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a  b  s  t  r  a  c  t

Background:  Abnormalities  in habituation  have  been  documented  in  Autism  Spectrum  Disorder  (ASD)
and  Williams  syndrome  (WS).  Such  abnormalities  have  been  proposed  to  underlie  the  distinctive  social
and  non-social  difficulties  that  define  ASD,  including  sensory  features  and repetitive  behaviours,  and  the
distinctive  social  phenotype  characterizing  WS.
Methods:  We  measured  habituation  in 39  preschoolers  with  ASD,  20 peers  with  WS  and  19  typically
developing  (TD)  children  using  an  eye-tracking  protocol  that  measured  participants’  duration  of  attention
in response  to  a repeating  stimulus  and  a novel  stimulus  presented  side  by  side  across  multiple  trials.
Results:  Participants  in the  TD group  and  the  WS  group  decreased  their  attention  toward  the  repeating
stimulus  and  increased  their  attention  to the  novel  stimulus  over  time.  Conversely,  the  ASD group  showed
a similar  attentional  response  to  the novel  and  repeating  stimuli.  Habituation  was  correlated  with  social
ocial cognition
utism
illiams syndrome

functioning  in  the  WS  but not  in  the  ASD  group.  Contrary  to  predictions,  slower  habituation  in  ASD  was
associated  with  lower  severity  of repetitive  behaviours.
Conclusions:  Habituation  appears  to  be intact  in  WS  and  impaired  in  ASD.  More  research  is  needed  to
clarify  the nature  of  the  syndrome-specific  patterns  of  correlations  between  habituation  and  social  and
non-social  functioning  in  these  neurodevelopmental  disorders.

© 2017  The  Authors.  Published  by Elsevier  Ltd.  This  is an  open  access  article  under  the  CC  BY-NC-ND
. Introduction

Individuals with Autism Spectrum Disorder (ASD) often show
rolonged attention to visual repetition, such as watching the spin-
ycle of a washing machine (Kanner, 1943; Baron-Cohen, 2006),

nd reduced attention to social stimuli (Klin et al., 2015). Both phe-
omena, which reflect the pathognomonic social impairments and
ehavioural rigidity that defines ASD, have been linked to poten-
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/).
license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

tial abnormalities in habituation (Green et al., 2015; Guiraud et al.,
2011; Ramaswami, 2014).

Habituation is defined by the progressive decrement in response
to a stimulus when it is repeated (Thorpe, 1966; Schmid et al.,
2015). From infancy onwards, repeated exposure to an event make
children less interested and responsive to it over time. This pro-
cess reflects a strategic allocation of processing resources away
from what is “already known” in favour of “what is not known
yet”, thus facilitating learning and adaptive response to changes in
the environment (Groves and Thompson, 1970; Lloyd et al., 2014).
Habituation in infancy is thought to reflect information processing
efficiency and it is predictive of cognitive functioning later in life

(Bornstein and Sigman, 1986; Colombo, 1993).

It has been proposed that lack of habituation to sensory inputs
might result in an exaggerated perception of changes in the envi-
ronment in children with ASD. This in turn would lead to sensory
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verstimulation, distress and the perception of the environment as
ighly unpredictable, with repetitive behaviours serving as a way
f constraining and controlling this unpredictability by imposing
tructure (Dawson and Lewy, 1989; Uljarevic, 2013). This account
s consistent with the original descriptions of Leo Kanner (1943),
nd more detailed theoretical accounts put forward by other schol-
rs (e.g. Hutt et al., 1964; Ornitz and Rivto, 1968; Kinsbourne,
980), who suggested the potential role of repetitive behaviours
s a means of warding of anxiety caused by inefficient habituation
o sensory stimuli (see also Gomot et al., 2008; Leekam et al., 2011).

Some empirical research appears to be consistent with this
ramework. For example, James and Barry (1980) documented lack
f habituation in response to the repeated observation of visual
timuli (white circles on a black background) in ASD. More recently,
erry et al. (2007) documented that adults with ASD were slower
ompared to typical peers in dampening their response to repeated
timuli in a startle response paradigm, and Guiraud et al. (2011)
eported reduced habituation to repeated sounds in infants at high
isk for autism. However, counterevidence exists, including reports
f normative habituation in ASD, and a lack of clear associations
etween habituation and repetitive behaviours (Baranek et al.,
006; Rogers and Ozonoff, 2005; McCormick et al., 2014). Some of
he inconsistent findings might reflect heterogeneity in habituation
rofiles within the ASD population. Indeed, research has suggested
he existence of subgroups, characterized by different habituation
esponse to sensory stimuli within the ASD population. For exam-
le, Schoen et al. (2008) identified two subgroups within a sample
f 40 children with ASD (age range: 5–15 years), one characterized
y slower latency and faster habituation and the other by faster

atency and slower habituation in response to sensory stimuli. Sim-
lar findings were reported by Hirstein et al. (2001). Additionally,
reen et al. (2015) reported decreased neural habituation in sen-
ory cortices and the amygdala in a subgroup of individuals with
SD who were characterized by sensory over-responsiveness at the
ehavioural level.

Abnormalities in habituation have been also linked to the social
eficits characterizing ASD. Webb et al. (2010) documented slowed
isual habituation to faces in toddlers with severe symptoms of
SD, but not in those whose symptoms were mild. Moreover,

he slower habituation rate was correlated with poor social and
ommunication skills. Similarly, other studies reported reduced
eural habituation (lack of decrease in amygdala responsiveness) in
esponse to faces in children and adults with ASD (Kleinhans et al.,
009; Swartz et al., 2013; Wiggins et al., 2014). Atypical habituation
as associated with severity of social impairment, and modulated

y both the properties of the stimuli (emotions displayed in the
ace stimuli) and the participants’ characteristics. Based on this
ody of research, it has been proposed that lack of habituation

s causally related to the core social and non-social symptoms
f autism, with social symptoms reflecting failure to habituate
nd consequent hyper-responsivity to social stimuli, and repetitive
ehaviours emerging as a coping strategy in response to over-
esponsivity to sensory inputs (Guiraud et al., 2011; Ramaswami,
014; Sinha et al., 2014; Wiggins et al., 2014).

Somewhat paradoxically, a lack of habituation has also been pro-
osed to be causally related to the behavioural features of William
yndrome (WS), a condition characterized by symptoms that are
emarkably different from those that define ASD. WS  is a rare
eurodevelopmental disorder (estimated prevalence of 1:7500 to
:20,000; Stromme et al., 2002) presenting with impaired visu-
spatial abilities and social-pragmatic skills alongside an increased
rive for social engagement. While WS  and ASD present with sim-
lar difficulties in “reading” the meaning of people’s gaze and facial
xpressions (Tager-Flusberg and Skwerer, 2013), individuals with
S,  in sharp contrast with those with ASD, show unusually intense

nterest toward social stimuli, in particular toward faces and emo-
ve Neuroscience 29 (2018) 54–60 55

tional displays, as well as increased motivation for social interaction
(Hocking, 2017; Riby and Hancock, 2008, 2009; Riby et al., 2013;
Dodd and Porter, 2010; Doherty-Sneddon et al., 2009). Recently, it
has been proposed that the increased social motivation character-
izing WS  might reflect a failure to habituate to faces, which causes
social stimuli to appear unusually novel and interesting (Järvinen
et al., 2012, 2013). Empirical findings supporting this notion include
evidence of slow habituation in electrodermal activity response to
social (and non-social) stimuli in adults with WS  (Järvinen et al.,
2012). However, no other studies have examined habituation in
young children with WS.

In summary, a lack of habituation has been linked to both the
sensory abnormalities and impaired social abilities in ASD, and
the increased social motivation that characterizes the behavioural
profile in WS.  To resolve the logical inconsistency of a specific fac-
tor (reduced habituation) leading to opposing behavioural profiles
(decreased social orienting/motivation in ASD and increased social
orienting/motivation in WS), cross-syndrome research focused on
habituation in ASD and WS  is needed.

The current study addresses this issue by examining habitua-
tion in preschoolers with ASD, age- and IQ-matched children with
WS,  and a comparison group of typically developing (TD) children.
In particular, we  investigated whether (a) visual habituation to
repeated stimuli differed across children with ASD, WS  and TD; and
(b) whether habituation rate was  associated with social and non-
social features within each group. On the basis of the literature
discussed above, we predicted abnormal habituation across both
the ASD and the WS  groups. We  also expected associations between
habituation and both social features and repetitive behaviours in
ASD, in keeping with previous research. Due to the lack of previous
research, no specific hypotheses were proposed regarding the asso-
ciations between habituation and social features in young children
with WS.

2. Methods

2.1. Participants

The participants were 39 preschoolers with Autism Spectrum
Disorder (ASD; mean age = 44.1 months), 20 children with William
syndrome (WS; mean age = 50.8 months) and 19 typically develop-
ing (TD) children (mean age = 49.4 months). Participants with ASD
were recruited through the Victorian Autism Specific Early Learning
and Care Centre, an autism intervention program located at the La
Trobe University Community Children’s Centre. Participants in the
WS group were recruited through the Williams Syndrome Family
Support Group (Victoria) and the Williams Syndrome Association
Australia. The TD children were recruited through a childcare set-
ting affiliated with Macquarie University.

The diagnoses of ASD were previously made by community-
based health care professionals and confirmed for the study
using the Autism Diagnostic Observation Schedule-Second edi-
tion (ADOS-2) (Lord et al., 2012) administered by a clinician with
demonstrated reliability in the use of this measure. Exclusion crite-
ria for the ASD group included the presence of uncorrected hearing
or vision impairment, and the presence of a major medical problem.
All participants with WS  had their diagnosis confirmed with the
positive fluorescent in situ hybridisation (FISH) test and displayed
the typical ∼1.6 Mb  heterozygous microdeletion at 7q11.23. The TD
children had no reported neurodevelopmental disorders. The ASD

and WS groups did not differ on language, cognitive level, motor
skills or overall adaptive behaviour (Table 1). However, as expected,
children with WS  had higher scores on the Socialization subscale
of the VABS compared to the children with ASD. Both ASD and WS
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Table  1
Participant characteristics.

ASD (N = 39) WS  (N = 20) TD (N = 19) T testvalue
p-value ASD vs
WS

T testvalue
p-value ASD vs
TD

T testvalue
p-value WS  vs TD

Age (months): M (SD) 44.16 (11.56) 50.80 (16.65) 49.45 (11.49) 0.12 0.11 0.77
Gender: M,  F 37, 2 10, 10 14, 5 – – –
MSEL  Total DQ M (SD) 62.08 (26.79) 56.89 (15.20) 105.29 (14.31) 0.43 <0.001 <0.001
MSEL  Verbal DQ M (SD) 56.09 (28.77) 56.44 (17.45) 104.24 (16.42) 0.96 <0.001 <0.001
MSEL  NonVerbal DQ M (SD) 68.07 (26.42) 57.34 (14.50) 104.95 (16.64) 0.10 <0.001 <0.001
VABS  Communication M (SD) 72.11 (19.17) 71.60 (11.31) 106.35 (9.62) 0.91 <0.001 <0.001
VABS  Daily Living Skills M (SD) 74.56 (27.02) 70.65 (11.67) 102.12 (12.93) 0.54 <0.001 <0.001
VABS  Socialization M (SD) 72.92 (14.28) 81.75 (12.57) 106.88 (14.81) 0.02 <0.001 <0.001
VABS  Motor skills M (SD) 76.58 (18.95) 69.65 (10.88) 103.53 (9.88) 0.14 <0.001 <0.001
VABS  ABC score M (SD) 71.00 (19.27) 70.35 (10.20) 104.18 (11.21) 0.88 <0.001 <0.001
ADOS-2 Social Affect M (SD) 13.29 (4.59) – –
ADOS-2 Repetitive Behaviours: M (SD) 7.48 (1.80) – –

A ing; MSEL = Mullen Scales of Early Learning; VABS = Vineland Adaptive Behavior Scales,
S
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Fig. 1. Eye-tracking stimuli. In each trial, two shapes appear simultaneously on
the left and right sides of the computer screen. One shape was  different on every
SD = Autism Spectrum Disorder; WS = Williams Syndrome; TD = Typically Develop
econd  Edition; ADOS-2 = Autism Diagnostic Observation Schedule-Second Edition.

roups had significantly lower scores on each measure compared
o children in the TD group.

.2. Measures

Participants’ cognitive level was measured with the Mullen
cales of Early Learning (MSEL) (Mullen, 1995). Developmental
uotient (DQ) scores were calculated according to the formula:
Q = age equivalent scores/chronological age X 100, and averaged

o create an overall DQ, a verbal DQ (encompassing the recep-
ive and expressive language subscales) and a non-verbal DQ
encompassing the visual reception and fine motor subscales). Two
articipants with WS  were administered the Differential Ability
cales second edition (DAS-II) (Elliott, 2007) as a measure of intel-
ectual ability as they were too old to be administered the MSEL
maximum age 68 months). Research has shown good convergent
alidity of the MSEL and the DAS-II (Bishop et al., 2011). Addi-
ionally, participants’ adaptive behaviour was assessed using the
ineland Adaptive Behavior Scales (VABS) (Sparrow et al., 2005).

The habituation protocol measured the fixation duration to a
epeating stimulus and to a novel stimulus presented side by side
n a computer screen across nine trials presented in a fixed random
rder. In each trial, two shapes appear simultaneously on the left
nd right sides of the computer screen, both describing a 360◦ spin
otation, one each to the left and right of the child’s midline. One
hape was different on every trial (the novel stimulus), while the
ther remained unchanged across trials (the repeating stimulus).
ll stimuli were against a white background. There were two  fixed
andom orders, so that for half participants the repeating stimulus
as on right side of the screen and for the other half it was  on the

eft side of the screen. The duration of each video was  27 s, 3 s for
ach of the 9 trials. The stimuli comprised non-social, emotionally
eutral stimuli to avoid the risk that characteristics other than nov-
lty/repetition would elicit between-group differences in baseline
alience attributed to the stimuli (Fig. 1).

.3. Procedure

The study was approved by the La Trobe University Human
thics Committee and informed consent was obtained from the
hildren’s parents. The children were tested in a quiet room in
ne of three University or early intervention settings, depending

n where the child was recruited. Three children with WS  were
dministered the standardized tests and the experimental task in
heir home due to travelling difficulties on the part of their families.
he experiment presented here were part of a larger study examin-
trial  (the novel stimulus), while the other remained unchanged across trials (the
repeating stimulus). The duration of each trial was 3 s.

ing social and non-social learning in young children with ASD and
WS.

Participants were seated in a comfortable chair, 60 cm from the
computer monitor in front of a small table. No explicit direction
was given. Videos were presented on a Tobii T120 binocular eye-
tracker monitor with an imbedded camera (120-Hz, 1280 × 1024
pixels resolution, average precision of 0.5 of visual angle). Dur-
ing observation of the video-stimuli, participants’ eye-movements
were recorded using the eye-tracker system and analysed using
frame-by-frame defined areas of interest using Tobii Studio analysis
software. Fixation criteria were set to Tobii Studio defaults of a 30-
pixel dispersion threshold for 100 ms.  The two regions of interest
included in the analyses were the novel stimulus and the repeating
stimulus.

The rate of change (slope) of attention duration to the Novel
and to the Repeating stimuli over trials was  computed to mea-
sure habituation. To show habituation to the repeating stimulus,

participants’ attention to the novel stimulus should increase while
their attention to the repeating stimulus should decrease over trials
(Fantz, 1964; Colombo and Mitchell, 2009). Furthermore, the num-
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ig. 2. Average number of trials to reach habituation.
-axis represents trials. Error bars represent standard errors. ASD = Autism Spec-

rum Disorder; WS = Williams Syndrome; TD = Typically Developing.

er of trials to habituation was calculated as an additional index
f habituation, based on the conventional algorithm indicating two
onsecutive fixations to the repeated stimuli at a decrement of 50%
r more from the mean of the two longest previous fixations within
he session as the criterion for habituation (Colombo et al., 1987,
012).

Eye-tracking calibration was controlled by Tobii Studio soft-
are. A five-point calibration and validation procedure was used,
ith calibrations being signalled as “valid” by the software when all
ve points showed good fit in the computed mapping for both eyes.
he procedure was repeated until the five points were properly
alibrated for each eye.

. Results

We  first measured participants’ total amount of fixations to the
creen (using fixation count as the metric), in order to rule out group
ifferences in attentional engagement with the task. Results of a
ne-way between-subjects ANOVA showed no effect of Group [F
2, 76) = 0.07; p = 0.92].

Next, participants’ rate of change in total fixation duration to
he Novel and Repeating stimuli over trials were subjected to a

 (Group) X 2 (Condition − Novel, Repeating) ANOVA. There was
 main effect of Condition [F (2, 74) = 12.49, p =0.001, �2

p = 0.14],
o main effect of Group [F (2, 74) = 1.12, p =0.33, �2

p = 0.02], and a
ignificant Group X Condition interaction [F (2, 74) = 4.61, p =0.01.
2

p = 0.11]. Follow-up pair-wise comparisons showed that while
articipants in the WS  and TD decreased their attention to repeat-

ng stimulus and increased their attention to the novel stimulus
ver time (WS: adjusted p [Bonferroni] = 0.001, �2

p = 0.13; TD:
djusted p [Bonferroni] = 0.02, �2

p = 0.07), this was  not the case
n the ASD group (adjusted p [Bonferroni] = 0.89, �2

p = 0.00) who
howed a decrease in attention to both stimuli over time.

The number of trials to habituation was subjected to a one-way
NOVA, which revealed a main effect of Group [F (2, 74) = 3.56,

 =0.33, �2
p = 0.09]. Pair-wise comparisons showed that partici-

ants in the TD group needed fewer trials to habituate to the
epeating stimulus compared to participants in the ASD group
adjusted p [Bonferroni] <0.05, �2

p = 0.09). Conversely, there was
o difference in number of trials to habituation between the TD
nd the WS groups (adjusted p [Bonferroni] = 1.00, �2

p = 0.00) or
etween the ASD and WS  groups (adjusted p [Bonferroni] = 0.41,
2

p = 0.04). In average, the number of trials to habituation was 6.8

SD = 4.5) in the ASD group, 5.2 (SD = 2.5) in the WS  group, and 4
SD = 3.3) in the TD group (see Fig. 2).

Associations between habituation indexes and relevant partici-
ant characteristics were examined using Pearson Product Moment
ve Neuroscience 29 (2018) 54–60 57

Correlation Coefficients. We found no correlations between habit-
uation indexes and age and DQ in any of the groups. In the WS
group, there was a negative association between number of tri-
als to habituation and each subscale of the VABS Socialization
Scales (Interpersonal Relationship, r = −0.46, p < 0.05; Social Play,
r = −0.44, p = 0.06; Social Coping r = −0.45, p < 0.05), which indicates
that slower habituation related to poorer social functioning in WS.

In the ASD group, there was  a negative correlation between
number of trials to habituation and repetitive behaviours, as mea-
sured though the ADOS Restricted and Repetitive Behaviors (RRBs)
calibrated score (r = −0.36, p < 0.05). To further explore the link
between habituation and RBBs, we conducted a one-way ANOVA
examining whether children with ASD with high levels of RRBs
(N = 9), defined as scoring in the top 20% of score distribution (Lyall
et al., 2014; Uljarević et al., 2016), differed from the rest of the
sample (n = 30) in terms of the number of trials to habituation.
This analysis confirmed that participants with ASD in the high RRB
group habituated more rapidly to the repeating stimuli compared
to participants with ASD who had low repetitive behaviours [F(1,
30) = 6.167, p = 0.019, Cohen’s d = 1.14].

4. Discussion

The current study employed a novel eye-tracking paradigm to
examine visual attention in response to novel versus repeating
stimuli in preschoolers with ASD, those with WS,  and TD chil-
dren. Although children with WS  and TD decreased their attention
toward a repeating stimulus and increased their attention to a novel
stimulus over time, children with ASD showed a decrease in atten-
tion to both stimuli over time. Our findings showed that children
with WS  who habituated more rapidly to the repeating stimuli had
better social skills compared to those showing slower habituation.
Contrary to expectations, our findings showed that slow habitu-
ation in ASD was  associated with lower severity of RRBs. These
findings are discussed below.

4.1. Habituation in ASD

Children in the ASD group attended less to the repeated stimuli
over time, similar to the WS and TD groups. However, our findings
showed decreased attention not only to the repeated stimuli over
time but also to the novel stimuli in ASD − suggesting a decreased
responsivity to novelty versus repetition in this population (Vivanti
et al., 2017). In addition, they needed more trials to habituate to
the repetitive stimuli. Our findings do not support, however, mod-
els linking atypical habituation to repetitive behaviours and social
impairments in ASD, as slow habituation was unrelated to social
functioning as measured by the ADOS-2 and the VABS. Importantly,
previous research in the area that has linked reduced habituation to
severity of ASD features has been predominately focused on habit-
uation to social stimuli (e.g., Kleinhans et al., 2009; Swartz et al.,
2013; Webb et al., 2010; Wiggins et al., 2014). It is possible that the
non-social stimuli used in the current study, by ‘detaching’ habitu-
ation from social processing, captured a dimension of habituation
that does not contribute to the severity of ASD symptoms. Some-
what paradoxically, we  found that children with slower habituation
had fewer RRBs in our ASD sample. Given the inconsistency of this
pattern with existing theoretical frameworks and the paucity of
research focused on this issue, further research is needed to explore
this counterintuitive association.

4.2. Habituation in WS
Our findings showed similar visual habituation between
preschoolers with WS  and those with TD, contrary to previous
studies which have reported slower habituation in WS  (Järvinen



5 ogniti

e
d
i
l
o
t
c
a
r
s
s
s
a
r
l
m

a
t
s
c
m
t
l
n

e
a
r
i
t
u
p
u
u
f
A
“
b
w
b
H
i
t
r
t
b
“
i
2
fi
t
c
i
“
E
t
a
m
s
p
t
i
d
b

8 G. Vivanti et al. / Developmental C

t al., 2012). The current findings suggested that WS  and TD chil-
ren decreased their attention toward the repeating stimulus and

ncreased their attention to the novel stimulus over time to a simi-
ar degree, and there were no significant differences in the number
f trials needed to habituate. Methodological differences between
he current study and the Järvinen et al. study may  explain these
ontrasting results. In particular, the Järvinen et al. study involved

 much older sample, and stimuli designed to elicit emotional
esponses, while the repeating and novel stimuli in the present
tudy were emotionally neutral. Additionally, the Järvinen et al.
tudy focused on electrodermal activity habituation, while our
tudy measured visual habituation. While the two phenomena
re thought to reflect the same underlying construct of decreased
esponsivity in response to repeated exposure of the same stimu-
ation (Turk-Browne et al., 2008), it is possible that differences in

easurement techniques contributed to the conflicting findings.
Despite the lack of significant differences between the WS

nd the TD groups across habituation measures, we found that
hose children with WS  who required more trials to habituate
howed poorer social functioning. This association suggests that
hildren who are slower in registering repetition versus novelty
ay struggle more with processing social information; however,

he correlational nature of this finding does not allow us to estab-
ish the causal direction of this association, and further research is
eeded to explore this issue.

Overall, results from our cross-syndrome study provide sev-
ral new insights on the role played by habituation in the social
nd non-social features of ASD and WS.  First, while the atypical
esponse to repetition in the ASD group documented here is intu-
tively consistent with several autistic features, including a drive
owards constancy, sameness and predictability, and “aversion” to
npredictable and chaotic social situations, our correlational data
rovide little support for the view that a habituation impairment
nderlies the symptoms of ASD. Additionally, differences in habit-
ation observed in the current study do not appear to reflect a
undamental habituation impairment. Importantly, children with
SD were able to parse stimuli according to a “novelty” versus
repetition” principle; although they required more trials to “get
ored” of repetition compared to the other groups, their attention
as longer in response to the first presentation of the stimulus and

ecame shorter as the same stimulus was repeatedly presented.
owever, when observing novel and repeating stimuli side by side

n the computer screen, children with ASD did not show an atten-
ional preference for the novel stimulus. This phenomenon might
eflect a diminished propensity, rather than an absolute inability,
o allocate attentional resources toward novel information when
oth novel and repeated information are available. This reduced
novelty bias”, coupled with slower habituation, might play a role
n the learning difficulties characterizing ASD (Vivanti and Rogers,
014; Vivanti et al., 2016, 2017). Habituation reflects an adaptive
lter mechanism that facilitates allocation of cognitive resources
o novel “not-yet-learned” information, and therefore provides
hildren with a powerful means to incorporate new knowledge
nto their behavioural repertoire; this mechanism also prevents
already learned” information from saturating processing capacity.
arly emerging differences in this strategic allocation of atten-
ion might impact early learning experiences, as selective attention
nd adaptive action in response to environmental inputs play a
ajor role in shaping developmental trajectories. Failing to pay

pecial attention to stimuli that were never seen/heard before com-
ared to familiar ones might disproportionally affect learning in
he social domain, as people are more likely to be a source of novel

nformation compared to objects. Therefore, it is possible that the
ifferences in the habituation task documented here, rather than
eing a fundamental impairment that causes the symptoms of ASD,
ve Neuroscience 29 (2018) 54–60

reflect a subtle alteration in the “novelty preference” bias which can
affect learning experiences during critical developmental stages.

Similarly, our results do not support the view of a fundamental
habituation deficit in children with WS.  Rather, our correlational
data indicate that efficiency of habituation in this syndrome is rel-
evant to social functioning. Social information processing requires
rapid detection of patterns and quick, adaptive responses to con-
stantly changing scenarios (Engel et al., 2001). It is possible that,
despite the motivation to engage with social information that char-
acterizes children with WS,  individual differences in processing
novelty versus repetition affect their ability to efficiently navigate
the ceaseless flow of stimuli in everyday social situations. This view
is consistent with research indicating that individuals with WS
often show normative or enhanced performance in simple social
tasks (e.g., imitation of emotional expressions; Fidler et al., 2007),
but struggle with complex social information processing (e.g., com-
plex social judgements on trustworthiness; Tager-Flusberg and
Skwerer, 2013). Importantly, while the current findings point to
the potential relevance of habituation to behavioural features in
ASD and WS,  longitudinal studies will be needed to examine the
nature, correlates and developmental consequences of divergent
habituation profiles across these neurodevelopmental disorders.

This study has a number of limitations that warrant mention.
Firstly, the fact the participants with ASD were paying less atten-
tion to the novel stimuli over time could reflect a lack of interest
in the task rather than reduced habituation. However, a number
of factors mitigate against this interpretation. First, we used a rela-
tively small number of trials in order to maximize engagement with
the task, and to avoid attrition due to inattention in young children
with ASD and WS.  Secondly, we  calculated the number of fixations
to the screen as a measure of attentional engagement with the task,
and found similar number of fixations across groups (although the
duration of those fixations decreased in children with ASD). There-
fore, our findings that children with ASD differ from those with WS
(who were closely matched in the terms of cognitive functioning) in
their attentional response to the novel stimuli is unlikely to simply
reflect less engagement with the task.

Another limitation is that, due to the observational nature of
the protocol, the ADOS-2 is limited in its ability to assess restricted
and rigid patterns of behaviours/insistence on sameness. Addition-
ally, as different types of repetitive behaviours have been suggested
to differ in terms of neural underpinnings (Langen et al., 2011),
behavioural correlates, triggers and functions (Leekam et al., 2011),
developmental trajectories (Evans et al., 1997) as well as patterns
of familiarity and genetic underpinnings (Silverman et al., 2002;
Uljarević et al., 2016), future research should focus on measures
that capture the multi-dimensional nature of repetitive behaviours.
Furthermore, it cannot be excluded that despite our preventative
efforts, characteristics other than the repetitive versus novel nature
of the stimuli influenced the children’s gaze patterns. However, if
the two  classes of stimuli elicited different gaze patterns due to
some unmeasured stimulus properties, all the groups would be
subject to the same bias.

Despite these limitations, our cross-syndrome approach and
the novel experimental paradigm used to examine habituation
can be viewed as strengths of the current study, and provided
us with the opportunity to address a number of gaps and limita-
tions in previous research. In particular, habituation was examined
for the first time in a homogeneous sample of preschoolers with
WS,  allowing us to investigate this process during early develop-
ment. We  also measured visual habituation using eye-tracking in
a passive view paradigm—an approach that offers more precision

in capturing attentional patterns compared to behavioural coding
techniques. It is also one that is considered to be optimally suited for
research with young children with neurodevelopmental disorders
who experience difficulties with following verbal instructions and
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andling complex social and cognitive demands, such as in children
ith ASD and WS  (Venker and Kover, 2015). Furthermore, the use

f non-social and arousal-neutral stimuli allowed us to eliminate
he potential confounding factor introduced by the differences in
ocial-emotional processing that distinguish children with ASD and

S.  We  therefore contend that our paradigm provided an unbiased
est of response to novelty versus repetition compared to the use
f social and emotionally-relevant stimuli that has been commonly
mployed in previous studies. Future studies should build on this
aradigm by manipulating relevant stimulus properties including
he reward value and cognitive load.

In conclusion, atypical habituation has been proposed to under-
ie both the social and non-social difficulties (including atypical
ensory responsivity) that define children with ASD, as well as
he distinctive social phenotype in WS.  Our findings indicate that
abituation appears to be normative in WS  and impaired in ASD.
urthermore, habituation appeared to be associated with social and
on-social functioning according to syndrome-specific patterns
hat were inconsistent with predictions from current theoretical
erspectives. Future studies are needed to further examine the role
f habituation in the social and non-social areas of impairment that
haracterize children with ASD and WS.
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