within similar timeframes and evitetty may have differed in
the number of intrusions they committed (i.e. recalling words mginally presented)Regarding the final
free recall test, all but two typical and one ASD participant returned their finakftah responses. Since
the exclusion of these participants did not significantly alter the results reporteqd thel final free recall
score was substituted with the respective group averages. Inspegtimstrofirks indicated that typical
participants posted their responses on average 2 days after the expe3nenit?6; Range = 1-5) and
ASD participants 3 days after the experimeéD € 2.27; Range = 1-9). Since this difference was
statistically not reliablet(= 1.29,df = 31, ns) and response delay did not correlate with free recall for either
group ¢ < 0.25, ns) it is unlikely that the results reported below are conéabiog group differences in
study-test delays. In fact, entering the delay (in days) between thedsaed last free recall test as a
covariate in the relevant analyses did not alter the results reported below sidgifieansimplicity we
will refer to the last free recall test as a 24 hour+ delay test to indicate thatfart@iipants at least 1 day
had elapsed before they returned their responses. With respect to the numtibesiohs, these were
generally relatively low, with typical individuals producing on avera§® (D = 0.79) and ASD
participants 27 (SD = 160) new words across all three recall trials. Again groups did not differ
significantly in this respect & 1.85 df = 34,ns) and co-varying for the number of intrusions in the

relevant analyses below did again not alter the results significantly.

Figures 1a and 1b illustrate the average proportions of arousing, medated and unrelated
neutral words recalled by the ASD and typical group as a function obfineeall A 2 (Group) x 3 (Word
Type) x 3 (Time) mixed ANOVA of these data revealed main effects fandWype £(2,33) = 155.84p <
.001) and TimeK(2,33) = 8.78p < .01, Greenhouse-Geisser corrected). As the figures suggesiithe
effect of Word Type was due to the arousikg=X 0.44;SD = 0.15) and semantically related wortis £
0.41;SD = 0.16) being recalled significantly more frequently than the akwtirds 1 = 0.15;SD = 0.14)

whilst the main effect of Time was mainly due to a significant drop in reetlteen the 1houM = 0.34;
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SD = 0.14) and 24 hour+M = 0.30;SD = 0.15) delayt(= 3.36,df = 35,p < .01). Although no other main
effects or interactions were statistically significant, the three-way intenagis marginally sa<(4,31) =
2.28,p = .08). Post-hoaralyses indicated that the typical group exhibited the expected patternlts,resu
forgetting the unrelated neutral< 2.46,df = 17, p < .05) and related neutra(3.66,df = 17,p < .005)
words whilst their recall of arousing words<0.98,df = 17, ns) did not decrease significantly over time.
For the ASD group on the other hand, only the decrease in recalusfragavords over the 24 hour+

period ¢ = 2.57,df = 17,p < .05) was significant.

INSERT FIGURES 1A AND 1B

The results above indicate that although individuals with ASD remeembetionally charged and
semantically related items better than neutral unrelated items, they forgewtindseanore quickly than
typical participants. In order to establish to what extent these findings aretalilébio abnormalities in
how physiological arousal modulates memory , we re-analysed recall penfras a function of actual
levels of physiological arousal rather than as a function of the conceptud#lazties of words For this
purpose, words wene-classified as eitheHigh Arousal (16 words eliciting highest SCRsMedium
Arousal (16 words eliciting moderate SCRs)‘bpbw Arousal (16 words eliciting the lowest SCRs) on the
basis of eacharticipant’s SCRs. This re-classification of words resulted in no significantpgdéifterences
in terms of the average magnitude of SCR elicited by the words in eatogsiological categoryror
the ASD participants the average SCRs (measureddpelicited by the High, Medium and Low arousal
words respectively were 0.9330 = 0.482),0.437 (SD = 0.315) and 0.12%D = 0.175) whilst for the
typical group the corresponding values were 1.2 0.613), 0.4983D = 0.403) and 0.131Sp =
0.149) Similarly there was no between group difference in how words finea prioriconceptual
groupings fell into the electrophysiologically defined categories. For thegk&lp 48% of words
conceptually classified as arousing were reclassified on&iEfa as ‘High Arousing’, 32% as ‘Medium
Arousing’ and 19% as ‘Low Arousing’. The corresponding percentages for the typical group were 56%,

29% and 15%. The categorised neutral and unrelated neutral words eacisedmgughly 25% of the
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‘High Arousing’, 35% of the ‘Medium Arousing’ and 40% of the ‘Low Arousing’ categories for both

groups.

Figures 2a and 2b illustrate the recall data for the electrophysiologitadsification of words
and again show a markedly atypical pattern of forgetting in the ASD gPoR§Group) x 3 (Level of
Arousal) x 3 (Time) ANOVA of these data revealed main effects for Lafuatousal ¢(2,33) = 18.75p <
.001) and TimeK(2,33) = 5.81p < .01) and a significant three-way interaction between the factors
(F(4,31) = 4.38p < .01). The main effect of Level of Arousal represents the fact thdtigin arousal
words (M = 0.40;SD = 0.15) were recalled significantly better than the medium aroMssal.31;SD =
0.17) and low arousal wordsi(= 0.28;SD = 0.15), whilst the main effect of Time was again mainly due to
a significant drop in recall performance between the 1 hdur 0.34;SD = 0.14) and 24 hour+ = 0.30;
SD = 0.15) delay period. As Figures 2a and 2b suggest, the tlagaygraction was due to the ASD
participants exhibiting a recall advantage for highly arousing worgsoornthe immediate test of memory
(F(2,16) = 8.78p < .01) but not following a 1houF(2,16) = 1.35, ns) or 24 hour+ deldy(2,16) = 1.82,
ns). Typical participants on the other hand exhibited a highly reliable recattade for high arousal
words across all time delays (Immedidé2,33) = 9.27p < .01; 1 hourF(2,33) = 16.16p < .001; 24

hour+F(2,33) = 18.68p <.001).

INSERT FIGURES 2A AND 2B

Discussion:

Previously, Beversdorf and colleagues (Beversdorf et al., 1998) heseved a relatively specific
memory decrement for emotionally charged stimuli in individuals wBibAand concluded that such a
decrement may be the result of abnormalities of the amygdala. Curnestreigarding the role of the
amygdala in memory postulate that this limbic structure modulates hippodaaseal memory
consolidation processes when stimuli elicit physiological arousal (e.g. PHedgs, As a result of this

modaulation, memory for arousing over non-arousing stimuli @tjtatively enhanced and also more
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resistant to forgetting over time. In particular the attenuated forgetting rateotbrally arousing items is
thought to reflect amygdala mediated memory modulation processes, whilshéme@ment of memory
over short periods of time can in part be accounted for by the senmagtielatedness of emotionally
charged stimuli (Talami, Luk, McGarry & Moscovitch, 2007; Talmi & Moscovi®n4). The current
study was aimed at trying to provide further insights into the fumatimtegrity of amygdala mediated
memory modulation processes in A8assessing participants’ SCR and subjective experience of arousal

in response to a series of emotionally charged and neutral wordsifbrwd assessed memory at 3 points

in time.

Our results may be summarised as follows. Individuals with ASD, like typidadiduals,
exhibited significantly increased SCR to emotionally charged as comparedttalwords. Similarly, both
groups rated the emotive words as more arousing than the ndivepmes. Interestingly, the correlation
between SCRs and subjective ratings was significantly higheredypical than the ASD group for whom
this relationship was only marginally above chance. In terms of the part&ipaedll performance, both
groups exhibited enhanced recall for emotive and semantically related paredrto semantically
unrelated neutral words. However, whilst the results from the comparisop gplicated previous
findings of reduced rates of forgetting of arousing words ([@Bar & Phelps, 1998), the ASD group
exhibited the opposite pattern by forgetting emotionally arousing but nearowusing words. Further
analysis of the recall data as a function of gagticipant’s SCR confirmed this group difference, again
demonstrating significantly attenuated forgetting rates of arousing \otlds typical but not the ASD
group. This analysis furthermore showed that whilst typical participantgaimed a highly reliable recall
advantage for physiologically arousing items over time, this recall adyantas only present on a test of
immediate memory in ASD participants. Already following 1 hour, the Afp’s recall no longer varied
as a function of whether the words had elicited high, medium or low levatswsal during encoding,
strongly suggesting atypicalities in how physiological arousal modulatsslaation processes in this
group. We believe the results from the second analysis to provitieufgaty strong support for this
suggestionFirst, because this analysis addresses the issue more directly by assessing as a function

of actual physiological arousal. Second, because this analysis reveals gratkedifferences already
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following a delay of one hour, which overcomes any concerns éfgoor experimental control over the
24 hour+ period. Third, because the re-arrangement of the data agcrdi® actual level of
physiological arousal equated the groups more closely in terms of th&udaguf arousal they exhibited

in response to the most stimulating words.

The degree to which neurological processes can be inferred frowidaglahdata depends on the
extent to which the observed behaviour is associated with specific neuralggsda this respect our
observations from the typical group yield important new evidenardety the specificity with which
physiological arousal modulates memory. Although it is well establishednttmiomally charged stimuli
are better remembered than neutral stimuli, there remains some debate gabarditent to which this
memory enhancement may be an artefact of the semantic interrelatefder@sdionally arousing stimuli
(e.g. Buchanan, Etzel, Adolphs & Tranel, 2006; Maratos, Allan §JR@2000; Talmi & Moscovitch,
20049. Our current findings contribute to this debate by demonstratatgritidentally encoded
emotionally significant words, despite being better remembered than unredateal words, are not
remembered better than semantically related ones on an immediate testexdfdteémportantly, however,
our assessment of forgetting rates showed that only emotive worelsesestant to forgetting whilst
neutral words were forgotten at a similar rate regardless of whether ¢heys@amantically inteslated or
not. This suggests that although quantitatively memory for emotionakwoay be similar to that of
semantically related non-emotional words over short periods ofsimé, stimuli are consolidated in a
qualitatively different manneiThis qualitative difference is further highlighted by the fact that when
memory is considered in relation to actual levels of physiological arouset taém a conceptual
classification of stimuli, arousing stimuli are not only resistant to forgeftibgemembexd better than
non-arousing stimuli even on immediate tests of memory. Togeitteth& extensive neuroscientific
evidence implicating the amygdala in the modulation of memory due toehfeus. Cahill & McGaugh,
1998; Hamann, 2001; Phelps, 2004), our results suggest that forgetéia@f emotionally arousing
stimuli provide a relatively reliable behavioural marker of amygdala mediated memoalulation

processes.
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If one accepts our reasoning above, our results from the AGIp grrovide important e
insights into the functional integrity of the amygdala in this conditiur. observation of relatively typical
autonomic responses to emotionally charged words in ASD sugastke basic process by which the
amygdala modulates autonomic arousal in response to verbal stimuli is fungtiotzedt. The markedly
abnormal forgetting rate of emotionally arousing stimuli, on the otded hsuggests that the amygdala
abnormally modulates hippocamlyabased consolidation processes as a function of arousal in this group
As such our observations provide further behavioural evidence forggestion that the amygdala may
not be grossly impaired in ASD but that instead it abnormally modulates itehai activity in other
areas of the brain because of poor connectivity to those areas (Ashain 2006; Gaigg & Bowler, 2007;
McAlonan, et al., 2005). Additional support for this conclusion stieam our assessment of the
correlations between subjective ratings of arousal and the magnitu@&ef &hich replicated an earlier
studyin showing that only for typical but not ASD individuals these measreesignificantly correlated
(see Hillier, et al., 2006 for a similar observation). Again, this mapteepreted as indicating that
cognitive representations of the emotional significance of environmentalistirhich are thought to be
mediated by cortical areas such as the cingulate cortex and frontal areas (e.Belrane, Axelrod, et al.,
1998; Maddock, Garrett & Buonocore, 2003; Kensinger & Schacter, 28@5hadequately modulated by

physiological responses to these stimuli (i.e. by the amygdala).

In relation to the neural interpretation of our data presented above, two a$mestsluservations
merit further comment. The first concerns thetthat individuals with ASD did exhibit enhanced memory
for arousing words on a test of immediate free reddailis finding may indicate that at least over short time
delays the amygdala contributes normally to the arousal induced enhancémentary in ASD. On the
basis of our current observations we can not rule out this possibilityiswtorth reiterating that the
quantitative memory enhancement for arousing stimuli over short pefitidseeaan be accounted for on
the basis of such stimuli being semantically interrelated. That individuals withw&B®able to draw on
such semantic relationships to facilitate free recall in the current studystsated by their superior recall
of semantically related as compared to semantically unrelated neutral wordsh@& lmbbservation of

enhanced memory for emotional material on an immediate test of free re&8Diis not necessarily
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inconsistent with the suggestion that the amygdala may abnormaliylan® memory consolidation
processes in this condition. To address this issue more closely,drpfugure studies need to establish
whether the memories of arousing stimuli over the short term are quelifatifferent from memories of
non-arousing stimuli in this group, which would implicate the amyg@ala Kensinger & Corkin 2003;
Kensinger & Corkin, 2004 for a divided attention paradigm that mayulvable here). The second aspect
of our data worth further comment centres around the finding thatdoels with ASD tended to forget
non-arousing stimuli to a lesser extent than typical individuals. Thenadtton may give rise to the
suggestion that rather than amygdala mediated memory consolidation esdoeisg) impaired in ASD, the
consolidation of non-arousing stimuli may be enhanced and in tiemfieire with arousal induced
consolidation. We would refute this alternative on the grounds that irecktheories of memory rest on
the assumption that the stimuli that interfere with one another do aadmecf competition for the same
processing resources. As we have argued throughout this article, @amdusall consolidation operates in
a qualitatively distinct manner that involves the modulation of hippocaoapaiolidation processes by the
amygdala (see LeDoux, 2002 for further details). If it were indeedabethat the increased rate of
forgetting of arousing material in ASD is due to interference from theatiolation of non-arousing
stimuli, one would have to conclude that in this group bothsimguand non-arousing stimuli were
consolidated via the same processes. Such an interpretation would takk tostbaconclusion that the
amygdala functions abnormally in terms of modulating hippocdynpaked consolidation processes for
arousing stimul? Ultimately it will require further behavioural and more direct neuroscientific
investigations to settle issues such as these. For now we simply Hapetgenerated a testable
hypothesis- that the amygdala atypically modulates hippocatpakdiated memory consolidation

processes in ASDP that will stimulate future research.

Regardless of whether one accepts or rejects our suggestion thahalities of amygdala
connectivity may be causally related to our observations, our resolMisi@interesting insights into

memory processes in ASD. First, our results confirm the observagiddeversdorf et al. (1998) in

3 It is furthermore worth noting that an analysis of correlations betvreerate of forgetting of arousing
and non-arousing stimuli did not yield any negative relationships thdtlwualicate that neutral words
were remembered at the expense of arousing words in ASD.
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demonstrating that emotionally significant stimuli are atypically rememisrawtividuals with ASD? As
such our findings add to a growing body of evidence suigpgethat emotional processing atypicalities in
ASD extend to domains outside the broader context of social cognitionrifaytie view that such
abnormalities constitute a relatively basic feature of the ASD phenotype (bspriHd 989) rather than a
secondary manifestation of atypical social capacities (e.g. Baoben, et al., 20005econd, our findings
also support recently accumulating evidence, which suggests thatsonaecircumstances individuals
with ASD make similar use of semantic relationships amongst items to fadi@ateecall as do typical
individuals (Bowler, Gaigg & Gardiner, in press; Gaigg, Bowler & Gardingrréss; Lopez & Leekam,
2003. More specifically, the current findings confirm our recenteobation that when semantically related
words are presented in a mixed list, recall performance in individualsmdthvithout ASD is nearly
identical when words are encoded through an item-specific processirig wsich individuals are asked
to rate each word on pleasantness (Gaigg, Bowler & Gardiner, in press)dieurrent findings provide
further support for our suggestion that item-specific memory psesefunction in a relatively intact

manner in ASD.

In summary, we have shown that individuals with ASD exhibit atypargleftting rates of
emotionally arousing words, which on the basis of current neurtsicievidence provides further support
for the suggestion that the amygdala is functionally under-connedtedther brain structures (Ashwin, et
al., 2006; Gaigg & Bowler, 2007; McAlonan, et al., 2005). More specificallr current findings lead us
to suggest that in ASD the amygdala atypically modulates hippocampal consoltatiesses.
Furthermore, the current findings replicate our recent observations of neacttall performance
following item-specific encoding (Gaigg et al., in plegsoviding further support for the suggestion that
item-specific memory processes function typically in this disofféieally, the present findings add to the
recently accumulating evidence, which suggests that emotional procaggiitglities extend to domains

outside the broader context of social cognition, making it increasingly untika the emotional

* Although our observation of a relatively preserved memory enhantémnemotionally charged words
on an immediate test of memory may be viewed as inconsistent with #reatizns by Beversdorf et al.
(1998), as we have noted above, the atypical forgetting rate of these stiongdiysBuggests that
qualitatively these memories are abnormal in individuals with ASD.
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difficulties characterising autistic social behaviour are the sole result of abnonigategnitive

development.

Note

During the process of revising this manuscript for re-subnrisgie came across the recent
publication by South, Ozonoff, Suchy and colleagues (2008), whaoteeptve resultsf four behavioural
experiments that are relevant to amygdala function. In one of thesemneeptrithe authors asked
individuals with ASD and typical individuals to study a list of words containmgt®nally charged and
neutral words for a subsequent recognition memory task. The relsoM®d that both groups of
participants exhibited a memory enhancement for emotionally chargedemtealiwords. These
observations are not inconsistent with our observations since we &sbtinat individuals with ASD
recalled emotionally charged words better than neutral (unrelated) woedsimmmediate test of memory
What our results add to this observation is the suggestion that in ABZswtional memories are not
consolidated in the qualitatively distinct manner that characterises consolidatipicat individuals, thus
implicating functional abnormalities in how the amygdala modulates such consaoligadtesses. It is
worth noting that the other three experiments of the South et 8B)YR0Oblication also revealed no
indication of behavioural abnormalities leading these authors to suggest tigatadengysfunction may be
specific to social situations in ASD. Our current and previous findi@ggg & Bowler, 2007) suggest
otherwise and further research is clearly needed in order to elucidate gretiasemygdala functions are

and are not compromised in ASD.
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Tables& Figures:

Tablel

Summary of Age and IQ characteristics of the ASId aypical Group

ASD (n = 20) Typical (h = 20)
Measure M SD M SD
Age (years) 328 12.4 332 13.6
vIQ?# 1052 14.7 1053 128
PIQ 1064 17.5 10438 108
FIQ® 1063 17.2 1051 121

aVerbal IQ (WAIS-R* or WAISHII¢)

P performance 1Q (WAIS-B or WAISHIIYY)

°Full-Scale 1Q (WAIS-R¢ or WAISHIIY%)

3C
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Table?2

Average SCR and arousal ratings for ASD and Typieaticipants as a function of Word Type

ASD (n=18) Typical (h=18)

Word Type M SD M SD
SCR (VuS)

Arousing 0.720 0.347 0.880 0.572

Related Neutral 0.546 0.340 0.503 0.338

Unrelated Neutral 0.574 0.378 0.559 0.333
Arousal Rating

Arousing 2.49 0.76 2.49 0.55

Related Neutral 1.64 0.64 1.49 0.41

Unrelated Neutral 1.51 0.42 1.27 0.27




Emotional Memory in Autism Spectrum Disorder 32

Figurel

Average recall performance forfS® (panel A) and Typical (panel B) participants as a function of Word

Type and Time of Recall (Error Bars represent Standard Errors)
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Figure 2

Average recall performance forS® (panel A) and Typical (panel B) participants as a function of Level of

Arousal and Time of Recall (Error Bars represent Standard Errors)
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