Colour Obsessions and Phobias in Autism SpectrusorDers: the Case of J.G

Amanda K. Ludlow, Pamela HeatdnElisabeth Hilt & Anna Franklir§

2 School of Psychology, University of BirminghamyBingham, UK Department of Psychology, Goldsmiths College,
London, UK,® School of Psychology, University of Sussex, BrightUK

Abstract

The current study is the first investigation of amal ‘obsessions’ and ‘phobias’ in ASD. We
investigate the colour perception and cognitionJdb., a boy with ASD who has a strong
obsession with blue, and a strong phobia of otledours. J.G.’s performance on a series of
colour tasks (colour-entity association; chromatiiscrimination; colour classification) is
compared to 13 children with and without autism wlaonot have colour obsessions or phobias.
The findings lead to the formalisation of two hyipedes: (i) colour obsessions and phobias in
individuals with ASD are related to an unusuallpsy ability to associate colours with entities;
(i) colour obsessions are related to hyposensjtiand colour phobias to hypersensitivity, in the

affected regions of colour space.
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1. Introduction

In order for a diagnosis of Autism Spectrum Disorde
individuals must have deficits in

(ASD) to be made,
socialisation, communication and imagination befiney are
three (DSM-IV, 1994; DSM-1V, TR, 2000). Abnormal
responses to sensory stimuli were omitted from D8M-
(1980) because of confusion over the interpretatibsuch
symptoms (Ornitz, 1989), and also because of tvemy of
systematic empirical research in this domain (EHipet al.,
1999). Yet since DSM-IV was published in 1994 r¢hbas
been increasing awareness that sensory procesfficglties
may be an important symptom in the clinical pictufer
many, if not most individuals with autism (e.g., vid®@n &
Watling, 2000; Leekam, Libby, Wing, & Gould, 200ss,
Saulnier, Fein, & Kinsbourne, 2006; Minshew & Hobso
2008).

Case studies are important in enabling the exptoradf
idiosyncratic sensory behaviours, frequently regbiin both
anecdotal accounts (e.g., Grandin, 1995; Jonegyn@yj &
Huws, 2003) and behavioural studies of individualgh

autism (Baranek, Boyd, Poe, David & Watson, 2007

Tomchek & Dunn, 2007). In the current study we Btigate
the case of a male child with autism (J.G.) who &deng-
standing obsession for the colour blue and limitddrance
for most other colours. There have been previowesdotal
reports of children with autism having ‘colour obsens’ and
‘colour phobia’. For example, in one case, a motliscusses
her child’s obsession with red: “By and large heuldoeat
only red food, and to this day he uses ketchup #skm
unwelcome colours” (Moore, 2004, p.153). These doed
reports appear to be common, although the prevalaic
colour obsessions and phobias in ASD is currentinown,
and to the best of our knowledge, colour obsessems
phobias in ASD have yet to be systematically ingased.
Given the behavioural consequences of such a phemam it
is surprising that very little is known about thauses and
correlates of colour obsessions and phobias, ontheiduals

who display them (White & White, 1987; Williams, 99).
The current investigation makes a first step inarsthnding
the phenomena, and paves the way for
investigations in the future.

1.1. Case Report on J.G.

J.G. was first diagnosed with “High Functioning &uat”
(HFA) in 1999 when he was 4 years 6 months. Thgrdiais
was carried out by a consultant and Senior Lecturehild
and Adolescent Psychiatry at an Autism Spectrunoifdisrs
Clinic that was part of a UK Child and Family Menit&ealth
Service. In a subsequent assessment carried outa by
paediatrician and an educational psychologist, r‘fout of
nine features of inattention, five of five featuresf
hyperactivity, and four of four features of impuwity on a
diagnostic checklist” were noted as atypical. Cstasit with
his diagnosis of autism, J.G.'s
significantly delayed, with his first attempt toestk occurring
around four years. When J.G.’s cognitive abililgsnassessed
at 10.5 years, the Raven’s Progressive MatricesdiiRaCourt
& Raven, 1992), a test of fluid, non-verbal intgdihce,
yielded a scaled score of 103. Further assessnsmg the
Weschler Intelligence Scales for Children RevisédSC-R)
(3" edition) (Wechsler, Golombok & Rust, 1992) showleat
Full Scale IQ was 104, Performance 1Q was 105 aarbd
IQ was 102. Whilst these assessments do not irdglabal
intellectual impairment, the pattern of performaaceoss the
subtests of the WISC revealed an extremely unewglitya
profile. He performed well on the tasks assessiegetal
knowledge and understanding of information (infotioa
scaled score=14 and similarity scaled score=14), gmor
performance on tasks requiring a higher level ofbak
explanation (vocabulary scaled score=7 and compsibe
scaled score=1).

J.G. has very strong reactions to many differepesyof
sensory input, including colour obsessions and @®lsince
early childhood, J.G. has had an aversion to bragiburs,
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and a very marked preference for blue and purpig fainily
have reported early incidents during which he gpieh to
“dye” clothes and other objects blue. Indeed, henev
attempted to paint the family dog this colour. Withthe
family home, J.G.’s environment has been tailo@deduce
his stress. To this end, his bedroom is painteghlpuand
black, all of his clothes are dark blue, and thaika car is
blue with a purple interior. Similar to cases poegly
reported in the literature (Moore, 2004), J.G’sedsson with
colour impacts upon his diet. He opts for food# tre either
white or have little colour and will not tolerateore than two
colours on a plate at any one time. J.G. repaats m his
eyes (“hot eyes”) in responses to bright colounsl exposure
to these results in hyper-excitability and naudaadiow &
Wilkins, 2009). He dislikes all types of light, ahts bedroom
remains unlit. Although his tolerance for manyghticolours
has improved with age, he continues to carry higgsisses
around with him, even indoors. J.G. is also unébl®lerate
strong smells, for example the smell of washing g@wand
glue. His auditory difficulties include a markeddlerance to
the sound of vacuum cleaners. When assessed @ettsory
Profile Questionnaire (Dunn, 1999), a questionnaitgéch
provides a standard method to measure a child’'sosgn
processing in daily life, J.G is atypical on 7 b&t9 factors
(see table 1). The comparison of J.G’s profilehvtite ASD
norms (Dunn, 1999) suggest that J.G’s sensorycdiffes are
more extreme than is typical in ASD.

Table 1. Mean scores across the nine factors of the Sensory

Profile for J.G., ASD and TD groups.

Factors J.G. ASD D
Sensory Seeking (max=85) 38* 55 72
Emotionally Reactive (max=80) 44* 44* 65
Low Endurance/Tone (max=45) 32* 34* 42
Oral Sensory Sensitivity 21* 30 38
(max=45)
Inattention/Distractibility 10* 20* 28
(max=35)
Poor Registration (max=40) 26* 26* 36
Sensory Sensitivity (max=20) 9* 15 15
Sedentary (max=20) 11 13 13
Fine Motor/Perceptual (max=15) 9 7* 12

* Atypical Performance - based on means taken ftioen
Sensory Profile (Dunn, 1999). Lower scores reprieagpical
sensory processing.

1.2. Colour Perception and Cognition in a Child kviColour
Obsessions and Phobias

The current investigation aims to establish wheth&.’s
colour obsessions and phobias are accompaniedypjcait
characteristics for other aspects of colour pefoapaind
cognition. In a series of three experiments we gana J.G.’s
performance to ASD and TD groups of children whondo
have colour obsessions or phobias, on tasks thasume the
ability to associate colour with entities (Experimel), the
accuracy of chromatic discrimination (Experimenta)d the
pattern of colour classification (Experiment 3). heT
theoretical motivation for the investigation of sleeaspects of
colour perception and cognition in J.G. is outlinedthe
introduction to each experiment. The study reprss¢he
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first step in understanding the underlying mechasjscauses
and consequences of colour obsessions and phobiaSD.
It is intended that this case study provides anggwdard for
future large scale investigations of colour obgessiand
phobias in those with ASD. Full ethical approvalsngranted
to complete these studies and all children and thaients’
gave their informed consent prior to their/theirildls
inclusion in the study.

2. Experiment 1. Colour Associations

Experiment 1 aims to establish whether J.G. isie&ypn
his ability to associate entities with colour. Qeeent theory
of colour preference argues that colour prefereacisg from
colours being associated with valenced objectsniPal&
Schloss, 2010). For example, it is argued thalikeecolours
that are associated with liked objects, and disti®urs that
are associated with disliked objects. If thishis tase, then it
is possible that the strong colour preferencesaamedsions to
colours seen in J.G. and other individuals with A8&uld be
related to a superior ability to associate entitiegsch as
objects or even experiences, with colours. Fomgae, a
favourite toy may be more readily associated wihcblour,
leading to a stronger colour preference than isciyly the
case. To investigate whether J.G has a superiiityato
associate colours and entities, we assess higyatiililearn
and retrieve arbitrary colour-animal associatioaktive to
groups of both typically developing children (TDnhda
children with ASD. The task we use is taken frdra first
phase of an experiment in Heaton, Ludlow and Ravers
(2008), where no differences between groups otlcdil with
and without ASD were found when children were matthn
non-verbal cognitive ability (when both groups Hadrning
difficulties). The simple task involves childreemnembering
and retrieving arbitrary associations of colourd animals.

2.1. Participants

In addition to J.G., groups of typically developicigjldren
(TD, N=13) and children with autism (ASD, N=13) weaalso
tested. Samples were matched to J.G.’s age andrarbat
cognitive ability. The TD group had mean age ofyg@ars, 8
months (SD = 2.4) and a mean Ravens Matrices sf@8.1
(SD = 14.4) and were recruited from two mainstrgaimmary
and secondary schools. The ASD group had a meanfatp
years 9 months (SD = 2.7) and a Ravens Matricese sab
90.5 (SD = 10.6). The thirteen children with ASDwWgh a
diagnosis of Asperger's Disorder and 8 with a dagis of
Autism) were recruited from a specialist school, which
entry is dependent upon meeting criteria for autspactrum
disorders outlined in DSM IV (APA, 1994). All paipants
were screened for colour vision deficiencies uding City
University Colour Test (3 Edition, Fletcher, 1998) and the
Ishihara Test (Ishihara, 1970). No participants|uding J.G,
showed any colour vision defects. In order to Street any
other potential cases of colour obsession, alldchil were
guestioned about colour preferences. Parents dled in a
short colour preference questionnaire on theirdthibehalf
(Appendix) addressing their children’s colour likesd
dislikes. Children who were shown to have strondpuo
preferences for a reasonable duration of time (@yg¢aand,
more importantly, also changed their behaviour etiogly
(e.g, only wears a certain colour), were not inebidn the
experimental trials. Two children with autism wenecluded
due to showing a strong colour preference, in tidise one



liked orange and the other liked red, but no cdstreere
excluded.

2.2. Stimuli and Set up

Four hues were taken from the Munsell colour system

(red: 5R; blue; 5B; green: 5G; yellow: 5Y) at cargtvalue
(6) and chroma (6). The CIE (1931) x,y,Y chromatico-
ordinates of these Munsell colours were rendere@ astf
patches on a 17 inch CRT computer monitorAnimal

pictures were black and white 7 timages of a dog, cat,

rabbit and pig which were taken from the Snodgrasd
Vanderwaart (1980) picture scale.
approximately 49 cm from, and at eye-level to, chenputer
monitor on which stimuli were presented.

2.3. Design and Procedure

Participants were told that they would see founrets
paired with four colours. They were advised thatytlvould
be asked to remember which animal and colour weieg
with each other. During the familiarisation phagee of four
colour-animal pairings (red-dog; blue-cat; yelloabbit;

green-pig) was shown on each trial, with the catdur

stimulus presented in the centre of the monitod, the animal
stimulus presented 2 cm below the colour. Thereewe
randomised familiarisation trials, four for eachripey. Then,
during a test phase, one of the four animals agpean each
trial, with the four coloured stimuli presentedaihorizontally
aligned arrangement
randomised). Participants were asked to poinhé&dolour
which was paired previously with the animal curherseen.
There were 16 randomised test phase trials, fourefxh
animal.

2.4. Results

The accuracy of performance on the task is colhpse

across colour regions, as the accuracy in eachucokgion
could be influenced by the specific colour-animsgaciation
allocated to it. Figure 1 gives the percentageuy in
identifying the colour-animal association during tiest phase
for J.G. and TD and ASD groups. There was no Saamt
difference in accuracy for TD and ASD participan(g4) =
1.40,p=0.18.

As can be seen in figure 1, J.G. identified alloceol
animal associations correctly. Six other partgifs (2 ASD
and 4 TD) were also 100% accurate on the task,JaBds
performance was not significantly different to tlmher
participants (ASD and TD combined: Z = 1.33), olDA& =
1.75) or TD groups (Z = 1.02).

As in Heaton et al., the ASD group had no particula

strength or deficit in associating an animal withe) yellow,
green or red, relative to controls matched on neral
cognitive ability. J.G. is also not significantyfferent in his
performance on this task relative to ASD and TDugsy
although he does score perfectly on the task.

Ceiling effects for J.G on the task could be magkime
extent of his ability, and with a more difficult stq his
performance may well have been significantly déferto the
ASD and TD groups.

Participants sat

below (1-4 position of stimulus

Figure 1. Mean accuracy (+/-1se) in identifying colour-
animal associations for J.G. and TD and ASD groups.
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2.5. Discussion

Percent correct

However, although we cannot say with confidence

whether J.G.’s performance is significantly differéo ASD
and TD groups, his perfect performance on the toks
clearly suggest that he is excellent at associataigurs with
entities. The findings therefore do not contradibe
hypothesis that strong colour obsessions and awveysin
ASD may result, in part, from a particularly stroaljility to
associate colours with entities. If this hypotkasicorrect, it
would suggest that colour obsessions and phobia&SD
derive from similar underlying mechanisms to thdbat
underlie colour preferences and aversions in
development,
amplified. Of course, a strong ability to form cot-entity
associations could also be a consequence ratheratitause
of colour obsessions. For example, strong reastiorcolour
could draw attention to the colour of objects, ¢r
strengthening the ability to form or retrieve thesaour-
entity associations. Experiment 1 suggests thatiarranted
to further investigate these issues in future largeale

investigations of the underlying mechanisms of waplo

obsessions in ASD.

3. Experiment 2. Discrimination: finding the chraticdodd-
one-out’

An alternative hypothesis to
hypothesis is that children with colour obsessiang phobias
are atypical in their sensitivity to colour and amatic
differences in colour (Franklin & Sowden, 2011). orF
example, a general hypersensitivity to colour coleldd to
greater recognition of the nuances of differentouadd, and
could potentially elicit stronger reactions as asute
Alternatively, chromatic hypersensitivity could vétsfrom the
colour obsessions and phobias themselves. Forpm&athe
greater visual experience with preferred colouiaeg, as a
result of the structuring of the chromatic enviramn to
alleviate stress (e.g., ensuring bedroom walls atider
artefacts are the preferred colour), could lead
hypersensitivity in these chromatic regions as sulteof
experience induced perceptual learning (e.g., Fatteggio,
2002).

Previous investigation of colour perception andritgn
in children with ASD has provided converging eviderthat
chromatic discrimination is reduced rather thanascled in
‘high-functioning’ adolescents with ASD relative &mge and
non-verbal cognitive ability matched controls, @adt under
some circumstances (Franklin, Sowden, Burley & Notm

typica
but that the underlying mechanisms are

the colour-association

to



2008; Franklin et al., 2010; Fujita, Yamaski, Kamtitrose &
Tobimatsu, 2011). For example, Franklin et al. @02010)
have found that ASD participants were on averags le
accurate at memorising and searching for colousgdets,
had poorer performance on a clinical test of coldsion (the
Farnsworth-Munsell 100 hue test),
chromatic discrimination thresholds (yet perfornadypical
levels on these tasks when stimuli varied alongedision
other than colour). Although Koh, Milne and Dobxkif2011)
find no evidence for atypical contrast sensitivity moving
chromatic gratings in ASD, visual evoked potentiglisited
by static chromatic gratings have been found toelleiced in
those with ASD relative to controls (Fujita et a20115.
Despite such group differences on chromatic taskemains
possible that the individuals with colour obsessicand
phobias are in fact hypersensitive to chromatidediinces
throughout colour space, or that this hypersersitivs
selective to regions of colour space that are thoeid of the
obsession or phobia (see Franklin & Sowden, 201 fufther
discussion).

Experiment 1 assesses this,
performance on a simple chromatic discriminatiosktéor
preferred and disliked regions of colour space, the
performance of groups of TD and ASD participantsvao
not have colour obsessions or phobias. The tas#én from
a previous investigation of colour perception inDA@eaton
et al., 2008), and involves identifying the colotimat is
different out a set of three coloured stimuli. Heaet al.
found poorer performance on the task for a groupASD
children who had delays in verbal and non-verbandive
ability relative to a TD group matched on chronatadyage,
yet equivalent performance to a group of childreatahed on
verbal and non-verbal cognitive ability. Here, a@mpare
J.G.’s performance of the task to TD and ASD grouops
participants who are matched on chronological agk reon-
verbal cognitive ability.

3.1. Participants
The participants were the same as in Experiment 1.
3.2. Stimuli and Set up

Stimuli were 32 hues taken from the Munsell colour
system at constant value (6) and chroma (6). Thégs
were from four regions of colour space (8 each fnad,
green, yellow, blue) and had hue codes (1, 9.5, f®)
training stimuli, and hue codes (2.5, 5, 7.5 anjl fbd test
phase stimuli. All other aspects of set up wemniital to
Experiment 1.

3.3. Design and Procedure

On each trial, three coloured 7 tooloured patches were
presented on a gray background (Munsell N5), witithe
stimulus located at the end points of an imagingdilateral
triangle, with the allocation of stimuli to eachcédion
randomised. Two of the three stimuli were an igahthue,
and the third was different in hue, with both hdiesn the
same colour region (red, green, yellow or blueartiBipants
were required to identify the different stimulus pginting.
During a training phase, stimulus triads with hties varied
in 8.5 or 9 hue units were presented (e.g., targ@B6/6,
distractors = 9.5B6/6 or target = 1B6/6, distrastorl0B6/6).
There were 6 randomised training trials, with 2 fmach

and had elevated

by comparing J.G.'s
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colour region. During the test phase, the targdtdistractors
varied either by 2.5, 5 or 7.5 hue units). Thererev24
randomised test phase trials, with 6 trials forheaolour
region.

3.4. Results

Figure 2 gives the percentage of trials on whighttrget
stimulus was correctly chosen, for each of the foolour
regions, for J.G and ASD and TD groups.

Figure2. Mean accuracy (+/-1se) in identifying the
chromatically different stimulus for blue, red, lpet and
green regions of colour space, for J.G. and TDABD
groups.
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Two way repeated measures ANOVA with Colour Region
(Blue/Red/Yellow/Green) and Group (ASD/TD) ideredi
that performance varied across colour regions fbr and
ASD groups,F (3,72) = 3.78p < .05, but in different ways
for each groupF (3,72) = 6.29p < .005. There were no
significant differences in accuracy of target idiéction for
ASD and TD groups,H< 1). J.G.'s overall accuracy on the
task (mean = 87.5%) was not significantly differemthat of
ASD and TD groups (overall mean = 71.26%, SD = BZE
0.88. As can be seen in the figure 2, J.G. madmistakes
for three of the colour regions, but was only corielf of the
time at identifying the different hue when hues taten from
his preferred colour region. Other participantoamade no
errors in identifying blue (N = 2), red (N = 2eliow (N = 2)
and green (N = 8), and J.G.’s performance is rgitiicantly
different to ASD and TDs in any of the colour reggoblue, Z
= -1.06; red, Z = 1.71; yellow, Z = -0.56; green=271.18).
However, J.G.’s distribution of errors across tbarfcolour
regions does appear to be atypical: out of 26 @patnts, only
one other participant has errors restricted toamteur region
(and that participant only makes one error). Theeg J.G.’s
pattern of errors does suggest that he has aiselelficit in
discrimination in the region of colour space thatpreferd
This argument is also strengthened by the evidérate].G.’s
performance is greater than the ASD and TD meauaracg
for red, yellow and green, yet below the ASD and fBan
accuracy for blue.

3.5. Discussion

The finding of equivalent levels of performance foose
with ASD to groups of children matched on non-vérba
cognitive ability aligns with the previous findin§ Heaton et
al. who found that children with learning difficiéé did not
differ on the task depending on whether or not they ASD.
The current study indicates that children with Ag&form at
typical levels when identifying the stimulus that i



chromatically different. However, on the basisohverging
evidence from previous research that
discrimination in ASD is reduced (e.g., Franklinakt 2008;
2010; Fujita, Yamasaki, Kamio, Hirose & Tobimat2011),
one may expect those with ASD to perform less telh TD
participants on this task. One possibility istttiee current
task is not sensitive enough to reveal the diffeesnin
chromatic discrimination between the groups. Baneple,
previous research has established that althouglkldfieit in
chromatic discrimination in ASD is reliable, itirdeed small
(e.g., the difference in chromatic just-noticeatiiéerence

between ASD and TD groups is small but significant:

Franklin et al., 2010). The chromatic differencas the

current task may well have been too large to revealof TD (N=13) and ASD children (N=13).

differences between the groups — indeed severathef
participants had perfect performance in one or numeur
regions on the task.

Although J.G’s general ability to identify the stitas that
is chromatically different is not statistically flifent to TD or
ASD groups, he does have perfect performance ieethr
colour regions. The task therefore does reveairttegesting
atypical distribution of errors across colour regidor J.G.
relative to ASD and TD children. Whilst J.G. igfoeming at
the highest possible level for red, green and yellegions,
his performance is below typical levels (as indicaby ASD
and TD means) for the blue region of colour spacks
outlined in the introduction, J.G. has a strongesb®n for
blues and purples, and a strong phobia of otheiomegof
colour space. This suggests that J.G. has a iselaficit in
chromatic discrimination in his preferred region aflour
space, whilst also being excellent at chromaticriisination
in the regions of colour space that he is averse to

These findings from J.G. lead to our tentative stjgn
that chromatic hyposensitivity underlies colour edsons in
ASD, whereas chromatic hypersensitivity underliedoar
phobias. It may seem odd to propose that childrgm ASD
like stimuli that they are poor at discriminatirand dislike
stimuli that they are excellent at discriminatingowever, it
is theoretically possible that if an individualhigpersensitive
to certain colour regions that this causes an @splet
‘sensory overload’, and that colours from region§ o
hyposensitivity are sought out to avoid this. Esxample,
J.G.’s experience of ‘hot eyes’ and excitabilityr@asponse to
bright colours, and his seeking out of less stittingda blue
colours could be a real world example of sensorgrioad
impacting on colour preference. Of course, thiggestion is
based on data and observations from only one iddatiwith
colour obsessions, yet it does provide a clear tasthble
hypothesis for further research.

4. Experiment 3. Classification of Colours: Namanyd
Grouping

J.G.’s poor performance on the discrimination tegien
stimuli were in his preferred region of colour spawould
mean that J.G. has difficulty in processing prefercolours in
other ways as well. For example, J.G.’s diffieatiin
discrimination in the blue region of colour spacaynimpact
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on his ability to classify colours in and aroundhttitolour

chromatic region. Experiment 3 aims to assess this, and coraphG.’s

naming and grouping of a set of colours rangingfgreen to
purple, to TD and ASD groups.Previous research has
established that the naming and categorising obursl is
typical in ASD, at least for the blue-green regitiat was
tested (Franklin et al., 2008). Here we assesshehd.G.’s
obsessions with blue and purple colours is asstiatith
atypical classification of colours within and ardumhese
regions of colour space.

4.1. Participants

Experiment 3 compared J.G.’s performance to newiggo
Again, sampl
were matched to J.G.’s age and non-verbal cognithitty.
The TD group had mean age of 10 years, 5 months=($9)
and a mean Ravens Matrices score of 87.2 (9.7 A3D
group had a mean age of 11 years 1 month (SD 2ad)aa
Ravens Matrices score of 82.7 (SD = 9.8). As fepdfiment
1 and 2, all children were screened for colour ovisi
deficiencies, and questioned about colour preferenand
none reported colour obsessions or phobias.

4.2. Stimuli and Set up

Stimuli used were taken from the Munsell colourtsys
which has three dimensions: hue, value (lightnessil
chroma (roughly equivalent to saturation or colalméss).
There were 18 hues spanning the green-purple regfon
colour space (5G-7.5P) in steps of 2.5 Munsell hoits, at
constant value (5) and chroma (10). Stimuli weré fcom
reflective Munsell sheets of card in the shape bbg (4cm
long and 2 cm wide), and were presented on a gray
background (Munsell N5; 13x10 cm). The shape wasl us
make the children focus on the colour. Only bogpss were
used to reflect the all male sample. The proceduas
conducted under standard lighting conditions thatukate
natural daylight (D65, 6500K, at 810-1880 lux). $ée
lighting conditions are necessary for the unifoymitf the
Munsell system to be maintained (Davies & Frankiiog?2).

4.3. Design and Procedure.

For the naming task, each of the stimuli were prese
individually and participants were asked to nameegtimulus
as either green, blue or purple. Each stimulusprasented 3
times each, giving 54 trials in total which weregented in a
random order. For the grouping task, all stimulergv
arranged in a random arrangement and participamse w
instructed to group the stimuli into green, blued gwurple
groups. They repeated this task three times.

4.4, Results and Discussion

Figure 3 gives the naming and sorting data for ih®,
ASD and TD groups. The graphs in the naming colgine
the percentage of trials on which a green, bluepanple
response was given for each stimulus. The graphthe
sorting column give the percentage of trials onolthéach
stimulus was allocated to the green, blue or puypdelps.
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Figure3 Naming and grouping classification curves for gineen-purple region of Munsell hue space, indicathe frequency
with which stimuli are named or grouped using grddue or purple terms, for J.G. and TD and ASDugs The x axis gives
the frequency of name or group, and the y axisgjile Munsell hue codes for the stimuli.
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As can be seen in the figure, for ASD and TD grotips
location of the blue-green boundary appears toeeden 7.5
and 10BG, and the location of the purple boundatyben
5PB and 7.5PB on both tasks. J.G.’s performarigasalvith
the TD and ASD groups for the blue-purple boundarypoth
tasks, and the blue-green boundary on the sortask. t
However, for the naming task, the blue-green bonnder
J.G. shows a different pattern to the TD and AS@upgs. For
J.G, there is a region of confusion in naming th@dns 7.5
hue units between 10BG and 7.5B, where the claasiin
curves do not form a smooth continuum.
naming figures for ASD and TD groups below are aged
across participants, no individual in either grodigplays
confusion in naming in this way.

4.5. Discussion

Althougle th
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There is some suggestion from the naming taskli@t may
have greater difficulty than ASD and TD groupslassifying
colours as either blue or green. This confusiopdshaps
surprising as the boundary demarcates colourshédtkes
(blues) from colours that he dislikes (greens). weweer,
J.G.’s classification of colours in this region Wsactually
have been typical if one of the stimuli (5B) wasnea blue
on all three trials rather than just the one. €&fme, as the
atypical pattern relies on the naming of just otiendus,
J.G.'s naming in the blue-green region may be &gpical
than initially appears. In addition, J.G. is tygi@at sorting
blue and green stimuli, and his blue-green boundasy
indicated by sorting, aligns with ASD and TD groups
suggesting that J.G does indeed have access tiygioally
elicited terms. Overall then, there is no strikengdence that
J.G.’s difficulty at discriminating colours in tiue region as

Experiment 3 does not provide strong evidence torevealed in Experiment 2, is associated with greasafusion

support the hypothesis that J.G.’s classificatibralours in
and around his preferred region of colour spacsrikingly
atypical. J.G.’s classification of colours as eittblue or
purple is clearly typical relative to ASD and TDogps.

when classifying colours within and around this ioagof
colour space.



5. General Discussion

Whilst colour obsessions and phobias in individwaifih
ASD have been reported anecdotally, this case gitmlides
the first systematic investigation of the phenonmeand of
the potential causes and consequences. We intetidef case
of J.G. to provide a starting point for understaigdihis often
reported, but under investigated phenomenon. Aljho
conclusions from across the three experiments ningst
tentative given that they are based on one cas#y,sthe
current investigation does allow us to formalise ti@stable
hypotheses on colour obsessions and phobias intASran
subsequently be tested in large scale investigatidrhe first
hypothesis is that colour obsessions and phobiagSb
result from an amplified ability to associate ca®uwith
entities. Convincing evidence has been providadl ¢blour-
object associations are related to colour prefa®it typical
adults (Palmer and Schloss, 2010). The first Hypsis
merely suggests that this mechanism is amplifiedsome
individual's with ASD. The case of J.G. potentjgtirovides
evidence to support this hypothesis, as unlikentlagority of
other participants, J.G. never made a mistake whe
reproducing arbitrary colour-animal associations. An
alternative interpretation of J.G.’s performancthest a strong
ability to form colour-entity associations is a sequence, not
a cause, of colour obsessions and phobias. Fonmgathe
strong reactions to colour seen in individuals withiour
obsessions and phobias, may lead to them placinge mo
importance on the colours of objects in their emwinent
(e.g., only eating red food, painting the dog blu&greby
strengthening the ability to form colour-entity asistions.
The current study suggests that further investigatif these
issues is warranted, with converging measures d¢duco
entity association, and with a large sample of¢hogh ASD
who have colour obsessions and phobias.

The second, testable hypothesis that is formalfsaah
our case study of J.G.,,
hyposensitive in colour regions which form the fecaf
obsessions, yet are hypersensitive in colour regtbat are
associated with phobic reactions. The argumerg fethat
hypersensitivity and ‘sensory overload’ in partautegions
of the colour space leads to colour phobia, ané assult
other less stimulating colour regions are sought allG.’s
performance is congruent with this hypothesis,asrily ever
makes errors on the chromatic discrimination taslemthe
colours come from his preferred colour region. Agahis
evidence at least suggests that further investigatif the
hypothesis is warranted. Further research shoséd more
sensitive measures of chromatic discrimination,hsas the
psychophysical chromatic discrimination threshasdkt used
by Franklin et al. (2010), and test for hyper- amgpbo-
sensitivity in regions of colour space associateith w
obsessions and phobias in a range of individuals.

Further investigation of colour obsessions and E®n
ASD is essential, as it appears that these are comend
often have a pervasive impact on behaviour ang diéél for
those with ASD (Franklin & Sowden, 2011). In these of
J.G., the colours that he is ‘phobic’ of elicittaosig physical
reaction of nausea. Another case (M.C., a 12 yielbay) has
recently been presented to us where an extremeurcolo
obsession with red and phobia to blue also hasrzagiee
impact on the individual's life (Ludlow & Wilkinsglinical

n

is that those with ASD are

2

observation). All of M.C.’s clothes are red, as his items in
his bedroom at home. He shows a physical aversion t
touching anything that is blue and he will begimitaal of
obsessively wiping his hands when this happdr®ese cases,
along with other anecdotal reports from the literat
(e.g.,Williams, 1999), suggest that colour obsessiand
phobias can have a far reaching impact on the heainaof
those with ASD, which in turn could potentially iaqt on
development.

5.1. Conclusion

Obsessions and ritualistic behaviours are frequentl
observed in autism (DSM-1V, 1994) and it is impaottdo
understand how extreme reactions to colour relate t
obsessions and phobias in general. It is also iitapb to
understand the relationship of these atypical reastto
colour to atypical sensory processing in generalt may be
the case that those with colour obsessions andigolike
J.G., also demonstrate atypically severe sensooplgms.
Further research is needed to investigate theaedssas well
as to establish the prevalence of the phenomenuh,tlze
extent to which colour obsessions and phobias anagdi
with development (Dunn, 1999). The current caselyst
provides the first step in understanding colouresk®ns and
phobias in ASD, and further investigation of thiepomenon
could provide insight into the relationship betwesemsation,
perception and behaviour in those with the conulitio
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Endnotes

The Munsell system is a standardised color methchv
defines color along three dimensions: hue; chroroaghly
equivalent to saturation or intensity); and vallighfness).
Hues in the metric are denoted by a letter (e.g,'fed’) and
a number (2.5, 5., 7.5 or 10). CIE (1931) Y, x,yocaspace
defines color in terms of its luminance (Y) and h@a-green
(x) and blue-yellow (y) the colors are.

One possibility is that atypical chromatic procegsin
ASD is restricted to higher spatial frequenciesnigli in
Fujita et al. were of a higher spatial frequencyhimse in Koh
et al.) or to processing of chromatic stimuli thed static.

Inspection of the data confirmed that J.G.’s eiirothe
blue region was not due to him choosing only onthefblues
(e.g., his favourite blue) every time.

Appendix
Colour Preference Questionnaire

1) Does your child have any favourite colours ahdoi
which ones?

2) Why does your child say they like them?
3) How long have they liked these colours?

4) Does your child have any strong dislikes to aiart
colours and if so which ones?

5) Why does your child say they dislike them?
6) How long have they disliked these colours?

7) Does your child’s like of certain colours infhae their
behaviour and if so how?

8) Does your child’s like of certain colours infhee their
behaviour and if so how?





