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Autism spectrum disorders are defined by difficulties across a range of areas: social and communication difficulties and
restricted and repetitive behaviours and interests. It has been suggested that this triad of symptoms cannot be explained
by a single cause at the genetic, neural or cognitive level. This article reviews the evidence for a ‘fractionable’ autism triad
at the cognitive level, highlighting questions for future research.
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Introduction

Autism has for many years been diagnosed on the basis of
the characteristic ‘triad’ of impairments: social deficits,
communicative impairments and restricted and repeti-
tive behaviours and interests (RRBIs) (World Health
Organization, 1992). Although the latest edition of
Diagnostic and Statistical Manual of Mental Disorders
(5th ed.; DSM-5) (American Psychiatric Association
(APA), 2013) collapses social and communication symp-
toms into one domain (further discussed below), deficits
across the three areas of the triad are still required for a
diagnosis of ‘autism spectrum disorder (ASD)’. Wing and
Gould (1979) introduced the concept of the triad of impair-
ments after finding that children with social impairments
often exhibited communication deficits and impoverished
imaginative play, with repetitive stereotyped behaviour.
Based on Wing and Gould’s epidemiological data, it has
long been assumed that the behavioural symptoms of ASD
have common causes at the genetic, cognitive and neural
levels. However, Wing and Gould (1979) themselves noted
that some children presented with only certain aspects of
the triad. More recently, it has been found that 10% of chil-
dren in the general population present with just one impair-
ment (defined as scoring in the most impaired 5%) without
co-occurring deficits in other parts of the triad (Ronald et al.,
2006a), and modest-to-low phenotypic correlations between
triad features have been reported in individuals with ASD
(Dworzynski et al., 2009) and trait-wise in general popula-
tion samples (Ronald et al., 2006b). These findings have

been taken to suggest that the triad of impairments is sepa-
rable at the behavioural level, although this has been a mat-
ter of some debate. The work by Constantino et al. (2004),
for example, has suggested that a single factor is sufficient
to explain variation on the Social Responsiveness Scale.
However, more recent work by this group has supported a
two-factor solution, distinguishing social and communica-
tive symptoms from rigid and repetitive behaviours (e.g.
Frazier et al., 2012). In addition, twin studies have uncov-
ered the relatively independent heritability of each of the
three impairments of the triad (Robinson etal., 2012;
Ronald et al., 2006a, 2006b, 2011), suggesting that largely
non-overlapping genes influence each part of the triad.
These observations have led to the proposal of the ‘frac-
tionable” autism triad, a theory in which the social and non-
social symptoms of ASD are suggested to have distinct
causes at the genetic, neural, cognitive and behavioural lev-
els (Happé et al., 2006; Happé and Ronald, 2008). The pur-
pose of this article is to examine the proposal that autism is
‘fractionable’ at the cognitive level.
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A range of cognitive accounts have been proposed to
explain the symptoms of ASD. These theories posit a pri-
mary deficit either in the social domain (e.g. Theory of
Mind (ToM), emotion processing and social motivation/
reward) or in the non-social domain (e.g. executive dys-
function, weak central coherence (CC) and reduced top-
down modulation). However, it is questionable whether
any of these theories can account for the full triad of diag-
nostic features of ASD, let alone the associated features
such as raised incidence of talents and uneven cognitive
profile. For example, the ToM deficit hypothesis provides a
good explanation for the social and communication impair-
ments in ASD, but struggles to explain the non-social
domain of ASD, such as RRBIs, motor problems, sensory
abnormalities and savant skills. Conversely, non-social
cognitive accounts of ASD provide a good explanation for
the non-social aspects of ASD. For example, executive dys-
function in ASD may underlie RRBIs due to a failure to
generate new behaviours or shift set. In addition, a detail-
focused cognitive style may account for ‘insistence on
sameness’, narrow special interests and high rates of talent
in ASD. Neither account, however, explains the specific
pattern of intact and impaired social cognition (for review,
see Frith and Frith, 2010). Consequently, Happé et al.
(2006; Happé and Ronald, 2008) proposed that multiple
cognitive accounts may apply, each explaining different
parts of the ASD triad. This proposal makes a number of
predictions (e.g. no one cognitive characteristic of ASD
need be specific to ASD), but here we will focus on just
two: (1) that performance on social and non-social cogni-
tive tasks should be relatively unrelated and (2) that spe-
cific cognitive tests should relate differentially to distinct
aspects of the triad of symptoms in ASD.

This article will review the evidence that cognitive func-
tions are fractioned in ASD. First, the relative independ-
ence of cognitive functions will be explored. Second,
published studies addressing the relation between cognitive
tasks and symptoms in ASD will be summarised. Finally, a
multiple cognitive deficit account of ASD, incorporating
several cognitive functions, will be suggested to provide a
better explanation for the complete profile of ASD.

Prediction (1): relations among
putative cognitive characteristics of
ASD

While by no means the only cognitive theories of ASD, the
‘Theory of Mind’ (for review, see Frith etal., 1991),
‘Executive dysfunction’ (Hill, 2004) and ‘weak coherence’
(Happé and Booth, 2008; Happé¢ and Frith, 2006) accounts
are of sufficiently long-standing to have been examined
empirically in relation to one another. The fractionated triad
account proposed that these three cognitive deficits/styles
may be relatively independent and underlie different
impairments in ASD (Happé and Ronald, 2008). What is
the state of the empirical evidence to date?

ToM and executive function (EF)

In contrast to the prediction that cognitive deficits are inde-
pendent, a link between ToM and EF in ASD has been
reported. Studies with children with ASD have reported
positive correlations between false-belief tasks testing ToM
and tasks measuring various aspects of EF, including the
Luria Hand Game (Bigham, 2010), the Windows task
(Russell et al., 1991), the NEPSY Knock-Tap task (no cor-
relations with four other EF tasks; Joseph and Tager-
Flusberg, 2004), the Dimensional Change Card Sort task
(Colvert et al., 2002; Zelazo et al., 2002), the Wisconsin
Card Sort Task and the Tower of Hanoi (Ozonoff et al.,
1991). Ozonoff etal. (1991) found that performance on
tasks measuring ToM and EF was related in ASD when
controlling for 1Q, although this correlation was not found
in the control group. However, the ASD group exhibited a
universal deficit in EF that was not apparent for ToM.
Ozonoff et al.’s (1991) conclusion was that executive dys-
function is primary in ASD and is dissociable from ToM
deficits, as the two deficits did not always co-occur. In con-
trast, Harris et al. (2008) reported that individuals with
ASD who performed poorly on ToM performed poorly on
EF tasks, and vice versa. In addition, Pellicano (2007)
reported a significant correlation in an ASD group between
a ToM composite and several components of EF (planning,
set-shifting and inhibition), independent of age and IQ.
Furthermore, and contrary to Ozonoff et al.’s (1991) origi-
nal finding, EF and ToM were dissociable in one direction
only: impaired ToM with intact EF.

Pellicano’s (2007) findings offer insight into a possible
developmental relation between ToM and EF in ASD.
Russell (1996, 1997) suggested that EF is crucial for the
development of ToM and that deficits in EF may lead to a
failure to develop mental state understanding in ASD. This
hypothesis is supported by Pellicano’s (2007) results show-
ing that competent EF could be seen without ToM under-
standing. Examining the same cohort 3 years later, Pellicano
(2010b) found that EF was longitudinally predictive of
children’s ToM test performance. A relation in the opposite
direction was not found. Pellicano’s work suggests that EF
may be a prerequisite for ToM development and may also
be critical in determining the developmental trajectory of
children’s ToM.

These findings do not support the fractionated theory of
ASD, which predicts that the distinct cognitive impair-
ments should be independent from each other. However, a
number of points should be noted. First, correlational data
do not speak directly to causation (Rutter, 2007), and two
measures may show a relation due to, for example, general
maturational factors at key developmental stages without
any direct causal link. Second, cognitive tests are rarely
‘process pure’, and there is an important distinction to be
made between correlations due to shared task demands and
correlations due to related underlying processes. For exam-
ple, some ToM tasks (notably standard false-belief test)
require inhibition of response based on own belief and may
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therefore tap some aspects of EF and mental state attribu-
tion. Some EF tasks may also involve social elements; the
Luria Hand Game (cited by Pellicano, 2007 as tapping
inhibitory control) may also tap the participant’s ability to
infer the experimenter’s intentions so that the participant
can produce the opposite action to the experimenter.
Ozonoff (1995) showed that performance on a computer-
ised version of the Wisconsin Card Sort Task showed less
impairment in ASD than the traditional experimenter-pre-
sented version, again suggesting a possible social element
to at least some standard EF tests. More recently however,
Williams and Jarrold (2013), using a more closely con-
trolled experimental design, failed to find poorer performance
on experimenter-administered planning and set-shifting
tasks compared to computer versions of the same tasks in
an ASD group.

White (2013) has recently proposed, in place of execu-
tive dysfunction accounts of ASD, a ‘Triple I impair-
ment’: impairment in ‘Inferring Implicit Information’.
White suggests that impairments on EF tasks are not in
fact due to core executive dysfunction but instead second-
ary to mentalising difficulties, that is, those with ASD
have difficulties forming an explicit understanding of the
experimenter’s expectations of the task, resulting in irreg-
ular behaviour and performance on only those EF (and
other) tasks where inferring this information is essential.
It may also be hypothesised that problems in reflecting on
own mental states (part of the ToM impairment in ASD;
Williams and Happé, 2009) may have secondary conse-
quences for EF: for example, difficulties in imaginatively
rehearsing possible future activities may lead to impaired
planning. While Williams and Jarrold’s (in press) study
disconfirmed one prediction made by the Triple I hypoth-
esis (better ASD performance on EF tasks when com-
puter- versus experimenter-administered), the authors
maintain that ToM and EF may be indirectly linked via
developmental effects of ToM on communication and
subsequent inner speech.

CCand ToM

The relation between CC and cognitive deficits in ASD has
been less widely studied. Some studies have found no links
between tasks measuring CC and ToM (Happé, 1997,
Pellicano et al., 2006). A local processing bias and poor
global processing have been observed in children with
ASD, regardless of whether they pass or fail ToM tasks
(Happé, 1994, 1997). Burnette et al. (2005) found a link
between verbal measures of CC and ToM ability, but this
was no longer significant once 1Q was taken into account.
A similar pattern of results was noted by Pellicano et al.
(2006) who found that correlations between performance in
ToM and weak CC measures disappeared once age, verbal
ability and non-verbal ability were accounted for. Only one
study has described a relation between individual differ-
ences in ToM and weak CC task performance in ASD
(Jarrold et al., 2000). These authors concluded that a ToM

deficit may be the result of an inability to take a global view
of social situations and a weak drive to integrate social
information. It should, perhaps, be noted that Happé and
Booth (2008) have suggested that weak CC may itself
reflect two separable components that are often confounded
in tests: increased local processing and decreased global
processing. This raises the possibility that, for example,
superior eye for detail is unrelated to ToM, but that reduced
integration of information in context may have a detrimen-
tal impact on understanding social situations and accurately
attributing mental states.

There are a number of other theoretical accounts related
to weak coherence, which posit only superior local pro-
cessing, including Mottron et al.’s (2006) ‘enhanced
perceptual functioning’ theory and Baron-Cohen’s
‘empathising-systemising’ hypothesis. The latter is rele-
vant to the present discussion because systemising (the
drive to discover and understand regular systems) is set in
contrast to ‘empathising’ (understanding of social and
emotional signals). In discussion of his model, Baron-
Cohen typically portrays these social and non-social traits
as orthogonal and independent; however, work from his
laboratory on the effects of foetal testosterone suggests
inverse effects on social-communicative functioning and
visuo-spatial and repetitive ASD traits (Auyeung et al.,
2010). However, the correlation between performance on
tests of empathising (e.g. Reading the Mind in the Eyes)
and systemising (e.g. folk physics) has not been widely
assessed in an ASD sample; Baron-Cohen et al. (2001) did
report a significant negative correlation in a small sample
of boys with Asperger syndrome.

CC and EF

Finally, executive dysfunction and weak coherence
appear to be dissociable (Booth et al., 2003; Pellicano,
2010b; Pellicano et al., 2006). Pellicano et al. (2006)
found that good performance on CC measures was related
to better performance on EF tasks in an ASD group, but
that correlations were not significant once age and ability
were co-varied, perhaps in part because the CC measures
used (e.g. Pattern-Construction Task) tapped visuo-spa-
tial ability along with style. In addition, Booth et al.
(2003) compared boys with ASD and those with attention
deficit/hyperactivity disorder (ADHD) on a drawing task
examining both cognitive processing style and planning
ability. Only boys with ASD were more detail-focused
than controls, but both ASD and ADHD groups showed
planning impairments. Furthermore, poor planning abil-
ity did not predict a detail-focused cognitive style. Booth
and Happé (2010) also report results from a verbal test of
coherence in the same ASD and ADHD groups. Here
again, only ASD boys were characterised by detail-focus
(making more local sentence completions), while both
ASD and ADHD groups showed response selection defi-
cits on a Go/No-Go task, and performance on the two
tests was not significantly correlated. Research to date
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therefore suggests that weak coherence is independent of
executive dysfunction, in line with the proposals of the
fractionable triad account of ASD.

Finally, Pellicano (2010a, 2010b) conducted the first
prospective study to investigate the development of multi-
ple cognitive atypicalities in ASD over a 3-year period.
Group differences were reported; children with ASD
showed difficulties in false-belief understanding, higher
order planning and cognitive flexibility at ages 4-7 and
7-10 relative to typically developing controls. Principal
components analysis at Time 1 yielded four factors, with
ToM, CC and EF measures falling on separate factors — per-
haps supporting in part a fractionable triad view. At Time 2,
however, only two factors emerged, with the ToM and EF
tasks loading together and only the CC measures remaining
distinct. Examining predictors of change over time,
Pellicano found that change in ToM showed independent
influence from EF and CC performance, while change in
EF was not predicted by ToM or CC (over and above Time
1 EF and general ability measures), nor was change in CC
performance significantly predicted by ToM or EF meas-
ures. Thus, the pattern of interrelations was partly support-
ive of and partly counter to a fractionable triad view: while
EF and CC emerged as relatively distinct, ToM and EF
showed a significant concurrent (at Time 2) and develop-
mental relation. The relation between ToM and EF has also
been much discussed and researched in the literature on
typical development (e.g. Hughes and Ensor, 2007) and
acquired neurological damage (e.g. Aboulafia-Brakha
et al., 2011), with evidence of strong associations between
task performance in the two domains. However, given our
specific focus on ASD, further discussion of this work is
beyond the scope of the current review.

Prediction (2): relations between
cognitive accounts and behavioural
symptoms

The fractionated triad theory of autism suggests that differ-
ent cognitive functions may underlie the distinct symptom
domains of ASD (Happé and Ronald, 2008). This predicts
that performance on, for example, ToM tests should relate
most strongly to social-communicative symptoms, while
EF tests may correlate best with non-social repetitive
behaviour, and CC measures may relate specifically to une-
ven cognitive profile, talents and narrow interests. However,
surprisingly few studies have investigated whether differ-
ent cognitive functions are differentially related to distinct
parts of the ASD triad of impairments. Of course, the pre-
diction of differential cognition-behaviour links rests on an
assumption that significant correlations can be found
between any cognitive tasks and everyday behaviours,
symptoms or traits. Studies examining these links, and spe-
cifically those relevant to the differential links prediction of

the fractionable triad hypothesis, are summarised in Table 1
and briefly reviewed below.

ToM and ASD symptoms

Deficits in social cognition, specifically impaired ToM, are
hypothesised to underlie the social and communicative
symptoms that define ASD (see Tager-Flusberg, 1999). A
number of studies have reported a relation between perfor-
mance on ToM tasks and everyday social abilities in ASD.
An carly study by Frith etal. (1994) found significantly
better real-life social insight (e.g. ability to keep secrets,
understand lies) in children with ASD who passed ToM
tasks compared to those who failed. Four very recent stud-
ies have supported and extended this finding. Lerner et al.
(2011) found that ToM ability was negatively correlated
with ASD symptoms and social impairments and that fewer
ASD symptoms significantly predicted higher ToM scores.
Ames and White (2011) investigated the relation between
ADHD-related behaviours in a sample of children with
ASD and behavioural and cognitive impairments. Poorer
performance on ToM measures was significantly related to
social difficulties but not to ADHD-related behaviours.
Shimoni etal. (2012) found that performance on tasks
measuring various aspects of ToM was related to social and
communication impairments in ASD, as measured by the
Autism Diagnostic Interview—Revised (ADI-R; Lord et al.,
1994). Finally, Bennett et al. (2013) reported a significant
association between ToM ability in late childhood with
later communication skills in adolescence (when control-
ling for language ability in childhood).

However, not all studies have found a significant rela-
tion between performance on ToM measures and everyday
social ability in ASD. For example, Loth et al. (2010) found
no significant relation between symptoms of ASD and ToM
ability in a group of boys with ASD. In addition, Bennett
etal. (2013) found no significant associations between
ToM ability in late childhood with later social skills in ado-
lescence. Overall, previous findings favour a link between
ToM and social skills in ASD, but further studies are neces-
sary to understand the somewhat mixed findings.

Executive functions and ASD symptoms

Executive dysfunction has been hypothesised to explain the
RRBIs observed in individuals with ASD. Difficulties in
inhibiting inappropriate behaviour, shifting set and generat-
ing appropriate new behaviours have been hypothesised to
underlie RRBIs (Turner, 1997). Several previous studies
have investigated RRBIs in ASD in relation to specific
executive processes. Turner (1995) found that RRBIs were
most strongly linked to generativity deficits (e.g. verbal flu-
ency) in a sample of young people with ASD. Mosconi
et al. (2009) reported that impaired inhibition of prepotent
responses was related to increased severity of higher order



21

Brunsdon and Happé

(panunuop)

(98°0 = ) 31035 [€303 Y-SQY
s101paJd uonenday JnoiAeyag J3yg PUe aJieuuonsand
A4osuag uo sa.03s Jaysiy ‘e8e Jamo| ‘qSy Jo sisouselp

111 0171 vO AL #9

(£0°0 = 4) sausw.iredw Auosuas 30U ‘(€4°0 = aJdreuuonsand ODSs ‘Y-1av 001 OI ‘0l (60027)
J) dnoiAeyaq sAnRNRSda LM paleja.I0d uonengad JnolAeysg AKiosuag “Y-sgy 4314d - ‘RDIID AIFWSQ VD {(SON-AQAd § ‘SV TT ‘wishne |¢€) v4H |9 ‘e 30 pAog
(voniquyuy 111 Old'aLsl
sIPPRYD 2.nsesW 03) UBIP|IYD 40} 501 Old ‘INd ST (s002)
(#1°0 > 1) ASY J0 uonedIuNWWoD uonusny AepAuaAg jo 66 OId ‘IS £1 AiangaoN
saunseaw woldwAs pue UoRIqIYUI USIMIDQ UONE[RIIOD ON S UIP|IYD ‘OIS ‘SOAV 59| WOy 53533qNS OM | Old  9-50ayv Pue dDS £01 OId ‘V4H ¥1 pue doysig
43149 uswWssassy
(€£€°0 = ¢¥) 2409s ys 43 s3d1paud swordwis sy |ed13ojoyd4sdoanap
Jo A11uaAas pue D Yrog 9403s uonesiuedo 4o Alowsw [eauawdojaAaaq ‘waisAg (€102
Buppiom ‘uopiquyul 321pa.d 30U s20p A3LIaASS WoIdwiAg 5-S0AvVv ¥-av 43 ueidey-sipg - 5-S0QV Y-av 08046 VD 4SI ‘WP ASY T9 e 32 ey
43
sanoireyaq aAnnada. saLI01g d8uBAg €01 OId ‘511 OIA'6 VD49 ‘W 1T:AL LT
10U 1nq ‘swordwiAs (69°0 = p) UonEdNUNWWO pue (€870 = “ise] BulpiH-Auusy pue xjsea Old ‘DIA VD Q€ Yam pawyuod 86 OId ‘111 DIA ‘6 VD (6007)
P) |BID0S 949A3s aJow pey ||o] Jood yum uaJpjiyd qsy 1a€ g4 || ‘Auemeq |Jo | pJepuelg ‘19puagd payoieyy ‘sisougelp Jolid 4 ‘W 1F (ASV Tl ‘SV ST ‘wsnne 8) ASY Sy I8 39 9UYAA
(1570 = 4) (swa 3sau93ul padiwi] pue d1dA109.9315) 9 VD LayITs SPIYD (L 8T
9-5OAV YIM PaIE[21I0D S3IPUI IUSIES PUB DANIAYY O € D Hayrow SpIYd (1 8T
‘(P£°0 = 4) SIDYOP UONEBIIUNWIWOD pue uonipg $1 VD PIY> AL 8T
(SE°0- =) W-1QV Yam pa3eje.i0d A|9AneSau xapul 3dusl[eS  papuedx3—SgvA “Y-IAV /b VD Yayaey spIyd ASV ST
(6€°0 = 4) SUDLOP UOHEDIUNWIWOD PUE (£7°0 = 4) UONDEBIIUI sjuadeqd [SEVA WAV sjua.ied jo swodul Ty VD “4ayzow s pjiyd sy ST (Z107) B 3@
[B120 Y-|AV Y3IM Pa3e[2.110d Aj9ARIsod Xaput 93uaun.iRg ‘D-SOQV USIPIIYD  SeL UOHNQLIY [BPOS IO pue uoREINPS 33y 9-soav €1 VD PIY> ASY ST luowiys
dIse] uopa|dwo) sousiusg TI1 Old ‘601 OIA ‘601 OI4 ‘11 VD ‘W IlE:dL 8l
(£z0 > s4) swoadusds U352 POIg L4 DD Dld 'DIA 'V Uo sisougelp £01 DlId ‘201 DIA (0107)
SV PUE ${SE1 DD IO |JO| U9MID] UONE[D.I0D ON| 1s9] SV POoyp|lyD  saLIo1g d3uens 9ised g4 oL paysrew sdnouny [ea1uld> Jolid ‘801 O ‘Tl VD ‘W 1B {(SV 10 V4H) asV 0T ‘639 yao7
(99°0 = oY) 4035 4o
s101paud swoadwiAs dnsnne Jomaj pue s||ijs [e1os JayiH
(§£°0- = 4SS ‘5570~ = 4 ODS) Pare[a.110 A|PAREISU SYS pue
Juswiredw [e1D0S paje[a.-WISIANE x $94035 |JO] ‘(1970 = SYS “AUsIBd—WRISAS ODs snid sisouseip (1102
1) Pa3e|2.LI0d S||B]S [120S patdodau-juaded x s9403s |Jo|  Buney s||piS [e190S ‘DS AdojusAu] o - ueRIUIP Jolid Y1 VD49 ‘WP ASY 0€  '[e 39 JouJa
09 OIA‘'SVW'6 VD 4t ‘WL ‘AW 11
'$2.4095 UfeWop (5°0 = p) UORES||BINOS PUE (£9°0 = P) (saun|iey pue sassed oul €6 OIA ¥ VIW ¥ VD 401 ‘W §:AL I (ve61)
UOHEDIUNWWIOD) SGVA UO S3IN|IB)-|JO < SJassed-|JO L ASY SAVA PapIAIp sdnous) sse g4 ¢ - BLIDILD YII-WSA TS OIA ‘L VW ‘ST VD 4 L ‘W L] ‘wshne 7 ‘e 39 Ly
LIV 4¥ W I€VAH SE g dwiL
uonesi[e10g 10U Inq ‘o8ensue| 1oy 3uljjo3uod 1591 S943 a3 S1 VD 'W4H 6€ :zawn]  (£107) ‘e @
‘UOREDINWIIOD) SFVA € dWilL sI1pa.d o 17 dwi| SAVA Ul pully Y3 Sulpesy g dwil adendue) 1| swil BLIID YII-WSA 98 Old ‘89 < Ol ‘£ VD 'V4H 89 :| dwiL nauusg
dnou8 gHav u
30U Inq (800 = ¢¥) ASY Ul uondeIRUI [eR0s s31pa.ad o
(550 = (1onu0d Asouqyuy 3501 03) (1102
P) S)se1 |0 pue [0.3u0d Aioaqiyul uo dnous auswiiredwi 159 uons|dwor) adu3usg sisoudelp ¥6 Old ‘S01 DIA‘0I VD 4L ‘W8 UYAA
[e10s-Asy YSiy < dnoud auswaredw [e120s-qsy mo 1as Suikey ‘A1sneg o - uepIuI Jolg {(SON-AAd/ASY 91 ‘SV 0€ ‘wsnne g) ASV S§S pue sawy
WoL
(soz1s 3093 Yaim) sBulpuly JUBAS[DY saunsesw woldwiAg sysea aAniudoD S3|qERLIBA [013U0D) sisoudelp QSy (sueaw dnous) syuedidnuey ERIENETEN]

(A@sy) JepJosip wnadads wsnne ul A1aAss pue adAy woidwis 01 uoneaa ul surewop aAnu3od Sulssasse salpns paysiiqnd *| d|qel



Autism 18(1)

22

(07°0 = 4 swordwAs uopesuNWWod
61°0 = 4 swoadwAs |e120s) paIe|a.i0d J0U S3.40S UlBWOp

€11 O 01 VO 461 ‘WS9 ‘AL V8

UORE2IUNWWO? 4O [e120s pue 3/l “(:no pajjen.ed D4 ¥-1av ‘O-soav Tl 040l (6007)
‘€0 = 4) Pa3L[2.1103 Y-|QV JO UlBWOP |9y Pue @I/l b-lav aal - BRI YI-AFWSA VD 46 ‘W EE (SON-AAd £ ‘V4H SE) ASY Ty [e 39 skda)
ulewo(] Uonesi|eInog
SAVA ‘uswaduelly
EXURRINECTLAINERIVE TRV
(zz'0 = 4 swordwiAs INPY J9[SYIIAA Sa14as-Ul
asy ‘€0°0- = 4 @ua32dwod [e10s ‘| £°0— = 4 O [EP0S) ‘el123113 dnsoudelp ~Y2UMS ‘d3/al aVLNYD (1007) e 32
S2.NSBIW [BIDOS PUE S){SBI {3 US3MISQ SUOIE|S.1I0D ON AIFWSQ T 30 3sIppPRyD ‘s3s9] 8unJog pJed - RIS AIFWST 16 OIA ‘61 VD ‘4 6 ‘W 9T ‘V4H S¢€ assiuna |
(97°0 > $4) SUOIIDE.IAIUI [BIDOS IO SIN|NIIYIP UOHEIIUNWILIOD ajeds Suney
01 PaIE[a.110D JOU SJ0.ID DANBIIASID *(69°0 = 4) 9e2s vD dlL ol wsnny wel||in VD aL sl (€100)
sanoiAeyaq padA109.93s 03 Pa3L9.I0d SJO.LID DANEIDASSIDY Buney wsnny weyin dSe] 340 P4eD VI ASVY Paydaely snid ‘AlFWSa 9 VI ‘12 OId ‘8 VD ‘ASV S| ‘e 39 pasy
ol o
(€£°0 = 4 [enued) ‘201 OId ‘011 OIA0T VD 4+ ‘W 11 AL Sl
a3e 4o} 3uljjo.nuod Jaye (§9°0 = ) PaIL}R.I0d A)PAnIsod 5-50av ¥-1av 601 OId ‘201 DId ‘011 DIA  (6007) & 32
SIgYYy 49p-10 Jay3iy pue [0.3u0d Aioquyul ut syuswredw| Y-IQy  lsel 9peddes paping AjjensiA Ol 'vD ‘BRI AFWSA ‘81 VD ¥ ‘WHI SV § ‘wsnne g]) Asy 8l 1uodsopy
dse| uoneu|y
(tro= “IseL [esoARY [eneds Yjsel WA ‘L pue wsiny a[edg Supey 0T VA'€EVD 49 ‘WOl *dL 9l
1) pa1e[2.440d 8ulaq UonUANIE JUIOl puB UONIEIAUI [BIDOS 03 $3|B2§ UONEDIUNWIWOY) asuodsay pakejpq “ise]| VD ‘VAN  wsinny pooypjiyd UVANYVYD‘aasl (g661) 220
anp 1Jed Ul ‘(pp’0- = 4) PEIR[R.IOD 43 PUE UOMIEIIUI [BIDOS [e120g Aleg Jo.J3 g-1ou-y uenadely :aq pue wsnny “RLIDIID YII-WST ¥1 VA ‘TI VAN ‘S VD ‘4 £ ‘W 0] ‘wsnne /| AoAzd
(250 = )
s|gyy U @dueLieA jo uontodoud auedyiusis e o) parunodde
uoniquyur asuodsau pue Alowaw Supjiom ‘AjIqixa)y dARIUSOD
‘192030 “(AjpAndadsau ‘GH'0— = 4 ‘60°0- = 4) SIgYY YIm Aunwwo)-sippPayD)
pa3g|a.1100 30U Aduany pue Suluueld ‘(AjsAndadsal ‘gg 0 JolAeyag JuelIRqy djse] 3unJog paed ajeds Suney
=1°95°0~ =4 ‘€9°0 =4) SIgYY YaIm pateja.lod uoniqiyul ‘a[edg Suney wispny UISUODSIAA ‘3[2§ uonduny wshny weyio 6TVD AL Ll (s007)
asuodsau pue Aiowaw Supjiom ‘Ajiqixs)y aanIuSoD weyio Y-1av ‘soav aAnndaxg uejdey-sijpg o) ‘D-s0aVv W-lav 67 VD ASY LI  ‘[e39 zadoT
uonIp3 Yyrno4-1sa1qns
$21.13E\| 39UIg—P.OjurI§
(9z0- ‘uonIp3 pasiARY-ua.p|IyD 40} sippPay>d
S 84°0- 2 g) Aluo dnoug sy ui saidA1oaus3s jo uoneinp Aejd paumon.as-lwas 9|edG 92UR31[|2IU| JI|SYIIAA M3IAIIU| JopJosIq
193uo| pue sapusnba.y Jay3y 101paud sau0ds 43 Jomon JO OSPIA PapOd UIW-Of 40 1s91gNs sazel| Yse] uonesnps juaJed onsnny Suipp 660Id‘8VD ‘WLl 4sa1ace (ziog) Tew
(£€°0 = ¢Y) so1dhroauais dorow 1d1pa.d yjser 43 :aunseaw saidA10a.91g 8UnI0S pJaeD) UISUOISIAA ‘Dld “4opusd ‘v “RLIDIID YII-WST 86 OId ‘8 VD ‘W £1 ‘4 §:ASV TT BpUO|oT
a3e pue WA Joj Sununodde
soye (8€°0 = ¢ *431ug) Iy Pue (09°0- = ¢ Aouany Aouanyy
JNUBWIS ‘40— = ¢ :AJowaw SulJoMm pue uonu3IE PIpIAIP) JIIUBWIS ‘UOPUOT JO IBMO |
swoydwis uondessiul [e120s (00 = ¢ 43148 €9°0- = ¢ ‘USp|IYD 404 uonuUINY soav W-av ol VA0l  (6007) e 3@
:Ausny donuewss) swoidwAs uonesiunwwod 1o1paJd sysel 43 soav ‘lav AepAiaag jo 359 ‘431yd - ‘RIIDID AFWSQ VD {(SON-AQAd €T ‘SV 7€ ‘wshne $£) ASY 68  AYrlomuay|
(£§°0- =49 "0— =) SAVA JO surewop uonesi[e>0s
pue (75°0— = 4 850~ = 4) UOREDIUNWWIOD YaIM PIL[D.LI0D v0l (z000)
AjpAneSau sajeasqns A1owaly SUDIOAA PUE 23eniul 4314g SavA 43149 - BLIDID AFWSA 0101 VD 4 § ‘W 0€ ‘(wsnne Jo v4H) ASV §€  '[e 39 Anojin
(0€°0 > ) sanoieyaq sIpPaYD
aAnnadaa pue ANANEISUSS USIMISQ UONE|S.I0D ON uonesIUNWWOY) dse] s3199lq0
(9%°0-T#°0 = 4) 5241035 djsea Aouanjy [ewiue S,U3Jp|IyD “Y-S8Y Jo asn 3y YjseL Aduaniy SYS Y-lav TOlI VDAL (6007 &3
pue sjusuLIredw! UONEDIUNWWOD US9MISG SUONE[R.I0D AlUQ ‘SYS ‘ODS “Y-lav S[ewiuy :sy[sea ANAneIaUSD) v ‘BIIDIID AIFWSA 201 OI 01 VD ‘Asv 0s Jaaydig
*(8€°0 = 4 ‘9[easqns 101 OId
€9 ¥-1QV) JNOIARYRq d13RIOUASOIP! 4O AR PadA109433s ‘601 DIA ‘601 OH4 ‘81 VD 4 £ ‘W 0€ ‘AL LE
Pue (£€'0 = 4) 21035 |gYY IQV ‘(b€'0 = ) 24035 1303 Y-STY fse Buutes y1av S01 OId ‘201 DIA %01 O ‘SI VD 4L (€107) 1230
PUE INOIABY3q 3|qIX3} 40Od U2aMIB] UONE[2.I0D BANISOd -Say W-1av [es19A9Yy dnsliqeqo.d 01 Wepusd ‘¥ 'SOAV YLAFWSA ‘W ¥E H(SV £ ‘SON-AQd T| ‘wshne 77) Asy Iy zniD.d
(sozis 309y yam) sSulpuly JUBAS[DY saunsesaw woldwi4g syjse3 aAniusoD S3|qeLIBA [043U0D) sisoudelp sy (suesw dnousg) syuedidnaey ERIVENETEN]

(penunuod) °| a|qeL



23

Brunsdon and Happé

(panunuo))
IAE YPIM paLLIUOd (1109
(zzo> Oid ‘el 01-ADI €01 OId ‘S11 OIA‘6 VD 49 ‘W 17:AL LT euep[es
1) A3ojorewordwiAs SV PuE |43 USIMIB] SUORE[R.IOD ON 'ag 143 suaappyd  ‘DIA VD UepusH sisouse|p .1olid 86 OId 111 DIAN'6VD A+ ‘W I¥'ASY S PUB 3UYAA
dsel
90UBJBYI-10)-Yd.eag ‘Syse ]
urewo uonesi[eos uoniugoday 198lqO-1s3 |
SAVA Quswaduery uonded.sd adedg pue
2.4M21¢—aedg 3ua|jPau] 123[qQ [ensIA “ualpe.D)
(11°0 = 4 swordwiAs INPY J9ISYIIAA [Bl49S PUB D13UBWDS-1SD |
ansnne ‘g|°Q = 4 9dua1adwod [e120s ‘00’0 = 4 O [8120s) ‘el1911d dnsoudelp SuluIes [BQUDA BIUIOHIED (1007) 'Te @
$94NSESW [BI20S PUE $HSBI DT UIIMIDQ SUORES.LI0d ON AFWSQ T1 0 3s1ppPRyD ‘143 ‘143 s,u4piyd BLIDILD A-WST 16 OIA ‘61 VD 46 ‘W 9T 'V4H S€ ass|una |
MB3IAJRIU|
$359.493u] [e193dg deA TI1OHEI OId T OIANA LW I AL 8l
(0g0>s1) ‘MaIAIBIU] JnOIARYRY 9-50QV “¥-1av ¥11 O (2007)
$9.NSESW |gYY PUE HISEI DD UIIMID] SUORE[R.LIOd ON  dARRAARY Y-V ‘SOAY 3533 24nsoP 3EIseD ‘143 Ol ‘Old ‘OIA VD ‘BRI AFWST ‘111 OId ‘ST OIA‘SI VO 4§ ‘W HI ‘ASV 61 832 yanos
(£1°0 = p) suJaa3ed/s|ie3sp mo| = su.a1ied/s|ieasp ySiH (moy Jo ysiy soyae) susered (z100)
(650=P) usnond /SI'EI3P, PUE S||DIS [e120s, e 39 yuwg
AnoIyIp [e120s MO| < A3nduip [e1dos y3iy :s9403s | 43 wn.adads wsnany OV 4q papiaip dnous) |43 Japuad pue a3y - 495 ‘6] VD ‘ALl 08 -|[essny
101
uonaN.Nsuo) OIA‘S01 OId ‘S VIW ‘S VD 4§ ‘W91 *dL IT
usnIRd — sa[eds Ay £L DIA‘S6 DId ‘€ VIW ‘S (€007) e 39
(98'1 = p) diyssaquisws dno.8 gsy saipaud 5O SOQV WIQy  [BRuaIagIq ‘143 [00ysald  DId ‘YD “9puaD BURUD AHNST VD 4 T'W 61 (SON-QQd T ‘wshne 61) ASY 1T uedioly
711 Old ‘601 OIA ‘601 OI4 ‘11 VD ‘W I’ ‘aL 8l
(ro>s) se | uonsjdwod sisougelp £01 DId ‘201 DIA (o107)
swoydwAs ggy pue $jse3 DD USIMIB] UORE[R.IOd ON 353 SV POOUPIYD  9UR3URS ‘UBIS dP0Ig ‘143 Old ‘OIA 'VD [e21ul3 Jold ‘801 OI4 ‘71 VD ‘W IIE :(SV 40 V4H) AsV 0T ‘e 39 Yo
sel (0100)
“(LT°0 > s4) SIgyy O3 PaIEJ3. 30U $H[sTI DD UO IUBWLIOLIRY 3591 SV POOYp|IyD Buikdo) ‘143 “udisa@ pPolg - - 01 VD481 ‘W6:AL LT B3I MeI]
3yo.d
143 3y2 uo swn uonsjdwod 1ipaad (go'0- =4)  AIOSUSS 240YS ‘AI0IUSAU] OIS ‘soav (6007)
S91I|BWIOUGE A10SUDS 30U INq ‘(6€°0— = /) SIGYY 40 99.489Q $3UNNOY POOYp|IYD 143 - ‘sisoudelp [ev1uld PIIOITI VD€ WIT'ASY 6T ‘[B 32 UdYD
LI1Old LI OIA‘I1 VD
4§ WSl Ha1meuz+ 19+ AL T ALOT
011 0id 0l
»Ise) ydeiZowop OIA ‘4 ¥ ‘W 61 V4H €T :(syauow ¢|—G|) T dwiL
SV 40y 3[e35 ‘143 ‘uononnsuod alzl
(pa1e3s SONISNEIS OU)  UBI[RJISNY ‘DJIBUUONSINY) uJ1enE4—s9[eds A 11'vD:dL 9l (5007) ‘e 3@
swoldwiAs @Sy pue $yses DD USIMIDQ SUONIE[D.I0d ON  Sulu9DJdS Wn1dads 4H [enuaJaylq ‘udiseq olg Old ‘DIA AFWSQ 11VD 9SG WITV4H 1€ 5] dwi] amauing
20
3[edg aAisindwo) 43149 YiseL Jl[eA 2.u0Qg €01 OId ‘56 OIA‘TI VO 4TI ‘W 9*AL 8l
BAISSISqQ UMOIG—3EA M[EAA ‘24314 Aoy ‘UOISIBA 96 Old ‘¥6 OIA ‘T VO 46 ‘W 8'ADO LI
S,Up|IyD ‘dureuuonsand PIlYD—Ise] uohessus S6 Old ‘96 OIA ‘11 VD 4 (6007)
($5°0— = 4) SIgyY Jo sa3ed 43Sy 03 pajefR.l 43 Ul JuaWredw| anoiaeyag Anpaday  3deduo) “jseL Adusniy [eqIdA Old ‘OIA 'VD YLAFWSA €W 91 'SON-AQd | ‘Wshne g sy §1) ASV 61 ‘e 39 puez
(sozIs 309y yam) sSulpuly JUBAS[DY saunsesaw woldwiAg syjsea aAniusoD S3|qeLIBA [043U0D) sisoudelp sy (sueaw dnousg) syuedidnaey ERIVENETEN]

(penunuod) °| s|qeL



Autism 18(1)

24

‘95U0 eyl dJow Jeadde sajpn.e swos ‘urewop aARIU30d Aq salpms dnou8 o] ‘sdnous uosiuedwod Aue Joj sonsiieldedeyd uedpnaed Aq

Pamo||o} Is.ly paaJodau aue sdnoud Sy 40y sonsiieIdeleyd Juedidnaed ‘uwnjod siuedidnuaed, sy ul (886 | ‘UsY0OD) Aj9Andadsau ‘GT'0 PUB 60°0 ‘|00 SE PJSPISUOD e Y 0) S199)0 95.4B| puB WNIpawW ‘|[ews (696 | ‘UsYyoD) AjsAndadsa.
‘G0 PUB €70 ‘| '0 SB POJOPISUOD B.E S10940 dUY3 ‘J 10} PUE ‘A|9ARdDdSa ‘g'() PUB §°0 ‘T°0 SB PSJSPISUOD BB p .10} S3094)d 93.8| PUB WNIPAW ‘||[BWS 'SIZIS 1094)9 ASAUOD 03 paiodau a.e ;Y PUE J JUSIDS0D UONER.LIOD S,UOSIBd ‘P S,UsYoD

B [BQUBA (WA ‘PUIl JO K10y o] ‘Suidojaaap AjjedidAa :q] 9|eds ssauaaisuodsay

uanonb aouadijPaul [BquaA (DA S9]edS UnoiAeyag dAndepy pueBuIA [SGVA ‘A

[e1205 :5YS uawaredw a8endue| oy1dads S B.1BULONSANY UOHEIUNWIWOD) [BI20S (DS SIS3.493Ul PUE SINOIABYSQ dANNSd pU. Pa1dLIIsal S|gYY PISIAOY—a[edS INOIARYDg 9ANNAdaY 1y-SgY {UOIEBUILLISISP JO IUBIDYI0D 1Y
UBID1R0d UonER.LI0d 1 Qusw.iredwi a3enSue| onewse.d 74 usnonb aouaBijjPaul SdurwLIONMad (D|d (PaIdads BsIMIBYI0 J0U—Jap.osIp [eauswdojeAsp aAiseAtad :SON-AAd 4opJOsIp dAIs|ndwod dAIssasqo (DO ‘AM|Iqe [BqIaA-UOU
VAN san[noiyip Suiues| s1esapow (| ‘s4eah ul a8k [eausw 1yl ‘safew | ‘Adjiqesip SuluJes] (g J1Ys [BUOISUSWIPE.IIXT/[BUOISUBWIPE.IU] :(]F/(| ‘UOISIADY LUS | —S3SEaSI(] JO UONEBIHISSE|D [BUONEUIRIU| :0[-D)] ‘wshne Suiuonouny
-y31y :y4H “usnonb aouadijje3ul ajeds-||ny DI 4O119G-9SB) :g4 ‘SO[RWD) 4 359) s9Un3i4 pOppaquIT | 43 ‘UORIUNY SAIINIDXS 43 {SJaPJOSI [DIUS|Y JO [pnuD|A [DI1SDIS pub Jnsoudbiq (WS ‘op-osip a8endue| [eauswdojeAsp :q1Q
!M3IAIR1U| dsousSelq pue [euoisuswiq ‘[eauswdopas( 1Qg ‘Aejop [eauswdojeAsp :Q ‘P S,UsYOD P 92USJIBYOD [B.1IUSD D)D) ‘AI911Bg JUSWISSISSY [ed1SojoydAsdoanap parewolny a3pLiquie)) gy | NV sJeak ul ade [ediSojoucdyd 1y
‘uluonoung aANdeX3 Jo AlojusAu| Suney Jnoiaeysg {3|Yg USIDYR0D UOIssIISa. pasipaepuels i DWOIPUAs 1934adsy Sy D1I9USDH—S|NPAYIS UOIBAISSGQO dIsouSeiq Wsnny :H-SOQY PISIASY—MIIAIRIU| disouSelq wskny Y-|QV

5|S€1 punoany-aundi4
){SE3 Uo1IdNIISUOD-UJSIIRY
‘143 :DD dIsel sazeyy ‘swen)

(1°0 = ¢¥) sanoiaeyaq 3
PUE (91°0 = ¢¥ ‘SOQAY) A1aAss wordwis s1dipaud 43

£01 Old ‘001 OIA T8 VD 49 ‘W ST'AL I€
¥01 Old ‘¥6 OIA

(17°0 > 4) pasejp.i0d
ouddD AN.TO =d r_uOLv S|gYy pue uonediunwwod
[BI20S YaIm paie|a..od ApAnesdsu 43 (Zy'0- = 4)

pueH eln “jse1 3unyiys-19s

Jeaq-Appa L 43 dIsel g4
J3pJO-puodas | ‘syisel g4

aJreuuonsand
JnolAeyag aAnnaday

9-soav
yam z swi|
(1ewnl  “y1QV yum | awi]

Y8VD d¥ ‘W EE {ASY LE (sIeak ¢) ;g awn|
911 Old ‘101 DIA V'S VD 48 ‘W L€ 'L St
€11 Old

(€102)

UONEIUNLILIOD [E20S YIIM PaTE|2.1100 AjaARESaU oL ‘DSOQV ‘TAUIL  JepIOISI TINOL | 2wl 1) OId ‘DIA'BY  ‘BHOND AFWST ‘£6 DIA'9'S ¥D 4§ "W OF *ASV S | 2WiL
>jsea 3unyiys
-19G ‘UOPUOT JO JBMO| “jser
S97B|\] ‘OWeD) pueH BLINT 143
$|se1 g4 J9pJo-puod3s
T ‘Sse1 g4 J9pJo-1sdly 9 O
uone.danu|
(170=14) JOIO|—[eNSIA JO 353 DDS Yam pausauds
Pa1E[2.103 AjoAnedau (s.eek g 3e) Ufewop [e120s put | 43 feauawudojera Hiser punoio al wiav €11 OId ‘€01 DIA'¥'S VD '4 6 W 1€ 'L 0%
'$9.0S UJBWOP IO -24n314 “jse1 uonINIISUOD) Japuad YIIM pawIjuod ¥11 OId ‘101 OIA‘9S VD  (9007) e 10
[£301 Y|QV -9LD Yaisk 37e[2.1409 01 PaJrE} sl ABIUZOD [y ¥iav -ussned ‘143 0D DId'DIA'YD  BRBUDAFNST ‘4§ W SE(SON-QQd 01 ‘WsBne 0g) ASV 0y oued3g

swoldwAs unolreyaq

9ANNadad 4o UONDEISIUI [BIDOS Ul SDUBLIBA [BUONIPPE 10}

p=23unod3e 43 Jou |\|0] JaYylleN ‘mEOu&EXn uonesunwwod
321pa.d (§0°0 = ¢f) 403 49MO | puE (87°0 = 1Y) AMlIqE WoL (¥007)

{(€€°0 = ¢Y) 98endue “(yg°Q > s4) J0j pajjoauod a3endue| Jamo | Buagsny4
PUB /|| [BGISA-UOU UBYM S|GYY 4O swordwis [e1os Jou ‘de] -pouyl WYSIN—Aeq ‘ueds soav “Y-av €T -1a8e )
Nq ‘(490 = 4) UOHEDIUNWILIOD 3IM P3IE[3.1I0D |JO | SOQV  P0Ig ‘UedS PIOAA 'Ised 43 § - BRI AFWST  Dld ‘0T DIA ‘6 VD H(ASV ¥ ‘wsnne £g) @SV 1€ pue ydasof
saoyep 9ARIuB0d ajdnjn}y

(sazis 10943 Yam) sSuIpul) JUBAS[DY saunseaw woidw4g sjsea aAnusoD S3|qELIBA [0.13U0D) sisoudelp Sy (sueaw dnous) syuedidnaey ERIVENETEN]

(penunuo)) ° a1qeL



Brunsdon and Happé

25

repetitive  behaviours (e.g. compulsions) in ASD.
Furthermore, inhibitory control was unrelated to social and
communication symptoms, or sensorimotor behaviours.
The same pattern was found for the EF domain of set-shift-
ing; Yerys et al. (2009) reported a significant correlation
between set-shifting difficulties and repetitive behaviour
(but not social or communicative symptoms) in ASD. South
et al. (2007) also found support for a link between cogni-
tive flexibility and repetitive behaviours in children with
ASD. In addition, behavioural flexibility has been recently
reported to be related to RRBI behaviours but not to social
or communication symptoms, in both high- and low-func-
tioning ASD (D’Cruz etal.,, 2013; Reed etal., 2013).
Taking a more comprehensive view of EF, Lopez et al.
(2005) noted that some specific executive processes (cogni-
tive flexibility, working memory and response inhibition)
were highly related to RRBIs, whereas other executive pro-
cesses (planning and fluency) were not significantly corre-
lated with RRBIs in adults with ASD.

Just as ‘EF’ is an umbrella term covering many dissocia-
ble components, the RRBI domain of ASD is a varied set.
For example, Szatmari et al. (2006) found that RRBIs, as
measured by the ADI-R, loaded onto two factors: insistence
on sameness versus repetitive sensory and motor behav-
iours. It may be important to distinguish which aspects of
RRBIs are correlated with distinct domains of EF. LeMonda
et al. (2012) measured various aspects of EF in children
with ASD and developmental language disorders. Lower
EF scores predicted higher incidences and longer durations
of motor stereotypies (e.g. hand flapping, rocking) in ASD
only, when controlling for age, gender and parental educa-
tion. On the contrary, Boyd et al. (2009) found that EF cor-
related with RRBIs but not with sensory abnormalities.

Not all studies have documented a significant relation
between EF and RRBIs. Zandt et al. (2009) assessed sev-
eral executive processes and RRBIs in individuals with
obsessive compulsive disorder and ASD. The only sig-
nificant relation uncovered was between generativity and
obsessions in the ASD group. Dichter et al. (2009) also
found no relation between generativity ability and sever-
ity of RRBIs, nor with subscales of higher or lower order
repetitive behaviours. In contrast, they found that impaired
generativity was related to communication impairments.
In a different domain of EF, Bishop and Norbury (2005)
did not find an association between inhibition and any of
the three symptom domains of ASD. Failure to find a sig-
nificant relation between executive processes and spe-
cific symptoms of ASD may in some cases reflect limited
sample size and hence statistical power (e.g. Teunisse
et al., 2001). In addition, there is currently no single task
or battery of tasks to cover comprehensively all aspects
of EF, and different findings may reflect different task or
domain selection (see, for example, White’s division of
EF tasks according to implicit ToM demands, discussed
above).

While executive dysfunction has been hypothesised to
explain RRBIs in ASD, it may also be relevant to everyday
social interaction. Social interactions likely tax many
aspects of EF, such as initiation of social approach, flexibil-
ity in social response, attention to social cues such as facial
expressions, inhibition of socially inappropriate behaviour
and keeping social networks or different individuals’ men-
tal states in working memory. In support of this, a link
between EF and social-communication skills has been
described in young children with ASD (McEvoy et al.,
1993). A more comprehensive study was undertaken by
Kenworthy et al. (2009) to investigate the link between EF
and the three symptom domains of ASD. A composite of
scores from the ADI-R and the Autism Diagnostic
Observation Schedule (ADOS; Lord et al., 2000) was used
to characterise the three symptom domains, and perfor-
mance in multiple aspects of EF was examined. Correlation
and regression analyses indicated that semantic fluency and
divided attention were related to social symptoms, seman-
tic fluency was related to communication symptoms and
cognitive flexibility was related to RRBIs, after accounting
for verbal ability and age. This study shows the potential
for the executive dysfunction account to expand beyond
explaining RRBIs to include social and communication
symptoms. The applicability of these results to everyday
adaptive behaviour has been explored by Gilotty et al.
(2002); initiation of behaviour and working memory were
found to be related to impairments in social interaction and
communication. Thus, some specific elements of EF may
have a special relation with social and communication
impairments in ASD.

CC and ASD symptoms

The weak CC theory of ASD, describing detail-focus and
difficulty integrating information in context for meaning
(Frith, 1989), was proposed to explain ‘insistence on same-
ness’, narrow interests, uneven cognitive profile and per-
haps sensory abnormalities and savant skills (Happé and
Vital, 2009). However, as detailed below, studies that have
investigated the association between a detailed-processing
style and the symptoms of ASD have produced mixed
results.

Chen et al. (2009) found a link between a detail-focused
processing style in the visual domain and degree of repeti-
tive behaviour in children with ASD. However, there was
no relation between detail-focused processing and sensory
processing abnormalities. They concluded that sensory pro-
cessing is a lower level process and so cannot be directly
compared to performance on higher level CC tasks. Loth
et al. (2008) used sensitivity to context-appropriateness in a
change blindness paradigm to tap CC and found a moderate
but only marginally significant relation (» = —0.49) between
ADOS RRBI scores and differences in change detection as
a function of context in an ASD sample. Other studies have
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found no relation between several measures of repetitive
behaviours and CC measures in both children with ASD
(South etal.,, 2007) and typically developing children
(Drake et al., 2010). In general, there is a surprising paucity
of studies, considering the theoretical appeal of the weak
CC account in explaining restricted and repetitive behav-
iours in ASD — perhaps reflecting the relative lack of
research on non-social (compared to social/communica-
tive) aspects of ASD.

Happé and Frith (2006) have specifically limited the
explanatory scope of the weak CC account to the non-social
features of ASD. However, detail-focus may also have inter-
esting implications for social and communicative functioning
in ASD (e.g. Noens and van Berckelaer-Onnes, 2005, 2008).
Social interactions involve the integration of discrete cues in
context to understand social situations. For example, face-
processing and (context-dependent) communication may
involve the integration of local details (e.g. facial features) in
context. An association between detailed-processing bias and
social impairments in ‘neurotypical’ undergraduates has been
reported (Russell-Smith et al., 2012). However, weak coher-
ence has been reported to be unrelated to several measures of
social symptoms in ASD samples (Burnette etal., 2005;
Teunisse etal., 2001). For example, Morgan etal. (2003)
found no relation between measures of CC and social or com-
municative skills (e.g. joint attention and pretend play) in
children with ASD aged 35 years.

ToM, EF and CC in relation to ASD
symptoms

Only a handful of studies have considered multiple cogni-
tive deficits in relation to the behavioural symptoms of
ASD. For example, among a sample of pupils receiving
extra support with learning, Best et al. (2008) found that
ToM, weak CC and EF all contributed significantly and
independently to the prediction of behavioural indicators
of ASD (measured by the Social Communication
Questionnaire). Only three studies have specifically inves-
tigated the relation between test performance in all these
cognitive tasks and the symptom domains in individuals
with ASD. In Joseph and Tager-Flusberg’s (2004) study,
ADOS was used to measure symptom severity in children
with ASD, and ToM and EF tests were administered.
Limited relations were found between the two cognitive
tasks and symptom severity in ASD, and relations could be
largely accounted for by language ability. However, ToM
ability and higher level EF were significantly related to the
severity of communication symptoms in ASD, while recip-
rocal social interaction and RRBIs were relatively inde-
pendent. In addition, in Pellicano etal.’s (2006) study,
parents with children of ASD completed the ADI-R as a
measure of symptom severity and were administered a sim-
ilar battery of tasks to measure CC, ToM and EF. Contrary
to Joseph and Tager-Flusberg’s (2004) findings and their

own predictions, the three cognitive profiles failed to cor-
relate with any of the three symptom domains of ASD.

Pellicano (2013) examined whether early cognitive
skills could predict later behavioural symptoms of ASD
as measured by the ADOS and Repetitive Behaviour
Questionnaire at a 3-year follow-up. ToM was negatively
associated with social-communication skills and EF was
strongly associated with both social-communication skills
and repetitive behaviours. Specifically, early EF, not ToM
ability, predicted the degree of social-communication
impairment and repetitive behaviours, thus elucidating the
important role of EF in influencing the behavioural symp-
toms of ASD. This very recent study conflicts with the frac-
tionable triad approach as specific cognitive functions were
not found to be uniquely associated with distinct ASD
symptoms. Instead, Pellicano has suggested that there is
unlikely to be one-to-one mapping between cognition and
behaviour and that different environmental interactions
may affect the way in which cognition influences behav-
iour, and vice versa.

Towards a multifaceted cognitive
account of ASD: questions and
future directions

Single cognitive deficit models of ASD have attempted to
reduce the varied behavioural symptoms of the condition to
a single underlying cognitive deficit. These single deficit
models predict strong intercorrelation between perfor-
mance on tests of ToM, EF and CC. The present review of
the existing evidence suggests significant relations between
ToM and EF, with some evidence of independence of CC
from these abilities. The evidence on relations between
cognitive test performance and real-life behaviour or symp-
toms is patchier, and it is interesting to speculate why test-
symptom correlations are often non-significant. Clearly,
one of the factors that interposes between individuals’
underlying cognitive deficits or style and their behaviour or
symptoms is their background of compensatory skills. The
pattern of symptoms will reflect both the degree of impair-
ment or cognitive style atypicality and the alternative
resources and abilities that the individual can bring to bear
in order to compensate for, circumvent or alleviate those
difficulties. While these will include commonly measured
factors such as 1Q and language abilities, they may also
reflect differences in environment, intervention, memory or
attention. Johnson (2012) has proposed differences in EF as
particularly important in compensatory skills. This might
provide one explanation for the association found between
ToM and EF in the work reviewed above. Work is needed
to disentangle the effects of compensation, perhaps by con-
trasting implicit (e.g. ‘anticipatory gaze’, see Senju et al.,
2009) and explicit ToM task performance in relation to EF
abilities in ASD.
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Among other areas requiring further research is the
examination of developmental effects (e.g. Pellicano,
2013). What might we hypothesise about the relative frac-
tionation of the triad across development? On the one hand,
even primarily distinct abilities or traits might be hypothe-
sised to become more intercorrelated with age, due to
downstream effects. For example, even if reduced global
integrative processing and ToM have independent origins, a
child’s tendency to interpret stimuli in a context-independ-
ent fashion might have developmental effects on their
social skills; interaction might be sensitive to mental states
but not to different contexts. Similarly, a child with poor
inhibitory skills might be poorly tolerated by peers, have
reduced social learning opportunities and develop less
accurate social insight. On this view, studies with younger
age groups will show clearer fractionation of triad domains
than studies with older groups.

However, the opposite hypothesis might also be proposed.
Neuro-constructivist theories, and accounts of brain develop-
ment postulating ‘interactive specialisation’, might suggest
greater definition (‘modularisation’; D’Souza and Karmiloff-
Smith, 2011) of many cognitive abilities with age. Patterns of
brain activation during some cognitive tasks become more
specialised and focal with age, and one might therefore pre-
dict greater differentiation of skills and cognitive functions
with increasing age. Further longitudinal studies are needed
to test which of these two predictions is correct.

Previous studies have used correlational analyses to
assess the degree to which cognitive deficits and behav-
ioural symptoms are associated (e.g. Joseph and Tager-
Flusberg, 2004; Pellicano, 2013; Pellicano et al., 20006).
However, these types of analyses cannot provide evidence
of a direction of causality. Confirmatory factor analysis
may be useful in assessing the underlying structure of the
behavioural symptoms. Path analysis could be implemented
to assess the degree of relation between cognitive processes
and behaviour. More complex statistical methods could
also be implemented to provide a more parsimonious
approach, such as latent class analysis and factor-mixture
modelling. These statistical techniques have the potential to
provide additional information about cognitive and behav-
ioural subtypes of ASD. For example, Georgiades et al.
(2013) used factor-mixture modelling to suggest that the
two ASD symptom domains of social-communicative
impairments and RRBIs may be independent. The differing
symptom profiles of severity suggested support for the
existence of three homogeneous subgroups of ASD.
Hypothetically, differing cognitive deficits may underlie
the symptom profiles of these three subgroups of ASD.
Additional analyses, such as latent growth modelling, could
also be used to explore cognitive functioning across devel-
opment and its altering relations with ASD symptoms using
a longitudinal framework. These analyses could help test
the multiple cognitive deficit model or fractionated triad
theory of ASD.

The present review has been concerned with studies of
ASD, but clearly of relevance to the fractionated triad
account is the existence of other clinical groups in which defi-
cits in just ToM, EF or CC can be documented (see Happé and
Ronald, 2008 for discussion). The new DSM-5 includes a new
category of Social (Pragmatic) Communication Disorder,
aimed in part at capturing those individuals who may have
social and communication problems without RRBIs. It will
be interesting and important to see how this influences
research and to discover whether ToM, EF and/or CC are
affected in such individuals.

Future studies using, for example, intervention
approaches as a window into causal relations will be val-
uable. A pilot study by Fisher and Happé (2005) sug-
gested that training studies may be informative; these
authors found that training set-shifting improved ToM
skills but not vice versa — although the latter comparison
was limited by non-significant gains in generalised set-
shifting ability.

If, as the fractionated triad account suggests, ASD is
caused by different genes, neural patterns and cognitive
components that influence distinct behavioural symptoms,
then it is possible that intervention can target particular
aspects of ASD while leaving other aspects valued by ASD
self-advocates untouched. Understanding the fractionable
or monolithic cognitive underpinnings of the autism pheno-
type has the potential to be both theoretically and practi-
cally informative.
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