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Abstract

Research on memory in Autism Spectrum Disorder (ABa@ints to difficulties in memory
for personal experiences (episodic memory - EM)padnticular, difficulties were found for
the processing of relations between units of matégaving memory for single items mostly
intact. The aim of this thesis was to examine EMABD further by investigating the
influence of meaning, type of material, and relaioand by assessing the influence of
complexity, executive functions, and attention cenrmory, learning, and spatial navigation in
ASD. In addition to memory behaviour, eye movemevese measured. It was found that the
EM impairment in ASD adults with average intelledtabilities persisted across a range of
materials and types of relations, and that item orgrvas also affected when using tests of
similar complexity to relational memory tests. Eyeovements indicated attentional
differences in ASD that may have had an impact le. dbserved difficulties, and they
indicated that memory difficulties went beyond eégipldeliberate retrieval of information
also affecting implicit memory and, therefore, segfghg that also encoding and post-
encoding processes may work differently in ASD. tBpanavigation was particularly
affected by executive function and item memoryidifities in ASD, and structural learning
may be the fundamental mechanism that underliesdgeitive difficulties observed in ASD.
Future research should concern the developmengpplitation of measures for less verbal
and/or intellectually able ASD individuals and ihgestigation of how the studied processes
are affected by ageing in the ASD population. Iditon, training and support strategies
should be developed to investigate whether memdficudties in ASD are caused by a
processing bias or a deficit and to attempt tovelte them. Finally, the investigation of
memory encoding and consolidation is needed to wdstther these processes operate
differently in ASD and, if so, how they could beproved.
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1 Chapter 1: Introduction

1.1 Autism Spectrum Disorder

1.1.1 What defines ASD?

Until 2013, autism was considered to be one amoagynpervasive developmental disorders
diagnosed according to the Diagnostic and Stagisttanual of Mental Disorders IV text
revision (DSM-IV-TR, American Psychiatric Assocat, 2000). Whereas difficulties in the
three areas of social interaction, communicatioy stereotyped behaviours, interests and
activities (so callecautism triad Wing & Gould, 1979) were defining for autisticsdrder
and Asperger Syndrome, pervasive developmentaldiisaot otherwise specified (PDD-
NOS) and childhood disintegrative disorder wererati@rised by difficulties in one or two
of these areas respectively. Difficulties in comimoation, for example, inflexible usage of
language or odd pronunciation, were not definediraged to social situations, and this
criterion could have been fulfilled by a delay aifldre in language development (American
Psychiatric Association, 2000). Difficulties in salc interaction included a lack of
relationships to peers and a disturbance in saidl emotional reciprocity in contact with
others (American Psychiatric Association, 2000)er&ttyped behaviours involved an
insistence on sameness and the maintenance ofsrdand dysfunctional habits (American
Psychiatric Association, 2000). Asperger Syndroimdendt have a language delay (American
Psychiatric Association, 2000), and it was viewsdaamilder form of autism (Ritvo, Ritvo,
Gutherie & Ritvo, 2008). DSM-5 (American PsychiatAssociation, 2013) now treats the
term Autism Spectrum Disord€ASD) as one disorder of neuronal and mental agveént,
recognising the relevance of a shared underlyingateology (Kupfer & Regier, 2011). All
individuals that clearly fulfilled the criteria afne of the above named diagnoses would
nowadays be given the diagnosis of an ASD. ASDeitdd by the two behavioural criteria

of stereotypic routine-like behaviours, interestsd activities and difficulties in interaction
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and communication with others (American Psychiafgsociation, 2013). These criteria
range in severity with the result that the disordevers the whole range of language and
intellectual abilities. This is why it is often tadl a spectrum of conditions.

A complete diagnostic assessment should includet toea clinical assessment of
behavioural features, a consideration of the dewekmtal history of the individual, as
reported by the parent (Falkmer, Anderson, Falk&erorlin, 2013; Mahjouri & Lord,
2012) or another close relative (Van Niekerk et2011), as well as cognitive and language
testing (Volkmar, Cook, Pomeroy, Realmuto & Tangua999). A reliable diagnosis is
possible from the second year of life (Moore & Gsamadl, 2003), where the first signs of the
disorder often are an abnormal language develop@ar@ahor an unusual interest in objects
rather than other people or situations involvingeotpeople (Howlin & Asgharian, 1999).
Parent reports suggest that abnormalities may é&&ept below the age of 1 year (Constanzo
et al., 2015), but in practice a firm diagnosisoistained only years later (Howlin &
Asgharian, 1999). To account for the possibilitgttindividuals show difficulties in social
interaction and communication without the presentestereotypic behaviours, either at
present or in the past (American Psychiatric Asgam, 2013), a new diagnosis - Social
(Pragmatic) Communication Disorder (SPCD) - wasiedi Further, a diagnosis of Attention
Deficit/Hyperactivity Disorder (ADHD) would now bgiven to an individual in addition to a
diagnosis of ASD, if the individual fulfils critexifor both disorders (American Psychiatric
Association, 2013).

Recent estimates show a 4:1 male to female ratid8D (Rivet & Matson, 2011),
but it is unclear if the disorder is really morenmoon in males, or if females are
underdiagnosed because they are more social byenatd, therefore, seem less affected
(Hiller, Young & Weber, 2014). Prevalence rates dlirpervasive developmental disorders

have risen in comparison to previous estimates fdii % (Fombonne, 1999), over 0.3 - 0.6
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% (Fombonne, 2003), to recent estimates of 1.136 % (UK: Baird, 2006; US: Autism and
Developmental Disabilities Monitoring Network Suilance Year 2008 principal
investigators, Centers for Disease Control and étregan, 2012). The new estimates may
reflect a real increase in the occurrence of tserder, or they may be the result of a revision
of diagnostic criteria, better recognition througltreased awareness and knowledge about
the disorder (Wing & Potter, 2002), differencesti®e use of diagnostic instruments and
available services (Mahjouri & Lord, 2012), or miginosis, and changes in cultural
perceptions of ‘abnormality’ (Matson & Kozlowski, 2D). Prevalence rates may also be
affected by dropout rates in the studies and chaimgthe rates at which individuals self-refer
to diagnostic services (Bolte, Herbrecht & Pous##)7). Prevalence rates are as high as 2.6
- 2.7 %, if whole populations rather than high-rskmples are screened, as recent studies
from South Korea (Kim et al., 2011) and Norway (f&ad, Lundervold & Gillberg, 2006)
suggest.

Language and intellectual impairments are importeatures of the disorder. About
half of individuals with ASD present language impaents (Loucas et al., 2008) and more
than half have intellectual abilities below the méastimates range from 24 % - Idring et al.,
2015; 55 % - Baird et al., 2006; 59 % - Kim et @D11; to 68 % - Yeargin-Allsopp et al.,
2003). For those without marked intellectual disahidifferences in the use of language or
in its understanding are likely (Tager-Flusberga&eph, 2003). Therefore, a large proportion
of individuals with ASD are under-researched beeaat their limited language and/or
intellectual abilities.

The cause of ASD is still unknown. The high heiitgb found in twin studies
(Ronald & Hoekstra, 2011) led researchers to suspeenetic cause, but apart from a few
rare cases, where individual genetic factors wdemtified, when ASD co-occurred with

another disorder that has a genetic cause, likgdrX (Belmonte & Bourgeron, 2006), many
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different genetic factors have been reported tonvelved in the development of ASD
(Waterhouse, 2013). A large number of non-spedfigironmental factors have also been
implicated in the development of ASD, including adeed maternal (Shelton, Tancredi &
Hertz-Picciotto, 2010) and paternal age (Durkinaét 2008; Hultman, Sandin, Levine,
Lichtenstein & Reichenberg, 2011), the mother tgkimalproate during pregnancy
(Christensen et al., 2013; Hallmayer et al., 20&hy others (see Mandy & Lai, 2016 for
further details). Finally, gene-environment intéi@ts may also play a role in the emergence
of ASD, in that a specific gene alternation makke tndividual more vulnerable for
environmental risk factors (Chaste & Leboyer, 2012)

Individuals with ASD have been found affected byigher percentage of mental and
physical health conditions (70 % have one more%sfwo or three additional conditions -
Simonoff et al., 2008) in comparison to typicallwdmping (TD) individuals. In adults with
ASD, rates were highest for anxiety, depressiorseg®bive-Compulsive Disorder (OCD), and
schizophrenia (Croen et al., 2015), as well asusesz epilepsy, and sleep problems (Levy,
Mandell & Schultz, 2009; Tuchman & Rapin, 2002)alfongitudinal study, only about 30 %
of ASD individuals were successfully and permanentitegrated into employment
(including supported and voluntary work; Howlin, @@, Hutton & Rutter, 2004). However,
about 77 % of persons with ASD were not living ipeledently, and they continued having

difficulty in establishing relationships throughdifé¢ (Howlin et al., 2004).

1.1.2 Critical discussion of DSM-5 criteria
Difficulties in distinguishing between the diffeteDSM-IV diagnoses for pervasive

developmental disorders, clinically (Lord et al012; Mahjouri & Lord, 2012; Wing, Gould

& Gillberg, 2011), and high prevalence rates of PROS (Mahjouri & Lord, 2012), led to
the suggestion that at least some individuals naa lbeen misdiagnosed (Buitelaar, van der
Gaag, Klin & Volkmar, 1999; S. D. Mayes, Black &eFiney, 2013; S. D. Mayes et al., 2014;
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I. C. Smith, Reichow & Volkmar, 2015). The unifizat of these subcategories under the
single umbrella of ASD in DSM-5 presented bettenstouct validity (i.e., an instrument
measures what it is supposed to measure - De lahdaNoens, Boets, Kuppens & Steyaert,
2015; Harstad et al., 2015; Mandy, Charman & SkR8&2), as well as increased specificity
(i.e., reducing the number of individuals receivithg diagnosis even though they are not
autistic) of ASD diagnostic criteria. However, teare also reports of a decreased sensitivity
(i.e., reducing the number of people that shoukkeh&ceived a diagnosis because they are
autistic but do not receive one) for individualghwimilder” forms of ASD (Young & Rodi,
2014), higher Intelligence Quotients (IQs; McPartla Reichow & Volkmar, 2012), and
older age (Wilson et al., 2013), which were avoidad an adjustment of diagnostic
instruments (Kent et al., 2013).

Despite reports that ASD individuals, using DSM+ietcia, seemed more severely
affected by stereotypic (Beighley et al., 2014)wadl as socially inappropriate behaviours
(Beighley & Matson, 2014), ADHD symptoms (Konst, fglan, Goldin & Rieske, 2014),
tantrums, avoidant behaviours, anxiety, and eatingleeping problems (L. W. Williams,
Matson, Beighley, Rieske & Adams, 2014), DSM-IV d»8M-5 research samples have been
found to be 93 % comparable in terms of clinicaéggntation (Mazefsky, McPartland,
Gastgeb & Minshew, 2013), when using a combinatbrutism Diagnostic Observation
Schedule (ADOS; Lord et al.,, 1989) and Autism Dw@gjic Interview-Revised (ADI-R;
Rutter, Le Couteur & Lord, 2002) to establish agdisis. Finally, SPCD has been shown to
be a separate disorder, empirically, in that afflédhdividuals did not show any repetitive
behaviours (Gibson, Adams, Lockton & Green, 20X8)d they presented fewer social
difficulties compared to ASD individuals (Whiteh@)sWatt, Line & Bishop, 2009), but
more social difficulties compared to individualsthviSpecific Language Impairment (SLI;

Gibson et al., 2013).
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Following the definition of ASD according to DSM-His thesis will generally refer to
individuals with ASD, summarising all previous sategories, including Asperger
syndrome, autism, and PDD-NOS. Having establishegreeral understanding of what is
nowadays referred to as ASD, its prevalence, caaseshow new diagnostic criteria might
stand in relation to previous ones, the thesis nallv move on to discuss cognitive accounts

of the condition.

1.2 Cognitive theories of ASD

1.2.1 Theory of Mind Deficit
The termTheory of Mind(ToM) was coined by Premack and Woodruff (19780ke

possess a ToM if they can infer mental states, @astknowing, believing, feeling, or
thinking, to themselves and others. It is calleth@ory because one cannot directly see
mental states, but one can make predictions abent and test these (Gopnik & Wellman,
1992; Perner, 1991; but see Carpendale & Lewis42G@llese & Goldman, 1998; Hobson,
1991; Leudar & Costall, 2009 for further discussiminthe mechanisms underlying our
understanding of mental states). Researchers begatudy ToM in ASD because social
impairments had been identified as the key behazideature of the condition (Wing &
Gould, 1979), and being social implies understagpdother minds. The first formal
assessment of ToM in ASD was done by Baron-Cohesljd.and Frith (1985), who adapted
a false belief paradigm by Wimmer and Perner (198Bp had found that typical children
developed false belief understanding around theoddeyears. False belief is defined as the
understanding that others can hold beliefs thatvaomg. The task used is, nowadays, widely
referred to as the Sally-Anne task. Baron-Coheal.€t1985) found that the majority of their
TD and Down syndrome children passed the test, e@semost ASD children failed it, even

though they had higher intellectual abilities tithe control groups. The finding has since
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been replicated various times with different pagats as well as different groups of
participants of various ages and IQ levels. It wascluded, that individuals with ASD have
problems with ToM. However, only marginal associasi have been found between these
problems and the social difficulties ASD individsid&ce (Tager-Flusberg, 2003), suggesting
that ToM difficulties constitute only part of thegnitive difficulties underlying core clinical
features of ASD. In fact, other areas of cognittmmetimes difficult for ASD individuals,
such as memory and executive functions (EFs), #sawéanguage, and the ability to process
complex stories that include abstract mental stabeds (Tager-Flusberg, 2007), seem
relevant factors in solving ToM tasks, and Pellicg2610) found that EFs and local
processing are predictors of later ToM performategh and Frith (2003) found that ASD,
as opposed to TD individuals, approached ToM tasta general (complex) problem rather
than one that needed social insight, and BowleiskBran, Gurvidi and Fornells-Ambrojo
(2005) found high correlations between performaocea mechanical analogue of a false
belief task without mental states and performancéherSally-Anne task. Complexity in the
Bowler et al. (2005) paradigm was defined as aeseanf conditional rules or relations that
needed to be formed (Halford, 1992), and difficudtigh the use of these is not specific to
mental states but is rather a feature of genemition. Another criticism of the account is,
that a ToM deficit has been found not to be speddi ASD, as it was also found in other
disorders (for a review see Korkmaz, 2011), suclscszophrenia (see Brine, 2005 for
review), ADHD (Saeedi, Noorazar, Bafandeh, Tahef&hang, 2014), or deaf children of
hearing parents (Schick, De Villiers, De Villiersoffmeister, 2007) and sometimes even
TD individuals showed ToM difficulties (Ozonoff, Reington & Rogers, 1991). Considering

that ToM difficulties only become apparent arouhd age of 4 years, when the majority of

' A delay in ToM development in this study was ordyiid for deaf children of hearing parents. As oppd®
these, deaf children of deaf parents performedlailyito TD children. This striking result givesrae more
indication that language seems to be a cruciabfaotsuccess on ToM tasks.
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TD children is passing false belief tests (Korkm11), and keeping in mind that ASD can
reliably be diagnosed from around 2 years of agedid & Goodson, 2003), ToM

difficulties cannot be the cause for social-commation impairments that start emerging
much earlier (Boucher, 2012). The theory’s greatestriction may be its focus on social and
communicative behaviours, which are part of thgustic criteria, but which do not explain

difficulties that persons with ASD show in otheromsocial” areas of behaviour, such as
restricted and repetitive behaviours or emotion-psstg (Hobson, 1993). Neither does the
ToM deficit theory capture the strengths in somemaarof cognition that are characteristic of
individuals with ASD (Frith & Happé, 1994). To meéese criticisms other accounts were

developed.

1.2.2 Executive Dysfunction
Another area, where ASD individuals have been fotmadhow difficulties, isExecutive

Function (EF). EFs are problem-solving skills or functidihst support actions to achieve
distant goals, which include “planning, impulse cohtinhibition of prepotent but irrelevant
responses, set maintenance, organised searcheaiilify of thought and action” (Ozonoff
et al., 1991, p. 1083). Pennington and Ozonoff §)%so included “interference control,
[...], integration across space and time, [...], andkivig memory” (p. 55) in their definition
of EFs. The aim of the account was to explain sofmie behaviours of ASD individuals
that the ToM account does not explain and to findifficulty that is common to all
individuals with ASD. While some individuals withSD passed ToM tasks (e.g., Baron-
Cohen et al., 1985; Bowler, 1992; Ozonoff et a@91), Ozonoff et al. (1991) found that
almost all participants in their study (96 %) wemngpaired in specific measures of EFs.
Difficulties in EFs in ASD have been shown in thieas of mental flexibility, i.e., the ability
to react flexibly to changes in the test, for exampising the Wisconsin Card Sorting Test
(WCST; Rumsey, 1985; Rumsey & Hamburger, 1988; 1988 well as planning and
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inhibition of a prepotent response (Hill, 2004ahefe are, however, some issues with the
measurement of EFs. Russell, Jarrold and Hood {(18@fuied that on some tasks children
with ASD show EF deficits because the rules sedmtrary to them. For example, on the
WCST, where participants are asked to sort cardgrding to an unknown rule, which they
are supposed to infer from feedback following trsorting decisions, there is no obvious
reason why the rules according to which cards shbel sorted, should change at a certain
point. In addition, tasks, such as the WCST, tacklny different EFs (e.g., inhibition,
working memory, etc.), making it difficult to ast&n exactly where problems lie (Hill,
2004a). Therefore, systematic investigations aeslee to find the specific processes that are
difficult for ASD individuals. Further, the execudi dysfunction view does not account for
all difficulties ASD individuals show, such as metarea of cognition (Frith & Happé€, 1994),
or in the core diagnostic areas, as EFs do notagxg@ny significant variance in social
interaction or repetitive behaviours in ASD in engal investigations (Joseph & Tager-
Flusberg, 2004). In addition, difficulties in EFseanot found in all ASD samples (e.qg.,
Minshew, Goldstein, Muenz & Payton, 1992 using YHEST), and EF difficulties are also
not specific to ASD, as they were also found teebielent in other disorders, such as frontal
lobe damage (Alvarez & Emory, 2006), schizophref@aellana & Slachevsky, 2013),
ADHD (Willcutt, Doyle, Nigg, Faraone & Penningtor2005), Parkinson’'s disease
(Dirnberger & Jahanshahi, 2013), and groups sudymsal Older Adults (OA; Hedden &
Gabrieli, 2004). In general, although EF testssangposed to measure frontal lobe functions,
they are usually complex tasks, and individuals €ah on these tasks because of a
disturbance in a number of different processesdbatot need to have anything to do with
frontal lobe functions (Pennington & Ozonoff, 1996%pecially when control measures are
lacking that are similar in complexity but are mapposed to tap EFs. The issue of

complexity is, therefore, discussed in the nextisec
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1.2.3 Complex Information Processing Deficit
The theory of a deficit irfComplex Information Processirgrose as a critique of the two

previously discussed cognitive models (ToM, EF)guang that they only look at one
potential area of deficit in ASD (D. L. Williams, ikkhew & Goldstein, 2015). In a thorough
assessment of language and memory in the same a8ples (Minshew et al., 1992; Rumsey
& Hamburger, 1988), the authors found mixed resmtshat ASD participants performed
well on tests measuring more automatic processes, as reading a text or spelling words
without necessarily understanding the meaning,tibey did worse than TD participants on
tests that necessitated comprehension, interpptatind inference of information, as in
reading a text so one can answer questions abouexh€Minshew, Goldstein, Taylor &
Siegel, 1994; Minshew, Goldstein & Siegel, 199%)eTecond kind of task was defined as
more complex and the idea was put forward that AB@viduals show difficulties in
processing complex information (Minshew & Goldsteif98; Minshew et al., 1994). In this
context, complexity was defined in various waygluding a large number of units to be
processed, the requirement for this informatioméoorganised in some way or, at a neural
level, by the involvement of interactions betweéstaht areas in the brain (D. L. Williams et
al., 2015). These various definitions make it diift to disprove the account. There is a
danger of circularity in concluding that ASD indivals show difficulties with complex
tasks, and when they cannot solve a task, one wdeglthat the task is complex without
clearly operationalising or defining complexity. addition, the reported deficits in complex
tasks in ASD were at least partly explained bytdss’ high demands on working memory

(Minshew et al., 1995) and, therefore, by the alesrribed deficit in EFs in ASD.

The following three theories try to explain cogwdtifunctioning in ASD by focussing on

processes where ASD individuals were found to Ipesar.
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1.2.4Weak Central Coherence
Frith and Happé (1994) devised the theoryWafak Central Coherend®/CC) in ASD in an

attempt to account for non-social behaviours thmatreot explained by deficits in ToM, as
well as to explain the performance of individualdo pass ToM tasks (such as in Baron-
Cohen et al., 1985; Bowler, 1992; Ozonoff et aB91). Frith (1989) described central
coherence as a processing style of TD individulait tdraws together various pieces of
information to present them as a whole with an alv@neaning. A deficit in this processing
style in ASD was inferred on the basis that ASDvitthals tend to focus on details. Because
of criticism and contradictory findings, Happé (999evised the theory to say that WCC is a
preference for a processing style rather than igitlef ASD cognition. Support for the WCC
theory was found in superior performance in ASD pared to TD on tasks like the
embedded figures test (e.g., Shah & Frith, 1983)ere participants are asked to find a
hidden figure in a larger design, or the block gesubtest of the Wechsler Intelligence test
(e.g., Shah & Frith, 1993)where participants are asked to build a desigmfa template
with plastic cubes, as well as in difficulties iIrBB in tasks that necessitate one to process
information in context, for instance, to disambiguée meaning of a word in a sentence
based on the overall meaning of the sentence &ith,& Snowling, 1983). Later research,
however, showed that ASD participants respond ¢dajl information, for example, when
they are instructed to do so (Koldewyn, Jiang, Wkig Kanwisher, 2013; L. Wang,
Mottron, Peng, Berthiaume & Dawson, 2007). Simylathe same ASD participants, who
showed a local bias in one task, presented coegistitact global performance in another
task (Hadad & Ziv, 2015; Plaisted, Swettenham & Rd®99; Rondan & Deruelle, 2007).

Also, WCC is not specific to ASD (Mottron, Daws@nulieres, Hubert & Burack, 2006), as

> A recent meta-analysis of visuo-spatial performairceASD, however, showed that based on previous
evidence only performance on the block designisestiperior in ASD (Muth, Hénekopp & Falter, 2014).
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there have been demonstrations of a local biaghier @isorders, such as Williams Syndrome

(M. A. Porter & Coltheart, 2010).

1.2.5Increased Perceptual Discrimination
The Increased Perceptual Discriminatiotmeory originated in the finding of poor transfer

from a training situation to a new context in ASartipants (e.g., Swettenham, 1996), and
the idea that ASD individuals process novel elemafta new situation or context well
(Plaisted, O’Riordan & Baron-Cohen, 1998a). Therdhgy tend not to look for elements
that are in common between training and a new gbnieading toReduced Generalisation
(Plaisted et al., 1998a). According to this theokgD participants perform poorly if the
training and transfer contexts share only few el@sand the transfer context includes many
new features. This is because persons with ASDeptef process the new elements rather
than the old ones. Such processing gives ASD iddals an advantage at discrimination
tasks, for example, tasks asking participants sbirdjuish between different letters of the
same colour or the same letters in different caditaisted, O’Riordan & Baron-Cohen,
1998b), but gives them a disadvantage on taskeigdkr shared features to be processed,
such as the formation of prototypes for a face {gds Rump, Best, Minshew & Strauss,
2009) or the categorisation of objects (Gastgelir&uss, 2012). Plaisted et al. (1998a) tested
the theory with a perceptual learning task usinghlyi similar images. ASD participants
performed similarly well in discriminating imagekely had been trained on from novel
images, whereas TD individuals benefitted fromnireg and discriminated the images they
were familiar with to a significantly better exted direct comparison of the two groups
showed lower performance of ASD individuals on jwesly trained images but higher
discrimination on novel images compared to TD pagoéints. This finding led the authors to
conclude that ASD individuals seemed to focus on nbeel elements in all stimulus
displays, and that they seemed to treat all prablasinovel. This superior discrimination
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performance was argued to underlie ASD individualgtstanding performance on visual
search (Kemner, van Ewijk, van Engeland & Hoogé&&@®@'Riordan & Plaisted, 2001), and
embedded figures tasks (Plaisted, 2001), where A@Ricipants focus on non-shared
features of stimuli in a search array or betweagetaand background image. Increased
discrimination was also found for the auditory damavhere ASD participants showed
superior performance on discrimination of tone seges. However, no between-group
difference was found for the sense of touch (O'&aor & Passetti, 2006). An alternative
explanation for reduced generalisation was offérg®ott, Brock, Brockdorff, Boucher and
Lamberts (2006), who suggested that ASD individugde fewer attributes to judge the
similarity of images. Ploog (2010) criticised theréeptual Discrimination theory, by arguing
that over-selectivity (i.e., elements are processeparately rather than as members of
different categories), which lies at the basishis theory, has been found in other disorders
and is, therefore, not specific to ASD. Finally, tlon et al. (2006) added that
discrimination, which is at the centre of this theds only one process among many that
they think are working differently in ASD. As antexinative, Mottron et al. (2006) developed
Enhanced Perceptual Functionin(@&PF) theory (Mottron & Burack, 2001; Mottron dt, a

2006), which will now be discussed.

1.2.6 Enhanced Perceptual Functioning
EPF started off as a critique of the WCC accounti{& Happé, 1994), and it was based on

demonstrations that persons with ASD did not gdlyeshow a deficit in global processing
(Mottron, Burack, larocci, Belleville & Enns, 2008jottron, Burack, Stauder & Robaey,
1999; Mottron, Peretz & Ménard, 2000; Ozonoff, $&ra McMahon & Filloux, 1994). The
central proposition of EPF is that an intact eatbveloped low-level process, like the
perception of physical properties of objects, sashcolour, shape or size, takes over an
impaired one, for instance, the perception of famreemotions, and through experience over
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time leads to an enhanced performance beyond frebitgies of TD individuals in a certain
area of processing (Mottron & Burack, 2001). Déd@ccur when these over-developed low-
level processes, such as perceiving an object;féngewith higher-level processes, such as
remembering an object, or when the preoccupatidh perception, for example, looking at
spinning objects instead of exploring the environtndiinders the development of other
behaviours, such as pretend play (Mottron & Bura2@01). This account offered an
alternative to aspects of the Executive Dysfunctamtount in explaining problems in
response inhibition, not with reference to an exgeuprocess, but with reference to ASD
individuals’ lower perceptual threshold that le#dlsm to react to stimuli that TD individuals
may not perceive. A criticism of the EPF accounthiat the authors, especially in the later
version of the theory (Mottron et al., 2006), nanted many possible mechanisms, which
made the account harder to test and disprove. Ta@elusavant skilfsin the theory may
explain the disproportionate prevalence of savhkilissn the ASD population, but it may cut
a bit short in explaining phenomena common to @ilséic individuals, as research has found
that a strength in one cognitive area in ASD did always come with a corresponding
weakness in another area and vice versa (Plaistadt & Davis, 2009). Further, recent
meta-analyses found clear visuo-spatial supemsrifor autistic individuals only in some
tasks but not others (Muth et al., 2014), and theggested neither a global deficit, nor a
local superiority in ASD, but rather that ASD indluvals were just slower at grasping the
general meaning of information in context (Van dtallen, Evers, Brewaeys, van den
Noortgate & Wagemans, 2015). A possible reasonh& ASD participants attend to
information differently compared to TD individuadsd this idea will be discussed in what

follows.

% Savant syndrome defines an exceptional abilitannindividual with a developmental disability tHatin
contrast to its general cognitive abilities (Treff2014). Savant skills have been reported in aldu% of
autistic individuals (e.g., Bolte & Poustka, 20(imland, 1978), the number goes up to about 30 % if
exceptional cognitive abilities like superior parfance on the block design task are included (Hgw@ioode,
Hutton & Rutter, 2009).
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1.2.7 Atypical Attention
Allen and Courchesne (2001) suggestetention Dysfunctionto be responsible for the

cognitive profile observed in ASD, as attentiorthe prerequisite for a lot of higher-order
cognitive processes. In the caseSelective Attentigrthe authors argued that depending on
the volume of the parietal lobe individuals with B@re either be over- or under-selective
(see also Townsend & Courchesne, 1994). Over-satgan this case means having a small
attentional focus, which is an advantage in visealrch tasks, where the focus needs to be on
targets and the search needs to be shielded fretracters (e.g., Wainwright & Bryson,
1996). Regardinéustained Attentigrthe authors referred to a study by Garretsom &ed
Waterhouse (1990) showing that rather than taskptmexity, motivation had an effect on
attention. Wainwright and Bryson (1996) argued thiéficulties in maintaining continuous
attention in ASD only appear when social rewardssed, because of abnormalities in limbic
structures that process reward differently comp#&welD individuals (Weinberger, 1993). In
terms ofSpatial Attention ASD participants have shown difficulties to digage attention
(so called “sticky attention” - Allen & Courchesr#)01), which was found to be related to
the volume of the parietal lobe (Townsend, Coumche& Egaas, 1996). In addition, rapid
orienting to detect a briefly lasting stimulus ar discriminate was harder for ASD
individuals with smaller cerebellar volumes, sudmpesa role of the cerebellum in response
preparation. Another difficulty in attention in ASEas found irShifting Attentiorunder time
pressure, which is another function that may be supg@ by the preparatory actions of the
cerebellum. Without this preparation, attentiorftshare slowed and occur with more errors.
Allen and Courchesne (2001) suggested that théculiff demonstrated by the shifting
attention task may be part of a more general probte providing and adjusting cognitive
resources quickly and accurately. Minshew and Geidq1998) criticised the literature on

attention in ASD in arguing that the results wefeeded by the demands on working
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memory and EFs of the tasks. As these are aradiffiolilty in ASD as well, tasks need to be

used that tease apart difficulties in differentaare

To conclude, all of the above-presented theorieg Bimulated a great deal of research and
have shaped our current understanding of ASD. eertes were all significantly supported
by neurological findings, suggesting that they eacéd important in their own right in
covering aspects of ASD (Schroeder, Desrocher, 8ebkCappadocia, 2010). Some are
domain-specific (like ToM), and others are more dowgeneral (like WCC or EF). Some
are focussed on higher-level cognitive domains (lik&1), some on lower-level ones (like
EPF), and some are both (like WCBut because ASD is complex and heterogeneous, none
of the theories has been able to explain all @suies. The question remains if it is possible
to define one domain of functioning in which distances can explain all core features of
ASD or if it is, as Happé, Ronald and Plomin (200&Yye argued, time to give up on this idea

and rather try to find separate theories to exptaéntriad of symptonisn ASD.

A domain of functioning that was originally considd to be important in explaining the

characteristics of ASD is memory, and it is nowaadting new interest given that the theories
described above have not developed explanatioASDfthat encompass all or even most of
its clinical features. A characteristic memory ein ASD is now regarded as an important
feature of the ASD phenotype. The study of memeryASD makes sense, when one
considers that memory is a domain-general proaesstherefore, can account for difficulties

in a wide range of domains. It includes both higimd low-level processes, because of
distinctions of different memory systems and preessit can be explored at several levels,

enabling a fine-grained, theory-driven analysis, #nsl central to almost everything people

* At the time of the article, ASD was still defineg Hlifficulties in the three areas of functioning sdcial
interaction, social communication, and restrictad eepetitive behaviours. Later with the DMS-5, thve areas
of social interaction and communication were podtg¢d one criterion (see Section 1.1.1).
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do. Apart from the obvious function of rememberihg past, which is already important for
the simplest tasks in everyday life, memory is ameportant for a whole range of other
functions, such as planning for the future or imagg possible scenarios, which requires the
re-configuration of elements of past experienceddnve possible non-experienced events
that may happen in the future or that are fictsioMemory depends on and contributes to a
whole range of other psychological functions thaténbeen discussed in detail earlier (see
Section 1.2), such as EFs or attention. It is im@dlin complex reasoning, which is a process
that stands at the core of deficits in ASD, suci@dl, and it might also help to explain the
development of repetitive behaviours as the foromatif habits. Finally, as the brain bases of
typical memory are becoming better and better stded, it is possible to infer from
memory atypicalities in ASD to underlying mechanssamd brain bases. In what follows, the
thesis will start off with defining memory and witlontinue with memory findings and

theories in ASD.

1.3 Memory

To look at memory as one unified system would loesionplistic. Different memory systems
are supported by different underlying mechanisnt laiain structures and this complexity
has the advantage of enabling a fine-grained aisabfjsvhat might be working similarly or
differently in ASD as opposed to TD individuals.yBisologists have taken a number of
different perspectives on memory. One of the finsdels was thenulti-store memory model
(Atkinson & Shiffrin, 1968), which proposed a digttion between sensory, short-term, and
long-term memory as separate stores that are akdera linear fashion. Information is fed
into the system through the senses, when attermdgdsensory memory, the information is
passed on to short-term memory, and through rehleiaaches long-term memory, where it

is saved for an unlimited amount of time, or uittis retrieved again. If information is not

46



attended to or rehearsed, it becomes permanestlyResearch soon found that this model is
too simplistic. Several separate stores for slesrit (Baddeley, 2000), and long-term
memory (Schacter & Tulving, 1994), have been predasnce and in addition to rehearsal,
consolidation (Craik, Routh & Broadbent, 1983) aettieval have been found to play a role
in remembering (Roediger & Butler, 2011). Moreovaemory has been found not to be a
unidirectional process, because retrieval was fdartge important not only for remembering
but also for forgetting (M. C. Anderson, Bjork & d8k, 1994). In the context of such
findings, two approaches emerged for conceptuglisi@mory. Some theorists argued that
memory is best understood in terms of distinct tesys”, whereas others preferred thinking
about memory in terms of distinct “processes”. Althb these approaches are not necessarily
inconsistent with one another, the distinction ket processes and systems has stimulated
considerable debate.

The systems approachefers to the structure of memory, i.e., differ¢neural)
substrates underlie different systems of (long-Jenmemory (Foster & Jelicic, 1999), that
stand in interaction with each other to enable ‘thiization of acquired and retained
knowledge” (Schacter & Tulving, 1994, p. 1). A mamgystem is, thereby, defined by the
information that is processed, the brain mechanis@issupport it, and the way it operates in
relation to other systems (Schacter & Tulving, 19%4lving, 1984). It is possible, that
different memory systems either work independentiygooperation or even in competition
(Squire & Dede, 2015). In addition, a given taskynb& solved by a number of different
memory systems but some systems would be less aiptivan others leading to lower task
performance. Therocesses approachefers to the function of memory, i.e., the kindd o
operations that needs to be performed in any gwemory test (Foster & Jelicic, 1999). This

approach sees memory as a unitary process in wapiehations required by a particular test
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work along a continuum crossing the borders ofedéhit memory systems. Both approaches

will be described in more detail in the followingd sections.

1.3.1 Memory systems
Schacter and Tulving (1994) distinguished five mgmeystems: “procedural memory,

perceptual representation memory, semantic memayking memory, and episodic
memory” (p. 26). There are several ways to clagki®se and other systems of memory. One
distinction is that between short-term memory (STaviyl long-term memory (LTM). While
working memory (WM) and the perceptual represeomtathemory (PRS) are considered to
be forms of STM, procedural memory (PM), semantic memory (SM), epidodic memory
(EM) are long-term memory (LTM) processes. While PMnd PRS are
automatic/unconscious (non-declarative), WM, SM, &Ml are open to consciousness and
are, therefore, categorised as declarative menneryit is possible to declare their contents
(Squire, 1994). Squire and Dede (2015) considdeessical conditioning and non-associative
learning as two other forms of non-declarative memor

PM describes knowledge about learned skills thakmessed when skills need to be
performed (Squire & Dede, 2015). It is seen aslabwieural rather than a cognitive system
(Schacter & Tulving, 1994). Mochizuki-Kawai (2008)istinguished between motor,
perceptual, and cognitive procedures, each beingostgul by different brain regions. Squire
and Dede (2015), additionally, saw habit as a forprocedural memory possibly because of
its rigid and repetitive nature.

The PRS deals with the perceptual properties oéatbjand words, such as their

visible structure but not their meaning. It belongghe non-declarative memory system and

® Baddeley (2012) distinguished short-term memooyrfrworking memory based on their respective fumstio
While short-term memory concerns the storage afrmftion over short periods of time, working memany
addition, is concerned with its manipulation.
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operates at a rather automatic level (Schacter4)l®chacter (1994), in a review, found
support for three PRS subsystems - a visual-ward &ystem concerning the shape of words
without their semantics, the structure-descripsgatem concerning the structure of objects,
and the auditory word-form system concerning beaibte to write a spoken word without
understanding its meaning.

A multi-component WM model replaced the old viewaotinitary system for short-
term memory (Baddeley, 2000; Baddeley & Hitch, 1974 is limited in capacity, and is
divided into an attentional unit (central execufivend a storage unit (episodic buffer;
Baddeley, 2000; Baddeley & Hitch, 1974). In additidhere are separate units for the
temporary storage of language-related (phonolodpegd), visual and spatial material (visuo-
spatial sketchpad) and, possibly, for movement @ndh (Baddeley, 2012). The storage
systems, thereby, communicate with LTM (Baddel&},2).

Tulving (2002) distinguished between SM and EMaams of LTM. SM is our store
for facts and knowledge about the world, whichaepasated from the personal experiences in
which we acquire them (Tulving, 1972). Naming a evaihen seeing its fragments or a brief
image of it, being presented with its definitior, doing a lexical decision task are all
considered as tests of SM (Tulving, 1972). In castir EM is defined as the storage for
personal experiences. It does not only include eéhent but also its relation to the self
(autonoetic consciousness) and context informatsuth as where and when the event
happened. EM develops as the latest of all memystems, and Tulving (2002) argued that
it is unique to humans. It involvesental time travelin which an individual re-experiences a
past event again at a later time. The related @yptcimagine the self at a future point of
time is calledEpisodic Future ThinkindEFT). Free recall tests that require participdots
retrieve information without any aid are considet@dbe prototypical tests of EM (Roediger,

Buckner & McDermott, 1999). According to Tulving0@2), SM and EM are related systems

49



because EM develops out of SM. In addition, EM ighly dependent on SM in that SM
stores the definitions of concepts that need tadmessed in order to relate them to the self
and to a place and a time in EM (Binder & DesailP0 In this context, it is worth noting
that the different theories about memory systemsafoall distinguish between different
types of declarative memory. For example, Binder Biedai (2011) included EM in their
definition of SM. Other authors do not agree witle idea of memory systems and rather
argue for memory processes (see Foster & Jeli6@9;1Tulving, 2002), some of which will

now be discussed.

1.3.2 Memory processes
The operations afforded by a specific memory test @ten presented in the form of

dichotomous principles. Among the first of theséngples was thdevels of processing
approach (Craik & Lockhart, 1972), which postulates a diffiece between shallow
(processing of perceptual features of study masriend deep processing (processing of
meaning). The deeper something is processed, rtvegst and longer durable is its memory
trace. Although considerable evidence supportesl digtinction (Lockhart & Craik, 1990),
several nuances in the literature (e.g., Baddel®y8; K. Klein & Saltz, 1976; Morris,
Bransford & Franks, 1977) led to revisions and esilens of this theory. For example,
Bransford, Franks, Morris and Stein (1979) posadathetransfer-appropriate processing
approachstating that it is not only the level at whichanmhation is processed that determines
memory strength but also the overlap in the coodgithat prevail at encoding and retrieval,
whereby shallow processing produces more durablaanetraces than deeper processing
under some circumstances (Roediger et al., 1999).

Another distinction is that betweesmutomatic and effortful processes (Hasher &
Zacks, 1979). Cognitive processes like attentian lamited in capacity (Hasher & Zacks,
1979). Automatic processes operate with minimanditbn and, therefore, do not reduce this
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capacity. They work despite other cognitive proesssvithout intention, and their task is to
prevent an overload of the system. Effortful preessare guided by intention, and they use
up capacity, for instance, when individuals use cgjge mnemonic techniques for
remembering something. Capacity is also decreagéachors such as old age, whereby only
effortful but not automatic processes should beaéfd (Hasher & Zacks, 1979).

Another principle distinguishes betwegerceptual (data-driven) andconceptual
processes (e.g., Roediger, Weldon & Challis, 198%iming tests probe perceptual
processes, because they ask participants to focupemeptual features of the studied
materials, whereas conceptual tests necessitatentbaning is processed. Explicit and
implicit memory tests are ordered along this dton. Explicit tests are conceptual tests,
because the processed material is available tccrmusgactive retrieval. Implicit memory is
tested with perceptual tests, and as a consequkadaformation is not open to conscious
awareness. However, not all explicit tests are epthual (e.g., shallow level encoding tasks
involve perceptual processing in an explicit tasi)d not all implicit tests are perceptual
(e.g., priming tests of word associations; see Rymszdet al., 1999). Buchner and Wippich
(2000) argued that a distinction between implicitl @&xplicit memory tests is often just a
coincidence of a difference in reliability of teststh explicit memory tests proving more
reliable, although this does not necessarily havbe the case. The perceptual-conceptual
distinction also underlies thdual-process theory of recognition memawth familiarity
being a perceptual andcollectiona conceptual process (Mandler, 2008). The twoga®es
recollection and familiarity are thought to underlie recognition memory judgetme
(Yonelinas, 2002). Research indicates that Yes/Moagigms are supported more by
recollection, whereas forced-choice paradigms seerenefit more from familiarity and
older individuals, who experience a decrease ioliettion, therefore, perform worse on

Yes/No as opposed to forced-choice paradigms (Ba&tivan der Linden, 2003). The
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Remember/Know (R/Kjrocedure is widely used to investigate the praeesd familiarity
and recollection, and it is seen as an empiricgdatiiation of the distinction between EM and
SM with Remember (R) as retrieval from EM and Kn@dy as retrieval from SM (Tulving,
1985). R and K involve different states of conssicawareness. R is the process of
recollection in a state @&utonoeticconscious awareness, i.e., including a senselfahse
remembered event. R responses also include detaNden, where, or how something was
experienced in addition to the remembered inforomatiself. In contrast, K is a feeling of
familiarity in the absence of recollection of sugdntextual information in a state nbetic
conscious awarene8dt is, however, worth noting that although recdlien/familiarity and
R/K are similar constructs, they should not be uséeirchangeably. They are overlapping
but they do not map onto each other exactly. Whex us the right way, the R/K procedure
teases apart memories that largely reflect redodlecand others that are largely based on
familiarity (Wixted & Mickes, 2010). However, redettion and familiarity are always both
involved in R and in K judgements (Wais, Mickes &iXtéd, 2008), as has been
demonstrated by above chance memory for sourceniattion after K judgements in a R/K
test. As opposed to the dual-process modelssigral-detection theorgrgues that the R/K
paradigm does not test two processes but rathepmuoess with different levels of strength
and, therefore, increasing confidence (Banks, 1®@i01n, 2004; Mandler, 2008; Wixted &
Mickes, 2010), and when considered as two procd®sefiects high confidence recollection
and familiarity, and K indicates low confidence okection and familiarity (Wixted, 2007).
However, more recent research has shown that Komssg are also made with high
confidence, and R responses are also based ondofidence, and that R and K should
rather both be seen as continuous processes (Infiaokes & Wixted, 2012). In addition,

when directly comparing confidence ratings and R#&Sponses, functionally distinct

® |t is worth noting that this definition of Know & bit different from the original definition of Skis a store of
general world knowledge (Mandler, 2008).
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processes were found (e.g., Parkin & Walter, 198@jther, research also showed distinct
neurological bases for the two processes of R afldligo, Mayes & Montaldi, 2012), and a
review of behavioural results, such as differinfgets of variables like age, divided attention,
and modality of the study materials on R and K (Mimas, 2002), the availability of context
memory only for R responses (Gardiner, Ramponi &hRidson-Klavehn, 1998; Perfect,
Mayes, Downes & van Eijk, 1996), and an increasKafesponses for a loss of detail
memory (Dudukovic & Knowlton, 2006), suggested ttied data are represented best by a
model of two processes (Brainerd, Gomes & Morai420

A final important processing distinction is thattweenitem and relational memory
with item memory concerning the memory for singletaiof material with one meaning,
such as single words or pictures (Cohen, Poldrackiéhenbaum, 1997), and relational
memory representing the memory for context inforamabr relations among single items
(Davachi, 2006). Whereas item processing referghto processing of information that
distinguishes items from one another, relationacessing focusses on the relations among
single items (Guynn, Einstein & Hunt, 1992). Théesoof relations among study materials
and relational and item-specific encoding instiutsi have been studied extensively in the
TD population. For example, when Hunt and Einstgif81) tested their participants’
memory for previously studied word lists, they fduhat words from related lists, i.e., lists
that contained words from the same categories, Wweteer remembered than unrelated
words, i.e., lists that contained words from diéier categories. In addition, item-specific
encoding instructions, i.e., rating words for theleasantness at study, were more beneficial
for recalling words from related lists, whereasatienal encoding instructions, i.e., sorting
words according to their category, improved ret@llwords from unrelated lists. In another
study using pictorial material, Chalfonte and J@mgL996) asked their participants to study

line-drawings presented in different colours andatmns in the cells of a grid. At test,
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participants recognised individual items, i.e., g@s, colours, and locations better than their
combinations, such as image-colour or image-lonafidhese studies highlight that EM and
recollection, i.e., remembering the context of &mi presentation, are inherently relational,
whereas SM and familiarity used for rememberingitéy@s can benefit from item as well as
relational information. Thereby, it has yet to b&tablished if item processing without

relational processing or the other way around algiossible (Davachi, 2006).

In conclusion, both system and process theories kanmilated an enormous number of
empirical investigations. Critics (e.g., Roedigeak, 1999), however, have argued that both
approaches lack clear definitions of what a systemrocess should be and seem at times to
be too simplistic. Moscovitch (1994) suggested mlmoation of both approaches, which
would be more complex and harder to test but woeftesent reality better. Whether one
agrees with these distinctions or not, they proadeseful heuristic to enable a fine-grained
analysis of memory in ASD with the advantage ohbeble to interpret the findings within a
theoretical framework. Having set the theoreticanfe of research on memory more
generally, the thesis now continues with the priegem of empirical findings and the

characterisation of memory in ASD.

1.4 Memory in ASD
1.4.1 Empirical findings on memory in ASD

Research investigating memory with reference to ¢ in ASD points to specific
difficulties with EM. After considering studies wWitregards to self-monitoring, meta-
memory, Autobiographical Memory (ABM; memory for gbaexperiences of the self), and
EFT (imagining the self in the future), direct caamigons of EM and SM in ASD will follow.

Factors influencing EM in ASD will be highlightedhich will be followed by a presentation
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of studies on memory for relations between itemmg] eelations among items and their

context.

1.4.1.1 Memory with the self in the centre
Studies testing memory for actions indicate a saifiitoring deficit in ASD. Persons with

ASD have shown difficulty distinguishing which amis they had performed themselves out
of a choice of actions (e.g., saying or thinkingvard - Hala, Rasmussen & Henderson,
2005), and whether they themselves or another paraoied out an act, such as laying out
cards (Russell & Jarrold, 1999), naming picturesdL& Bowler, 2009), or performing first
aid actions (Maras, Memon, Lambrechts & Bowler, 2018 addition, ASD participants
correctly remembered fewer actions they had pemddrithemselves (Bigham, Boucher,
Mayes & Anns, 2010; Russell & Jarrold, 1999 - Ex& 2; Zalla et al., 2010). By contrast,
ASD individuals performed well when encouraged aonment on the task (D. M. Williams
& Happé, 2009), or when asked to perform an aciith two objects in real life (Hill &
Russell, 2002), both of which may have promptedi@pants’ memory. The last study,
however, may have been compromised by a ceilingceffFurther, no difficulties in ASD
were reported for tasks with fewer social demarids,example, when participants were
asked to indicate which square out of a numbeqgoares on the screen they controlled with
the computer mouse (Grainger, Williams & Lind, 20D4; M. Williams & Happé, 2009),
suggesting typical levels of agency in the ASD groOverall, these data suggest that
difficulties become apparent when tasks are moreatheling, for example, because of the
social demands of the tasks, such as taking tuitisamother person as an advanced social
action would lead to difficulties in ASD individual(e.g., Lind & Bowler, 2009). In
conclusion, having difficulties distinguishing bet®n oneself and another person as the

executor of an action indicates a self-monitorinfjcitean ASD. Another factor that may play
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a role in these difficulties is meta-memory - thveaeeness of ones’ own memories — which

will be considered next.

Woijcik, Moulin and Souchay (2013) found indicatioos compromised meta-memory for
EM in ASD. The authors asked children to judge Hiely it was that they would later
remember the second word of a pair after they hadiesd a list of word pairs. ASD, as
opposed to TD, children underestimated their latemory, as they remembered similar
numbers of items that they had previously indicatesly would or would not remember,
whereas TD children remembered more items they uely indicated as likely that they
would remember them as opposed to items that thdyrated as unlikely that they would
remember them. The authors suspected difficultedating the cue word to contextual
information in ASD, and a lack of contextual detaitay have made ASD individuals unsure
about their judgements. A marginally lower Verb@ (VIQ) in the ASD group, however,
asks to interpret the results with caution.

After having established that ASD individuals findlifficult to distinguish between
themselves and others as the executor of an aatidrto reflect about their memories, the
guestion arises how well they remember personaérepces from the past (ABM). The
answer is that ASD participants more often expegdrproblems in reporting ABM€£(ane,
Pring, Jukes & Goddard, 201@haput et al., 201350ddard, Dritschel, Robinson, & Howlin,
20140, they needed more prompts to produce memoBesidard et al., 2013pbtook longer
for their reports when timed_fane, Goddard & Pring, 2011; Crane et al., 201&]dard,
Howlin, Dritschel & Patel, 2007 their reports were less accurate when checkedhsig
parent reports Rruck, London, Landa & Goodman, 2Q07and they were more factual
(Chaput et al., 2013). Persons with ASD also etgrhtess meaning from past events for the

future Crane, Goddard & Pring, 2010), they reporteaer specific memorieB¢uck et al.,

56



2007; Crane et al., 2010; 2011; 2012; Goddard.e®@ll 4 Goddard, Dritschel & Howlin,
2014a; Goddard et al., 2004vith fewer EM details Adler, Nadler, Eviatar & Shamay-
Tsoory, 2010Crane & Goddard, 200&o0ddard et al., 2014i5. B. Klein, Chan, & Loftus,
1999; Kristen, Rossmann & Sodian, 2014; Maistandsis & Plaisted-Grant, 2013; Tanweer,
Rathbone & Souchay, 2010), and they stated morergkngist-like memoriesQrane et al.,
2011; 2012; Goddard et al., 201Maister et al., 2013) compared to TD participaBtsth
groups, however, reported similar numbers of SMiitet{Adler et al., 2010; S. Elein et
al., 1999; Kristen et al., 2014). Finally, unlik®Individuals, ASD participants did not show
better ABM for more recent times (Bon et al., 20C8ane & Goddard, 200&oddard et al.,
20143, and they sometimes reported fewer remote mem@&eddard et al., 2014a & bA
recent study suggested that poor EFs may playeaimaleduced ABM in ASD because only
ASD children with poor set shifting abilities repeat fewer episodic details, whereas ASD
children with good set shifting abilities performsumilarly to TD children (Maister et al.,
2013). EFs may also play a role when ASD partidipashow reduced semantic ABM
(Goddard et al., 2014b). Not only did ASD childrecluded in this study show reduced set
shifting compared to TD individuals, set shiftingildies were also found to be a significant
predictor for the number of semantic ABMs, suggesthat ABM difficulties may at least in
part be corollary of executive dysfunction ratheart memory problems per se. Finallyisi
worth noting that in some of the studies preseatsale groups were not matched in terms of
age (e.g.Goddard et al., 200r 1Q (e.g.,Adler et al., 2010Bon et al., 2013Bruck et al.,
2007 and results should, therefore, be interpretedh waution. In conclusion, studies on
ABM show that ASD individuals find it difficult toremember information about their
personal past. The question arises if imaginingsed&in a future point of time (EFT) may

also be difficult for them.
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Indeed, studies investigating EFT fouindagined future events to be less specific in
ASD (Lind, Bowler & Raber 2014a). ASD participants reported fewer episadigtails
(Terrett et al., 2013). In addition, descriptiorisA&D children were judged as less likely by
their parents (Lind et al., 2014a) compared to &veaported by TD children that were
judged by their own parents. Further, ASD partinisgudged the quality of their imagined
future events as lower compared to TD participarntey reported éower sense of presence,
lower salience of the reports, and more fragmemaflLind, Williams, Bowler & Peel,
2014b). Hanson and Atance (2014) reported diffieslin ASD with EFT involving the
imaginary preparation of future trips. However, s were not matched on IQ and age in
this study and, therefore, results should be ingteor with cautionOne study found no
between-group differences in EFT when participantse asked to complete sentences
regarding future events (Crane, Lind & Bowler, 2Q18hich may have been an easier task
for the ASD individuals because of the support sbatence parts provided than producing
thoughts based on a cue word in an interview sgoahvolving another person (Lind et al.,
2014a; Terrett et al., 2013)he studies considered so far point to specifitatifties in ASD
with EM - the memory for personal experiences. Ofely of the discussed studies also
examined SM. Therefore, systematic comparisonshfaled SM in ASD will be discussed

next.

1.4.1.2 Episodic versus semantic memory in ASD
EM and SM were both found to depend upon the Méetkahporal Lobe (MTL) of the brain,

which is a structure including the hippocampusjrpiral, parahippocampal, and entorhinal
brain regions (Eichenbaum, Yonelinas & Ranganafl)72 Whereas the perirhinal cortex
was found particularly responsible for SM, the hipgoopus was found especially involved
in EM (Eichenbaum et al., 2007). The Prefrontalt€o(PFC) is also thought to play a role
in EM (Tulving, 1989). The R/K recognition memorgopedure has been used frequently to
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assess EM and SM with R measuring EM and K responskcating SM. Because it is one
of the procedures used in the empirical studighisfthesis, it is useful to examine previous
studies that have used this procedure in ASD inesdetail. An overview of R/K studies in

ASD is presented in Table 1.1, and they will becdbsd in what follows.
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Table 1.1

Studies using the R/K recognition procedure comparing ASD and TD participants.

Participant characteristics Materials and Results Cohends
ASD TD procedures ASD TD
M (SD) M (SD) M (SD) M (SD)
Bowler, Gardiner & Grice (2000a)
N 16 (13 m) 15 (14 m)
age 30.9 (6.3) 31.1(5.6) -words H-FA®overall  0.47 (0.15) 0.48 (0.16) H-FA°overall 0.06
VIQ® 93 (16.6) 97 (14.4) - high- & low-frequency H-FA°R 0.30(0.18) 0.40 (0.14) H-FA°R 0.62
PIQP 89 (14.1) 90 (11.8) - R/K procedure H-FA® K 0.17 (0.15) 0.08 (0.08) H-FA® K 0.75
Bowler & Ring (in preparation)
N 30 (23 m) 28 (21 m)
age 429(11.9) 43.3(14.1) -words H-FA® overall 0.45 (0.25) 0.62(0.24) H-FAoverall 0.69
VIQ® 111 (17.0) 114 (14.8) - high- & low-frequency H-FA°R 0.29 (0.25) 0.47 (0.28) H-FA°R 0.68
PIQP 107 (18.4) 109 (12.7) - R/K procedure H-FA® K 0.16 (0.18) 0.15(0.16) H-FA® K 0.06
Massand (2011) PhD thesis - Exp. 2
N 23 (17 m) 22 (17 m)
age 37.4(12.8) 42.2(11.6) -words H-FA®overall 0.57 (0.31) 0.66(0.24) H-FA°overall 0.33
VIQ® 107 (13) 110 (16) - high- & low-frequency H-FA°R 0.37 (0.27) 0.55(0.23) H-FA°R 0.70
PIQP 106 (17) 106 (18) - R/K procedure H-FA® K 0.21(0.22) 0.11(0.12) H-FA® K 0.55
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Participant characteristics Materials and Results Cohen'd
ASD TD procedures ASD TD
M (SD) M (SD) M (SD) M (SD)
Massand (2011) PhD thesis - Exp. 4
N 12 (9 m) 12 (11 m)
age 40.0(11.4) 40.1(11.1) - kaleidoscope images H-FA®overall  0.44 (0.21) 0.60(0.21) H-FA®overall 0.76
VIQ? 110 (14) 112 (19) - R/K/New procedure H-FA°R 0.26 (0.26) 0.51(0.19) H-FA°R 1.10
PIQP 112 (16) 105 (18) H-FA° K 0.18 (0.13) 0.09 (0.07) H-FA® K 0.86
- R justifications JR¢ 0.35(0.09) 0.57 (0.05) JR¢ 3.02
Tanweer, Rathbone & Souchay (2010)
N 11 (9 m) 15 (4 m)
age 34.1(11.1) 32.7 (9.5) - autobiographical overall 0.66 (0.09) 0.74 (0.03) overall 1.19
memories
VIQ? 110 (11.3) 109 (11.0) - three lifetime periods R 0.45(0.10) 0.60 (0.05) R 1.90
PIQP 113 (10.4) 109 (10.1) - R/K/Guess procedure K 0.21 (0.05) 0.13(0.04) K 1.77
- R justifications JR? 0.35(0.09) 0.57 (0.05) JR? 3.02
Manipulations
Bowler, Gardiner & Gaigg (2007) - Exp. 1
N 18 (14 m) 18 (15 m)
age 33 (10.7) 34 (8.7) - words H-FA®ov full A* 0.57 (0.19) 0.64 (0.21) H-FA®ov full A* 0.35
VIQ? 102 (16.9) 102 (15.0) - full vs divided attentionH-FA° R full A® 0.39 (0.21) 0.51(0.22) H-FA°Rfull A® 0.56
PIQ® 94 (18.6) 101 (12.9) - R/K procedure H-FA° K fullA® 0.16 (0.11) 0.09 (0.11) H-FA°KfullA¢ 0.64
H-FA®ovdivA" 0.23(0.12) 0.32(0.18) H-FA®ovdivA" 0.59
H-FA°RdivA" 0.11(0.08) 0.20(0.18) H-FA°RdivA" 0.65
H-FA°K divA" 0.09(0.09) 0.07(0.11) H-FA°KdivA" 0.20

61



Participant characteristics Materials and Results Cohen’sd
ASD TD procedures ASD TD
M (SD) M (SD) M (SD) M (SD)
Bowler et al. (2007) - Exp. 2
N 24 (18 m) 24 (17 m)
age 33 (11.5) 33(10.4) - words H-FA®ovvisual 0.26 (0.14) 0.23(0.17) H-FA®ovvisual 0.19
VIQ® 103 (14.3) 103 (12.7) - perceptual instruction H-FA°Rvisual 0.08 (0.09) 0.11(0.10) H-FA°Rvisual 0.32
PIQP 103 (18.8) 104 (13.1) - verbal vs visual H-FA®Kvisual 0.18 (0.13) 0.12 (0.14) H-FA®Kvisual 0.44
presentation H-FA®ov verbal 0.17 (0.15) 0.20(0.13) H-FA®ovverbal 0.21
- R/K procedure H-FA°R verbal 0.09 (0.06) 0.09 (0.09) H-FA°R verbal 0
H-FA°K verbal 0.07 (0.13) 0.11 (0.09) H-FA°Kverbal 0.36
Bowler et al. (2007) - Exp. 3
N 16 16
age 35(10.5) 35 (8.8) - words H-FA°ovonce 0.54(0.19) 0.51(0.23) H-FA®ovonce 0.14
VIQ® 100 (13.0) 102 (12.1) - lexical decisiontask  H-FA°Ronce 0.32(0.22) 0.32(0.25) H-FA°R once 0
PIQ® 99 (16.0) 101 (10.4) - repeated presentation H-FA°Konce 0.22(0.18) 0.19(0.14) H-FA°K once 0.19
- R/K procedure H-FA®ov thrice 0.73(0.19) 0.79(0.13) H-FA®ovthrice 0.37
H-FA°R thrice  0.48 (0.25) 0.55(0.14) H-FA°Rthrice  0.35
H-FA® K thrice  0.25(0.22) 0.25(0.11) H-FA°K thrice 0
Souchay, Wojcik, Williams, Crathern & Clarke (2013)- Exp. 1
N 19 (16 m) 19 (14 m)
age 13.2(2.7) 14.2 (2.4) - pictures & verbal labeldHits-FA overall ~ 0.64 (0.14) 0.62 (0.15) Hits-FA overall 0.17
VIQ® 115 (16.5) 123 (12.6) - colour, gender of Hits R 0.11 (0.13) 0.23(0.19) Hits R 0.74
PIQP 109 (14.9) 108 (13.9)  speaker Hits K 0.89 (0.13) 0.77 (0.19) Hits K 0.70
- R/K/New procedure
with words
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Participant characteristics Materials and Results Cohen’sd
ASD TD procedures ASD TD
M (SD) M (SD) M (SD) M (SD)
Souchay et al. (2013) - Exp. 2
N 19(16m) 19(14m)
see Exp.1 see Exp.1
age 13.2(2.7) 14.2 (2.4) - words Hits-FA overall  0.55 (0.23) 0.58 (0.18) Hits-FA overall  0.10
VIQ® 115 (16.5) 123 (12.6) - R/K/New procedure Hits R 0.10 (0.15) 0.13(0.20) Hits R 0.17
PIQ® 109 (14.9) 108 (13.9) - temporal order in list Hits K 0.90 (0.15) 0.87 (0.20) Hits K 0.17
Souchay et al. (2013) - Exp. 3
N 19(16m) 19(14m)
see Exp.1 see Exp.1
age 13.2(2.7) 14.2 (2.4) - four words in Hits-FA overall  0.44 (0.26) 0.58 (0.17) Hits-FA overall  0.66
VIQ? 115 (16.5) 123 (12.6) quadrants of a box Hits R 0.12 (0.25) 0.12 (0.15) Hits R 0
PIQ® 109 (14.9) 108 (13.9) - R/K/New procedure Hits K 0.88 (0.25) 0.88 (0.15) Hits K 0.01
Memory illusions
Bowler, Gardiner, Grice & Saavalainen (2000b)
N 10 10
age  28.5(8.6) 26.1(9.0) -words H-FA° ov old 0.68 (0.21) 0.79(0.15) H-FA®ov old 0.60
vIQ? 89 (9.7) 93 (15.4)  -old, new unrelated, H-FA°R old 0.51(0.24) 0.72(0.16) H-FA°Roold 1.03
PIQP 83 (8.9) 89 (18.1)  new related words at test H-FA® K old 0.17 (0.15) 0.07 (0.09) H-FA‘Koold 0.81
-R/K procedure H-FA®ov newrel 0.28 (0.20) 0.46 (0.26) H-FA°ovnewrel 0.78
H-FA°Rnewrel 0.26(0.19) 0.43(0.25) H-FA°Rnewrel 0.77
H-FA°K newrel 0.01(0.03) 0.03(0.05) H-FA°Knnewrel 0.49
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Participant characteristics Materials and Results Cohen’sd
ASD TD procedures ASD TD
M (SD) M (SD) M (SD) M (SD)
Massand (2011) PhD thesis - Exp. 3
N 14 (12m) 16 (14 m)
age 40.2(14.4) 36.3(12.3) -words H-FASovold 059(0.18) 0.65(0.16) H-FASovold  0.35
VIQ? 115 (11) 112 (17)  -R/K procedure H-FARold  042(0.22) 0.47(0.18) H-FA°Rold  0.25
PIQ° 112 (14) 112 (16) H-FA°Kold  0.17(0.09) 0.18(0.15) H-FA°K old 0.08
H-FA°ovnewrel 0.22(0.12) 0.21(0.13) H-FA®ovnewrel 0.08
H-FA°Rnewrel 0.12(0.10) 0.10(0.09) H-FA°Rnewrel 0.21
H-FA°Knewrel 0.10(0.10) 0.10 (0.08) H-FAK new rel 0
Meyer, Gardiner & Bowler (2014)
N 16 16
(12 m) (20 m)
age 36.5(11.7) 37.7(13.9) -words under directed H-FA®ovTBLY 0.60(0.27) 0.77(0.16) H-FA°ovTBL? 0.77
VIQ® 105(14.6) 105(14.1) forgettinginstructions  H-FA°RTBLY 0.41(0.31) 0.56(0.22) H-FA°RTBLY 0.56
PIQ° 103(18.8) 106 (12.5) -R/K procedure H-FASK TBLY 0.20(0.16) 0.21(0.16) H-FAKTBLY  0.06
H-FA°ov TBF' 0.43(0.24) 0.44 (0.23) H-FA°ovTBF'  0.04
H-FA°R TBE"  0.22(0.18) 0.18(0.14) H-FA°RTBE" 0.26
H-FA°K TBF"  0.21(0.13) 0.26(0.16) H-FA°KTBF" 0.35
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Participant characteristics Materials and Results Cohen’sd
ASD TD procedures ASD TD
M (SD) M (SD) M (SD) M (SD)

Relational
Gaigg, Bowler, Ecker, Calvo-Merino & Murphy (2015)

N 13 (12 m) 12 (11 m)

age 35.6(10.3) 35.5(10.5) -word triads H-FA® overall 0.27 (0.15) 0.28 (0.10) H-FA€ overall 0.11
VIQ® 106 (12.4) 113 (15.2) -R/K/Guess procedure H-FA°R 0.26 (0.15) 0.45(0.17) H-FA°R 1.19
PIQ° 107 (17.6) 108 (13.8) H-FA® K 0.26 (0.15) 0.22 (0.05) H-FA°® K 0.36

H-FA® Guess  0.28 (0.15) 0.17 (0.07) H-FA° Guess 0.94

Note. 2VIQ - Verbal IQ. °PIQ - Performance IQ. °H-FA - corrected recognition rates - Hit rates (H) minus False Alarm (FA) rates. “JR -

Remember justifications. *full A - full attention. 'div A - divided attention. °TBL - to be learned. "TBF - to be forgotten. Effect sizes in bold

represent between-group differences in R responses, where TD participants performed significantly higher than ASD participants. Effect sizes

in italics represent between-group differences in K responses with significantly higher performance in the ASD compared to the TD group.
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Findings generally indicate reduced EM but intabt B8 ASD. Using the R/K procedure,
ASD individuals have shown reduced R rates compaoed D participants for words
(Bowler, Gardiner & Gaigg, 2007 Exp. 1; Bowler, Giaer & Grice, 2000a; Bowler,
Gardiner, Grice & Saavalainen, 2000b; Bowler & Rimgpreparation; Massand, 2011 Exp.
2; Meyer, Gardiner & Bowler, 2014), word triplesdigg, Bowler, Ecker, Calvo-Merino &
Murphy, 2015), pictures (Souchay, Woijcik, Willian&athern & Clarke, 2013 Exp. 1), non-
nameable kaleidoscope images (Massand, 2011 Expnd)ABMs (Tanweer et al., 2010).
Sometimes reduced R rates were compensated byasstteK (Bowler et al., 2000a;
Massand, 2011 Exp. 2; Tanweer et al., 2010) or Suaes (Gaigg et al., 2015) in ASD.
When looking at the effect of instructions, betwegaup differences were found for
perceptual encoding instructions in that they reduk responses only in ASD individuals.
The authors argued that TD individuals may havenlzdxe to overcome potential difficulties
by other strategies that may have not been avail@bASD individuals (Bowler et al., 2007
Exp. 2). Similarly, instructions to remember madkgirather than to forget them in a directed
forgetting paradigm had differential effects on ASihd TD groups. Whereas ASD
participants remembered fewer words they were askedemember compared to TD
participants, both groups reported a similar nundfexrords they were asked to forget. The
authors interpreted this observation as resultnognfless effective encoding strategies in
ASD (Meyer et al., 2014). When testing the effdctarious manipulations on rates of R and
K, ASD and TD groups were similarly affected byided attention (Bowler et al., 2007 Exp.
1), repeated presentations (Bowler et al., 2007. Bxphe position of a phoneme change in a
word (Bowler et al., 2007 Exp. 3), forgetting ingttions in a directed forgetting paradigm
(Meyer et al., 2014), as well as intentional enngdnstructions (Souchay et al., 2013 Exp.
1). These results, and studies inspecting justiina for R responses finding no significant

differences between groups (Bowler et al., 200GlycBay et al., 2013 Exp. 1), indicate a
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similar quality of R and K responses in ASD and @@ticipants. Whereas most studies have
shown overall levels of corrected recognition ratieat were not significantly different
between the two groups, the effect sizes for thevden-group differences were medium to
large (e.g., Bowler et al., 2000b; Massand, 201p. Ex& 4), suggesting that sample sizes
might have been too small to detect more subtlerihices between groups. Two studies
have found reduced overall recognition memory fug ASD group (Bowler & Ring, in
preparation; Tanweer et al., 2010). Bowler and R{mgpreparation) had tested a large
sample Nasp = 30,Nyp = 28) compared to other studies and, thereforé,rhare statistical
power to detect smaller differences between groMaseover, Tanweer et al. (2010) had
used ABMs as materials, which might have been qdaily difficult for ASD individuals,
given the evidence set out in the previous sedtiof.1.1). Three studies did not find any
differences between groups in R rates using wadvtss¢and, 2011 Exp. 3; Souchay et al.,
2013 Exp. 2 & 3). The lack of a between-group dédfece in R responses in Souchay et al.
(2013 Exp. 2 & 3) may have been caused by thetliattthe same participants took part in all
three experiments within the same testing sessieatiog order effects. Specifically, low R
rates in both groups as well as a considerable dropD individuals’ R responses in
experiments two and three suggested that grougrdiftes may have been masked by
participants’ inattention or exhaustion in latepexments. Similar R rates in both groups in
Massand (2011 Exp. 3) may have been caused byuaaeéderformance of the TD group
and/or an increased performance of the ASD grosge@ally for false targets in comparison
to other studies of this kind (e.g., Bowler et 2000b), masking a between-group difference.
Three studies have investigated brain responsasedeto R/K judgements. When
inspecting Event-related Potentials (ERPs), whiehrasponses in the Electroencephalogram
(EEG) that are measured after an event of intesest) as a stimulus presentation on-screen,

researchers repeatedly found no between-groupreliites relating to R but differences in
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time windows and topographical distribution relgtio K responses (Massand, 2011 Exp. 2
& 4), which may have resulted from increased Guasss within K responses in the ASD
group (Massand, 2011 Exp. 2). Differential regiohahin activation for ASD and TD
participants was also found when using functionaghktic Resonance Imaging (fMRI)
during a R/K/Guess procedure (Gaigg et al., 20¥#)ereas ASD individuals showed no
difference in activation between R and K, signarayes in the middle and inferior frontal
gyrus were larger for R compared to K for the TDug. These studies suggest that reduced
EM in ASD may be caused by a different neural @gtimderlying SM.

Overall the studies considered in this chapter pwirgpecific behavioural difficulties
with EM in ASD, leaving SM mostly intact. ThereforEM will be considered in greater

detail in the next two sections.

1.4.1.3 Factors influencing episodic memory in ASD
EM difficulties in ASD are likely related to thrdactors that have frequently been supported

in memory research in ASD, which are the reducesl afsorganisational strategies, the
diminished spontaneous use of material-inhererdtedhess, and the benefit from task
support, each of which will be considered in moztad below.

Reduced organisation of study materials in ASD besn found in terms of lower
semantic clustering as well as random free reeglbnts. ASD participants clustered words
less into their categories in free recall tests (BRowGaigg & Gardiner, 2010; Gaigg,
Gardiner & Bowler, 2008; Minshew & Goldstein, 1993), and thelustering reached a
plateau, while TD individuals’ clustering increastather (Sumiyoshi, Kawakubo, Suga,
Sumiyoshi & Kasai, 2011). In addition, ASD indivalg’ oral and written free recall outputs
were more idiosyncratic than TD individuals’ resa{Bowler, Gaigg & Gardiner, 2008a),
and whilst the subjective organisation of TD paptnts’ memories both increased and
became more similar over the 16 trials of the taswhich the same words were presented
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repeatedly, ASD individuals’ recalls, although e&sing over trials, did not become more
similar. ASD individuals’ recall of an unrelated wiolist was also reported as significantly
more re-organised (Maister & Plaisted-Grant, 201i)terms of the typical serial position
curve with primacy (remembering more items from theginning of a list) and recency
effects (remembering more items from the end ofis§), | ASD individuals showed a
decreased primacy but an increased recency effetita free recall of picturefRénner,
Klinger & Klinger, 200Q. In addition, while TD individuals’ primacy effeanproved in the
free recall of words over a series of trials, AS&itgipants showed a typical primacy effect
only in Trial 1, which then reached a plateau abver next few trials (Bowler, Limoges &
Mottron, 2009), indicating a different organisatioihstudy materials in ASD participants for
repeated presentations of the same word list.

In addition to a different organisation of the studaterials, individuals with ASD do
not spontaneously use the semantic or syntactictate of materials to aid their recall.
While Intellectually Disabled (ID; Hermelin & O'Cavor, 1967) as well as TD children
(Ramondo & Milech, 1984) benefitted from the symitacstructure of sentences, ASD
children showed similar recall for sentences asrémdom word strings. Similarly, ASD
participants performed worse on semantically (BeucB Warrington, 1976; Bowler,
Matthews & Gardiner, 199Bowler, Gaigg & Gardiner, 2008b; Lopez & Leekam030
Maister et al., 2013; Minshew & Goldstein, 2001;nshew, Goldstein & Siegel, 1997,
Tager-Flusberg, 1991) and phonologically relatedJBSmith, Gardiner & Bowler, 2007) as
well as hierarchically organised word lists (Bowl&aigg & Gardiner, 2009), but they
performed like TD individuals in the free recall dts of unrelated words. Less use of
semantic relatedness of materials in ASD was a#eated in the recall of fewer categories
especially for categories with fewer items (Bowd¢ial., 2009; Gaigg et al., 2008; Maister et

al., 2013), as well as lower free recall of details story (O’Shea, Fein, Cillessen, Klin &
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Schultz, 2005). ASD participants also benefittess |&om training in the use of relations
among words (B. J. Smith et al., 2007).

The studies just described point to difficultiesspontaneously using information that
is inherent in the study materials to support estal (particularly free recall) in ASD.
Difficulties in memory in ASD become less pronoush@ehen additional support is provided
at test. This observation |dBowler et al. (1997) to develop theask Support Hypothesis
(TSH) for ASD to describe the phenomenon wherebyD ABdividuals seem to show
particular difficulties with free recall tasks, salled unsupported tests, because they do not
provide cues or guidance to help recall, but almotict performance on cued recall or
recognition tests, so called supported tests, é¢liaer give a choice of possible answers or
cues to the correct answer. Research supportind 3 found lower free recall of lists of
single words (Bowler et al., 1997), word pairs (Bewet al., 2008b), story details (O’Shea et
al., 2005),the gender of the voice or the location on the estra word Bowler, Gaigg &
Gardiner, 2015Bowler, Gardiner & Berthollier, 2004) or a dot (Blew Poirier, Martin &
Gaigg, 2016) was presented in at study. Betweenpgifferences, however, disappeared
when using cued recalBowler et al., 1997; Bowler et al., 201&nd (four-possibility)
recognition test procedures (Bowler et al., 20@08b; 2015; Cooper et al., 20X5'Shea et
al., 2005. In a free recall test, but not following quesspASD individuals falsely attributed
more actions that they had performed themselvabdaaexperimenter (Maras et al., 2013).
ASD participants also better distinguished betwesmions performed by themselves
compared to those performed by another person, whey and the other person were
holding a different coloured block while readingt @word (Farrant, Blades & Boucher,
1998; Hala et al., 2005). Finally, semantic clustgmwas also found to improve when a cued
rather than a free recall test was used (PheldiiteF& Johnson, 2011). Research showed

that support at encoding is also beneficial for A8®mory. Without support, ASD compared

70



to TD individuals remembered fewer categories (Gagggal., 2008). However, when
participants were instructed to sort words intoirthaéifferent categories at encoding
(relational encoding) ASD and TD individuals penfad without difference. Similarly, B. J.
Smith et al. (2007) found significantly lower freecall of word lists in ASD compared to TD
participants, but when training groups in mnemastiategies, recall increased slightly in
ASD individuals.

These findings overall indicate that support atieeal as well as encoding is
beneficial for ASD memory. Another open questiorAfBD research relates to the processes
of encoding and retrieval, and whether memory diftfies are caused by problems in
memory retrieval, or if an encoding deficit hasreoék-on effect on retrieval, or if both are
problematic. A recent study claimed that problettha stage of encoding in ASD, at least in
part, led to later difficulties at retrieval (Gaiggal., 2015). That is because ASD participants
showed particular difficulties in R retrieval andlp R retrieval was sensitive to the relational
nature of the to-be-remembered triplets (i.e., vayydegrees of semantic relatedness). In
addition, the authors found similar brain activationR and K rates in ASD as opposed to
increased encoding activation for R compared ta KD individuals.

The results described in this section point to giedifficulties in relational
processing in ASD (Bowler, Gaigg & Lind, 2011) ariderefore, memory for relations

between items and among items and their conteX8iD will be considered next.

1.4.1.4 Memory for relations between items and among itemand

their context
Item and relational memory have been reported te lolistinct neural substrates within the

MTL with the perirhinal cortex processing item infaation, the parahippocampal cortex
processing context information and the signal ef tippocampus being related to relational

binding of individual items and their context (Dalg 2006; L. R. Howard, Kumaran,
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Olafsdéttir & Spiers, 2011). Recent research suggesn additional involvement of the PFC
as well as the parietal cortex in item as well elational memory (Ackerman & Courtney,
2012).

Memory for relational material can be distinguishiet memory for different types
of relations. There are relations between itemanoong items and their context. In addition,
Halford (1992) described different types of relatom his taxonomy of cognitive
developmentthat increase in complexity starting with the @ssing of individual items as
unary relations the processing of pairs of items call@dary relations and the processing of
the relations among more than two items startinty té@rnary relations- the processing of
relations among triplets of items. Keeping thisoi@xmy in mind, the thesis will start with
considering memory for pairs of items, followedragmory for items and their context.

When participants were asked to associate paireiofis (paired associate learning)
and their memory was tested with a cued recall testst studies found no differences
between groups using unrelated (Ambery, RussettyPBlorris & Murphy, 2006; Boucher
& Warrington, 1976; Brown, Aczel, Jiménez, Kaufm&arPlaisted Grant, 2010; Minshew et
al., 1997; Salmond et al., 2005; D. L. Williams, |@&tein & Minshew, 2005), as well as
related word pairs (Gardiner, Bowler & Grice, 2003)related picture pairs (Morton-Evans
& Hensley, 1978), and sound-symbol pairs (D. L. |\aths, Goldstein & Minshew, 2006).
Two studies reported differences in verbal as waslivisual paired associate learning when
groups were not matched on IQ (Brown et al., 2@#&manian, Tehrani-Doost, Ghanbari-
Motlagh & Shahrivar, 2012). Since paired assodieéening was found to be related to 1Q
(Estes & Huizinga, 1974; Uttl, Graf & Richter, 2Q002esults of these studies need to be
interpreted with caution. Most of the studies reddrto above have used standardised tasks,
such as th€ambridge Neuropsychological Test Automated Bat@ANTAB; Salmanian et

al., 2012), theNechsler Memory Scal®/MS; e.g., Ambery et al., 2006; D. L. Williams et
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al., 2005), or theChildren’s Memory ScaldCMS; e.g., Salmond et al., 2005), where
participants are generally presented with eightspafi items. It is possible that these tasks are
too easy to capture any slight difficulties that BA$hdividuals might show, which was
suggested by the finding of a ceiling effect in W&S (Uttl et al., 2002). Another reason for
null-effects may have been the small sample sizeomme of the studies (e.g., Boucher &
Warrington, 1976N = 12 in each group; Gardiner et al., 2083; 10 in each group; Morton-
Evans & Hensley, 1978 = 5 in each group) causing statistical power téomelow to detect
differences between groups, which was supportethéyfinding of difficulties when large
samples were used (e.g., Minshew & Goldstein, 20Qdp = 52,Ntp = 40). Between-group
differences were found to be of more subtle naasrdigher False Alarm (FA) rates in ASD
participants for a test of word pairs (Gardinerakf 2003) showed. Difficulties in paired
associate learning in ASD were also found when ualusombinations were tested, such as
related picture-sound pairs (Morton-Evans & HenslE978), or face-house pairs (Gaigg,
Rogers & Bowler, 2012), or when more taxing tasksemused such as hidden-link tasks
(Gaigg et al., 2012). In such a task, autistic @dwlere tested with two lists of face-house
pairings (Gaigg et al., 2012). In the second tis¢ houses from List 1 were re-paired with
new faces, and at the final test participants vpeesented with the two faces from each list
without the houses, intermixed with other unpaiiazks, and participants were asked to pick
the two related faces. Only half of the ASD papi#its reached criterion during list learning
and the ASD group overall performed much worse fHarnndividuals on the final test. In a
second experiment, that did not contain a socialpmment, participants were tested with the
same procedure but with unrelated object pairdest, participants were presented with the
two objects that were linked because of an egsliesentation with a third object, intermixed
with other unrelated objects. The third object wa$ presented. Again, ASD participants

showed slower learning and lower performance orfitta test compared to TD individuals.

73



Gaigg et al. (2012) interpreted this finding asweing poorer flexibility in combining and re-
combining elements in EM in ASD.

When looking at memory for the context of item gmstion, ASD individuals
showed difficulties in remembering the locations fords or pictures on the computer
screen Bowler, Gaigg & Gardiner, 2018Bowler et al., 2004; Cooper et al., 20Eemino,
Ring, Bowler & Gaigg, in preparationfhe gender of the voice that spoke a word at study
(Bowler et al., 2004), the face of a person, ad asthe folder they were holding, in a video
telling a story Q’Shea et al., 2005}he colours images were presented in at studyp$itad
& Bowler, 2015), and the temporal order of the preation of wordsEennetto, Pennington
& Rogers, 1996; Poirier, Martin, Gaigg & Bowler, A)1pictures Bennetto et al., 1996),
digits (Poirier et al., 2011gveryday objectsBigham et al., 2010; Ni Chuileann & Quigley,
2013), locations of dots in a grid (Bowler et &Q16), and famous characters in history
(Gaigg, Bowler & Gardiner, 2014). More intrusiomas on the second list of tii&alifornia
Verbal LearningTest(CVLT) were reported for ASD individuals, indicagirdifficulties to
remember which list a word was previously preseme@ennetto et al., 1996; Minshew &
Goldstein, 1993). In some studies, between-grotfprdnces for context memory may have
been masked by order effects (Souchay et al., 28h®)Il sample sizes (Maister & Plaisted-
Grant, 2011N = 15 in each group), or ceiling effects (Gras-\éindon, Mottron, Salamé,
Bursztejn & Danion, 2007), ancesults should, therefore, be interpreted with icautin
addition, ro difficulties were found in simpler tasks suchresmembering a background for
an item (ind et al., 2014pa It is possible that participants mentally mergezin and
background into a single image in this studggarding temporal order memory, inconsistent
results may have occurred because groups were aethtwhVIQ, and digit span as a test of
temporal order memory is part of VIQ. Matching ofQvmay, therefore, have obscured the

effects researchers were interested in (e.g., Bostlal., 2015; Gras-Vincendon et al., 2007;
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Maister & Plaisted-Grant, 2011; Souchay et al.,,30MAn alternative was presented by
Bowler et al. (2016) and Poirier et al. (2011), whatched their groups on a VIQ estimate
that did not include digit span.

In some cases, difficulties in remembering the ewxintmay have also led to
difficulties remembering the item®Only six studies have directly compared item and
relational memory within the same task in ASD poergly. Five of these studies found
similar difficulties in ASD on item and relation&sts, when participants were asked to
remember line-drawings and their colours (Mass&@d,1, Exp. 5), locations for dots in a
grid and the temporal order of their presentatiBowler et al., 2016), pictures of daily
objects Cooper et al., 2015emino et al., in preparation) or words (Bowlealet2004) and
their screen locations. By contrast, Bowler et (2014) found intact item memory for
pictures, colours, and locations, but difficultresnembering the combinations, i.e., items in
colours or items in locations. In this study imagese presented in a grid, which may have
served as support for ASD participants’ memoryadidition, one could argue that scenes,
like the ones used in Cooper et al. (2015), werehmmore complex than single items in a
grid and, therefore, inconsistencies in the findings/ have been related to varying degrees
of task complexity. This idea was supported by Bovdt al. (2016), who found that when
presenting participants with dots in their locatian a grid, difficulties remembering the
temporal order of their presentation at study disapgd, showing the support the grid
provided for retrieval of order memory in ASD.

In conclusion, relating items to one another se&mlse somewhat easier for ASD
individuals than relating items to their contexel&®ing items can be difficult for persons
with ASD when more taxing tasks are used, or diffies become apparent when larger

samples are tested. Difficulties in context memanASD generalise across various types of
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context, and item memory can be difficult as welhen tested with tasks of similar

complexity as relational tasks.

After having established the specific memory peobf ASD individuals in the reduced use
of organisational strategies and material-inherelatedness, the benefit from task support as
well as specific difficulties in remembering sulijee as well as objective context
information for items, the thesis will now preseheories that have been developed in an

attempt to explain the memory profile in ASD.

1.4.2 Memory theories in ASD

1.4.2.1 Amnesia parallel, hippocampal patients and the rel@gonal

binding account
Boucher and Warrington (1976) established #renesia parallelof autism. Amnesia,

resulting from damage to the temporal lobe, is att@rised by a selective memory
impairment affecting the creation of new long-tenmemories and/or the retrieval of older
memories. Similarly to ASD individuals, amnesicsrevdound impaired in free recall

(Warrington & Weiskrantz, 1970, 1974), ABM (Dall'®r Sala & Spinnler, 1989) and EFT
(Cole, Morrison, Barak, Pauly-Takacs & Conway, 2015 contrast to ASD, amnesics have
also shown general impairments in paired assolgataing (Baddeley & Warrington, 1970),

recollection and familiarity (Berry, Kessels, WesfeShanks, 2014; Lombardi et al., 2016),
as well as difficulties with priming (Berry et ak014; Ostergaard, 1999). These findings
indicate that memory impairments in amnesia arelnmagre pronounced than those found in
ASD. A reason might be that brain damage in amnesiands beyond the hippocampus.

Structural abnormalities of the hippocampus, butthetwhole temporal lobe region of the
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brain, have been reported repeatéitiyASD (e.g., Aylward et al., 1999; Bauman & Kempe
2005; Nicolson et al., 2006; Maier et al., 2015h8nann et al., 2004), and DeLong (1992)
has hypothesised about the role of the hippocarptise more general difficulties seen in
ASD, such as rigid and repetitive behaviours (Awceeri Psychiatric Association, 2013),
difficulties in the development (Loucas et al., 2008ger-Flusberg & Joseph, 2003) and use
of language (e.g., Eales, 1993; Norbury & Bishdl)2 Rapin & Dunn, 2003), and a lack of
creativity (e.g., Boucher, 2007; Constable, Ringigg & Bowler, under revised review;
Craig & Baron-Cohen, 1999). In addition, ASD is &werised by difficulties in social
interactions, which are not central in amnesia. tMagportantly, ASD is present from birth
onwards, whereas amnesia is most often acquired ilatlife after the development of the
brain is complete. Therefore, a better condition domparison would be developmental
amnesia, where brain lesions to the temporal |&eguently limited to the hippocampus,
occur within the first few years of life (Vargha-&tiem et al., 2003). Because of the rarity of
the condition, most studies are case reports. Tinelseated some similarities to ASD in the
form of impaired EM but intact SM in developmengahnesia (Rosenbaum et al., 2011).
However, studies also showed differences from ASDavelopmental amnesia in terms of
intact EFT (D’Angelo, Kacollja, Rabin, RosenbaunR§an, 2015), intact relational memory
(Hurley, Maguire & Vargha-Khadem, 2011), and transéffects when taught (D’Angelo et
al., 2015), indicating that some functions normalbntrolled by the hippocampus may be
taken over by other brain regions in the coursdevelopment. It remains, however, unclear,
if intact performance of individuals with developnt@ amnesia on these tasks occurs
because of a restriction of the damage to the lkgppus (Adlam, Malloy, Mishkin &

Vargha-Khadem, 2009), or because an early brairagarmight have been compensated by

7 Studies are inconsistent as to whether the hipppuoa is enlarged (Schumann et al., 2004) or smaller
(Aylward et al., 1999) relative to TD individualSome studies found no between-group differencese(Pi
Bailey, Ranson & Arndt, 1998).
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continuing brain development. The second possthilitses the question why similar coping
mechanisms do not seem to happen in ASD or if theeyhy they are not as efficient.

Another account that sees the hippocampus as g dfadifficulties in memory in
ASD is therelational binding accoun(Bowler et al., 2011), which proposes that indixts
with ASD show intact item memory, i.e., memory $mmgle words or pictures, but they show
difficulties with relational binding, i.e., difficties establishing a link between different items
or among items and their context, such as plaoes,tor colour. The capacity of relational
binding enables flexible retrieval of the eventvadl as its parts, and it is dependent on the
hippocampus (Opitz, 2010). Following the accout@mi memory in ASD should be intact
because it depends on brain regions outside theot@pppus, such as the perirhinal or
entorhinal cortex, which are not suspected to wbiflerently in ASD (Bowler et al., 2011).
A question that still needs to be resolved is weethSD individuals show an impairment in
relational processing (B. J. Smith et al., 200T)wbether they just present a preference for
item-specific processing and are, in principlegatbl use relational processing but do not do
so spontaneously (Gaigg et al., 2008).

To explain why some tasks involving relational mssing may be more difficult for
ASD individuals than others, Bowler et al. (201&jered to Halford’s (1992axonomy of
cognitive developmelisee Section 1.4.1.4). Halford (1992) describedhitvg development
in stages of increasing complexityunary relationsdescribe the processing of individual
items, followed bybinary relations the processing of pairs of items, followed byHhag
order relations such dernary relations the processing of relations among triplets ahge
Bowler et al. (2011) argued that the concept afder relations may also be able to explain
difficulties in other cognitive processes, outsittee domain of memory, such as why
individuals with ASD show difficulties with jointteention, which requires them to see the

relations among themselves, another person, amthjant. Even lower performance on tasks
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of ToM such as the Sally-Anne task, described epusly, can be explained as a difficulty
in the processing of ternary relations (Bowlerlgt2005; Section 1.2.1).

Some inconsistencies in the findings as well aack bf an overlap between findings
in ASD and developmental amnesia, only involving lifgocampus as a responsible brain
region, however, leave room for speculation abdditaonal brain regions involved in ASD,

which will be discussed in the next sections.

1.4.2.2 Complexity account and findings from frontal lobe matients
Another way to look at findings on memory in ASDthsit of theComplexity Accountwhich

was first described by Minshew et al. (1994), idgimg ASD as a disorder of complex
information processing, and which is described itaitlgoreviously (Section 1.2.3). The
danger of post-hoc defining a task as complex becASD individuals perform badly on it,
led Bowler et al. (2011) suggest to use Halford892) taxonomy of the complexity of
relational processing as a way of operationalisiognplexity in a task (see Section 1.4.1.4).
The complexity account draws on a parallel to pasievith frontal lobe pathology, who,
similarly to ASD individuals (see Section 1.2.2]IH2004a & b), have been found to show
difficulties in EFs (e.g., Alvarez & Emory, 2006)he frontal lobes are thought to be
involved in complex information processing, becaas#heir role in integrating information
from all primary sensory cortices to strategicailyide goal-directed actions (Koechlin &
Summerfield, 2007). Anatomically, larger frontal ttoes (Carper & Courchesne, 2005) as
well as poor connections between distal brain regg{@ourchesne & Pierce, 2005) have been
reported for ASD individuals, supporting the idbattthe frontal lobes may play a role in the
differences observed in ASD.

In terms of memory, parallels in the reduced usemefaning and organisational
strategies to support recall in ASD (Minshew & Gaikin, 2001) and in patients with frontal
lobe lesions (Gershberg & Shimamura, 1995; Mand€I87; Stuss & Alexander, 2005) have
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been reported. Further similarities were found iffialilties with EFT (Berryhill, Picasso,
Arnold, Drowos & Olson, 2010), intact item memorydasimultaneously difficulties
associating information about time and place tongeg(Janowsky, Shimamura & Squire,
1989), difficulties remembering the temporal ordérevents (Shimamura, Janowsky &
Squire, 1990), and more difficulties with unsuppdrcompared to supported tests (Baldo &
Shimamura, 2002) in patients with frontal lobe dasi. ABM problems in frontal lobe
patients have been reported as a less prominettrde@Berryhill et al., 2010), in that they
were only found in individuals that had additiordifficulties in EFs (Sala, Laiacona,
Spinnler & Trivelli, 1993). This finding parallela recent study in ASD, where only the
individuals with difficulties in EFs showed partlady reduced ABM (Maister et al., 2013).
Another parallel to ASD was found in difficultie® imore complex paired associative
learning tasks testing flexibility in re-combiningeviously studied items in frontal lobe
patients (Shimamura, Jurica, Mangels, Gershbergn&lit, 1995; see Gaigg et al., 2012 for
results in ASD). In contrast to ASD participantsxnto difficulties in unsupported free recall
tests, patients with frontal lobe pathology alsoveéd reduced cued recall and recognition
memory (Wheeler, Stuss & Tulving, 1995). In addifigatients with frontal lesions have
been shown to benefit from semantic relatednessualy materials (Kopelman & Stanhope,
1998), which is unlike ASD individuals (see Sectib4.1.3). Finally, a direct test of the
influence of frontal lobe functions on memory in BSutilising a test that had previously
been successful in demonstrating EM impairmentsontal lobe patients, showed only few
similarities (Bowler et al., 2010). In this taskarpcipants were asked to study two lists of
words from the same categories until they reachexiterion. There was either no support at
study and/or at test, or support was provided nmfof category labels at encoding and/or
retrieval. The only similarity with Gershberg antiBamura’s (1995) frontal lobe patients

was found in reduced clustering in the output efAED participants (Bowler et al., 2010).
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The reported similarities and differences in memarASD and frontal lobe patients
suggest that the frontal lobes are part of theysbat that other brain regions should be

considered in addition.

1.4.2.3 Ageing analogy - a combination of the frontal lobeand the

hippocampus
A combination of both previously presented accoimtheageing analogyfirst proposed by

Bowler (2007), noting that memory in ASD is similar that of TD OA. TD OA first
experience a decrement in the PFC, leading to eedee in EFs, which is later on followed
by volume changes in the hippocampus leading tdlenos with memory (Hedden &
Gabrieli, 2004). This and the finding of an actigatof the MTL and the frontal lobe during
memory encoding (Buckner, Kelley & Petersen, 199@) reetrieval (Simons & Spiers, 2003),
pointed to the role of both brain regions and thégrnated connectivity (Hedden & Gabiriel,
2004) in memory in TD OA.

Behaviourally similar to ASD, TD OA have shown dmmsed performance on
unsupported free recall compared to supported retog test procedures (Craikk &
Anderson, 1999). Similar to the relational bindexgrount in ASD (Bowler et al., 2011), an
associative deficit hypothesis for TD OA suggebtt blder age is associated with particular
difficulties in forming associations between unib$ experience in memory (Naveh-
Benjamin, 2000), such as remembering locationsterhs (Chalfonte & Johnson, 1996;
Kessels, te Boekhorst & Postma, 2005b), their csl¢gGhalfonte & Johnson, 1996), or the
temporal order of their presentation (Rotblattlgt2015), leaving memory for single items
relatively intact (Dumas & Hartman, 2003). Also #an to ASD, TD OA have shown
reduced ABM (Levine, Svoboda, Hay, Winocur & Mositch, 2002), EFT (Cole, Morrison
& Conway, 2013), as well as difficulties in memamyonitoring (McDonough & Gallo,

2013), leaving implicit memory intact (J. H. HowaBennis, Howard, Yankovich & Vaidya,
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2004). Finally, lower clustering in TD OA comparedyounger adults on a free recall test of
words may have been related to reduced age-retatguitive flexibility (Taconnat et al.,
2009), whereby EFs would have been a mediatoreottfects of older age on EM (Troyer,
Graves & Cullum, 1994). In this context, Troyerakt(1994) found that age did not predict
recall performance anymore when the influence of Wwks partialled out. Put in other words
this means that TD OA with good EFs would not difimm younger adults in their recall.
As mentioned above, similar findings have been ntepgofor ASD (Maister et al., 2013).
These results suggested the importance of EF&fioeving the relevant information out of a
disorganised memory trace. In ASD individuals wattecutive dysfunction, poor EFs would
not make up for a relational binding deficit in mamand, therefore, these individuals would
show memory impairments. Further support for thigonathat the hippocampus and the PFC
are working together differently in memory in ASDsome way comes from a recent study
showing activation in both brain regions followiagccessful encoding in memory (Gaigg et

al., 2015).

1.4.2.4 The parietal lobes or a combination of the frontalobes, the

hippocampus and the parietal lobes
Boucher and Mayes (2012) recently offered a possililernative of a neural substrate of

memory impairments in ASD — the parietal lobes.sThiew makes sense when considering
parietal lobe abnormalities reported in ASD (Coustige Press & Yeung-Courchesne, 1993),
and the importance of the parietal lobes for EMyASimons, McKeever, Peers & Budson,
2008; Cabeza, Ciaramelli, Olson & Moscovitch, 2088nons et al., 2008; Simons, Peers,
Mazuz, Berryhill & Olson, 2010). Behaviourally, fimgs of intact memory for pairs of items
(Berryhill, Drowos & Olson, 2009) were recently dbaged by reports of impairments for
more complex forms of associative learning in gatipatients (Ben-Zvi, Soroker & Levy,

2015), which parallel recent demonstrations in A&aigg et al., 2012). Similarly, memory
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difficulties have been found to decrease with iasheg task support in parietal patients
(Adlam et al., 2009), and the parietal lobes hawnlshown to be involved in R judgements
in R/K tasks (Wagner, Shannon, Kahn & Buckner, 2008ich have been reported to be
reduced in both ASD (see Section 1.4.1.2) and fadupatients (Drowos, Berryhill, André &
Olson, 2010). ABM and EFT were also found affeategbarietal patients (Berryhill et al.,
2010). Further, the parietal lobes, next to the RIF@ the hippocampus, form part of a
default network for ABM, EFT, and perspective takifBuckner, Andrews-Hanna &
Schacter, 2008), and they were found responsibletfeer functions that have been found to
be impaired in ASD, such as motor planning (Fog&dsuppino, 2005; Gowen & Hamilton,
2013), and imitation (lacoboni et al., 1999; J. Bl. Williams, Whiten & Singh, 2004).
Maister et al. (2013) recently hypothesised aboutnaolvement of frontal, hippocampal,
and parietal regions as the neural underpinningserhory impairments in ASD. This idea
was supported by findings of the involvement oftaflee brain regions in EM (Shimamura,
2014). As presented in Section 1.2.7, the parletsds were also found to play an important
role in attention, with some attentional functiamsrking differently in ASD (Section 1.2.7).
How attention may be related to EM will be presdnteSection 1.4.2.5.2.

Two final possibilities that would be supported the great variation between
individuals with ASD are that different neural strates may be involved in different
individuals with ASD (Boucher & Mayes, 2012), orathdifferent brain regions are

implicated to different extents across individuals.
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1.4.2.5 Relation between memory findings and general cogrve
theories in ASD

1.4.2.5.1 ToM deficit account
Perner, Kloo and Gornik (2007) argued that ToMigb{see Section 1.2.1 for ToM in ASD)

is necessary for EM, i.e., to re-experience a pasnt. The authors referred to Tulving’s
(1985) definition of EM as remembering the pasthi@ sense of reliving it, including mental
time travel. This form of reliving the past is digjuished from knowledge about past events
that has been acquired without directly having eepeed the event, for example, because
somebody else talked about the event. Experimgnthlk distinction between Remembering
and Knowing is measured using the R/K recognitioamory paradigm (as discussed
previously in Sections 1.3.2, 1.4.1.2). Perned.e2807) argued that in order to recognise an
event as old, one needs to understand that onea maemory of the event because one
experienced it previously. The memory is the regméstion of a previous experience and one
understands the source for this memory. To do Tad) is needed as a way of introspection.
In relation to source monitoring this means, therenavid details a representation of an
event includes, the more likely it is judged asvpresly experienced rather than if one just
knows the facts about the event. This is espedialgvant for free recall tests, which provide
no clues to the experience. Perner et al. (200 hesised, however, that ToM and EM
develop in parallel and influence each other. liligls with impairments in ToM would be
expected to show difficulties in recollection araligce monitoring because they would not
be able to distinguish between events that thegnseé/es have experienced, or that they

were told about.
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1.4.2.5.2 Atypical Attention account
Cabeza et al. (2008) presentedAdtention to Memory modé€AtoM) postulating two ways

in which attention (see Section 1.2.7 for attentioASD) plays a role in EM. In this model,
the authors distinguished betwedinect and indirect retrieval similarly to Moscovitch’s
(1992) distinction betweeassociative/automatiandstrategic retrieval Cabeza et al. (2008)
hypothesised that direct retrieval is controlledthy ventral parietal cortex and mediated by
the MTL. This process needs little attention andksaather automatically in that attention is
directly captured by information (bottom-up prodegk Indirect retrieval, in contrast, is
controlled by the dorsal parietal cortex, and itmediated by the PFC. It is a strategic and
effortful process that demands attention, and drigen by the goal of the person trying to
remember (top-down processing). Attention is noseasial but it enhances memory
efficiency. Individuals with a lesion in the vertparietal cortex would be expected to show
subtle difficulties in EM in free recall, but nothen cues are provided at test, in recollection,
but not when context is assessed by questionspasslbly in the simultaneous retrieval of

several details.

The next accounts and their predictions concera the system itself but rather the way

information enters the system.

1.4.2.5.3 Weak Central Coherence and Atypical Perceptual Pragssing
accounts
EPF (see Section 1.2.6) leads to a bias for proggssw-level perceptual features with less

processing of high-level features (Mottron & Bura2R01). One example is a bias in favour
of processing item information that leads to lesscessing of global information, i.e., the
context (local versus global information accorditqy the WCC — see Section 1.2.4).
Difficulties with remembering context informatioméh intact item memory are features that

are also predicted by the relational binding accotlihereby, the question remains whether
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enhanced item processing is a bias and ASD indasdare able to use relational processing
if they choose to or are instructed to do so (whghvhat the EPF account - Mottron &
Burack, 2001 and the later version of the WCC anteuHappé, 1999 argue), or whether
relational processing is defect in ASD and enhanitesd processing is rather a compensatory
mechanism (which is what the earlier version of WW€C account argues - Frith & Happé,
1994). In relation to that, Maister et al. (2013ywed that the PFC may be needed as a
compensatory mechanism to inhibit or supress itemegasing so that relational processing

can happen in ASD.

1.4.2.5.4 Increased Perceptual Discrimination account
Similarly to the WCC account, the Increased PeradDiscrimination account (see Section

1.2.5) predicts better processing of individualtieas (e.g., Plaisted et al., 1998a), for
example items. Maister et al. (2013) suggested that PFC may be needed as a
compensatory mechanism to specify additional nedfieues or to engage in strategic search

for the relevant information.

1.5 Aims of the thesis

After having established that persons with ASD sipawticular behavioural features in terms
of difficulties in social interactions and routifike behaviours, the literature review also
showed that there are a number of cognitive theamgng to explain ASD in terms of
differences in cognitive functions such as ToM, Hferception, processing styles, attention,
and memory that individuals with the disorder shblene of the cognitive accounts has been
successful in explaining all the features of theodier. However, it is now established that
ASD individuals present a characteristic profilememory. Specifically, from the literature
review it becomes clear that they have particuldficdities with relational processing.

Because of the relevance of memory for daily Ihel decause of the potential power of the
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relational binding account in explaining ASD, thmaf the thesis was to put this particular
account to the test. Only few tasks have so fagcifipally, tested relational memory in ASD.

Therefore, tasks were used that, specifically, pratetional processing and systematically
compare relational memory to item memory within aene task. Another aim of the thesis
was to try to find measures that would, in pringjpbe suitable for a wider population of
individuals on the autistic spectrum, including thegth limited language and/or intellectual
abilities, who often get left out in research. Amet group of participants that is scarcely
researched are older ASD participants. Becauseeofmportance of the effects of age on
cognitive functions for care provisions and supgmdagrammes, it was of interest to run
preliminary analyses of the effects of age on mgnamross the mid-adulthood-lifespan in
cross-sectional designs to investigate if ASD abdgFoups would differ. To achieve these
aims this thesis includes five studies each tedange groups of adults with ASD and TD
with broad age-ranges in the adulthood lifespani@sdn the average range.

Experiment 1 served as a connection and extenspomprévious literature on
recognition memory in ASD. Following Tulving (2002g¢cognition memory judgements are
based on contributions of autonoetic and noetiscimusness. These contributions have been
measured empirically by employing the R/K recogmitmemory procedure. Studies using
this paradigm in ASD have consistently found reduRebut intact K responses (see Section
1.4.1.2) indicating particular difficulties in EMub intact SM. Previous studies, however,
have mainly used verbal materials and, as ASDIasa@ to particular difficulties in acquiring
and developing language (Howlin & Asgharian, 1998jcas et al., 2008; Tager-Flusberg &
Joseph, 2003), results may not be generalisabtesadtifferent materials such as pictorial
materials or ones that are hard to verbalise/nahinerefore, Experiment 1 tested the
generalisability of previous results on R/K recdigm by using meaningful and meaningless

verbal and visual materials in a standard R/K radam procedure. This study also aimed to
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determine why groups differ in their R judgemerdasid what criteria they base their
recognition decisions on by calculating sensitiatd response bias measures and by asking
participants to justify their R responses. Finallye underlying neural processes were of
interest. Pupillary responses are a summed inddxanh activity during a certain task. TD
participants characteristically show larger pupiisresponse to previously presented as
opposed to new items (pupil Old/New effect; Golding. Papesh, 2012) indicating that
recollection is more cognitively demanding for theExperiment 1 aimed to test whether the
pupil Old/New effect would also be found for ASDdimiduals. An atypical pupil Old/New
effect would imply altered neural processing irstioup.

Following Experiment 1, which showed similar diffites in EM for different
materials and indicated difficulties in establighirelations in terms of R responses and R
justifications, Experiment 2 aimed to directly teskational memory in ASD. In contrast to
Experiment 1, where participants could choose wilughtext from the study phase they
wanted to remember and report for a R justificati@abjective context memory), in
Experiment 2 participants were directly asked tmember locations for objects in rooms
(objective context memory). Experiment 2 also ain@dinify the memory distinctions of
item/relational and implicit/explicit memory (prewisly presented in Section 1.3.2) to
establish whether the difficulty in ASD is one ofpécit retrieval or general relational
processing extending to implicit memory and, theref to memory encoding, which is an
open question in the ASD literature (see SectiorllBL To do this, an Inclusion/Exclusion
paradigm was used (Jacoby, 1991, 1998) and fixatiorthe objects’ previously presented
old and new locations were measured.

While Experiment 2 demonstrated particular diffted in remembering object-
locations, the aim of Experiment 3 was to compasmiory using the same experimental

paradigm for single images (items), memory for tmeg temporal order, and memory for
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study set (relations among subsets of items). Twevipus studies suggested similar
difficulties in ASD for different types of relationBowler et al., 2004, 2014). Studies
directly comparing item and relational memory in AS&re inconsistent. Therefore, a
paradigm was used with similar relational proceagsiaquirements for all four tasks. In
addition, because ASD individuals present diffi@dtin developing language (Howlin &
Asgharian, 1999; Loucas et al., 2008; Tager-FlusBedoseph, 2003), abstract shape images
were used to control for the influence of languagewell as for differences in previous
experiences with the test materials.

Having established that different types of relatianamory as well as item memory
are difficult for persons with ASD, another areattls known to be associated with relational
memory and that is supported by hippocampal functigpatial navigation - was assessed in
Experiment 4. Iltem memory and relational processirg)important factors for successful
spatial navigation (Bohbot, laria & Pertrides, 200/bungstrom & Strowbridge, 2012).
Previous studies on the topic show inconsistentlte¢see Table 4.1 in Section 4.1.1). One
possible reason for these earlier inconsistensidsat poor EFs or attention differences are
involved in the relational processing difficulti@s ASD. Therefore, these processes were
examined by measuring cognitive flexibility andtbgcking eye movements.

Following Experiment 4, which showed spatial natiga difficulties related to
relational processing but also EF and attentiofeihces, the aim of the final study of this
thesis was to test the hypothesis of atypical lsppgoal functioning as a potential cause of
difficulties in relational processing in ASD. Thesudy employed a structural learning task
from the non-human animal learning literature (Aggh, Poirier, Aggleton, Vann & Pearce,
2009; Aggleton, Sanderson & Pearce, 2007; SandeBearce, Kyd & Aggleton, 2006),
which has been shown to be sensitive to hippocaadigralage in animal lesion studies. This

study was particularly important for the conclusen discussion sections of this thesis.

89



2 Chapter 2: Recognition memory
2.1 Experiment 1: Remember/Know recognition memory

2.1.1Introduction

2.1.1.1 Theoretical background
Recognition memory judgements are supported by EMe&ll as SM (Tulving, 2002). While

EM is ourmemory for personally experienced events includirigrmation about time and
place, SM is a memory for timeless facts (Tulvigg02).To measure their contributions to
recognition memory empirically, the R/K procedures H@een developed (Tulving, 1985).
While R (EM) describes the process of recollecbnnformation together with contextual
details such as when, where, and how it was leatlé8M) by contrast, describes a feeling
of familiarity - a participant knows that an itenasvpreviously encountered but cannot report
any contextual details. Several studies in ASD hatilesed this procedure to measure the
extent to which EM and SM are intact in ASD, ande€ognition memory judgements are
based on similar criteria and affected by simiktérs as is the case in TD individuals. As
presented in Section 1.4.1.2 and Table 1.1 prelipd#sSD individuals characteristically
present a reduction in R responses (nine out aftd@ies in Table 1.1) that sometimes gets
compensated by higher K responses (three studigSyess rates (one study) in comparison
to TD participants. In two studies lower R resp@iseASD had a knock-on effect on overall
corrected recognition rates and medium to largecefizes for between-group differences in
at least three other studies suggested that betgreemp- differences may have remained
undetected because of a lack of statistical polghlighting the need for investigations with
larger samples. The well-replicated overall redutin R responses in ASD may be related

to a difficulty to distinguish between previousliudied and new materials, as higher FA
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rates (e.g., Gardiner et al.,, 2003), lower memdrgngth/sensitivity, and more lenient
response criteria in the ASD compared to the Tugr@owler et al., 1998, 2000) show.

Qualitatively, R and K responses seem to be corbfaraetween groups in that
manipulations that differentially affect rememberargd knowing do so to the same extent in
TD and ASD participants (Bowler et al., 2007). Mmrer, previous studies inspecting
justifications for reporting R and K experiencesirid that they are similar for both groups.
Specifically, Bowler et al. (2000a & b) presentechmples of justifications for R and K
responses, with the note that these did not diédween groups. Souchay et al. (2013) asked
their participants to justify R responses with seumformation that had been provided at
study, for example, the colour of a picture or glemder of the person who spoke a word at
study, and coded R justifications accordingly. HinaTanweer et al. (2010) asked
participants for event details to justify R respemand calculated proportions of R responses
that were followed by a justification without nesasly inspecting their quality. It is clear
from these findings that none of these previouslietu has inspected the quality of R
justifications that participants provide spontanéaus

It is important to note, that the majority of R/Kudies in ASD has utilised verbal
materials (12 out of 15 in Table 1.1), one has ysietures, one, ABMs, and one, non-
meaningful kaleidoscope images. No systematic tigegsons comparing R and K responses
have been carried out that compare across thess dfpnaterials directly in ASD. There are,
however, a number of reasons to suggest that tee ofisvisual materials would be
advantageous for ASD individuals when testing redomn memory. It is likely, that
language develops atypically in most individualshwASD with a large proportion of
individuals showing delays or severe difficultiedanguage development (Baird et al., 2006;
Bennett et al., 2008; Boucher, 2012; Loucas eR8D8; Tager-Flusberg & Joseph, 2003). In

addition, research showed that inner speech us&SiDh is particularly related to verbal
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ability (Lindstone, Fernyhough, Meins & Whitehous)09; D. M. Williams & Jarrold,
2010), and while intact inner speech use in ASD fwaad for visual short-term memory (D.
M. Williams, Bowler & Jarrold, 2012; D. M. WilliamsHappé & Jarrold, 2008), ASD
participants did not use inner speech on plannagks (Wallace, Silvers, Martin &
Kenworthy, 2009; D. M. Williams et al., 2012). Fuwet, when remembering the temporal
order of presentation of visuo-spatial material, Bowet al. (2016) found that VIQ was
related only to the performance of the ASD groupthBstudies again indicate differences in
how memory strengths and weaknesses manifest fierafit materials in ASD. Language
atypicalities together with superior perceptuallsknay give ASD participants an advantage
if pictures were used as materials (Mottron & Blra2001; Mottron et al., 2006). This
suggestion is supported by tpeture superiority effec{Shepard, 1967) found in typical
individuals, describing better memory for pictum&er words. Finally, expected differences
between verbal and visual materials are also stggdry ERP studies in ASD (Massand,
2011). While ASD adults showed diminished ERP O&li\effects for words, they showed
an enhanced ERP Old/New effect for visual stimsuiggesting better processing of visual
materials and supporting the prediction that menfioryicture stimuli may be less impaired
in ASD (Massand, 2011).

Another important reoccurring factor in ASD reséaisa difficulty in using meaning
inherent in the study materials in ASD (section 1.4.1.3)ASD individuals have been
reportednot to use information inherent in the study malerto support their recall through
organisation (e.g., categorical, semantic, or sfitanformation;Gaigg et al., 2008; Frith,
1970a & b; Fyffe & Prior, 1978; Minshew et al., 199&ager-Flusberg, 1991), or to cluster
information semantically the way TD individuals @Bowler et al., 2008a; Hermelin &
O'Connor, 1967; Minshew & Goldstein, 1993). Follogithese studies, one would predict

better performance for meaningful compared to nmegless materials for TD individuals, but
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similar performance across materials for ASD paogints. On the other hand, one study that
directly investigated the influence of meaning oenmory for visual material in ASD showed
that the worst memory performance was for meangsglshapes (Ameli, Courchesne,
Lincoln, Kaufman & Grillon, 1988), suggesting superperformance for meaningful
compared to meaningless materials also in ASD. thegethese studies point to the need for
more systematic investigations directly examining tole of meaning for verbal and visual
memory.

In TD participants, differential effects of pictuseiperiority (Dewhurst & Conway,
1994; Rajaram, 1996) and meaning (Rajaram, 1998 vieund for R and K responses,
where pictures as opposed to words and more mdahiogmpared to less meaningful
materials led to an increase in R responses, lgdiresponses unaffected. No such studies
have been done in ASD previously, however, studiegstigating the influence of the
division of attention, perceptual instructions, rao@f presentation, and number of
presentations, suggest that ASD participants malaitgtively similar R/K judgements
compared to TD individuals (Bowler et al, 2007)sdlin TD individuals, the detrimental
effects of age on R recognition have repeatediy lveported (e.g., Mantyla, 1993; McCabe,
Roediger, McDaniel & Balota, 2009). Age does, hogrewnot affect K recognition in TD
participants. No such studies exist in ASD so far.

The current study was also motivated by the lackstotlies on recollection and
familiarity in ASD individuals with minimal langu&g and/or intellectual impairments.
Regarding recollection, Bigham et al. (2010) repdiower memory for the temporal order
of the presentation of 16 everyday items in 29 Aflblescents with intellectual impairments
(two boys,Mage= 14 yearsMgpys= 76) compared to 23 younger TD children, matched o
verbal and non-verbal intellectual ability (fivey$0Mage= 8 yearsMgpys= 80), and 24 ID

adolescents, matched on age and verbal and noahmetéllectual ability (seven boy®age=

93



14 yearsMgpys = 77). While both comparison groups performed syl it was unclear
whether weak familiarity may have contributed te thbserved recollection difficulties in
ASD as familiarity was not tested in this study.@huileann and Quigley (2013), similarly,
found reduced temporal order judgements for thesgm&tion of everyday objects in 30
minimally verbal ASD children (22 boy$lage = 10 yearsMgpys = 61) compared to 27
children with Developmental Delay (DD), matched age, verbal, and non-verbal
intellectual ability (16 boysMage = 10 yearsMgpys = 64), and 33 younger TD children,
matched on non-verbal intellectual ability (19 boykg= 6 yearsMgpys= 71). Half the
ASD group were at chance on this task, and persthsASD performed significantly lower
than the two comparison groups overall. The ASDdecan also showed lower familiarity for
abstract shape images in a four forced-choice telsile the TD children performed at
ceiling, suggesting familiarity and recollectiona®gas of difficulty in ASD individuals with
lower verbal and intellectual abilities. The foarstemporal order memory in the two studies
just reviewed indicates the need for studies testtiger memory types such as spatial
memory. In addition, these studies are not necigssarmparable to the studies reviewed
above using R/K paradigms, where participants ahdlos context information they want to
remember. Both studies show the difficulties asged with carrying out research with
minimally verbal ASD individuals with intellectudifficulties. These individuals are under-
researched because it proves very difficult to Sagable well-controlled paradigms to test
them. As participants they often fail to understémel complex and difficult task instructions
that are used in most of the paradigms employedsearch on adults with ASD, who have
relatively typical language and intellectual skid as a consequence little is known about a
population that is most in need of investigatiohsttwould help to develop suitable
interventions and training programmes. Suitableaggms would need to avoid ceiling and

floor effects in the ASD as well as in the compamigroups. One way to do this would be to
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use measures that do not require a verbal respeusk,as measurements of the pupil size
(pupillometry).

Traditionally, pupil dilation is seen as an indaraof cognitive load, for example, in
working memory (e.g., Piquado, Isaacowitz & Winggfie2010) or visual search tasks (G.
Porter, Troscianko & Gilchrist, 2007), where greatepil dilation indicates higher cognitive
load and an overload is demonstrated by a decregmeil size, possibly resulting from task
disengagement. Physiologically, when the pupiltddathe parasympathic nervous system
gets inhibited by norepinephrine, controlled by tbeus coeruleus (Goldinger & Papesh,
2012). Memory encoding is influenced by the releafseorepinephrine and the subsequent
effects on memory can be measured through pupibmycs (Hoffing & Seitz, 2015).
Pupillometry is non-invasive and pupil responsesareflex that exists from birth and that
operates independently of conscious awareness (§dvtantaldi & Mayes, 2015; Heaver &
Hutton, 2011; Laeng, Sirois & Gredeback, 2012), imgkt a good measure of memory.
Similarly to ERPs, pupil responses have a good teatsensitivity (Hartmann & Fischer,
2014), but in contrast to ERPs, they are relativedgy and cheap to record (Laeng et al.,
2012), which would be an advantage if they turn toube a clinically useful measure. In
addition, small correlations between pupil dilatemmd ERPs indicate that the two measures
assess different underlying processes (Steinhauddakerem, 1992). Because of these
advantages, pupillometry seems a good measurstta tgide range of individuals including
less verbal ones.

Previous research on pupil size in ASD is spars&3D children, larger pupils were
found at baseline (C. J. Anderson & Colombo, 20B&ser, Eglington, Carter & Kaldy,
2014; but see Nuske, Vivanti & Dissanayake, 201da)cating an increased activity of the
autonomic nervous system. Two other studies founedaced pupillary response to fearful

unfamiliar faces in ASD compared to TD children §Ke, Vivanti & Dissanayake, 2014b;
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Nuske, Vivanti, Hudry & Dissanayake, 2014c). No ipgze studies in ASD adults and no
studies investigating pupil size in relation to nmgynin ASD exist, although pupil size
measurements have proven a useful indicator for angmrocesses in TD individuals. A
well-established finding is the pupil Old/New effewhere the pupil dilates more for items
previously studied compared to new items. Thisctffetypically measured using a paradigm
similar to a behavioural Old/New paradigm. Partgifs are presented with material to study
and at test they are presented with old and nevermhtinstead of, or in addition to, being
asked directly to distinguish between old and n@ms, participants’ phasic pupil response
to each stimulus is measured (Goldinger & Pape8b2@ A series of studies indicated the
pupil Old/New effect to be influenced by memoryesgth (Otero, Week & Hutton, 2011;
Papesh, Goldinger & Hout, 2012), emotion™(¥b al., 2008), and the degree to which
encoding and retrieval conditions matched (Papesh,e2012). It was found to be universal
across different materials (Otero et al., 2011) guopil size at encoding and retrieval
distinguished between later correctly and falseiynembered materials (Montefinese,
Ambrosini, Fairfield & Mammarella, 2013; Otero et,a2011; Papesh et al., 2012).
Investigations in amnesia compared to control pigdints showed the opposite effect, i.e.,
larger pupils were found for new compared to presfipustudied items in amnesics,
representing a novelty response (Laeng et al., 280d)ndicating the potential of pupil size
measurements to reveal memory abnormalities.

Previous studies using physiological measures b@awdficantly enhanced knowledge
about memory in ASD by showing differential neurggiblogical activation underlying EM
and SM in ASD compared to TD (Gaigg et al., 2015skbnd & Bowler, 2015; Massand,
Bowler, Mottron, Hosein & Jemel, 2013)leasuring ERP responsdd) individuals showed
an early mid-frontal Old/New effect (300-500ms) negenting SM, which was missing in

ASD individuals. A more focussed parietal Old/Nefteet (400-800ms) together with a
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diminished late-onset right-frontal Old/New effeéat ASD seem to support findings of
reduced EM and R in ASD (Massand et al., 2013).9diad and Bowler (2015) replicated the
absence of an early Old/New effect in ASD relatimg SM. In addition, they found
nonspecific activation in ASD during several timeaows for SM instead of the late-onset
Old/New effect found in the TD group.

Based on the literature reviewed above, the aimthefcurrent chapter were the
following. First, it was of interest to systematigacompare EM and SM in ASD and TD
adults by using the R/K recognition paradigm. Itswamed to test if previous results of
reduced R and intact K responses can be repligatéhis study and whether they can be
generalised across different verbal and visual @e@ningful and meaningless materials.
Second, it was of relevance to inspect on whaermaitparticipants base their recognition
judgements and whether they may differ between grotipird, it was aimed to investigate
the potential effects of age on R and K judgementsoth groups. Finally, it was of interest
to test the pupil Old/New effect to see if resuids be replicated with a second less verbal
measure that also tests the underlying physiologgeshory.

Based on these aims, a classic R/K recognition ongmrocedure was used, asking
participants to study sets of verbal and visual mmegul and meaningless items. Their
memory was tested presenting them with previouglgied and new items asking them to,
first, make an Old/New and, then, a R/K decisianitems indicated as old. Participants were
asked to justify their R responses and pupil sias weasured in response to old and new
items.

First, corrected recognition rates (Hit rates mirktss) were examined. If ASD
participants have particular difficulties with EMtbaot SM, they will show reduced R but
similar K responses across all materials compawetix participants. If persons with ASD

show a picture superiority effect similar to TD f@pants, both groups’ corrected
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recognition rates will be higher for visual comphte verbal materials. If ASD participants
show particular difficulties to use meaning inherentthe materials, then their corrected
recognition rates for meaningful materials will Iparticularly lower compared to TD
individuals. To follow the second aim, FA ratesnsgvity, response bias, and verbal R
justifications were examined. If persons with AS8vé difficulties distinguishing between
previously studied old and unfamiliar new materidahey will show higher FAs and lower
sensitivity rates compared to TD individuals. In i&dd, they will show more lenient
response criteria, i.e., a higher bias to say gealltitems as opposed to TD participants. In
addition, if ASD individuals struggle to use retatal memory, their R responses will be
based on specific episodic experiences associatttdtine encoding episode, whereas TD
participants’ R justifications will also be relatéd other episodic experiences outside the
immediate study context. Regarding the third aimASD participants’ memory is similarly
affected by age as TD participants’ memory, bothugs will show a similar difference in R
recognition related to age but no age-differenceKimecognition. Regarding the pupil
Old/New effect, if ASD participants show difficuds to distinguish old and new items, these
difficulties will also be apparent in pupil sizenlike TD participants showing the typical
pupil Old/New effect with larger pupils for previsly studied compared to new items,
persons with ASD will not show this effect indicagi a different physiology underlying
recognition memory in ASD. Finally, if the pupil @New effect measures a real memory

phenomenon, pupil size data will correlate withdabural memory data.

2.1.1.2 Predictions

Based on the evidence presented above, it was texpdtat both groups would show the
typical R/K effect with more R compared to K respes for all materials and ASD
individuals giving fewer R responses compared toiiidviduals. In addition, both groups
were expected to show the picture superiority éff@th higher accuracy for pictures
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compared to words. Both groups were expected tomerbetter on meaningful compared to
meaningless materials with the TD group outperfagnithe ASD group particularly on
meaningful material. It was predicted, that pictauperiority and meaning would primarily
influence R judgements and that these interactramdd be similar for both groups. Lower
overall recognition rates were expected for ASD parad to TD participants, because the
large sample tested provided sufficient statistigaver. It was also predicted that ASD
participants would show difficulties in distinguislgi between old and new items apparent
through more lenient response criteria in termbigher FA rates, higher response bias, and
lower sensitivity, and that they would justify theR responses primarily based on
information from the immediate study episode.

Next to similar effects of age on memory as in TR (Parallel developmert Geurts
& Vissers, 2012), strongedd@uble jeopardy Geurts & Vissers, 2012) or weaker effects of
age on cognitive functions in older ASD individuglsafeguard hypothesis Geurts &
Vissers, 2012; Lever & Geurts, 2016) were possiileyith significant implications for care
provisions. In addition, the ageing analogy (Bowg07) would predict similar performance
of younger ASD individuals compared to TD OA.

Regarding pupillometry, it was expected that TDtipgrants would show the typical
pupil Old/New effect with larger pupils for studiedmpared to new items for all materials,
replicating previous literature. Based on the ditare, a typical pupil Old/New effect in ASD
would implicate similar and intact underlying meglsans for recognition memory
judgements as in TD individuals, whereas a redoatibthis effect in ASD would indicate
abnormalities in the mechanisms underlying memadficdities observed in ASD. Based on
ERP Old/New studies in ASD, it was expected thatpilngil Old/New effect would either be

diminished or enhanced in ASD as compared to Tviddals.
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2.1.2Methods
2.1.2.1 Participants

This section concerns some general comments abatitipant matching, recruitment,
participant characteristics, and comorbid disordarsASD participants that apply to all

experiments presented in this thesis.

The comparison between ASD and typical developmest of interest in this thesis in order
to inform about the ways in which the two groupffedi To do this effectively, the two
groups needed to be matched. As there is no perfatthing strategy, the best choice of a
matching criterion or variable depends on the qomestthat need to be answered (Burack,
larocci, Flanagan & Bowler, 2004). The dilemma iataming on intellectual ability or, in
more general, any ability in ASD is that ASD indivals show profiles of particular strengths
and difficulties in various areas. Matching on sgas would overestimate their performance
in another area. Similarly, matching on a weaknessld underestimate performance in
other areas (Burack et al., 2004). A compromiséhiexefore, to match on a combined score
that includes areas, where individuals perform waeid those, where they do not perform so
well. Since the area of interest in this thesis masnory, and since it was found that memory
is significantly related to intellectual ability [@&xander & Smales, 1997), a combined score
of strengths and weaknesses in intellectual abilityld be Full-scale 1Q (FIQ; Burack et al.,
2004). However, two individuals with the same anitar FIQs do not necessarily show the
same profile in terms of VIQ and Performance IQQPINon-verbal/performance skills have
often been found to be superior compared to veabdity in ASD (e.g., Happé, 1994;
Joseph, Tager-Flusberg, & Lord 2002; but see Sielyghshew & Goldstein, 1996).
Therefore, for the studies presented in this th&s$@ as well as VIQ and PIQ were chosen as

matching variables, and TD and ASD participants everdividually matched with a
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difference of less than 10 IQ points in each vdeiablQ was measured using the third or
fourth edition of the Wechsler Adult Intelligenceate (WAIS-III'® or WAIS-IVYY; The
Psychological Corporation, 2000; 2008). Like the MAII"¥, the WAIS-IVX determines
an FIQ value. The equivalents of VIQ and PIQ in \BAI'S are called Verbal
Comprehension (VCI) and Perceptual Reasoning IfB&) in WAIS-IVY¢. Matching on
either WAIS-11I'® or WAIS-IVY¢ scores seemed unproblematic, since FIQs, VIQ aBf V
and PIQ and PRI of the two test versions were faionde highly correlated = 0.94,r =
0.91,r = 0.84; Wechsler, 2008). In general, the WAIS iwidely-used, valid and reliable
standardised measure (K. C. H. Parker, Hanson &sldyn1988), even for clinical samples
(Zhu, Tulsky, Price & Chen, 2001), and presentblstaneasurements across a wide age-
range (Bowden, Weiss, Holdnack & Lloyd, 2006). Arat important variable to consider
when matching participants is age. As we age, oainlchanges and these changes affect
cognitive processes (Johnson & Munakata, 2005; L@aver, Urban, Lazar & Sweeney,
2004), such as memory (Park et al., 1996). Thezefarthis thesis groups were matched on
chronological age (CA) with a difference of at nmamim +/- 2 years of age. In addition,
gender differences have been reported for cognitimetions in general (Weiss, Kemmler,
Deisenhammer, Fleischhacker & Delazer, 2003), awdnfemory, in particular, with an
advantage in verbal tasks for women and in spitsks for men (Andreano & Cahill, 2009).
Further, ASD is 4 times more common in men thawomen (Rivet & Matson, 2011).
Therefore, the numbers of men and women in the A8® TD samples of this thesis were
equated, with the majority of participants beingena

Samples sizes were selected based on previousaleseal power calculations using
G*Power (Faul, Erdfelder, Lang & Buchner, 2007).rtRgants were mainly recruited
through a database of individuals with whom theigatResearch Group at City, University

of London is in regular contact. In addition, pagants got in contact through word of
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mouth or flyers. ASD individuals were also recrditeghrough support groups and
advertisements with the National Autistic Socidtp. individuals were also recruited through
advertisements in newspapers. All participants wearteve English speakers. TD individuals
were only included if they did not report taking/plsotropic medication or having a personal
or family history of a psychological or neurodevetegmtal disorder. Participants were
chosen to be adults of intelligence within the agerrange (100 +/- 2 Standard Deviations -
SD). In addition, groups spanned a large age-raogess the mid-adult lifespan (20-65 years
of age) to aim for a wide generalisability of thedings and to run preliminary analyses of
the effects of age on memory in cross-sectionabjdesAll participants were reimbursed for
their time according to standard university fees #mlr travel expenses were paid. All
studies were approved by the ethics committee ef Reychology Department of City,
University of London and the procedures used instindies adhere to the guidelines set out
by the British Psychological Society.

All ASD individuals included in the studies had ee@®d a clinical diagnosis
according to DSM-IV-TR criteria (American PsychiatrAssociation, 2000), which was
confirmed by a review of their diagnostic documewts a means of sample description, all
participants filled in the Autism-Spectrum Quotie(AQ; Baron-Cohen, Wheelwright,
Skinner, Martin, & Clubley, 200%)- a self-report instrument that measures the @egfe
autistic traits within an individual. The authorktbe instrument proposed a continuum that
ranges from ASD to “normal” and the questionnadentifies where on the continuum an
individual is located. Within this thesis, the AGsvused to characterise the ASD samples in
terms of autistic traits to enable a comparisorhwASD populations used in other studies,
and to define an exclusion criterion for TD indiwads, who were only included if their AQ

total score was below the suggested cut-off oN26ddbury-Smith, Robinson, Wheelwright

® This was the case for all participants in all eipents except for one ASD individual in Experim&nand
one ASD individual in Experiment 5, who did not kaime to fill in this measure.
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& Baron-Cohen, 2005). Although the AQ has been ¢btm be reasonably reliable in its
measurement (Stewart & Austin, 2009), factor stmeg were not replicated (e.g.,
Kloosterman, Keefer, Kelley, Summerfeldt & Parkef11). In addition, the AQ did not
distinguish well between (milder forms of) ASD amdher mental health conditions
(Ketelaars et al., 2008), and ASD individuals maglarestimate the level or number of their
autistic traits (Johnson, Filliter & Murphy, 200Hlthough the AQ has been validated in its
use for the measurement of autism-like traits tghostudies showing behavioural overlap in
the performance of ASD participants and individuaish high scores on the AQ (e.g.,
Grinter et al., 2009; Von dem Hagen et al., 2013e¥ Martin, Pickup & Macrae, 2012),
Gregory and Plaisted-Grant (2016) cautioned agéirestise of the AQ as a proxy for ASD
because even if the AQ measures autism-like trdits,does not mean that it necessarily
measures autism and, therefore, similar resultsexample, in visual search tasks in ASD
and high-AQ populations may have different reasddsspite its short-comings the AQ
seems to be a useful tool for the screening of apdpulation and to enable a comparison
between different ASD sampleslso for the purpose of ASD sample descriptionemts of
clinical features and their severity, where timenued, ASD participants were asked to
complete the ADOS (Lord et al., 1989) - a semi-$tmexl behavioural observation
instrument. It was administered by researcherdugnag the author of this thesis) trained to
research reliability standards on this instrum@&&D participants with scores just below the
total cut-off of seven on the ADOS were, nevertbglancluded in the sample since all
individuals had received a clinical diagnosis ofA8D previously.

Comorbid medical as well as mental health conditiare 3 - 4 times more common
in ASD compared to TD individuals. In a recent $tuASD adults were most commonly
affected by anxiety, depression, OCD, and schizaghr (Croen et al., 2015). They also

reported more often seizures, epilepsy and sleeplegms (Levy et al., 2009; Tuchman &
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Rapin, 2002). In addition, medication use is vasgnmon in ASD, as recent reports show. In
a longitudinal study, 60 % of ASD adults over 2@ngeof age were taking psychotropic and
50 % non-psychotropic medication. Over a 4-yeaiopethowever, these numbers increased
to 70 % psychotropic and 60 % non-psychotropic cedin, with antidepressants and
antipsychotics being the most common medicatiolh€Bsen, Greenberg, Seltzer & Aman,
2009). Inclusion of ASD individuals with comorbi@i$ and medication use in research
samples are likely to increase the heterogeneithi@bamples and, therefore, the variation in
the results. However, not including them would léada smaller and less representative
sample, and the results would be less generalisablihe rest of the ASD population.

Therefore, ASD individuals with comorbid disordensd medication were included in the

samples of this thesis and a record of their dssrdnd medication was taken.

2.1.2.1.1 Behavioural data
Power calculation using G*Power (Faul et al., 20@73letermine the sample size needed to

detect the predicted between-group difference mesponses showed that 32 participants in
each group were needed to detect an effect ofitleeo Cohen’sd = 0.75 with a power of
0.90. Thirty-two ASD adults (27 memage = 43.50 years, age range: 27-65 years) were
individually matched on VIQ/VCI, PIQ/PRI, and Fl@s measured by the WAISl or
WAIS-IVY" (The Psychological Corporation, 2000; 2008) toTE2 adults (25 menMage =
43.80 years, age range: 22-65 years). Groups v@selg matched on gendef = 0.41,p =

.52, and CA, and ASD participants scored signifigahigher on the AQ (Baron-Cohen et
al., 2001; see Table 2.1). Time permitted to as@dspersons with ASD with the ADOS

(Lord et al., 1989). Five of these scored just Wellbe cut-off of seven for the total score on

° The effect size was estimated by averaging thecefiizes reported in the R/K studies presentétabie 1.1,
excluding the experiments in Bowler et al., 2009 tlee purpose of these studies was to test thaeimte of
manipulations on R and K responses in ASD and Tdividuals rather than to detect a potential diffiee
between groups in R responses.
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this instrument, but they were retained in all gsa$ because they all had a confirmed

clinical diagnosis established by suitably quadifadinicians.

Table 2.1

Descriptive statistics for ASD and TD individuals, who participated in Experiment 1.

ASD (27m, 5f) TD (25m, 7) Cohen'
Measure M SD M SD t(df) p d Cl
Age (years) 43.50 12.2 4380 124 0.10(62) .92 0.03 -0.4710.5
VIQ/VCI @ 111 15.7 112 143 0.37(62) .72 0.09 -0.40,0.58
PIQ/PRI® 105 15.0 105 13.8 0.12(62) 90 0.03 -0.46,0.52
FIQ® 110 147 109 13.6 0.12(60) 91 0.03 -0.47,0.53
AQ? 35.63 6.47 15.09 6.50 12.66(62) .00 3.16 2.4, 3.8
ADOS-C* 279(0-6) 15

ADOS-RSIF  5.79(1-13) 2.8
ADOS-Total® 8.58 (5-17) 3.4
ADOS-Im" 1.26 (0-2) 0.6

ADOS-SB 1.29 (0-5) 1.4

Note. 2VIQ - Verbal 1Q (WAIS-111"%) or VCI - Verbal Comprehension Index (WAIS-IVY). °PIQ

- Performance 1Q (WAIS-11I') or PRI - Perceptual Reasoning Index (WAIS-IVYX). °Full-scale

IQ (WAIS-IIYS or WAIS-IVY¥), available for 31 TD and 31 ASD individuals. AQ - Autism-

Spectrum Quotient. °ADOS - Communication subscale. ‘ADOS - Reciprocal Social

Interaction subscale. YADOS Total score - Communication + Reciprocal Social Interaction.

"ADOS - Imagination/Creativity subscale. 'ADOS - Stereotyped Behaviours and Restricted

Interests subscale. ADOS scores are presented with range in brackets.
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ASD participants with comorbidities and/or medioatiuse were included in the sample to
increase the generalisability of the findings, aSDAis characterised by high rates of
comorbidities and medication use (Croen et al., 2&Ebensen et al., 2009). In the current
sample, 44 % of ASD participants reported comotigisliand/or psychotropic medication
use. Depression (43 %), anxiety disorder (14 %)HBD(14 %), and dyslexia (14 %) were
most common. In addition, OCD (7 %) and schizopiarén %) were reported, and 57 % of
ASD participants took antidepressants, and 21 %rteg@ taking antipsychotic medication.
ASD individuals with and without comorbidities anmedication use did not differ
significantly in terms of gendek?= 0.03,p = .85, CA, VIQ/VCI, PIQ/PRI, and FIQax <
0.91,pmin> .36, Cohen'glnax< 0.33, 95 % Gla(-0.39, 1.02). In addition, analysing the data
without ASD individuals that reported comorbiditiaad/or medication use left the results

reported below unaffected.

2.1.2.1.2 Pupillometry data
Of the 64 participants tested, pupillometry dataemeot available for five ASD (four men,

Mage= 49.91 years, age range: 32-My,qnvci = 113,Mpigpri= 101,Mgg = 108) and two TD
individuals (two menMage= 41.10 years, age range: 36-8,ovci = 96, Mpioipri= 94, Meig
= 95), who did not differ significantly from thesteof the sample in terms of gendﬁ?maxz
0.60, pmin = .44, CA, VIQ/VCI, PIQ/PRI, and FIQmnax < 1.71,pmin > .09, Cohen'ddnax <
1.25, 95 % Gla(-0.25, 2.67). The final sample for the pupillonyeinalyses, therefore,
consisted of 27 ASD (23 meNl,4= 42.31 years, age range: 27-64 years) and 30dTilsa
(23 menMayge = 43.98 years, age range: 22-65 yeansiched on gendeX?= 0.66,p = .42,

CA, VIQ/VCI, PIQ/PRI, and FIQ (see Table 2.2).
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Table 2.2

Descriptive statistics for ASD and TD individuals in Experiment 1 for whom pupillometry data

were available.

ASD (23m, 4f) TD (23m, 7) Cohen'
Measure M SD M SD t(df) p d Cl
Age (years) 42.31 115 4398 127 052(55) .61 0.14 -0.3%0.6
VIQ/VCI @ 110 15.0 113 14.0 0.72(55) 47 019 -0.33,0.71
PIQ/PRI® 106 15.3 106 13.8 0.12(55) 91 0.03 -0.49,0.55
FIQ® 110 148 110 135 0.09(53) 93 0.02 -0.51,0.55
AQ? 36.07 6.0 1497 6.7 1253(55) .00 3.32 2.48,4.07
Baseline pupil 3.21 057 3.17 0.45 0.34(55) .74 0.09 -043,0.61
ADOS-C* 252 (0-5) 1.4
ADOS-RSI  5.76 (1-13) 2.9

ADOS-Total® 8.29 (5-17) 3.4
ADOS-Im" 1.15(0-2) 0.6

ADOS-SB 1.14 (0-5) 1.4

Note. 2VIQ - Verbal 1Q (WAIS-111"%) or VCI - Verbal Comprehension Index (WAIS-IVY). °PIQ

- Performance 1Q (WAIS-11I") or PRI - Perceptual Reasoning Index (WAIS-IVY¥). °Full-scale

IQ (WAIS-HIY or WAIS-IVY) was available for 26 ASD and 29 TD individuals. “AQ - Autism-

Spectrum Quotient. °ADOS - Communication subscale. ‘ADOS - Reciprocal Social

Interaction subscale. YADOS Total score - Communication + Reciprocal Social Interaction.

"ADOS - Imagination/Creativity subscale. 'ADOS - Stereotyped Behaviours and Restricted

Interests subscale. ADOS scores are presented with range in brackets.
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Five ASD (four menMage = 45.73 years, age range: 33-88onvci = 112, Mpigpri = 102,
Mrig = 108) and eight TD participants (seven mbhg = 41.60 years, age range: 26-56,
Mvigiver = 116,Mpigeri = 111,Meg = 114), who did not differ significantly from threst of
the sample in terms of gend®fmax= 0.72,pmin = .40, CA, VIQ/VCI, PIQ/PRI, and FIQmnax

< 1.22,pmin > .23, Cohen'slhax< 0.51, 95 % Glay(-0.33, 1.31), did not make behavioural
mistakes, therefore, excluding them from furthepipanalyses dividing data according to
behavioural accuracy. The remaining 22 ASD (19 nvee= 41.53 years, age range: 27-64
years) and 22 TD (16 meMage = 44.85 years, age range: 22-65 years) adults stdle
matched on gendek’= 1.26,p = .26, CA, VIQ/VCI, PIQ/PRI, and FlQuax < 0.88,Pmin >

38, Cohen'Shnax< 0.27, 95 % Gha-0.33, 0.85).

2.1.2.2 Materials

Table Al.1 in Appendix 1 gives an overview of albnds, pictures, shapes, and non-words
used in this study (see Figure 2.1 for examplesr Hists of 10 pictures and their verbal
labels each were selected from Snodgrass and Maadeg1980), to allow for each item to
be presented equally often as a word or a pictndeas a to-be-remembered target or a lure
item. Presentation order was counterbalanced acpasscipants, and there were no
significant differences between the four finaldish letter number, word frequency, name
agreement, image agreement, familiarity ratings, @rdplexity ratings (see Table A1.2 in
Appendix 1). To selecshape stimuli, 120 images from Haenschel et al. (2008rew
presented for 3 s each on a grey background ircéinére of a laptop screen to 30 City,
University of London undergraduate students (10,ivege= 34.47,SDyge = 12.04), with the
request to indicate how difficult they found itdome up with a name for each shape on a 10-
point scale (0 - very easy to 10 - very difficuk) second pilot study involving five ASD and
10 TD individuals indicated that the 20 shapes ttet been rated as the most difficult to
name Maiticuy range = 6.90-8.13) were too difficult to remembedemthe conditions of the
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main experiment, whereas the shapes that had laéeth as the easiest to nam\ificuiy
range = 3.23-5.33) yielded memory performance wafetive chance. To avoid floor effects,
the 20 easiest to name shapes were selected fdisteof 10 items each for counterbalanced
presentation across participants. The 20 two arekthyllablenon-wordsfrom Gathercole,
Willis, Emslie and Baddeley (1991) formed two lists10 items for counterbalanced test
presentation, with the exception that the wordsiimav’ and ‘glistering’ were replaced by
‘honder’ and ‘natem’ because using google searelfdhmer turned out to be the name of a
place in Ireland and a meaningful word.

To avoid pupil size estimation bias resultingnfreye movements (Brisson et al.,
2013), the above described materials and fixatrosses were presented in the centre of the
screen and images were large enough to recognisarall enough to see them without the
need for eye movements. Shape images measuredk3am, pictures had the size of 5 cm
x 4 cm, and words and non-words were about 6 cig éomd 2 cm high. Avoiding systematic
changes in pupil size because of the pupil liglfiexeall materials were presented on the
same grey background and images were black ané whignsure similar luminan@ewithin
and across conditions. OIld (studied) and new (urmsdlidsets of materials were
counterbalanced across participants to controlafor systematic differences in luminance
between sets. In addition, the items were presentétbcks of the same material type, i.e.,
shapes, pictures, words, and non-words were netemixed within one block. Luminance
measurements for shapes and pictures were takessatite whole image using a Konica
Monolta LS-100 luminance meter. Although meaningfigtures 1 = 159.28 cd/rh SD =
11.65) were significantly brightet(43.10) = 22.16p < .0001, Cohen’'sl = 4.30, 95 %

CI(3.36, 5.24), than meaningless shapds=(117.36 cd/rh SD = 1.92), the different sets of

19 pupil size is measured best when the eyes loakghtron the screen. If the eyes move, the pupkaps
distorted on the camera of the eye-tracker leadingain over- or underestimation of the real pupiesi
Luminance needs to be kept constant because thiegets smaller when luminance is higher.
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shapest(18) = 0.15p = .89, Cohen’'d = 0.06, 95 % CI(-0.81, 0.94), and pictureé3,36) =

1.32,p= .28,112 = .10, were well matched in terms of luminance (fable 2.3).

Table 2.3
Luminance in cd/m?® for sets of meaningless shape images and meaningful pictures used in

Experiment 1.

Set A SetB SetC SetD
M (SD) M (SD) M (SD) M (SD)
Shapes 117.29 (1.81) 117.42 (2.12) - -
Pictures 164.71 (11.87) 156.41 (8.27)  155.62 (8.54) 16015774)
Skirt Toaster Elephant
Natem Skiticult Frescovent

Figure 2.1. Examples of materials used in Experiment 1, from top to bottom - words, non-

words, pictures, and shapes.
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2.1.2.3 Procedure

Like in the other studies reported in this the&gperiment 1 used a recognition memory
paradigm that offered task support in terms of jliog some cue to the to-be-remembered

information at test.

2.1.2.3.1 Remember/Know recognition test
Using the R/K procedure, a participant is askegutige the kind of memory they have for

items that they clearly identify as studied pregiguFor R responses, the participant needs
to remember clearly the context or time of studyiimg item, i.e., any information about the
actual study episode, in addition to the item. Koesponses, a participant indicates that they
simply know that the item was presented without e@erbering any additional contextual
information - the item feels familiar to them. S@¢@bout this procedure is that it assumes
recollection and familiarity as mutually exclusipeocesses, whereas all other models of
recognition memory assume that they are independentopposed to other procedures,
participants are asked for subjective reports dicate a R or K response and, therefore, they
are not restricted in the information that they eember (Yonelinas, 2002). Research
investigating the influence of instructions andrtgrology on the R/K procedure found that
using neutral terminology such dype Aand Type Bmemory instead oRemembeiand
Knowled to more accurate results, in that FA ratesfoeesponses were reduced (McCabe &
Geraci, 2009). In addition, using a R/K judgemdtdraan Old/New judgement as a two-step
procedure rather than combining both judgements RIK/New procedure as a single-step,
also produced more accurate results (Eldridge ag8a& Knowlton, 2002). In the R/K/New
procedure participants did not reliably distingulsétween old and new items, leading to
increased FA rates for K responses (Eldridge e2@D2). Therefore, a Guess category can

be helpful to increase accuracy (Eldridge et &102).
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In the study phase of the current experiment, @pents were asked to memorise four blocks
of 10 words, pictures, shapes or non-words. Blaekee presented in counterbalanced order
across participants using a Latin Square, with &chea pair of participants (one ASD and
one TD individual with similar 1Qs) receiving idecal presentation orders of the materials.
Individual item presentation lasted 2 s and walewad by a 1 s blank, which was presented
in the same grey as the background for the masefaght after study, participants saw four
blocks with 20 items each sorted by material tyyaf of which had been studied previously.
The order of block presentation was the same atudy to ensure the same length of time
between study and test for all materials. Followan§xation cross presentation for 0.25 s
(baseline), each item was presented for 1.75esgtdfter which the R/K procedure followed.
The procedure was presented in two steps. Firgticipants were asked to indicate which
items they had seen previously by pressing theoppiate key on the keyboard (Old/New
judgement). For items indicated as old, a R/K judget followed, which was presented in
the form of Type A versus Type B memory. Particisanere asked to respond willgpe A

(R response), if they could remember clearly infation about the actual study episode, for
example, the context or the time of studying tlenitin addition to the item. Alype B
memory (K response) was that they simply knew teenihad been presented without
remembering any additional contextual informatitr (he exact R/K instructions given to
participants see Appendix 1 Section Al.3). Befdre test, participants had been given
examples of R and K responses, and at test theg wasked to justify their responses
verbally. Verbal responses were tape-recordeduidhér analyses. Figure 2.2 illustrates the

procedure of the task.
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Figure 2.2. Procedures for study (top) and test phases (bottom) of Experiment 1.

2.1.2.3.2 Pupillometry
After a standard five-point calibration procedyvapil diameter was recorded throughout the

task with a Tobii TX300 eye-tracker with a samplirege of 120 Hz. Customised Matlab
routines were used to remove artefacts, lineathrpolate blinks, and to extract the data. For
linear interpolation, the five samples before albland the five samples after a blink were
averaged and linearly interpolated so that missalges were incremented ending up with a
straight line connecting values before and afterbiivék. Applying a low-pass Butterworth
filter with a cut-off frequency of 1 Hz, high-freqocy noise in the data (e.g., caused by
partial blinks) was removed. The data for each wegee interpolated and filtered before
averaging them across the two eyes. A pupil siie veas then calculated (Heaver & Hutton,
2011) to control for natural pupil size fluctuatiamd differences in pupil size between
participants at baseline. For this, the maximum lpsige during item presentation (i.e., the
task-evoked pupillary reflex) was divided by thexmaum pupil size at baseline. Ignoring

data for the first test trial to reduce noise ia thata following the change from study to test,
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the data were averaged across trials separatelgdon material type and separately for
studied (old) and unstudied (new) items. To ingzdg potential pupil size differences for
correctly and incorrectly remembered items, enap@ind retrieval pupil size data were split
up according to behavioural accuracy. To avoidsa laf data, correct and incorrect data were
collapsed across the different materials, becausalh@articipants made mistakes for all
materials. To enable a detailed analysis of coragct incorrect responses to old and new
items for retrieval, the pupil size data were sbidecording to the four response types from

signal detection theory, i.e., Hits, FAs, Misseg] &orrect Rejections (CR).

2.1.3Results

The behavioural raw data were scored in terms @$ kpercentage of yes responses to
studied items), FAs (percentage of yes responsésréoitems), and corrected recognition
rates (Hits minus FAS). Results were analysed u€imgSquared tests, bivariate correlation
and linear regression analyses, independent samfasts, and repeated measures ANOVAs.
Greenhouse Geisser correction (GGC) was applie@nvwthe Sphericity assumption was
violated, and Bonferroni corrected post hoc testsewused to further investigate significant
differences between conditions. The level of sigaiice was set to .05 and Cohed’and

partial Eta-Squared are reported as effect sizesunes.

2.1.3.1 Accuracy behavioural test

2.1.3.1.1 Corrected recognition
The data, presented in Table 2.4 and Figure 2.6 arealysed using a 2 (Group [ASD, TD])

x 2 (R/K [Remember, Know]) x 2 (Modality [verbaljsual]) x 2 (Meaning [meaningful,
meaningless]) repeated measures ANOVA. This shasgrdficant main effects oGroup,

F(1,62) = 17.10p < .0001, Cohen'sl = 1.03, 95 % CI(0.50, 1.54), with higher corrected
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recognition rates for TD compared to ASD particisaR/K, F(1,62) = 120.63p < .0001,
Cohen’sd = 2.35, 95 % CI(1.88, 2.78), with higher correctedognition for R compared to
K responsesyiodality, F(1,62) = 5.04p < .05, Cohen’sl = 0.35, 95 % CI(0.00, 0.70), with
higher corrected recognition for visual comparedddal materials, anilleaning F(1,62) =
20.06,p < .0001, Cohen’'sl = 0.61, 95 % CI(0.26, 0.96), with higher correctedognition
for meaningful compared to meaningless materialsvévway Group x R/Kinteraction (see
Figure 2.3 left),F(1,62) = 13.68,p < .0001,%2 = .18, confirmed higher corrected R
recognition in the TD compared to the ASD gropps .0001, Cohen’'sl = 1.14, 95 %
CI1(0.60, 1.66). No between-group difference wastbin corrected K recognitiom = .21,
Cohen’sd = 0.31, 95 % CI(-0.18, 0.80). A significaNtodality x Meaninginteraction (see
Figure 2.3 right),F(1,62) = 35.84,p < .0001,%2 = .37, demonstrated higher corrected
recognition for meaningful pictures compared to niegless shapeg,< .0001, Cohen’d =
1.12, 95 % CI(0.74, 1.48), with no effect of meagnon memory for words vs. non-worgs,

= .24, Cohen'sl = 0.18, 95 % CI(-0.17, 0.53). Wodality x R/Kinteraction,F(1,62) = 5.27,

p < .05,np2 = .08, showed higher corrected R responses faravisompared to verbal
materials,p < .05, Cohen’sl = 0.36, 95 % CI(0.01, 0.71), and no differencenaen these
materials for corrected K respons@s= .66, Cohen'sd = 0.05, 95 % CI(0-0.29, 0.40).
Finally, a significant three-way interaction Mbdality x Meaning x R/KF(1,62) = 4.55p <
.05,r|p2 = .07, further qualified the interactions betwdleease factors. Specifically, the effect
of meaning on recognition performance was evidentcorrected R responses in that
meaningless non-words were slightly better recaghithan meaningful wordg = .08,
Cohen’sd = 0.26, 95 % CI(-0.09, 0.61), whereas meaningittupes were better recognised
than meaningless shapgs< .0001, Cohen'sl = 0.65, 95 % CI(0.29, 1.00). Corrected K
responses did not differ for verbal materials; .51, Cohen’sl = 0.11, 95 % CI(-0.24, 0.45),

but they were higher for meaningful pictures cormegato meaningless shapgs< .0001,
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Cohen’sd = 0.62, 95 % CI(0.26, 0.97). The absence of amjtiatal interactions involving
the Group factor-max< 1.03,Pmin > .31,np2max< .02, indicated that the attenuated levels of R
but not K responses in the ASD group were perdisieross meaningful and meaningless

verbal and visual materials.

Table 2.4
Means and Standard Deviations for Hits, False Alarms (FAs), and Corrected recognition
rates (Hits minus FAs) for recognition (total), Remember (R), and Know (K) responses for

words, non-words, pictures and shapes for ASD and TD groups in Experiment 1.

ASD TD Total
Total R K Total R K Total R K
M M M M M M M M M
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
Hits
Words 056 037 020 074 057 018 0.65 047 0.19
(0.28) (0.25) (0.17) (0.22) (0.28) (0.20) (0.26) (0.28) (0.18)
Non-words 064 043 021 0O.77 065 012 0.717 054 0.17
(0.26) (0.26) (0.20) (0.23) (0.24) (0.14) (0.25) (0.27) (0.18)
Pictures 0.82 056 026 091 075 015 086 0.66 0.21
(0.18) (0.27) (0.23) (0.16) (0.24) (0.19) (0.17) (0.27) (0.22)
Shapes 058 043 015 0.712 063 008 065 053 0.12
(0.26) (0.30) (0.15) (0.24) (0.24) (0.09) (0.26) (0.28) (0.13)
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ASD TD Total
Total R K Total R K Total R K
M M M M M M M M M
(SD) (sb) (SD) (SbD) (sb) (sb) (sb) (sb) (sb)
False Alarms
Words 0.12 005 0.07 008 004 004 010 0.05 0.05
(0.15) (0.09) (0.10) (0.10) (0.09) (0.06) (0.13) (0.09) (0.08)
Non-words 0.14 0.07 0.07 0.07 0.03 0.03 011 0.05 0.05
(0.18) (0.11) (0.10) (0.12) (0.08) (0.07) (0.16) (0.10) (0.09)
Pictures 0.07 0.02 0.04 0.06 0.03 003 0.07 0.03 0.04
(0.10) (0.04) (0.07) (0.11) (0.07) (0.05) (0.10) (0.06) (0.06)
Shapes 0.18 0.09 0.08 0.11 0.08 0.03 0.14 0.08 0.06
(0.18) (0.12) (0.12) (0.15) (0.10) (0.09) (0.17) (0.11) (0.11)
Corrected recognition (Hits - False Alarms)
Words 045 032 013 066 053 013 055 042 0.13
(0.28) (0.23) (0.21) (0.27) (0.30) (0.19) (0.29) (0.29) (0.20)
Non-words 050 037 014 070 061 0.09 060 049 0.11
(0.27) (0.25) (0.22) (0.25) (0.27) (0.13) (0.28) (0.29) (0.18)
Pictures 0.75 053 022 084 072 013 080 0.63 0.17
(0.22) (0.28) (0.24) (0.23) (0.27) (0.19) (0.23) (0.28) (0.22)
Shapes 041 034 0.07 060 055 0.05 050 045 0.06
(0.33) (0.32) (0.16) (0.26) (0.24) (0.12) (0.31) (0.30) (0.14)
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Figure 2.3. Displaying interactions for corrected recognition (Hits minus False Alarms) in
Experiment 1. Left: Group x R/K interaction - Remember and Know collapsed across
modalities and meaningfulness for ASD and TD groups. Right: Modality x Meaning
interaction - rates for verbal and visual materials sorted according to meaningfulness

collapsed across the two groups. The data are presented as mean + SEM.

2.1.3.1.2 False Alarms
To examine whether the attenuated levels of R resg®in the ASD group were the result of

a more lenient response criterion, FAs (see Taldlev2ere analysed using a 2 (Group [ASD,
TD]) x 2 (R/K [Remember, Know]) x 2 (Modality [veah visual]) x 2 (Meaning
[meaningful, meaningless]) repeated measures ANOVAis revealed a marginal main
effect of Group, F(1,62) = 3.65p = .06, Cohen’sl = 0.48, 95 % CI(-0.02, 0.97), with higher
FAs for the ASD compared to the TD group, as welaaignificant main effect dfleaning
F(1,62) = 6.51,p < .05, Cohen’sd = 0.36, 95 % CI(0.01, 0.71), with higher FAs for
meaningless compared to meaningful materials. Anifsignt Modality x Meaning
interaction,F(1,62) = 5.76p < .05,np2 = .09, showed higher FAs for meaningless shapes
compared to meaningful picturgs,< .01, Cohen'sd = 0.55, 95 % CI(0.19, 0.90), but no

effect of meaning on verbal materigts= .77, Cohen’'sl = -0.04, 95 % CI(-0.39, 0.30). No
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other main effects or interactions were significaax < 2.23, Pmin > .14, Np'max < .04,

including a Group x R/K interaction.

2.1.3.1.3 Sensitivity, response bias and goodness of fit agral

detection model
Slightly higher FAs for ASD individuals indicatefficulties in distinguishing old from new

items. Therefore, potential differences between ggadn response criteria were investigated
further by calculating measures of sensitivity amedponse bias (Gaetano, Lancaster &
Tindle, 2015) for the data presented in Table &dparate measures for sensitivity and
response bias are needed as they are confound#tieén measures such as Hits, FAs, and
corrected recognition rates (Stanislaw & Todord@99), and between-group differences may
be caused by potential differences in sensitiveégponse bias or both. A popular measure for
sensitivity is d’, which is, however, unaffected f@gponse bias only if the d’ assumptions are
fulfilled, which cannot be tested in yes-no tasRgafislaw & Todorov, 1999). Therefore, the
measure for sensitivity used here was A’ (PollackN&man, 1964), as it is nonparametric
and unaffected by response bias (Stanislaw & Toddt699). A’ values range from 0 (the
participant confused response categories), thrdugh(the participant did not distinguish
between old and new items), to 1 (the participastimyuished perfectly between old and
new unstudied items; Stanislaw & Todorov, 1999)spdmse bias was estimated by the
nonparametric measure B” (Grier, 1971), which shealses ranging from -1 (a bias to say
yes to all items), through O (indicating no resmobgs), to 1 (a bias to say no to all items;
Stanislaw & Todorov, 1999). A’ and B” were calca@dtfor overall recognition and R rates
using Hits and FAs to inspect the goodness offfihe signal detection model to the data (see
Bowler et al., 2000b; Gardiner & Gregg, 1997). Aoddit is indicated by similar A’ values
derived from recognition as well as R data (Gand&é&regg, 1997), indicating that R and K

respresent a unitary memory trace with stronger R} weaker (K) memories. A’ has,
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however, previously been reported as being higherdcognition compared to R responses,
using the R/K recognition procedure, supportingameh postulating R and K as two separate
processes (Gardiner & Gregg, 1997).

A’ data (Table 2.5) were analysed with a 2 (GrgA$D, TD]) x 2 (Modality [verbal,
visual]) x 2 (Meaning [meaningful, meaningless]) Z (Recognition/R [recognition,
Remember]) repeated measures ANOVA, which showgmifsiant main effects oGroup,
F(1,62) = 17.01p < .0001, Cohen'sl = 1.03, 95 % CI(0.50, 1.54), with higher A’ rates
the TD compared to the ASD group, aM@aning F(1,62) = 10.32p < .01, Cohen'd =
0.46, 95 % CI(0.11, 0.81), with higher A’ rates fmeaningful compared to meaningless
materials. There was also a significadality x Meaningnteraction,F(1,62) = 21.23p <
.0001,np2 = .26, with higher A’ rates for meaningful pictareompared to meaningful words,
p < .0001, Cohen'sd = 0.76, 95 % CI(0.39, 1.11), and slightly highet rates for
meaningless non-words compared to meaningless sh@ape.079, Cohen’'sl = 0.30, 95 %
CI(-0.05, 0.65). A marginally significarilodality x Meaning x Recognition/Rteraction,
F(1,62) = 3.95p = .05,np2 = .06, showed higher A’ rates for meaningful piegicompared
to meaningless shapes for both recognition andés raothp < .0001, Cohen’slyi, = 0.65,
95 % CI(0.29, 1.00). No significant differences séound in A’ rates for meaningful words
as opposed to meaningless non-words in recograimohR ratespmin > .18, Cohen’'$ax =
0.21, 95 % Gla{-0.14, 0.55). Most importantly, there was alsdagmificant main effect of
RecognitionRF(1,62) = 23.86p < .0001, Cohen’d = 0.43, 95 % CI(0.08, 0.78), with higher
A’ rates for recognition compared to R, indicatihgt the model did not fit the data well. No

other main effects or interactions were signific&ax< 2.58,pmin> .11,np2max< .05.
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Table 2.5

Means and Standard Deviations for A’ (sensitivity) and B” (response bias) for recognition

and R responses for words, non-words, pictures, and shapes for ASD and TD groups in

Experiment 1.

ASD TD Total
Rec R Rec R Rec R
M(SD) M (SD) M (SD) M(SD) M (SD) M (SD)

A
Words 0.81 (0.16) 0.78 (0.13) 0.89 (0.10) 0.86 (0.10)0.85 (0.14) 0.82 (0.12)
Non-words  0.84 (0.12)0.78 (0.15) 0.91 (0.10) 0.88 (0.12)0.87 (0.12) 0.83 (0.14)
Pictures 0.93 (0.08)0.86 (0.11) 0.95 (0.11)  0.92 (0.10)0.94 (0.10) 0.89 (0.11)
Shapes 0.78 (0.18)0.74 (0.21) 0.87 (0.14)  0.86 (0.13)0.82 (0.17) 0.80 (0.18)

B
Words 0.37 (0.45) 0.49 (0.36) 0.34 (0.34)  0.58 (0.25)0.36 (0.40) 0.53 (0.31)
Non-words  0.28 (0.46)0.47 (0.34) 0.33 (0.46) 0.55 (0.37)0.31 (0.46) 0.51 (0.35)
Pictures 0.24 (0.43)0.59 (0.26) 0.06 (0.41)  0.43 (0.39)0.15 (0.42) 0.51 (0.34)
Shapes 0.24 (0.37)0.37 (0.36) 0.31 (0.45)  0.48 (0.33)0.28 (0.41) 0.43 (0.35)

A 2 (Group [ASD, TD]) x 2 (Modality [verbal, visugl x 2 (Meaning [meaningful,
meaningless]) x 2 (Recognition/R [recognition, Ramber]) repeated measures ANOVA of
B” data (Table 2.5) showed a significant main dffecModality, F(1,62) = 4.72p < .05,
Cohen’sd = 0.32, 95 % CI(-0.03, 0.67), with higher B” rafles verbal compared to visual
materials, as well as a significa@toup x Meaninginteraction,F(1,62) = 4.09p < .05,n|02 =
.06, with a trend for higher B” rates for meanirsglecompared to meaningful materials for
the TD group, but meaningful compared to meanirsgteaterials for the ASD group, both
n.S., Pmax = .21, Cohen’sdmin = 0.25, 95 % CI(-0.24, 0.74). Again the main effet
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Recognition/Rvas significantf(1,62) = 59.36p < .0001, Cohen’dsl = 0.92, 95 % CI(0.55,
1.27), showing higher B” rates for R compared tocogmition. The effect was further
qualified by a significanMeaning x Recognition/Rteraction,F(1,62) = 5.73p < .05,%2 =
.09, which showed a trend for higher B” rates fazamingful compared to meaningless R
rates,p = .14, Cohen’'sl = 0.21, 95 % CI(-0.14, 0.56), which was not evidarrecognition
rates,p = .40, Cohen’'sd = 0.12, 95 % CI(-0.23, 0.47). Finally, a signiftdodality x
Meaning x Recognition/RF(1,62) = 7.34p < .Ol,np2 = .11, indicated higher B” rates for
meaningful words compared to meaningful picturesrémognition rates) < .01, Cohen’'sl

= 0.50, 95 % CI(0.15, 0.85), but not R rates; .63, Cohen’sl = 0.07, 95 % CI(-0.27, 0.42).

No other main effects or interactions were sigafiGF.x< 2.47,Pmin > .12,np2max< .04,

2.1.3.1.4 Episodic memory in R justifications
Participants’ justifications for R responses weapetrecorded, transcribed and classified

according to the kind of statements that were predudll participants provided detailed
justifications for all R responses, and it was ofefest to inspect the quality of R
justifications. One logical way of coding was tospect the number of associations
participants formed with information from the imnmse study episode and information
relating to general knowledge or personal expedsribat had not directly been part of the
study. Therefore, statements were categorisedtwaogroups - things that happenadhin
the actual study episode (item characteristics, &.gemember this because it was just one
sock.”, or study episode, e.g., “I pictured the avam my head.”), and information from
outside the study episode that the participant had relatedhe actual items (semantic
knowledge, e.g., “I remembered the apple becausaifruit.”, or personal experiences, e.g.,
“I had a sandwich for lunch.”). A second independater, who was blind to the predictions
and groups, and who had been trained on theseia&yitcored the transcripts of eight
randomly selected participants (four from each gjourhe strength of the inter-rater
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agreement between the scorings of the author sfthi@sis and the second rater, calculated
with Cohen’s kappa, was very goad= .827,p < .0001, showing that the aforementioned
scheme can be coded reliably.

The data (see Figure 2.4) were analysed using@@up [ASD, TD]) x 2 (Type of
EM statements [inside, outside]) repeated meas#BOVA. The analysis showed
significant main effects otGroup, F(1,62) = 16.76p < .0001, Cohen’'sl = 1.02, 95 %
Cl1(0.49, 1.53), with a higher number of EM statetsefior the TD compared to the ASD
group, andlype of EM statement8(1,62) = 8.97p < .01, Cohen’sl = 0.62, 95 % CI(0.26,
0.97), with more statements referring to informatfoom outside compared to within the
study episode. A significar@roup x Type of EM statememtteraction,F(1,62) = 4.50p <
.05,11,,2 = .07, showed more EM statements from outsidesthdy episode for the TIM =
16.50,SD = 8.06) compared to the ASD groud € 9.63,SD = 6.96),p < .01, Cohen'sl =
0.91, 95 % CI(0.39, 1.42), but a similar numberEd statements from inside the study
episode for both groupdifp = 9.38,SDrp = 5.88;Masp = 8.41,SDasp = 5.90),p = .51,

Cohen’sd = 0.16, 95 % CI(-0.33, 0.65).
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Figure 2.4. Number of EM statements referring to information from within (inside) and from
outside the study episode, reported as justifications for Remember responses in ASD and

TD groups in Experiment 1. The data are presented as mean + SEM.

2.1.3.1.5 Exploratory regression analyses regarding the effés of age
First, bivariate correlations were run (see Tablé),2which showed no significant

correlations between R or K responses and age.

Table 2.6
Bivariate correlations between corrected recognition for Remember and Know responses

and age for the participants in Experiment 1.

Remember Know

age -.05 21

Note. *significant at p < .05. **significant at p < .01.

It was, however, possible that the correlation ficiehts were affected by a third variable
that may have influenced the relationship betweemdponses and age (Bewick, Cheek &

Ball, 2003), and this variable may have been graughat age may have had a different
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effect on memory in the two groups. Therefore, sd¢canultiple linear regression analyses
were performed, including Age and a Group x Agenattion term, to predict behavioural
memory performance. The Group x Age interactioomtexplained 23.1 % of the total

variance, R = .23, F(1,62) = 18.57,p = .00, and it significantly predicted corrected R
recognitions = -.48, 95 % CI(-0.01, 0.00p,< .0001. Visual inspection of Figure 2.5 and the
regression coefficients showed that age was arbatéelictor of R responses in the TD as
opposed to the ASD group. Neither Age nor a GroWgg interaction term explained any

variance in corrected K recognition.
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Figure 2.5. The relationship between age and corrected recognition in Remember responses
in Experiment 1, showing a stronger age-related difference in Remember responses in TD

compared to ASD participants.
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2.1.3.2 Pupillometry measures

2.1.3.2.1 Baseline pupil size
Since there were no previous investigations of loes@upil size in adults with ASD, it was

first established whether findings of the curréntly were in line with the baseline pupil size
data in ASD children presented above. No signitidcstween-group differences in baseline

pupil size were found in the current study (seel@ a2).

2.1.3.2.2 Pupil Old/New effect at retrieval
An Old/New comparison can only be undertaken forretgeval phase of this experiment,

because all items presented at study (encodingg new to the participants and only at test
(retrieval), previously presented (Old) items warermixed with previously unseen (New)
items. The data presented in Table 2.7 and Figirev2re analysed with a 2 (Group [ASD,
TD]) x 2 (Modality [verbal, visual]) x 2 (Meaningreaningful, meaningless]) x 2 (Set [Old,
New]) repeated measures ANOVA. Significant maireetl$ ofModality, F(1,55) = 6.79p <
.05, Cohen'sd = 0.22, 95 % CI(-0.15, 0.59eaning F(1,55) =11.94p < .01, Cohen’'sl =
0.28, 95 % CI(-0.09, 0.65), arkt F(1,55) = 10.53p < .01, Cohen'sl = 0.22, 95 % CI(-
0.15, 0.59), showed larger pupils for verbal coredato visual materials, for meaningful
compared to meaningless materials, and for old cozdp@ new items. A significarf@roup

x Setinteraction,F(1,55) = 5.12p < .05,n|02 = .09, indicated larger pupils for old compared
to new items for the TD group,< .0001, Cohen’d = 0.38, 95 % CI(-0.14, 0.88), but similar
pupil sizes for old and new items for the ASD gropp .50, Cohen’'sl = 0.07, 95 % CI(-
0.47, 0.60). No other main effects or interactioveye significantfFmax < 2.65,pmin > .10,

Npmax< .05.
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Table 2.7
Means and Standard Deviations for maximum pupil dilation ratio (pupil size during task/pupil

size during baseline) for Old (studied) and New (unstudied) words, non-words, pictures, and

shapes for ASD and TD groups in Experiment 1.

ASD TD Total
Old New Old New Old New
M(SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Words 1.06 (0.10) 1.05(0.08) 1.07 (0.11) 1.06 (0.13) 1.07 (0.10) 1.05 (0.11)
Non-words 1.04 (0.06) 1.03 (0.10) 1.04 (0.06) 1.02 (0.05) 1.04 (0.06) 1.03 (0.08)
Pictures  1.03 (0.05) 1.03 (0.07) 1.07 (0.09) 1.03 (0.08) 1.05 (0.08) 1.03 (0.07)
Shapes 1.03 (0.04) 1.03 (0.06) 1.04 (0.06) 1.01 (0.05) 1.03 (0.05) 1.02 (0.06)

1.05 - mTD
2104 - OASD

Old New

Figure 2.6. Group x Set interaction displaying the maximum pupil dilation ratio (pupil size
during task/pupil size during baseline) for Old (studied) and New (unstudied) items collapsed
across modalities and meaningfulness for ASD and TD groups in Experiment 1. The data

are presented as mean + SEM.
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2.1.3.2.3 Pupil Old/New effect at retrieval - behavioural acaracy

2.1.3.2.3.1 Correct responses
To investigate whether the pupil Old/New effect wadated to the memory findings

presented above, pupil size data were sorted aogotd behavioural response accuracy.
Because not all participants had made mistakesalfomaterials, the data were collapsed
across materials and were analysed separatelyfogat and incorrect responses for old and
new items. Correct responses for old (Hits) and {e€R) items (see Figure 2.7) were
compared with a 2 (Group [ASD, TD]) x 2 (Answer ¢yjpHit, CR]) repeated measures
ANOVA. A significant main effect ofAnswer typeF(1,55) = 10.42p < .01, Cohen’'sd =
0.29, 95 % CI(-0.08, 0.66), showed larger pupilsHds (old items) compared to CRs (new
items), and a margin&roup x Answer typenteraction,F(1,55) = 3.96p = .05,n|02 = .07,
indicated that this was only the case for the Teu@rMMuic = 1.06,SDyit = 0.08;Mcr = 1.03,
SDek = 0.06),p < .0001, Cohen’sl = 0.47, 95 % CI(-0.05, 0.98), but not the ASD grou
(Myit = 1.04,SDyit = 0.04;Mcr = 1.03,SDcr = 0.07),p = .40, Cohen’'sl = 0.11, 95 % CI(-
0.42, 0.64). There was no main effecGrbup, F(1,55) = 0.28p = .60, Cohen’sl = 0.14, 95

% CI(-0.38, 0.66).
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Figure 2.7. Maximum pupil dilation ratio (pupil size during task/pupil size during baseline) for
Hits (correctly identified old items) and Correct Rejections (correctly rejected new items)
collapsed across the materials for ASD and TD groups in Experiment 1. The data are

presented as mean + SEM.

2.1.3.2.3.2 Incorrect responses
A 2 (Group [ASD, TD]) x 2 (Answer type [Miss, FAllepeated measures ANOVA

comparing incorrect responses for old (Misses) raawl items (FAs; see Figure 2.8) showed

no significant main effects or interactiom$,ax < 0.44,pmin> .51,np2max< .02.
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Figure 2.8. Maximum pupil dilation ratio (pupil size during task/pupil size during baseline) for
Misses (incorrectly rejected old items) and False Alarms (incorrectly accepted new items)
collapsed across materials for ASD and TD groups in Experiment 1. The data are presented

as mean + SEM.

2.1.3.2.4 Pupil effects at encoding - behavioural accuracy
Since it is possible that between-group differenéas later correctly and incorrectly

remembered items may have already existed at situdigs of interest to set pupil size at
encoding in relation to later response accuracyiding a loss of data resulting from ceiling
performance, the data were collapsed across mlatésee Figure 2.9) and were analysed
with a 2 (Group [ASD, TD]) x 2 (Accuracy [Corredhcorrect]) repeated measures ANOVA,

which showed no significant main effects or intéi@ts, Fnax < 1.35,Pmin> .25,np2max< .03.
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Figure 2.9. Maximum pupil dilation ratio (pupil size during task/pupil size during baseline) for
encoding data collapsed across materials and split up by later correct and incorrect
behavioural responses for ASD and TD groups in Experiment 1. The data are presented as

mean + SEM.

2.1.3.3 Correlations among behavioural memory and pupil sie

data
To confirm that the pupil Old/New effect at retriévaflects a memory phenomenon, pupil

data were set in relation to behavioural memorg.ddivariate correlations were run between
a difference score of pupil size to old and newngeand corrected recognition accuracy
collapsed across all four material types (Table.ZIBere were no significant correlations
between the two variables. Visual inspection of dla¢éa, however, showed that there were
two outliers (one ASD, one TD individual) in thepiusize data, who showed a strongly
negative pupil Old/New ratio, which was contrarypiedictions and unlike the difference
scores in all other participants. In both casespiin@l Old/New ratio was more than 3 SDs
below the group mean. It is possible that in these individuals there may still have been
some noise in the data or that their pupil Old/Neffect may have just been unusual.

Excluding these two individuals did not changerésults of the analyses reported above, but
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it led to a strongly significantly positive corrétan between behavioural memory accuracy
and the pupil Old/New difference (see Table 2.8peeially for ASD individuals, suggesting
that the larger the pupil response to old as oppts@ew items was at retrieval, the higher
were participants’ corrected recognition score® (Bgure 2.10), confirming that the pupil

Old/New effect reflects a real memory phenomenon.

Table 2.8
Bivariate correlations between behavioural corrected recognition accuracy and a difference
score of pupil size in response to previously studied (Old) and unstudied (New) items in

Experiment 1.

Pupil Old/New  Pupil Old/New? Pupil Old/Newrp  Pupil Old/Newasp

Corrected

recognition .16 .36%* .02 H52**

Note. *Pupil size Old/New difference after the exclusion of one ASD and one TD outlier.

*significant at p < .05. **significant at p < .01.
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Figure 2.10. Association between corrected recognition rates and the maximum pupil dilation
ratio (pupil size during task/pupil size during baseline) between old and new items. The
correlation illustrates that larger pupils in response to old vs. new items was related higher

corrected recognition rates in the behavioural response.

2.1.4Discussion
The aim of this study was to compare, systemayicd and K responses for different

materials in adults with and without ASD, manipirgtthe factors of modality and meaning,
and to examine the criteria, which both groups b#ssr recognition decisions on.
Pupillometry was used, in addition to behaviouranmory measures, to see if results would
be replicated with measures acting outside cons@waseness and to investigate whether it
would be possible to devise measures that woulgbrimciple, be suitable for the study of
memory in minimally verbal and/or preverbal indiwads with ASD. Finally, preliminary
analyses were run to investigate the effect ofageecognition memory in both groups.
Using the R/K recognition memory procedure, pgraats were asked to indicate

which of 20 words, pictures, non-words, and shape#f of which had been presented at
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study) they had seen previously, and to specifytindreor not they remembered any
contextual details about previously studied iteRw. the behavioural results, it was predicted
that both groups would produce more R compared tesdgonses, but that R rates would be
attenuated for ASD compared to TD participantswidts also predicted that ASD adults
would show lower overall corrected recognition,tthath groups would remember pictures
better than words, and that they would perform doetin meaningful as opposed to
meaningless stimuli. Interactions between modatitganing, and R/K were predicted to be
similar for both groups. It was predicted that ABdividuals would show higher FA rates,
lower sensitivity, and higher response bias, and thair verbal R justifications would be
restricted to information from the study episodeos¥iof these predictions were confirmed,
and results will be discussed in the next few palgs, which will be followed by a
discussion of the pupillometry findings.

As predicted, both groups showed significantlyhieigR compared to K rates, and R
rates were lower for ASD compared to TD individuatsnfirming previous findings of
reduced episodic and intact semantic memory in A&{e Section 1.4.1.2 and Bowler et al.,
2000a & b; 2007; Bowler & Ring, in preparation; Masd, 2011; Mayer et al., 2014;
Souchay et al., 2013; Tanweer et al., 2010; Gaigy).e2015). This conclusion was further
supported by higher A’ rates for recognition congobto R responses for both groups, which
support dual-process models of recognition mem@grdiner & Gregg, 1997; see Section
1.3.2 and the information presented earlier in tthiapter). Also in line with predictions,
ASD patrticipants showed lower overall correctedogeition compared to the TD group
(Bowler et al., 2004; Bowler & Ring, in preparatid®ouchay et al., 2013; Tanweer et al.,
2010). The Group x R/K interaction showed that tbierall reduction in corrected
recognition in ASD resulted from a selective impant in R responses, leaving K responses

in ASD intact. These data suggest particular diffies with the retrieval of relational
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information in ASD (Bowler et al., 2011), since &ponses require remembering the items
as well as the context of their presentation. Logkat justifications for R responses, ASD
adults struggled, in particular, with relating stuehaterial to contextual information from
outside the immediate context of the experimentleathey showed less difficulty in relating
study materials to contextual details from withime tstudy episode. This finding may,
potentially, help to clarify why R deficits in ASCatie not been replicated consistently across
all studies. For example, in some studies ASD imldials may have formed more relations
with details from outside the immediate study epésaat TD individuals may have related
more items to the immediate study context. A pdsditilow-up study of the current finding
of lower relations between items and context fransiole the experiment in ASD would be
to compare ASD and TD groups by using the R/K radamn procedure, specifically,
manipulating the extent to which participants néedelate the study material to extra- or
intra-experimental details to clarify whether aodwthat extent a R deficit in ASD exists if
both groups are asked to justify their R responegiés contextual details from within the
study episode. Previous inconsistent results mag hBo been caused by insufficient sample
sizes, not detecting smaller differences betweevugg in R responses and corrected
recognition rates. This idea is supported by mediartarge effect sizes for between-group
differences in previous R/K investigations in ASB.g., Bowler et al., 2000b; Massand,
2011). Differences between findings may also bateel to the task instructions. Whereas
participants were instructed to say ‘no’ when theyre unsure if they had studied an item in
the current study, in other studies participanty finave confused unstudied with familiar
materials, leading to increased K judgements. irtierpretation is in line with higher Guess
(Gaigg et al., 2015) or K rates for ASD compared Bindividuals in previous R/K studies
(Bowler et al., 2000a; 2007), and between-groufeifices in ERP data for K responses that

reflected increased Guess rates within K responsdbe ASD group (Massand, 2011).
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Difficulties in distinguishing old and new itemsASD in the current study were also evident
in terms of somewhat higher FA rates, as well agtcsensitivity. This finding is in line with
research on memory illusions, where ASD individdase reported seeing more lure words
that were orthographically related to the studientds compared to the TD group, especially
when words were emotionally arousing (Gaigg & BawRk909). More intrusion errors have
also been reported in the free recall of words 8DANndividuals (e.g., Bowler et al., 2000b;
2008a; Tager-Flusberg, 1991). Taken together, thesalts suggest some level of
confabulation in ASD, which may be related to a peobwith metacognition in terms of
response monitoring. Difficulties in this area InSB have been reported previously
(Grainger et al., 2014; Wilkinson, Best, Minshews&auss, 2010; Wojcik et al., 2013).

Regarding the behavioural manipulations, both graepsembered visual materials
better than verbal materials, confirming thieture superiority effec(Shepard, 1967)This
was especially true for meaningful materials. Atymie superiority may also explain previous
inconsistent results, for example, lower ratesllofory memory in ASD, when participants
were asked to memorise geometric shapes (Hilliamgbell, Keillor, Philllips & Beversdorf,
2007). These results also indicate that pictoriatemals are easier to remember for persons
with ASD.

In line with predictions, both groups rememberedamegful materials better than
meaningless materials, indicating that both grdopsd it easier to use meaning inherent in
the study materials rather than to establish meafinghe materials themselves. Against
predictions, but in line with Ameli et al. (198&nd like TD individuals, ASD individuals
showed particular difficulties remembering meanasgl materials, demonstrating an
advantage for meaningful materials also in ASDhia turrent study. R justifications in the
current study gave a hint that difficulties in RABD were not generally related to the use of

meaning inherent in the study materials, but tHaytwere related, specifically, to
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establishing links to information from outside #hetual study episode. This finding confirms
previous ideas that ASD individuals save every agesseparately, leading to reduced
generalisation of individual experiences and reducansfer of information across situations
in ASD (see Sections 1.2.5, 1.4.2.5.4; Plaistesl.ett998aSwettenham, 1996). Overall, the
behavioural memory data indicate that R difficidtia ASD are not specific to aspects of
language in that they expand to visual and non-meéui materials, and that they are of a
more general nature, hinting at problems with retetl processing in ASD (Bowler et al.,

2011).

Considering the exploratory investigation of theluahce of age on corrected
recognition, in line with predictions, no effect afje on K responses was found for either
group. However, age had a differential effect omeRponses in the two groups, in that a
stronger age-related memory difference was foumdl'id as opposed to ASD individuals.
This finding is in line with thesafeguard hypothesi$Geurts & Vissers, 2012), and a recent
study reporting reduced effects of age on visuamorg in large ASD compared to TD
samples (Lever & Geurts, 2016). It is importanhtde, however, that ASD individuals were
at a lower performance level in younger years aspaved to TD individuals, therefore,
supporting the ageing analogy of autistic memomywr, 2007).

Regarding the pupillometry data, it was expectetl Tizaindividuals would show the
pupil Old/New effect with larger pupils for previsly studied compared to unstudied items,
and that the ASD data would be characterised bynerease or a reduction of this effect.
Before looking at this effect, it was of interestdstablish whether increased baseline pupil
sizes found for ASD children (C. J. Anderson & Gohm, 2009; Blaser et al., 2014) were
also apparent in the adult data. This was not #se.cBaseline pupil sizes were similar in
both adult groups in the current study, finding support for an increased activity of the

autonomic nervous system in ASD adults. It is g@esihat ASD children show a difference
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in baseline pupil size that disappears in latesag®wever, inconsistencies in the findings
may also be related to “real” variability betweefffetent groups of participants. The latter
idea is supported by inconsistencies in findingagisther indicators of the functionality of
the autonomic nervous system in ASD (for a revie® Nuske et al., 2014a). Differences in
findings between studies may also be caused bgrdiit materials used, or by movement
artefacts, affecting pupil size measurements thatbetter controlled in some studies as
opposed to others (Nuske et al., 2014a). An adgaméthe current study is the large sample
size, which took care of some variability in theadaHowever, more research is needed to
clarify if the findings will be replicated.

Predictions regarding the pupil Old/New effect &veronfirmed. TD individuals
showed larger pupils for old compared to new itefmrs all materials and for correct
responses, which is in line with a growing bodyliwfrature (Gomes et al., 2015; Heaver &
Hutton, 2011; Montefinese et al., 2013; Otero et 2011; Pagsh et al., 2012; Vo et al.,
2008). In contrast, ASD individuals showed simifaupil sizes for old and new items,
suggesting that, physiologically, ASD individualsl chot distinguish between old and new
items. This finding fits with the behavioural mematata, showing higher FAs and lower
sensitivity. Correlations between the pupil Old/Neffiect and behavioural memory accuracy
suggest that the pupil Old/New effect reflectsa reemory phenomenon, and they highlight
the potential for its use in broader ASD populagionith more limited verbal and/or
intellectual abilities. It is important to note ththe significant difference in luminance
between meaningful pictures and meaningless shapalismay have confounded the data.
However, since verbal materials were well-matcheterms of luminance and other criteria,
such as numbers of letters and syllables, matewal® presented in blocks of the same
material type, and since the data were analysedimgnthe first item in every block, it seems

unlikely that these luminance differences affectieel main finding of the pupil Old/New
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difference. Because of the lack of previous finding pupil size relating to memory in ASD,
and in other psychological disorders, the currandifigs leave considerable room for
speculation.

In line with ERP studies that found a difference imemory-specific
neurophysiological activation between ASD and Tugs, as well as an absence of
prominent ERP Old/New effects known from the T@d#ture for ASD individuals (Massand
et al., 2013; Massand & Bowler, 2015), the curfeamdings suggest a different underlying
physiology for recognition memory in ASD. Massartdaé (2013) concluded from their
findings that episodic and semantic memory in AS&y e driven neurologically by a single
system rather than two different systems as in Mm8ividuals. In line with findings of
reduced pupilliary responsiveness to emotion in ASDske et al., 2014b & c), the current
findings suggest that differences in emotion andhory are signs of a more domain general
difference in ASD.

In a more general context, the lack of a pupil /R effect in ASD can be
interpreted in various ways. First, it may haverbeaused by a lack of interest in the
materials as pupillometry has been shown to ba&aigator of interest in pictures, food, taste,
and music (Sirois & Brisson, 2014). In additiongeadotal evidence suggested that autistic
people’s memory is guided by interest and what they not interested in, they do not
remember. This is, however, highly speculativeesgarch to demonstrate this remains to be
carried out. It seems also a rather unlikely exgiiam given that ASD participants,
behaviourally, recognised the studied materiakhécurrent study well above chance. Since
changes in pupil size have also been suggested tmhbndicator of cognitive effort (Van
Gerven, Paas, Van Merriénboer & Schmidt, 2004) eollection is more cognitively
demanding, a lack of a difference in pupil sizeNssn old and new items may indicate that

identifying an old item as old and a new item aw m&as similarly effortful or effortless for
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individuals with ASD. Pupil size is also seen asimdlicator of memory strength, in that
stronger memories were related to higher peakspil pize (Papesh et al., 2012). Therefore,
another possibility is that a reduced pupil size é&d items in ASD indicates weaker
memories. This idea is supported by slightly high&s and lower sensitivity in ASD in the
current study, as well as findings from other stgdisuch as higher K rates in R/K
recognition tests (Bowler et al., 2000a; 2007), enimtrusion errors in free recall tests (e.g.,
Bennetto et al., 1996; Bowler et al., 2000b; 2008ashew & Goldstein, 1993; Kamio &
Toichi, 2007), and sometimes more memory illusitmsASD compared to matched TD
participants (e.g., Gaigg & Bowler, 2009), indicatidifficulties to distinguish studied from
lure items in ASD. Physiologically, pupil responsage controlled by the locus coeruleus,
which is related to the hippocampus via noradrandrgnsmissions and it, therefore, either
inhibits or enhances hippocampal functions (AmagalSinnamon, 1977), having an
important role for long-term memory consolidatiomdaretrieval shortly after study (Sara,
2009). Finally, a lack of a difference in pupil sizetween old and new items may also be an
indicator of an information overload, apparent tigio a “levelling” of the pupil size, leading
to task disengagement. Pupil size levelling becoamsarent in the current study, when
inspecting Figure 2.6. Unlike amnesic patients shgwan increased pupil size for new
compared to old items (Laeng et al., 2007), ASDwviddals in the current study showed a
decreased pupil size for old items, which was sintid the size for new items. This reduction
of a pupil response has been observed previoushlyarking memory tasks with higher
processing load in patients with schizophrenia (Boém, Morris, Sarkin, Asarnow & Jeste,
1997), as well as TD OA (Van Gerven et al.,, 20@hjch further supports thageing
analogy of autistic people’s memory (Bowler, 2007). A pbss pathway for the lack of a
pupil size Old/New difference in ASD would be thask disengagement following overload

would lead to poorer encoding, ultimately producimgaker memories and, thereby, making
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it harder for ASD participants to distinguish beémeold and new items at test. Task
disengagement would be caused by lower norepinepluoncentrations (Hoffing & Seitz,
2015), having downstream effects, such as poor nisgaon of the study materials
(Southwick et al., 2011). Next to the locus coarsleeleasing norepinephrine (Goldinger &
Papesh, 2012), another brain region to investigatber in ASD would be the perirhinal
cortex underlying the pupil novelty response désctiabove, observed in amnesic patients
(Laeng et al., 2007). A lack of such a novelty prefice in the ASD individuals in the current
study may indicate that the perirhinal cortex walk&erently in this group.

Drawing together, the current study showed thatptinal Old/New effect at retrieval
is a useful measure for the study of the underlyhgsiology in memory in ASD. The
common pupil Old/New effect for TD individuals wesplicated and differential pupil sizes
for meaningful and meaningless materials for batbugs replicated behavioural effects of
the manipulations and indicated that meaningfulllteswere established with this new
technique. In addition, these findings extendedviptes research on the pupil Old/New
effect, suggesting that verbal and meaningful melsemay be more distinct and, therefore,
easier to remember, even without conscious awasendsst importantly, correlations
between behavioural memory and pupil size datacatdd that the pupil Old/New effect
reflects a real memory phenomenon. Following tl@mdnstration of the usefulness of this
measure, future research should adapt a pupilpsisigm for less verbal ASD individuals.
In a more general context, the absence of a pugiNew effect may be a potential candidate
for a biomarker for ASD in that a clearly atypigalpil Old/New effect was found that was
universal for different types of materials. A biakex would in this case be defined as an
objectively measurable indicator of a pathogeniocpss (NIH Biomarker Definitions
Working Group, 2001). Further demonstrations of #fifect in other ASD populations with

various cognitive and/or intellectual abilities a@eded, to establish if the absence of a pupil
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Old/New effect in ASD can really function as a bemker. In addition, future research should
compare, systematically, pupil responses for imbigls with different disorders, such as
ASD and schizophrenia or amnesia, to find out & #fosence of a pupil Old/New effect can
be established as something specific and uniq@e&o. Cross-disorder research to establish
the full variation of processes such as cognitoone of the aims of the Research Domain
Criteria debate (Cuthbert & Insel, 2013).

In conclusion, the behavioural memory data broadjlicate previous research by
showing that the EM impairment in ASD is universakoss different materials, and that
ASD individuals demonstrate clear difficulties immrembering contextual information and,
therefore, relational binding. With a R/K paradignspecial type of EM and context is tested,
i.e., memory for subjective context, because thdigyggant can choose which context
information to remember. The question arises whetkenembering a specific type of
context such as locations for objects on a compsateeen is also difficult for ASD
individuals. What follows on from this is the nefdl systematic investigations of different
forms of relational memory in ASD to see which asemost difficult and to increase
generalisability of the findings by using other maarely used materials rather than verbal
materials. These investigations of relational mgmwitl be presented in the next chapter in

Experiments 2 and 3.
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3 Chapter 3: Relational memory
3.1 Experiment 2: Object-location memory

3.1.1lIintroduction

3.1.1.1 Theoretical background
Previous research (see Section 1.4.1) and ExpetitnBave shown particular difficulties in

EM in ASD. EM can be distinguished intiem memory — thanemory for single units of
material with one meaning (Cohen et al., 199&ndrelational memory — thememory for
context information or relations among these itéBevachi, 2006) previously presented in
Section 1.3.2. Mostly, previous research has detraied intact item memory in ASD. Item
memory difficulties become apparent in ASD in tasisecifically probing relational
processing such as in Experiment 1, where reducechary for context information (R
responses) led to a decrease in item memory. Rédueeory performance in ASD can also
occur, when it is helpful to organise materialsioertain way, or when it is beneficial to use
meaning to relate these materials (Section 1.4.In3)ne with this idea, ASD participants’
task performance typically benefits from supporbtganise or retrieve materials (see Section
1.4.1.3). In relational memory, such as memory lfmations (Bowler et al., 20142004,
Cooper et al., 2015emino et al., in preparatiorgglours (Massand & Bowler, 2015), or the
temporal order of item presentatiddefinetto et al., 1996; Bigham et al., 2010; Bowleal.,
2016; Ni Chuileann & Quigley, 2013; Gaigg et al012; Poirier et al., 2011; see Section
1.4.1.4), difficulties in ASD memory are particllaapparent. This is important because
relational memory tasks represent the complex aabfirsituations in daily life better and,

therefore, present a more realistic test of everydactioning.
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Another characteristic of ASD memory is a diffiguibh explicit memory along with
intact implicit memory. As mentioned in Section .2,3xplicit memory saves information
that can be retrieved actively/consciously (Tulvi2§02), and it is typically tested with
direct memory tests that ask participants to anavguestion about the study episode (e.g.,
“Have you seen this item previously?”). By contrasiplicit memory refers to information
that underlies behaviour, but that is not necelysavailable for deliberate retrieval (Tulving,
2002). It is tested with indirect tests (e.g., wetem completion tasks, where participants are
asked to complete the item with the first thingt tb@ames to mind). An overview of thieur
previous studies that systematically compared expand implicit memory in ASD is

presented in Table 3.1. The studies will be desdritriefly in what follows.
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Table 3.1

Overview of studies directly comparing explicit and implicit memory in ASD and TD individuals.

Participant characteristics Materials Results Cohe’s
ASD TD ASD TD d
M (SD) M (SD) M (SD) M (SD)
Bowler, Matthews & Gardiner (1997)
N 16 (10 m) 16 (8 m) two word lists, same/differeategories
age 31.20(11.0) 33.30(11.4) Free recall - nr wordstled unrelated 5.06 (2.18) 5.56 (1.37) 0.27
VIQ? 99 (16.7) 96 (13.2) related 6.13 (1.98) 8.06 (1.06) 1.22
PIQ® 86 (19.2) 96 (10.3) 80 words (40 studied), generateead
Word stem completidn
Cued recall test - word stems as €ues
Gardiner, Bowler & Grice (2003) - Exp. 1
N 16 (13 m) 14 (13 m) 80 words (40 studied), generateead
age 31.60 (8.9) 31.30 (7.1)  Word fragment completion tsHRAs 0.25 (0.19) 0.23 (0.14) 0.15
VIQ? 90 (16.8) 93 (13.4) Cued recall test - word fragtees cues  Hits-FAs 0.35 (0.25) 0.41 (0.21) 0.25
PIQ® 86 (18.0) 86 (11.0)
Gardiner, Bowler & Grice (2003) - Exp. 2
N 10 (10 m) 10 (10 m) Word pairs, readability vsatetiness
age 28.30(5.3) 29.10 (4.6) Cue completion Hits-FAs 5000.12) 0.09 (0.12) 0.44
VIQ? 96 (17.4) 945 (12.9) Cued recall test - first wasdcue Hits-FAs 0.23 (0.14) 0.33 (0.20) 0.57
PIQ® 85 (13.6) 88 (17.1)
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Participant characteristics Materials Results Cohen’s

ASD TD ASD TD d
M (SD) M (SD) M (SD) M (SD)
Renner, Klinger & Klinger (2000)
N 14 (11 m) 14 (8 m) 126 black & white images, imagening
age 10.17 (2.3) 9.33(2.0) 42 images presented athblds image % old vs. 0.59(0.30) 0.60 (0.20) 0.04
identification new
VIQ? 101 (10.8) 109 (7.2) 42 images presented indivigual Hits-FAs 0.95 (0.07) 0.94 (0.07) 0.14
PIQ® 98 (12.7) 111 (10.3) Yes/No recognition test
Free recall test % recalled 0.22 (0.10) 0.2310.1 0.10

Note. 2Verbal IQ (WAIS or K-BIT). "Performance IQ (WAIS or K-BIT). °The results were presented only in a graph in Bowler et al. (1997).
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Bowler et al. (1997) reported intact cued recatb(eit memory) and word stem completion
performance (implicit memory) in ASD, but they falifower free recall (explicit memory)
for related word lists in ASD compared to TD adults two experiments, using the same
materials as Bowler et al. (1997), Gardiner et(2003), similarly, found no significant
differences between groups on completing word freighor associated word pairs (implicit
memory). However, ASD adults made significantly en&tAs on cued recall tests (explicit
memory). Increased FA rates may have partly belateeto the use of a verbal filler task
between study and test phases, which may have ssEohfASD participants about the study
materials. Other between-group differences, howavety have been masked by a lack of
statistical power because of the small sampleshhdtbeen tested, especially in Gardiner et
al.’s Experiment 2 (see effect sizes in Table 3RBnner et al. (2000) found no significant
differences between TD and ASD children on testg@ifceptual identification (implicit
memory), recognition, or free recall (explicit menyjoof black and white line drawings. The
interpretation of these results was aggravateddiing and floor effects in the recognition
and free recall tests, respectively, in both gro@®up differences were, however, obvious
when inspecting serial recall curves with primaoyg aecency effects (higher recall for the
beginning and the end items of the list), where ASidren recalled most items from the
end of the list, indicating a lack of a primacyeeff Overall, these four behavioural studies
suggest intact implicit memory for single words gmdtures in children and adults with
ASD, but slight difficulties in explicit memory appent through higher FAs in cued recall
tasks, impairments in free recall tasks, and aerad®s of the typical serial position curve in
ASD. Critical is thatthe tests for explicit and implicit memory neithead the same

instructions, nor were they comparable in their psstng requirements, i.e., complexity,
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which makes it possible that ASD participants mayehahown intact implicit memory
because the tasks used to measure it were lesseoompl

To bridge the two distinctions of item/relationatdaimplicit/explicit memory, a
paradigm has been developed that was based dPrtitess Dissociation Procedu(@DP;
Jacoby, 1991; Jacoby, 1998), measuring explicitiavgdicit relational memory. In the task,
participants were asked to study locations forypseg of objects in pictures of rooms, and
they were later either asked to replace the oletts previously studied location (‘include’
trials), or to pick a new location out of a chomfethree, including the objects’ old location
(‘exclude’ trials). This task has previously beemdisn TD OA, who showed a distinction
between impaired explicit and intact implicit oldjdacation memory compared to younger
TD participants. Based on the ageing analogy of AB&nory (Bowler, 2007) suggesting
that memory in (younger) ASD individuals paralltHat of TD OA, the use of this paradigm
would suggest a similar distinction of intact ingliand impaired explicit relational memory
in ASD. According to Postma, Kessels and van Ass¢k)08b) object-location memory
comprises at least three different processes: ribeepsing of the object, its location, and the
binding between object and location. To test thelelobject-location memory framework in
order to assess where difficulties lie exactly,esbjand location recognition and an object-
location binding task would be needed.

Regarding the two distinctions of item/relationatiaexplicit/implicit memory, Cohen
et al. (1997) argued that the distinction betwerplieit and implicit memory is not very
useful. Based on their research on amnesia thayedrghat such a distinction does not
describe all difficulties in memory that amnesibsw, and it also does not explain why they
show specific difficulties such as no new vocabyulaarning, even when tested with implicit

memory tests. These authors favoured the distindietaveen direct and indirect memory
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tests and suggested considering eye-movement nesaasiindirect tests of memory. That is
because eye-movement measures are of potentitd eselude the influence of expectations
on memory, for example, older adults’ expectatitmperform badly on a memory task, will
adversely influence their performance. The useyafraovement measures may enable a
comparison between different age groups to invatighe development of memory across
time. Eye-movement measures may also allow resear¢h develop paradigms for the use
with different species (e.g., rodents, humans, nordn primates), or different populations
(e.g., individuals with disorders, such as amnesthjzophrenia, and ASD, including less
verbal individuals, such as infants or ID populasijpriThe comparison of different species
may help to find out more about underlying brainchemisms of memory, which then may
support developing models to better describe merdiffigulties in a particular disorder and
better try to explain their origin (see Cohen ef &097; Hannula et al., 2010; Karatekin,
2007). Finally, Cohen et al. (1997) argued thamay be possible to answer questions
measuring eye movements that may not be answetbdottier measures. As an example,
these authors referred to research investigatingtlven amnesia is a deficit restricted to
conscious recollection, in which case amnesics shperform well on indirect tests of
memory, including eye-movement measures, or whdtreedeficit lies in the formation of
arbitrary relations between items, in which caskrectt measures should also show a deficit.
The latter turned out to be the case. Neither il@atimes, nor eye movements distinguished
between old unchanged and old manipulated scezeegny the researchers to conclude that
the deficit in amnesia lies in relational memory@n et al., 1997; Ryan, Althoff, Whitlow
& Cohen, 2000). Similar results have later beemibtor schizophrenia (e.g., L. E. Williams

et al., 2010), and a similar argument will be mhdee for ASD.
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Memory is reflected in eye movements in various svaylemory for previously viewed
material was shown through very similar pattern$iations during encoding and retrieval
(e.g., Underwood, Foulsham & Humphrey, 2009). Imditoh, semantic knowledge was
found to influence the viewing of images in whichjemts were either congruent or
incongruent with the general context of the imageg.( Hollingworth, 2009). At retrieval, it
has been found that previous viewing of an imadenately changed the way in which
participants viewed it the second time (Ryan, Hdan Cohen, 2007), a phenomenon
researchers called theye-movement-based memory efféaithoff & Cohen, 1999).
Previously studied images in a scene were fixateliee (R. E. Parker, 1978) and for longer
at test as opposed to new images (Ryan et al.,)280@ a comparison with trials that only
included unstudied images showed that this effe ecause of memory rather than caused
by instruction and an intention to select a certamage. Finally, relational memory for
locations (e.g., Ryan et al., 2000), pairs of itg@g., Hannula & Ranganath, 2009), and
temporal order (e.g., Ryan & Villate, 2009) has rbe#emonstrated by aelational
manipulation effect Regarding location memory, comparisons of eye enmmnts on
previously presented scene images with and witdetail changes revealed more fixations
on manipulated areas in scene images (e.g., Ryaah.,e2000). Most importantly, these
effects wereevident long before an explicit response was giveiparticipants Klannula et
al., 20079, when no explicit response was requested atHdhiula et al., 2007)when
participants did not distinguish correctly betwesd and new materials in an explicit test
(Cohen et al., 1997), or even when participantsewesraware of the relational information
their eyes were drawn tdRyan et al., 2000 Interestingly, in clinical populations that
typically show a deficit in explicit relational memy (e.g., amnesia or schizophrenia), this

relational manipulation effect has repeatedly béemonstrated to be absent (Hannula et al.,
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2007; Ryan et al., 2000; L. E. Williams et al., @)lindicating a more general difficulty with
relational processing beyond explicit memofinally, Hannula and Ranganath (2009)
reported that the expression of memory in eye mevgsnwas, similarly to explicit EM
retrieval, related to activity in the hippocampusdaPFC, validating the use of eye
movements as a measure of memory.

Previous research using eye-movement measuremendsSD is scarce and can
mostly be divided up into two strands. The firstastt measures eye movements to
investigate the underlying neurophysiology that rbaydifferent in ASD (Karatekin, 2007
provided an overview of relevant studies). Difftce$ in disengaging (Landry & Bryson,
2004) as well as in engaging (Van der Geest, Kem@amfferman, Verbaten & van
Engeland, 2001) attention have been found througgleer frequency of fast eye movements
in ASD as well as both longer (Landry & Bryson, 2Dp@nd shorter (Van der Geest et al.,
2001) time needed to look at a stimulus, partidipavere instructed to look at, suggesting
the involvement of the parietal lobes as an undeglyeural substrate for eye-movement
differences in ASD (Goldberg et al., 2002; Minshéwna & Sweeney, 1999; see Sections
1.2.7, 1.4.2.5.2 for details on attention theome&SD).

The second strand of research is the investigatiorye movements with social
stimuli to specify further the social impairmentsacacteristic for ASDGiuliani & Schenk,
2015) Here, ASD participants have repeatedly been fdonfixate for shorter on the eye
region of a face in a static image (Dalton et 2005; Yi et al., 2014) or a video clip (Klin,
Jones, Schultz, Volkmar & Cohen, 2002), and sonegito fixate for longer on other facial
regions, such as the mouth (Klin et al., 2002}hernose (Yi et al., 2014), indicating a bias in
the processing of images. Despite similar totahtion duration on the image as a whole

(Hedley, Young & Brewer, 2012), differences in egevement patterns at encoding (Snow
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et al.,, 2011) have been found to be related to A&Ricipants’ difficulties in recognising
faces (Chawarska & Shic, 2009; Hedley et al.,, 2088pw et al., 2011). Similarly, at
retrieval, fixation durations distinguished reliatddetween previously studied and unstudied
images of faces only for TD individuals, again cating difficulties in recognising
previously studied faces in ASD (Hedley et al., 201

Other materials than faces have so far only o lutilised to test attention in the
context of memory in ASD using eye movemeritsth, Gomez and Happ&011) asked
participants to read stories and then to look @&nes with objects that were relevant,
irrelevant, or neutral in the context of the sterig/hen tested for their memory for objects
seen in the pictures, ASD participants recalled efewstory-relevant objects than TD
participants and eye-movement data pointed to etluattention to story-relevant
information in ASD during the initial period of st viewing, suggesting that differences in
the allocation of attention during encoding playk in subsequent retrieval difficulties.

Following the literature reviewed above, the aimstleé current study were the
following. First, to bridge the distinctions betwedtem/relational and implicit/explicit
memory and to follow up on critical points regagliprevious literature, it was aimed to
systematically compare implicit and explicit retetal memory within the same paradigm
relying on the same relational processing requirgmeésecond, to examine the whole object-
location memory framework, it was aimed to test rmagmfor objects and locations, in
addition to testing memory for object-locations,see whether difficulties in item memory
exist and contribute to relational memory difficedt. Third, the potential effects of age on
explicit and implicit relational memory in both gimmiwere of interest. Following previous
results on the differences in attention allocaabrencoding, it was aimed to assess fixations

on the scenes presented at encoding to test fenjalit between-group differences. To assess
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whether results on explicit and implicit relatiormakemory can be replicated and extended
with a second less verbal/unconscious measurdidnsaat retrieval were examined.

Based on these aims, an object-location memory baslked on the PDP (Jacoby,
1991, 1998) was used asking participants to stuctynes of objects in locations in pictures
of rooms on the computer screen. At test, partitgpavere asked to replace the object in its
studied location for the include condition or to cke a new location out of a choice of three
locations in the exclude condition. Using the pmipoa of times participants chose the
previously studied location for both, include analade, conditions, indices for explicit and
implicit memory were calculated with the Jacobyniatae (Jacoby, 1991, 1998). In addition,
participants were tested for their memory for tieenis, i.e., single objects or locations, using
Yes/No and source memory tests, asking participaritether they remembered having
studied an object or a location and to name lonatior the studied objects and objects for
the studied locations. Fixations on the object, dbene, and the location were measured at
encoding. At retrieval, fixations on the previoustydied and new locations were assessed.

First, proportions of target relocations, i.e.,gdions of times participants chose the
old/studied location for the include and the exclumendition were examined. If ASD
participants have difficulties in relational memgtiyey will show lower target relocations for
the include and higher target relocations for theluwe condition compared to TD
participants. Second, to analyse these resultsone metail, estimates of explicit and implicit
relational memory for object-locations were anatlyské ASD participants show particular
difficulties in explicit memory, they will show a&duced explicit memory score but a similar
implicit memory score compared to TD individualsllbwing the second aim to assess item
memory in both groups, corrected recognition redesl source scores for objects and

locations were examined. If ASD participants han&&gt item memory, there will be no
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between-group differences in object and locatiomory. If persons with ASD benefit from
task support, no between-group differences willfdnend for source scores of object and
location memory tests. Regarding the third aimASD participants’ memory is similarly
affected by age as TD participants’ memory, botbugs will show a similar difference in
explicit relational memory related to age but no -ddierence in implicit memory.
Following Aim 4, fixation durations on the scenke tobject, and the location presented at
encoding were assessed. If ASD individuals shoicdities with relational processing,
these will be apparent already at encoding in reddixations on the scene image compared
to TD participants. Regarding the final aim, fixetidurations on the locations presented at
retrieval were examined. If persons with ASD shoffidalilties with relational processing,
they will show a reduced eye-movement-based mereffegt in reduced fixation durations
on previously studied locations compared to TD ip@dnts. Therefore, relational memory
difficulties will also be present for implicit memg demonstrating particular difficulties in
relational memory rather than explicit retrieval A8D. Finally, if fixation durations at
retrieval reflect a real memory phenomenon, eye-rmave data will correlate with

behavioural memory data.

3.1.1.2 Predictions

It was expected that ASD adults would show a simdlatinction between impaired explicit

and intact implicit memory for object-locations that found in TD OA (see Kessels et al.,
2005b). This would be related to lower proporti@migarget relocations for the include and
higher for the exclude condition compared to TDividhals. ltem memory and source scores

for single objects and locations were expected timtaet in ASD.
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Based on Kessels et al. (2005b), no effect ofaganmplicit relational memory was
expected. Based on Experiment 1, it was expeciadatipe would have a more pronounced
effect on explicit relational memory in TD as opedsto ASD participantssafeguard
hypothesis Geurts & Vissers, 2012; Lever & Geurts, 2016).

Regarding the eye-movement data, based on thetliter on face (reviewed in
Section 3.1.1.1) and object processihgtl et al., 2011)reduced attention to the scene
image presented at encoding was expected. At valyidSD individuals were expected to
show a reduction of the eye-movement-based memfiegctefound in TD participants
(Althoff & Cohen, 1999; Ryan, et al., 2007) withdteed fixation durations on previously
studied locations. Therefore, relational memorfidifties would also be present for implicit
memory (as demonstrated in Cohen et al., 1997; Ryah, 2000; L. E. Williams et al., 2010

for patient populations).

3.1.2Methods
3.1.2.1 Participants

3.1.2.1.1 Behavioural data
Previous studies of this kind, which have all detd@a between-group difference in explicit

but not implicit relational memory (Hampstead, &ger, Stilla, Amaraneni & Sathian, 2011;
Kessels, Feijen & Postma, 2005a; Kessels et aD52Z0Postma, Antonides, Wester &
Kessels, 2008a), have included 25 participantsgoeup on average. In addition, power
calculation using G*Power (Faul et al., 2007) showieat 16 participants in each group
would be needed to find the predicted between-gdiffigrence in explicit relational memory
with an effect size of Cohents= 1.19 and a power of 0.90 (Kessels et al., 2085&. C.

Kessels - personal communication, September 2,)204f€r the exclusion of three TD
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participants (two merMage = 54.72 years, age range: 51-8R,o = 100,Mpig = 99, Mg =
100), who did not differ significantly from the tesf the sample in terms of gende? =
0.07,p = .79, CA, VIQ, PIQ, or FIQtmax < 1.73,pmin > .09, Cohen'dyax < 1.07, 95 %
Clnad(-0.21, 2.26), and whose testing sessions hadreithen disrupted by loud building
noise, who had reported getting confused by the itegructions, or who had performed the
task at chance level, the final sample includedR317 menMage= 40.87 years, age range:
20-61) and 25 ASD adults (20 mdviage = 42.13 years, age range: 25-69), all performing
above chance on the task. Groups were closely nthmheenderX’ = 0.25,p = .62, CA,
VIQ, PIQ, and FIQ, as measured by the WAIS!I(The Psychological Corporation, 2000;
see Table 3.2). ASD compared to TD participants digdificantly higher scores on the AQ
(Baron-Cohen et al., 2001). Twenty-two ASD indivatki were assessed with the ADOS
(Lord et al., 1989). Three of these had total ssqust below the cut-off score of seven, but
they were nevertheless included in the sample dimeg all had received a formal clinical
diagnosis of an ASD before testing. Similarly topExment 1, ASD participants reporting
comorbidities and psychotropic medication use waokuded in the sample (see Section
2.1.2.1). In the current study, 28 % of ASD papasits had reported comorbidities and/or
psychotropic medication use. Dyslexia (29 %), degimn (14 %), anxiety disorder (14 %)
and ADHD (14 %) were most common. In addition, 57 c¥%o ASD participants took
antidepressants, and 14 % took antipsychotic medicaASD individuals with and without
comorbidities and medication use did not diffemgfigantly in terms of gendeX®= 0.45,p

= .50, CA, VIQ, PIQ, and FIQmax < 1.34,pmin> .19, Cohen’slyax< 0.59, 95 % Gla(-0.31,
1.47). In addition, analysing the data without A8idividuals that reported comorbidities

and/or medication use left the results reportedweinaffected.
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Table 3.2

Descriptive statistics for ASD and TD individuals, who participated in Experiment 2.

ASD (20m, 5f)  TD (17m, 6f) Ceh's

Measure M SD M SD t(46) p d Cl

Age (years) 42.13 13.2 4087 135 033 .75 0.09 -0.47,0.66
VIQ? 108 150 114 123 141 .17 041 -0.17,0.97
PIQ® 106 156 109 11.0 0.88 .39 025 -0.32,0.82
FIQ® 108 15.4 113 122 123 .22 0.36 -0.22,0.92
AQ“ 32.58 6.2 1413 58 1059 .00 3.09 2.20,3.88
ADOS-C' 2.68 (0-6) 1.5

ADOS-RSI® 6.27 (3-12) 2.5

ADOS-Total" 8.95(5-17) 3.1

ADOS-Im' 1.24 (0-2) 0.6

ADOS-SB 1.27 (0-3) 1.1

Note. @Verbal IQ (WAIS-I11"F). PPerformance 1Q (WAIS-111"%) °Full-scale 1Q (WAIS-IIIY). AQ

- Autism-Spectrum Quotient. ®here t(45) - all participants, but one ASD individual, had filled

in the AQ. 'ADOS - Communication subscale. YADOS - Reciprocal Social Interaction

subscale. "ADOS Total score - Communication + Reciprocal Social Interaction. 'ADOS -

Imagination/Creativity subscale. 'ADOS - Stereotyped Behaviours and Restricted Interests

subscale. For ADOS scores, range of scores in brackets.

No implicit memory score was available for six TlOUr men,Mag. = 35.54 years, age range:

20-53,Myig = 120, Mpig = 112, Mgg = 118) and four ASD individuals (three mé¥ge =

38.60 years, age range: 32-3yiqo = 117, Mpig = 118, Mgq = 120), who performed at

ceiling. They did not differ significantly from thest of the sample in terms of gend&ax
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= 0.22,Pmin = .64, and CAfmax < 1.14,Pmin > .26, Cohen'Snax< 0.55, 95 % Ghax(-0.42,
1.46). However, whereas the excluded TD adultsduamlar VIQs, PIQs, and FIQ$max <
1.40,Pmin > .17, Cohen'dna< 0.67, 95 % Gla(-0.31, 1.59), as the rest of the TD sample,
the excluded ASD adults had significantly higheQ¥]tyiqo = 2.60,pviq = .02, Cohen’slyig

= 0.72, 95 % Gla(-0.39, 1.78), and slightly higher PIQsio= 1.81,ppig= .08, Cohen’slpig

= 0.99, 95 % Glaf-0.15, 2.06), and FIQ$z0= 1.76,pro = .09, Cohen'slgg = 0.96, 95 %
Clnax-0.17, 2.03), compared to the other ASD participaiihe remaining 17 TD (13 men,
Mage = 42.76 years, age range: 23-61) and 21 ASD (117, Mgy = 42.80 years, age range:
25-69) participants were still matched in termgyender X*= 0.11,p = .74, CA, VIQ, PIQ,

and FIQ,tmax< 118,pm|n> 24, Cohen1$jmax< 039, 95 % C]lax('027, 102)

3.1.2.1.2 Eye-movement data
Four (two menMage = 40.58 years, age range: 23-88q = 114,Mpig = 111,Mg g = 114)

out of 23 TD and five (four memMage = 46.81 years, age range: 31-68,q = 114,Mpq =
101,Mgiq = 109) out of 25 ASD individuals, who did not @iffsignificantly from the rest of
the sample in terms of gendéfmax= 1.44, pmin = .23, CA, VIQ, PIQ, or FIQtma < 0.92,
Pmin > .37, Cohen'dnax< 0.46, 95 % Gla(-0.55, 1.43), were excluded from the analyses
because customised Matlab routines had indicatatl iore than 20 % of their eye-
movement data were invalid, leaving a sample offD9(15 men,Maqe = 40.94 years, age
range: 20-61) and 20 ASD adults (16 mbhg = 40.96 years, age range: 25-69). Groups

were matched on gendé€ = 0.01,p = .94, CA, VIQ, PIQ, and FIQ (see Table 3.3).
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Table 3.3

Descriptive statistics for ASD and TD participants for whom eye-movement data were

available in Experiment 2.

ASD (16m, 4f)  TD (15m, 4f) Ceh'’s
Measure M SD M SD t(37) p d Cl
Age (years) 40.96 13.1 40.94 130 001 1 0.00 -0.63,60.63
VIQ? 107 16.1 114 114 154 .13 049 -0.15,1.12
PIQP 107 16,5 109 10.3 043 .67 0.14 -0.49,60.76
FIQ® 107 166 112 11.1 109 .28 0.35 -0.29,0.98
AQ“ 32.68 54 1521 54 1082.00 3.25 2.23,4.14
ADOS-C' 2.11 (0-4) 1.2
ADOS-RSI 5.61(3-10) 2.0
ADOS-Total"” 7.72(3-12) 2.0
ADOS-Im' 1.24 (0-2) 0.7
ADOS-SB 1.00 (0-3) 1.0

Note. 2Verbal 1Q (WAIS-111%%). *Performance 1Q (WAIS-1I1'Y) °Full-scale 1Q (WAIS-1I1'Y). “AQ

- Autism-Spectrum Quotient. ®here t(36) - all participants, but one ASD individual, had filled

in the AQ. 'ADOS - Communication subscale. YADOS - Reciprocal Social Interaction

subscale. "ADOS Total score - Communication + Reciprocal Social Interaction. 'ADOS -

Imagination/Creativity subscale. 'ADOS - Stereotyped Behaviours and Restricted Interests

subscale. For ADOS scores, range of scores in brackets.

Eye-movement data were further investigated byttspli them up by later accuracy in the

behavioural test. Six TD (four mellage = 35.54 years, age range: 20-88yq = 120,Mpig =

112, Mgig = 118) and three ASD individuals (all mévi,ge = 34.91 years, age range: 32-40,
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Mvig = 116, Mpig = 122,Mgo = 121), who did not differ significantly from thest of the
sample in terms of gendemnax= 0.88,pmin = .35, CA, VIQ, PIQ, or FIQmax < 1.79,Pmin >
.09, Cohen'dmax< 1.13, 95 % Glax(-0.20, 2.34), did not make mistakes in the behaaio
test and, therefore, had to be excluded from thi/sisdor incorrect trials, leaving a sample
of 13 TD (11 menMayge = 43.43 years, age range: 26-61) and 17 ASD (118 Mg = 42.03
years, age range: 25-69) individuals. Groups welterstched on gendek?= 0.31,p = .58,

CA, VIQ, PIQ, and FIQtmax < 1.17,pmin> .25, Cohen’Simax< 0.42, 95 % Glal-0.34, 1.12).

3.1.2.2 Materials

3.1.2.2.1 Object-location task
To choose object locations for the main study, &2 (men) City, University of London

undergraduate students, aged 19 to 40 yddyg € 24.37), took part in a pilot study. Nine to
12 context-appropriate pictures of objects (e.gioahbrush in the bathroom), each, were
presented with seven pictures of rooms (e.g., kitchmthroom) on a computer screen.
Pictures of the rooms filled approximately 80 %itloé screen, and objects were presented,
one at a time, underneath the room pictures. Haatits were asked to click on up to 15
different locations that they considered approprfat each object (e.g., a toothbrush was put
next to the sink, in the cabinet above the sinkpext to the bath, etc., in the bathroom). All
selected locations of all participants were thepesimposed on the room pictures and a 96-
cell grid overlay was used to rank-order all pogsdbject locations in terms of the frequency
with which participants had endorsed them as pideisiThree locations were then selected
for each object for the experiment proper — a talggation, in which the object was to be
presented during the learning trials, and two dddér locations for the test trials. The target
location was always the location in the middle loé rank order distribution of the pilot

study, while avoiding the same location for targefsdifferent objects. One distracter
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location was chosen to be ranked as more likelyribtithe most likely) and the other as less
likely (but not the least likely) than the targetation. Objects with an insufficient number of
plausible locations were excluded. Finally, adjustis were made to render all locations
appropriate (e.g., a watering can was put on tagptable in the picture of the garden, instead
of half way on top and half way underneath it). @o@m with five objects for practice trials
and six rooms with eight objects each for experialetnials were selected. An overview of

all rooms with their objects is provided in Tablg i Appendix 2.

3.1.2.2.2 Object and Location recognition and source memory
In addition to the 48 objects from the object-lomattask, 48 new objects were presented as

foil items in theobject recognitiortest, making 96 coloured pictures of everyday gem

In addition to the 72 target and distracter locaitor the 24 objects that participants
had studied during the object-location test, 24 hewvations were presented as foils in the
location recognitiortest, making 96 locations in total. These 96 lioceat were formed by 16
locations for each of the seven rooms. Out of thdot@tions, 12 were familiar from the
object-location task, i.e., four target (one focte@bject) and eight distracter locations (two
for each object), and four were new locations (fmveeach object) that were chosen to be

more or less likely than the target and distralcteations.

3.1.2.3 Procedure

3.1.2.3.1 Object-location task
Standard measures of memory are often criticisedalse of their tendency to overestimate

recollection in not taking into account automatiogesses or guessing (Jacoby, Toth &
Yonelinas, 1993). An alternative, the PDP, was tbpeaxl by Jacoby (1991, 1998) that aimed

at increasing recollection accuracy by setting lfection in relation to “informed guessing”
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(so-called more automatic processes, which Yonglig@02 referred to as familiarity). To do
this, Jacoby et al. (1993) usedcludeandinclude instructions and developed formulae to
directly calculate the contribution of recollectiamd familiarity to memory performance.
Under theincludeinstruction, participants are asked to respont wieé material they studied
previously (e.g., an originally studied location &r object). A correct response is either the
result of recollection (Rec in the formulae) or faanity (F in the formulae) in case
recollection fails.

Include = Rec + F * (1 — Rec) Q)
In the excludecondition, participants are instructed to compléte question with a new
unstudied answer (e.g., a new location for the studibject). Participants are expected to
answer with the old material (e.g., the objectd’ studied location), if conscious recollection
fails and more automatic processes take over.

Exclude = F * (1 — Rec) (2)
Recollection results from the difference betweem pinoportions of old material in include
and exclude conditions.

Rec = Include — Exclude (3)
Familiarity is the quotient of exclude and failedtollection.

F = Exclude / (1 — Rec) (4)
The procedure assumes that recollection and famtyliare independent, which is in line with
most other models of recognition memory (Yonelirf¥)2). Recollection has been argued to
occur in include and exclude conditions with equalbability, especially when the order of
the presentation of the conditions is mixed (Jacetbgl., 1993). The influence of familiarity
is thought to be constant in both conditions, whidn be checked, empirically, by

calculating FA rates (i.e., a participant indicategew item as old). If these are similar in
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both conditions, the influence of familiarity isotight to be equal. For differing levels of FAs
for recollection and familiarity, procedures of mtion have been developed (Roediger &
McDermott, 1994). In contrast to the R/K proceduhe PDP is a more strict measure of
recollection in that participants are told whatémmember. If they remember something else
about the material from the study phase (e.g.thtbaghts they had at the time of encoding),
this partial recollection is not measured with firecedure (Yonelinas, 2002). Because the
original procedure(Jacoby, 1991) does not take correct guesses ttouat (Buchner,
Erdfelder & Vaterrodt-Plunnecke, 1995), Buchnerakt(1995) and Caldwell and Masson
(2001) developed means to control for them. The PR® been used widely to measure
explicit and implicit memory (e.g., David & Brow2003; Destrebecqz et al., 2005; Postma
et al., 2008b; Hampstead et al., 2011), since thsrestudies suggesting a relation between
conceptual implicit memory and familiarity (Wagné&abrieli & Verfaellie, 1997; W. C.
Wang, Ranganath & Yonelinas, 2014; W. C. Wang & &loras, 2012).

In the current study, the paradigm required paréiots to recall the locations of
objects, by placing them into the previously stddlecations (include trials) or in new
locations (exclude trials). This procedure alloviled calculation of estimates of explicit and
implicit memory (see formulae presented above).

The task was presented on a computer screen usikmnie software. Following a
familiarisation phase of five practice trials, pagants were presented with 2tudytrials in
which they were asked to memorise the location$dor object pictures each in six pictures
of rooms. In each trial, participants were showpieture of a room with a red frame,
highlighting a target location in the room, and @bject picture presented underneath the
room image, on the computer screen. Participante wsked to click on the object image

(object-click; Phase 1), after which a red frampegyed around it. Next they needed to click

163



on the location (location-click; Phase 2), afternichhthe object image was presented in this

location for 3 s before the next trial started éalbjin location; Phase 3; see Figure 3.1).

Until object-click Until location-click 3s

Old Location D Old Location

Until object-click Until location-click 3s

Figure 3.1. Examples of study phase (top) and test phase (bottom).

At test which followed right after study, participants neeassessed for their memory for the
object locations in the rooms. The 24 originallydséd objects were intermixed with 24 new
objects (four per room) to control for chance perfance. This time, three locations were
highlighted by red frames in the room images, antigiants were instructed, first, to click
on the object (object-click; Phase 1), after whiclhed frame appeared around it, and the

instructions — old location or new location — appéaon both sides of the object image.
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According to the instructions, participants hadeétect one of the three locations by clicking
on it (location-click; Phase 2), i.e., the previgustudied location for old location (the
include condition) or one of the two new locatidas new location (the exclude condition),
after which the object image appeared in the sadekdcation for 3 s (object in location;
Phase 3; see Figure 3.1), and the next trial stalteportantly, the instructions placed very
similar demands on the participants in terms ofeeal effort.

At study and test, participants were asked to comime the task by naming the
objects, by reading out loud the instructions, bpdlescribing the selected locations briefly,
to ensure that they were paying full attention, #mat they verbalised the materials to a
similar extent. Objects were counterbalanced acrb&s test conditions, i.e., across
participants each object was tested under inclindeeaclude conditions an equal number of
times. The two sets of 24 items were counterbathaoeoss participants, so that half of the
participants studied items from Set A and saw itéimis Set B as new items and vice versa
for the other half of the participants. The ordétr@al presentation and test conditions was

completely randomised.

3.1.2.3.2 Object and Location recognition and source memoryests
Participants’ memory for objects and locations enésd in the object-location task was

tested in separate recognition memory tasks, inxemgpreviously presented items with new
materials to control for chance performance.

In theobject recognitiortask, participants were presented with 96 pictofesbjects,
one at a time on the computer screen, and weral askimdicate whether they had seen an
object previously in the object-location task, gsanYes/No procedure. For objects identified

as familiar from the previous task, participantsravasked to name one of the objects’
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locations from the object-location task verballytést source memory. Participants’ verbal
responses were audio-recorded for further analysis.

Similarly, for the location recognitiontask participants were presented with 96
images of the rooms with one location each higdighParticipants were asked to indicate if
they had seen the exact location highlighted in dbgct-location task, using a Yes/No
procedure. For a Yes answer, participants weredatgkeaame the object they had studied in
this location previously. This source informatioasnaudio-recorded for further analysis.

Because of a recording problem during one of te&ng sessions, audio-recordings
were available for all participants but one ASDiwndual. Audio-recordings were transcribed
and scored in that participants received creditrfaming the correct objects or locations.
Regarding the locations, participants were allowea@hoose from the three locations each
object was presented with during the object-locatask (one target, two distracters). If there
was more than one possible location that fittedpiaticipants’ description, they were given
credit in the benefit of the doubt (e.g., “Somelessayes | do remember, and | remember
putting them in the middle of the floor in the bathm.”). Similarly, in seldom cases, where
two objects (one from the study and one from tret $et) had been placed in the same
location during the task, credit was given for nagneither of the two. This was the case for
16 out of the 144 possible locations (48 objedtsed locations each). Groups did not differ
in the number of times they named an object froetést rather than the study &= 3.52,

pP= A7 NASD =31,Masp = 1.29;Np = 26,M1p = 113)

3.1.2.3.3 Eye movements
There are different types of eye movements. Inreshto saccades, which are very fast eye

movements to a point of interest, fixations araquer of relative pause between saccades, in

which the eye takes in information at the sharpest of vision, the fovea. Fixations are
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typically defined as having a minimum duration 60Ims, and they usually last between 200
- 300 ms (HannulaRyan, Tranel & Cohen2007). During fixations the eyes are, however,
not static, but they show small movements (Marti@ende, Macknik & Hubel, 2004).
Fixations take longer when a task is more diffi@ant the longer a task lasts, the more often
the eye returns to points of interest, insteadnaflysing every little detail of an image. The
area fixated is taken as a measure of what isdteto, and the duration of a fixation is seen
as an indicator of how much time an individual neealrocess the information that is
attended to (Karatekin, 2007). On this basis, rebeas distinguish between eye movements
directed at the whole display, for example, an iemafja scene, and eye movements related
to specific regions of interest (ROI), defined Ie texperimenter, such as eye and mouth
regions in a face (Hannula et al., 2010), or okjactd locations for these objects in the scene
image. The data is typically presented as a prapodf viewing time by dividing the time
spent looking on a ROI either by the total timerddeoking on the stimulus, or by the total
trial duration (Hannula et al., 2010).

In the current study, eye movements were monittineasughout the object-location
memory task (but not the item tests) using a ToKBOO eye-tracker with a sampling rate of
120 Hz. The measurement started after a standar¢gbint calibration procedure. After data
collection, customised Matlab routines extracteddhetions, latencies, and co-ordinates of
all fixations lasting a minimum of 100 ms. Regagdencoding total fixation durations were
averaged across all trials to derive the averaggtteof time participants spent looking at the
scene, the object, and the target location. Thatewlere then further split up by behavioural
accuracy, deriving average looking times on scebgect, and target location for trials on
which participants subsequently gave correct andriact responses at test. Hetrieval,

total fixation durations were averaged acrossdrial derive average looking times for the
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target location and an average for the two distratdcations, separately for include and
exclude test conditions and the three phases diritdg(i.e., object-click, location-click and
viewing of the object in location; see Figure 3TNe analysis focussed on Phase 2 (location-
click) — the period of active retrieval — lastimgrh the appearance of the instructions on the
screen until the selection of the location by theétipipant. Preliminary analysis showed that

most eye movements happened in this period.

3.1.3Results

Results were analysed using Chi-Squared tests formab data, independent samples t-tests,
repeated measures ANOVAs and ANCOVAs, bivariateetations, and linear regression
analyses. GGC was applied in case the Sphericstynastion was violated. The significance
level was chosen at .05 for all tests and post tests were calculated for significant

differences. Cohen’d and partial Eta-Squared are reported as effegtrseasures.

3.1.3.1 Object-location task

3.1.3.1.1 Accuracy
The proportions of times participants chose thevipusly studied/target locations were

calculated for the include condition, where papidrits had been asked to click on the old
location (in this case a correct answer), and tieréxclude condition, where they had been
asked to click on a new location (clicking on the location would in this case have been an
incorrect answer). Analysing these proportionsthfa 24 previously unstudied objects and
their locations showed that the target and diggrdcications had been chosen equally often,
independent of instructions in both groups. In &ddj these estimates did not differ

significantly from .33, which was the expected patage of chance target relocations for a

choice of three different locations for each objettance includevl = 0.30,SD= 0.12,t(47)
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= 1.52,p = .14; chance excludd1 = 0.31,SD = 0.17,t(47) = 0.93,p = .36). Thus, all
remaining analyses focussed exclusively on taejetations for the studied objects.

A 2 (Group [ASD, TD]) x 2 (Instruction [Include, Elude]) repeated measures
ANOVA, analysing proportions of target relocatiorshjowed a marginal main effect of
Group, F(1,46) = 3.61,p = .06, Cohen’'dd = 0.55, 95 % CI(-0.04, 1.12), with more old
location clicks in the TD compared to the ASD groapd a significant main effect of
Instruction F(1,46) = 739.43p < .001, Cohen’sl = 6.28, 95 % CI(5.26, 7.19), with a higher
number of old locations chosen in the include camgao the exclude condition. There was
also a significanGroup x Instructioninteraction,F(1,46) = 4.50p < .05,11,,2 = .09, with a
higher target relocation rate in the TM € 0.89,SD = 0.12) compared to the ASD grouy (
= 0.79,SD = 0.19) in the include conditiop,< .05, Cohen’sl = 0.64, 95 % CI(0.05, 1.21),
but similar proportions of choosing the old locationthe two groups for excludéMp =
0.04,SDrp = 0.07;Masp = 0.06,SDasp = 0.08),p = .36, Cohen’sl = 0.26, 95 % CI(-0.31,

0.83), (see Figure 3.2).
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Figure 3.2. Proportions of old location choices (target relocations) for include (old location)
and exclude (new location) conditions for ASD and TD groups in Experiment 2. The data are

presented as mean + SEM.

The proportions of target relocations for included aexclude conditions were used to
calculate estimates of implicit and explicit memounging the formulae by Jacoby (1991,
1998). The estimate dExplicit memory was determined by the difference betweetudie
() and Exclude (E) proportions of target relocaio

Explicit Memory =1 — E (5)
Implicit memory corresponded to the quotient of Excludgetarelocations and the difference
between 1 and the estimate of Explicit memory.

Implicit Memory = E/(1 — Explicit Memory) (6)
The data are set out in Figure 3.3. An implicit noeynscore was available for 17 TD and 21
ASD participants, as six TD and four ASD individsiaperformed perfectly in both
conditions. When comparing the numbers of perfguéisforming participants, there were no

significant differences between groups in include (nistakes/mistakes - TD: 8/15, ASD:
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7/18; X*> = 0.26,p = .61) or exclude conditions (no mistakes/mistakd®d: 15/8, ASD:
14/11; X* = 0.43,p = .51). The data for explicit and implicit memomere analysed using
separate independent samples t-tests, becausevdhecotres had been calculated from the
same values (data from inclusion and exclusionsjriand were, therefore, not independent
from one another. Whereas TM (= 0.85,SD = 0.16) compared to ASDM(= 0.73,SD =
0.23) individuals showed significantly highexplicit memory t(43.20) = 2.15p < .05,
Cohen’sd = 0.60, 95 % CI(0.02, 1.18), no difference betwgeyups was found famplicit
memory(Mrp = 0.26,SDrp = 0.34;Masp = 0.27,SDasp = 0.36),1(36) = 0.08,p = .94,

Cohen’sd = 0.02, 95 % CI(-0.62, 0.66), (see Figure 3.3).

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

mTD
OASD

Estimate of memory score

Explicit Implicit

Figure 3.3. Estimates for explicit and implicit memory for Experiment 2, calculated from
scores for include and exclude conditions according to Jacoby (1991) formulae, with explicit
memory displayed for 23 TD and 25 ASD individuals and implicit memory available for 17 TD

and 21 ASD individuals. The data are presented as mean + SEM.
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To address the criticism that the Jacoby (199Ihédae do not take guess rates into account,
the analyses were re-run using the multinomial rmh@Bachner et al., 1995) to calculate
implicit and explicit memory estimates accountiog fuesses. The results showed again a
clear difference between groupsanrplicit, t(37.93) = 2.20p < .05, Cohen’sl = 0.62, 95 %
Cl1(0.03, 1.19), but namplicit relational memoryt(36) = 0.28p = .78, Cohen’sl = 0.09, 95

% CI(-0.55, 0.73).

3.1.3.1.2 Response times
Response times were analysed to ensure that eyeameavelata were not confounded by

systematic differences between groups in the lenfgncoding and retrieval phases of the
task. Because of the way participants interactdl thie materials of the task (i.e., naming
and clicking on the object and location images,dbration of study as well as test trials was
different for every participant. Table 3.4 preserdgsponse times for the two groups for
encoding as well as retrieval. The duration of elrog did not differ significantly between
groups,t(37) = 0.88,p = .39, Cohen’sl = 0.28, 95 % CI(-0.29, 0.84). Similarly, a 2 (Gpou
[ASD, TD]) x 2 (Instruction [Include, Exclude]) repted measures ANOVA for retrieval
response times in Phase 2 showed no significant eflects or interaction§max < 2.59,Pmin

> .1O,np2max< .07, confirming that response times did not diffignificantly between groups

or conditions at retrieval.

172



Table 3.4
Response times in ms for the total duration of encoding and the duration of the second

retrieval phase Location-click, split up by conditions for ASD and TD groups in Experiment 2.

ASD TD
M (SD) M (SD)
Encoding overall 12155.54 (3989.09) 13177.93 (3242.73)
Retrieval Phase 2: Location-click
Include condition 6982.05 (2443.45) 7658.36 (2797.07)
Exclude condition 6950.89 (2431.95) 8430.45 (2344.24)

3.1.3.1.3 Exploratory regression analyses regarding the effés of age
Finally, because of the well-known effects of adwagage on memory (e.g., Kessels et al.,

2005b), and because of the similarity between mgrmoautism and typical ageing (ageing
analogy; Bowler, 2007), the effect of age on explamd implicit relational memory was
investigated, first, by running bivariate corretais. Table 3.5 shows that there were no

significant correlations between age and expliot emplicit relational memory.

Table 3.5
Bivariate correlations between explicit and implicit relational memory scores and age for the

participants of Experiment 2.

Explicit Implicit

age -.19 -.15

Note. * significant at p < .05. ** significant at p < .01.
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It was, however, possible that the correlation taehts were affected by a third variable
that may have influenced the relationship betwegii@ memory and age (Bewick et al.,
2003), and this variable may have been group ihdga may have had a different effect on
memory in the two groups. Therefore, second, meltimear regression analyses were
performed, including Age and a Group x Age intamactterm, to predict behavioural
memory performance. The Group x Age interactiomtexplained 14.1 % of the variance,
R? = .14,F(1,46) = 7.58p = .008, and it significantly predicted explicitagonal memorys
=-.38, 95 % CI(-0.01, 0.00jp < .01. Visual inspection of Figure 3.4 showed thge¢ was a
better predictor of explicit memory in the ASD gsposed to the TD group. Neither Age nor

a Group x Age interaction term explained any vaream implicit relational memory.
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Figure 3.4. The relationship between age and explicit location memory in Experiment 2 with

a stronger age-related difference in explicit memory in ASD compared to TD participants.
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3.1.3.2 Object and Location recognition and source memorydsts
Corrected recognition rates (Hits minus FAs; oetlinin Table 3.6) were calculated

separately fopbjectsparticipants had interacted with once, i.e., neyeab participants saw
at test, and objects they had been presented wiitle ti.e., target objects participants saw at
study and test. The data were analysed using ar@upJASD, TD]) x 2 (Repetition [1
interaction vs. 2 interactions]) repeated meas#tlOVA. A significant main effect of
Repetition F(1,46) = 15.90p < .001, Cohen'sl = 0.69, 95 % CI(0.27, 1.09), showed that
objects interacted with twice were remembered bdttan objects interacted with once.
There was no other significant main effect or iatéion,Fmax< 2.49,pmin > .12,np2max< .05.
Source scores (see Table 3.6) indicated that baihpg remembered similar numbers of
locations for objects they had recognised from ghevious task{(38.98) = 0.24p = .81,
Cohen’sd = 0.07, 95 % CI(-0.50, 0.64).

Corrected recognition rates ftwcations were split up by the number of times a
participant clicked on the locations (i.e., numbg&mteractions). The data, outlined in Table
3.6, were analysed using a 2 (Group [ASD, TD]) x(Repetition [no interaction, 1
interaction, 2 interactions] repeated measures ANOW significant main effect of
Repetition F(1.69,76.11) = 186.14) < .001,n|02 = .81, GGC, showed that locations were
remembered better with an increasing number ofant®mns in the object-location task (0
interactions < 1 interaction < 2 interactions), plk .001, all Cohen’sd > 0.74, 95 %
Clnin(0.33, 1.16). No other main effect or interactiomsre significantFmax < 0.25, Pmin >
.61, npzmax < .01. Source score (see Table 3.6) andfysihowed that both groups
remembered a similar number of objects for locatimwognised from the object-location

task,t(45) = 0.30p = .76, Cohen’sl = 0.09, 95 % CI(-0.49, 0.66).

™ The direction of results for object and locati@eagnition was the same when only the 17 TD anAZD
individuals for whom an implicit memory score irethbject-location task was available were included.
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Finally, to rule out that the large age-range ahdrefore, age-related variability in the data
may have obscured possible group differencesnallyaes were repeated including age as a
covariate. The only difference from the findingstjpsesented was in the results for object
recognition. An ANCOVA with age showed no signifitamain effects of Group or
Repetition and no Group x Repetition interactibRax < 2.35, Pmin > .13,np2max< .05, for
object recognition. However, a significaRepetition x Agenteraction,F(1,45) = 7.95p <

.01, np2 = .15, indicated that the older individuals in th@mple were worse at learning
objects over repeated presentations. A lack of me#fects or interactions with the Group

factor suggested that age effects operated simitathe two groups.

Table 3.6
Corrected recognition rates for object and location recognition tasks, split up by the number
of interactions with objects and locations during the object-location memory test, and source

memory scores for objects and locations for ASD and TD groups in Experiment 2.

ASD TD
Measure M (SD) M (SD)
Object recognition (23 TD, 25 ASD)
1 interaction 0.88 (0.18) 0.94 (0.08)
2 interactions 0.97 (0.05) 0.99 (0.02)
Total object source score (23 TD, 24 ASD) 0.813p.1 0.82 (0.08)
Location recognition (23 TD, 24 ASD)
no interaction 0.21 (0.11) 0.17 (0.11)
1 interaction 0.50 (0.21) 0.50 (0.19)
2 interactions 0.65 (0.18) 0.63 (0.18)
Total location source score (23 TD, 24 ASD) 0.3D8) 0.35 (0.07)
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3.1.3.3 Correlations among behavioural tasks
As can be seen in Table 3.7, significant positieeredations were found among explicit

relational memory and object and location recognitiand source scores. There were no

significant correlations between implicit memoryamny of the other measures.

Table 3.7
Bivariate correlations among explicit and implicit relational memory scores for the object-
location task, corrected object and location recognition rates, and object and location source

scores from Experiment 2.

Object  Location

Explicit  Implicit Object Location  source source
Explicit 1 .04 H9** H2** 52** 49**
Implicit 1 -.06 12 -.09 -11
Object 1 .35* A49** 21
Location 1 .34* .68**
Object source 1 H55**
Location source 1

Note. * significant at p < .05. ** significant at p < .01.

3.1.3.4 Eye movements during the object-location task
3.1.3.4.1 Encoding

3.1.3.4.1.1 Overall
The data, presented in Figure 3.5, were analysew) w2 (Group [ASD, TD]) x 3 (ROI

[Object, Scene, Location]) repeated measures ANONs showed a significant main effect

of ROI, F(1.72,63.44) = 80.8(y < .0001,n|02 = .69, GGC, with (marginally) longer average
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fixations at the Scene compared to the Locafior,.0001, Cohen’dsl = 1.46, 95 % CI(0.95,
1.95), compared to the Objeptz= .05, Cohen’sl = 0.34, 95 % CI(-0.11, 0.78). There was no

main effect of Group or Group x ROI interacti®tax< 2.08,pmin> .13,np2max< .06.

2000

7000
(7]

€ 6000

£

[

2 5000

(]

5

S 4000

.5 ETD
§ 3000 OASD
©

[@)]

®

D)

>

=3

1000

Object Scene Target location

Figure 3.5. Average fixation duration in ms on ROIs during encoding of Experiment 2 for

ASD and TD groups. The data are presented as mean + SEM.

3.1.3.4.1.2 Eye-movement data sorted according to behavioural aaracy
To avoid a loss of eye-movement data because geaffects in the behavioural memory

data, separate 2 (Group [ASD, TD]) x 3 (ROI [Objedtene, Location]) repeated measures
ANOVAs were run for eye-movement data correspondiog correct and incorrect

behavioural responses.

3.1.3.4.1.2.1 Data for correct trials
Eye-movement data for behaviourally correct trems presented in Figure 3.6. Similarly to

the analysis of all data (see Section 3.1.3.4.A Ejgnificant main effect dROI, F(2,74) =

76.91,p < .0001,11,[,2 = .68, with longer average fixations at the Sceompared to Object
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and Locationpmax < .0001, Cohen’slmin = 1.46, 95 % GJlin(0.95, 1.94), was found. There

was no main effect of Group or Group x ROl intei@ttFmax< 1.66,Pmin > .19,np2max< .05.
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Figure 3.6. Average fixation duration in ms on ROIs during encoding for behaviourally
correct trials for ASD and TD groups in Experiment 2. The data are presented as mean +

SEM.

3.1.3.4.1.2.2 Data for incorrect trials
The analysis for incorrect data (presented in Edai7) showed significant main effects of

Group, F(1,28) = 6.58p < .05, Cohen’sl = 0.95, 95 % CI(0.16, 1.68), with shorter average
fixations for the ASD compared to the TD group, &@ll, F(1.65,46.25) = 27.6% < .0001,

npz = .50, GGC, with longer average fixations at theer®& compared to the Location
compared to the Objeqimnax < .01, Cohen’sly,in = 0.78, 95 % Glin(0.25, 1.30). A significant
Group x ROlinteractionF(1.65,46.25) = 4.15 < .05,11,02 =.13, GGC, showed that the ASD
group fixated on average (marginally) less on theng Masp = 4254.85SDasp = 1252.84;

Mrp = 5694.55SDrp = 2825.49)p = .05, Cohen'sd = 0.74, 95 % CI(-0.02, 1.46), and the
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Location Masp = 2592.72,SDasp = 836.36;M1p = 4248.14,SDrp = 1085.09),p < .0001,

Cohen’sd = 1.85, 95 % CI(0.95, 2.66), compared to the Taugr
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Figure 3.7. Average fixation duration in ms on ROIs during encoding for behaviourally
incorrect trials for ASD and TD groups in Experiment 2. The data are presented as mean +

SEM.

3.1.3.4.2 Retrieval

3.1.3.4.2.1 Overall
To investigate differences in eye movements betwberthree phases of the test, the data

were analysed using a 2 (Group [ASD, TD]) x 3 (ha&bject-click, Location-click, Object
in Location]) x 2 (Instruction [Include, ExcludeX) 2 (ROI [Target, Distracter]) repeated
measures ANOVA, which showed a significant maineeffof Phase F(1.19,44.04) =
227.66,p < .OOOl,np2 = .86, GGC, with the longest average fixationsr{ig) in Location-
click (M = 1156.50,SD = 405.77) compared to Object-clickl (= 129.56,SD = 93.56) and

Object in Location M = 349.58,SD = 107.18), allp < .001, all Cohen’'sl > 2.18, 95 %
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Clmin(1.61, 2.72). Therefore, all further analyses werefocussing on Location-click, which
was also theoretically the phase of most interest @rresponds to the time period of seeing

the instructions and deciding which location t@klon.

3.1.3.4.2.2 Retrieval Phase 2 - Location-click
The data, presented in Figure 3.8, were analystdan2 (Group [ASD, TD]) x 2 (Instruction

[Include, Exclude]) x 2 (ROI [Target, Distracterfpeated measures ANOVA. This showed
significant main effects olnstruction F(1,37) = 37.02p < .001, Cohen’'sl = 0.80, 95 %
CI(0.34, 1.26) andROI, F(1,37) = 65.06p < .001, Cohen'sl = 1.07, 95 % CI(0.59, 1.54),
with longer fixations during the Include comparedthe Exclude conditions, and longer
fixations on the Target compared to the Distraldeations. A significantnstruction x ROI
interaction,F(1,37) = 144.37p < .OOl,n,[,2 = .80, showed longer fixations on the Target
compared to the Distracter locations for Includaldr and longer fixations for Distracter
compared to the Target location for Exclude trialép < .001, all Cohen’sl > 1.65, 95 %
Clnin(1.13, 2.16). This interaction was expected giveat tthe correct response during
Include trials was the Target location, whereasinguiExclude trials it was one of the
Distracter locations. Of more interest was the oleg@n of a significant three-wagroup x
Instruction x ROlinteraction,F(1,37) = 6.80p < .05,11,[,2 = .16, with a non-significant trend
for shorter fixations on the Target location unttex Include instruction for the ASDV(=
1883.35,SD = 807.25) compared to the TD groud € 2398.54,SD = 1037.27),p = .09,
Cohen’sd = 0.56, 95 % CI(-0.09, 1.18), and significantlydhr fixations on the Distracter
location under the Exclude instruction for the A@D= 1142.72SD = 371.07) compared to
the TD group Kl = 1465.94SD = 542.77)p < .05, Cohen’'sl = 0.70, 95 % CI(0.04, 1.33).
No other main effects or interactions were sigaffic Fmax< 1.79, Pmin > .18,np2max< .05,

including the main effect of Group.
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Figure 3.8. Average fixation duration in ms during retrieval Phase 2 (Location-click) for ASD
and TD groups in Experiment 2, sorted by Instructions (Include - Old location; Exclude - New

location) and ROIls. The data are presented as mean + SEM.

3.1.3.4.2.3 Fixations on test trials presenting unstudied objes and their
locations
To confirm that the above reported differences betw conditions and groups reflect

memory phenomena rather than differences causatstyctions, the participants’ intention
to select a certain image, or mere chance perforepdinc@tions on target and distracter
locations on include and exclude trials presentimgtudied objects and their locations
(Figure 3.9) were examined using a 2 (Group [ASI])Tx 2 (Instruction [Include,

Exclude]) x 2 (ROI [Target, Distracter]) repeateceasures ANOVA. This showed a
significant main effect ofnstruction F(1,37) = 7.09p < .05, Cohen’sl = 0.23, 95 % CI(-

0.21, 0.68), with longer fixations on Include agpoped to Exclude trials, which may have

just reflected participants effort in trying to rember whether they had previously studied a

182



location for this object. No other main effectamteraction were significanEmax< 1.37,Pmin

> 24,1y max< .04.
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Figure 3.9. Average fixation duration in ms during retrieval Phase 2 (Location-click) for ASD
and TD groups in Experiment 2, sorted by Instructions (Include - Old location; Exclude - New
location) and ROIls for unstudied trials controlling for chance performance. The data are

presented as mean + SEM.

3.1.3.5 Correlations among behavioural and eye-movement dat

3.1.3.5.1 Eye movements at encoding
To establish the extent to which fixation duratioais encoding on Object, Scene, and

Location may have contributed to later explicit amgblicit memory? in the object-location
memory task, bivariate correlations were calculgf€able 3.8). Fixation duration on the

Scene at encoding was significantly positively tedato subsequent implicit memory, in that

12 Analysing explicit and implicit relational memofgr the reduced sample of participants for whom-eye
movement data were available, led to the sametsessithe ones reported above.
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the longer the Scene was fixated at encoding, thierbater implicit memory was, which

was especially the case for the TD group.

Table 3.8
Bivariate correlations between fixation duration at encoding and subsequent explicit and

implicit relational memory in Experiment 2.

Fixation Object Fixation Scene Fixation Location

ASD TD Total ASD TD  Total ASD D Total

Explicit A2 -.43 -.04 .28 -39 .17 15 .00 .18

Implicit -21 .34 .10 .02 .69*  .38* -.40 .39 .04

Note. *significant at p < .05. **significant at p < .01.

3.1.3.5.2 Eye movements at retrieval
To confirm that fixation durations at retrieval lsgt a real memory phenomenon, eye

movements were set in relation to behavioural datgure 3.10 plots the difference in
fixation durations between target and distracteations for the include condition against the
proportion of times participants selected the thtgeation as their answer in the include
condition (correct behavioural response). The gfroorrelation between these variables (
A49;p < .01;rasp = .56; pasp < .05;rmp = .25; prp = .31) confirmed that eye-tracking data
during retrieval provide valuable insight into mamg@rocesses. Further examination of
relevant correlations within conditions (see Tabl@) showed that, under both, include and
exclude instructions, the proportion of times paptnts selected the target location was
positively related to the fixation duration on thatation. Conversely, fixation durations on
distracter locations were negatively associateti We proportion of target location choices,

although this was statistically reliable only féretinclude, but not the exclude condition.
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Finally, actively retrieving the correct locatioragnegatively related to fixation duration on
the distracter under the include condition, andomscious memory for the target location
was positively related to fixation duration on theget under the exclude condition. Overall
these data showed that participants’ tendency tmsan previously studied object locations
was related to how much they attended to suchitotgtand to how much they averted

attention from distracter locations.
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Figure 3.10. Association between the proportion of target relocations for the include
condition and the difference in fixation durations between the target and distracter locations
for include. The correlation illustrates that a greater propensity to look at the target vs. the
distracter locations was related to the retrieval of the target location in the overt behavioural

response.
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Table 3.9

Bivariate correlations among behavioural and eye-movement data at retrieval in Experiment

2.

Include-Tar? Include-Dis® Exclude-Tar® Exclude-Dig’
Include® .32* - 43** -.02 17
Exclude -.06 .09 34* -.18
Explicit 29 -.39* -.14 21
Implicit 15 -.21 .36* -.12

Note. ®Duration of fixation on the target location under the include condition. "Duration of
fixation on the distracter location under the include condition. “Duration of fixation on the
target location under the exclude condition. “Duration of fixation on the distracter location
under the exclude condition. ®Proportion of target relocations under the include condition.
"Proportion of target relocations under the exclude condition. *p < .1. *significant at p < .05.

**significant at p < .01.

Similar results were obtained when investigatingredations among behavioural memory

accuracy and eye-movement data separately fomibgroups (see Table 3.10).
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Table 3.10
Bivariate correlations among behavioural and eye-movement data at retrieval separately for

ASD and TD groups in Experiment 2.

Include-Tar? Include-Dis” Exclude-Tar® Exclude-Did

ASD D ASD D ASD TD ASD TD

Include® .28 .23 -.53* .01 -.04 A7 -.01 .08
Exclude  -.28 .28 -.01 .26 .23 .54* -.55% .25
Explicit .33 .03 -.42 -.14 -.12 -17 .20 -.08
Implicit -.08 31 -.39 A3 .20 .62* -.64** A3

Note. ®Duration of fixation on the target location under the include condition. "Duration of
fixation on the distracter location under the include condition. “Duration of fixation on the
target location under the exclude condition. “Duration of fixation on the distracter location
under the exclude condition. ®Proportion of target relocations under the include condition.
'Proportion of target relocations under the exclude condition. *p < .1. *significant at p < .05.

**significant at p < .01.

3.1.4Discussion
The aim of the present study was to compare sysieatig explicit and implicit memory for

relational daily life material using an externallidated paradigm, which enabled the
assessment of both types of memory within the s@asle using similar instructions and the
same processing requirements. Additional item mgntasks served to assess if item
memory difficulties may contribute to relational mery difficulties in ASD. Through the

measurement of eye movements it was aimed to bitlugegap between the distinctions of
explicit and implicit and item and relational memaresearch in ASD, and to find out

whether ASD individuals’ relational memory diffi¢ids are restricted to explicit retrieval in
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direct tests, or whether the difficulties in ASDpaxid to implicit relational memory and are,
therefore, also apparent in indirect tests. Idgimif eye movements as a suitable measure of
relational memory difficulties in ASD is of morermgral interest as these may be of potential
use in a wider population of ASD individuals. Eyeovements were also recorded to
investigate the role of attention during encodimgl &0 assess whether processing styles of
ASD individuals may be related to memory difficalti Finally, preliminary analyses were
run to investigate the effect of age on explicit anglicit relational memory in both groups.

The task involved participants studying locatiémsobjects in rooms, followed by a
test of their memory for the objects’ location, aheém recognising objects and locations
separately. Source memory tests were included exagnrecall of locations for remembered
objects, and objects for remembered locationsak predicted that, similar to TD OA, ASD
individuals would show particular difficulties ixglicit but not implicit relational memory in
their behavioural responses. In addition, intaemitand source memory performance was
predicted for ASD individuals on object and locati@cognition tests, because these were
supported tests for material that had been studiedtionally. Further, it was predicted that
retrieval eye movements would show relational memaifficulties that would also be
apparent in implicit relational memory, and thategmial attention and scanning pattern
differences between groups at encoding, as meabyrege movements, would contribute to
a relational memory impairment in ASD.

The first prediction was supported. When lookirigbahavioural responses, ASD
individuals showed lower explicielational memory for the object locations in the presence
of intact implicit relational memory. More specdity, ASD participants showed particular
difficulties in placing an object into its previdystudied old location, when presented with a

choice of three locations. However, no difficultiescurred for choosing a new location for
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the object. This finding confirmed previous resu#isowing particular difficulties with
explicit memory in ASD (Bowler et al., 1997; Gardiret al., 2003; Renner et al., 2000), and
extended them to relational material. It was atsdine with findings in TD OA, showing
difficulties with explicit but not implicit relatioal memory using the same task (Kessels et
al., 2005b), supporting the ageing analogy of mgnhamctioning in ASD (Bowler, 2007).
Regardingitem memory, groups neither differed in object and mcarecognition,
nor did they differ in source memory. These findingere in line with the relational memory
account (Bowler et al., 2011), which predicts d#feces, specifically, for relational material
in ASD. Considering the overall recognition memdeficit in ASD from Experiment 1, the
current result of intact recognition memory seensedprising. However, the recognition
memory difference found in Experiment 1 resultedytipularly, from difficulties in
Remembering in ASD, which relies on retrieving tielaal information, while Knowing in
ASD was intact in Experiment 1. Although recolleatiand familiarity are both involved in R
responses (Wais et al., 2008), these typicallyeceftesponses largely based on recollection
(Wixted & Mikes, 2010). Whereas in Yes/No testg;isas the item tests used in the current
study, recollection and familiarity contribute slanly to a response, therefore, showing more
intact performance in ASD (Yonelinas, 1999). Furtle¥en source memory judgements that
typically rely on recollection, are possible solélgsed on familiarity (Yonelinas, 1999). In
addition, in the current study object, locationagaition, and source memory were always
tested after the object-location memory task, whicy have prompted individuals to
remember item and source information. This indatesk support, which has previously
been reported to enable ASD individuals to perftetter in memory tests (e.g., Bowler et
al., 1997;2004; 2008;0'Shea et al., 2005). More task support was pravide that

recognition memory tasks (see also Section 1.4ta8@)been used, and participants had been
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instructed to study the requested information (tiocs for the object and objects for the
location task - intentional encoding). Both woubltl/d improved task performance (Bowler et
al., 2004; Souchay et al., 2013). Finally, as opdd® Experiment 1, where participants were
instructed to remember any kind of context inforomat participants had been instructed,
specifically, which information to report as sourna@rmation for the current study, making
the task potentially easier for them and increasas§ performance for ASD individuals.
Difficulties with relational memory for the ASD gip were also reflected in eye
movements atretrieval, confirming the second prediction and showing thelational
memory difficulties in ASD expand to implicit menyorASD compared to TD participants
showed shorter fixations on the locations they tadhoose according to the instructions
(target for include and distracter for exclude)lioating reduced memory for previously
studied object-location relations through a reduege-movement-based relational memory
effect (Althoff & Cohen, 1999; Ryan et al., 2007This finding was in line with previous
findings of impaired relational memory in ASD (e.Bennetto et al., 1996; Bigham et al.,
2010;Bowler et al., 2014Cooper et al., 2015; Gaigg et al., 20P4jrier et al., 2011), which
were now replicated with measures acting outsidearsfscious awareness. There were a
number of observations that increased confidencéhénconclusion that the differences
between groups in eye movements at retrieval refiteal memory phenomena. Most
importantly, there were significant correlationstvbeen behavioural data and fixation
durations, for example, fixating the target as oppos$o the distracter locations was
significantly related to choosing the target locatbehaviourally. In addition, between-group
differences in eye movements at retrieval wendy found forpreviously studied items,
confirming that the differences were not causednigjruction, intention, or chance. Further,

similar response times for encoding and retrievalsph in the two groups and an absence of
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a between-group difference for overall fixation @ion suggest that the differences between
conditions were not caused by longer encoding tmiexal in one group or an overall
different quantity of eye movements. addition, despite the differences between grdaops
the relational memory eye-movement effect, it wassgble to find meaningful differences
between conditions, in that both groups looked évraf the locations they were asked to
choose compared to other locations, indicating thay understood the instructions and
remembered the studied material. Therefore, it seesasonable to argue that the
measurement of eye movements is a useful techndtogyhe study of cognitive processes
such as memory in ASD. The technique is innovasind can be of great help to develop
paradigms to find out more about cognitive funcsioem under-researched ASD populations,
such as ID and/or minimally verbal individuals, wlosm the majority of individuals with
the disorder (Baird et al., 2006). Moreover, usihig technology may make it possible to
investigate the development of cognitive functisnsh as memory in very young individuals
with ASD.

Regardingencoding the prediction was supportesghen looking at trials where
participants made behavioural mistakes. As welslaarter overall fixation duration in the
ASD group, a bias in the processing of specifioninfation was found for ASD individuals in
that they looked less at the relevant, i.e., theatbd' location, and context information, i.e.,
the scene, which was in line with the finding frdrath et al. (2011), showing reduced
attention to relevant details at encoding. When ilogpkat the relation between fixation
duration at encoding and subsequent explicit angliai relational memory, it was found
that implicit memory was positively related to fikan duration on the scene. It is possible
that the reduced relational processing of the scemgext in ASD may have contributed to

impaired implicit relational memory, discoveredabgh eye movements at retrieval.
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From a memory point of view, these data added wraaving body of literature
suggesting that next to the well-established dffiees in retrieval in ASD, differences
during encoding contribute to the encountered mgrddficulties. Differences in encoding
in ASD have been reported previously in the contaxitem vs. relational strategies in
behavioural memory tasks (Bowler et al., 2009; 2038igg et al., 2008; Southwick et al.,
2011), and in brain activation during encoding (fgaet al., 2015). Alternatively or in
addition, it may have been less the case that Aflividuals show difficulties in encoding
material, but rather that because of a differet@ndéibnal focus the information is put into the
system in a different way. This interpretation fitsth a bias to focus on local (detail)
information, leaving the global context less attehde (WCC; Happé & Frith, 2006).
Regarding this processing bias it is, however, irtgot to note that ASD individuals have
been found to be sensitive to global informatiospite a preference for details (Koldewyn et
al., 2013; L. Wang et al., 2007). Similarly, thengaindividuals that showed a local bias in
one task presented coexisting intact global perémee in another task (Hadad & Ziv, 2015;
Plaisted et al., 1999; Rondan & Deruelle, 2007). gfrocessing faces it has been found that it
was possible to train ASD individuals to use a glgtrocessing style in favour of a local
style (Chabani & Hommel, 2014). These findings Rdisted et al. (1999) to conclude that
ASD individuals seem to need explicit instructionrder to process information globally.
This is an argument that is in line with the tasipmort hypothesis (Bowler et al., 1997),
which states that with the provision of task suppdor example, specific encoding
instructions, ASD individuals are able to show &efierformance. It, therefore, remains an
important task for future research to test whetpeoyiding specific task instructions that

change the attentional focus of ASD individualsgtade their attention to the relevant
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information, their memory difficulties can be ovente or whether memory difficulties
remain despite attentional guidance.

The data just reviewed, taken together with cotiggla among behavioural tasks,
enable speculations about underlying brain regi@uwrelations among explicit memory
tasks may reflect the dependence on similar bragions, such as the hippocampus for
object-location and source memory (Cansino, Madbetan & Rugg, 2002; Postma et al.,
2008b), the PFC for recognition and source memanmg, the parietal cortex for recognition
and object-location memory (Postma et al.,, 2008ie expression of memory in eye
movements has been found to be related to activitige hippocampus and PFC (Hannula &
Ranganath, 2009), and attentional processes umtgidyfferences found in eye movements
during encoding, were found to be related to fumgiof the MTL, PFC, as well as the
parietal cortex (Cabeza et al., 2008). Even ungousaelational encoding has recently been
found to be a function of the hippocampus (Dusd.e2014). In line with the ageing analogy
(Bowler, 2007), abnormalities in fronto-hippocampaictions have been shown in both TD
OA (Hedden & Gabirieli, 2004), as well as ASD (Gaggal., 2015), which may be involved
in their relational memory difficulties. Inspectingehavioural findings, TD OA showed
difficulties in both conditions of the object-locat memory task (Kessels, et al., 2005b),
whereas ASD individuals in the present study stedgvith the include condition only. A
ceiling effect in the current study may have masadaetween-group difference in exclude
trials. However, it is also possible that memorfjiclilties in ASD are less pronounced than
those in TD OA (as suggested by Boucher, Mayes gh&m, 2012; Bowler et al., 2010),
which was already suggested by Experiment 1, whgeehad a slightly stronger effect on
TD as opposed to ASD individuals memory. It is giessible, that memory difficulties and

the effects of age on memory are more pronouncéd®bib than in TD OA and the finding of
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intact source memory in ASD in the current studymeflect a compensatory mechanism.
Since source memory has also been found to depefdmtal lobe functions (Craik, Morris,
Morris & Loewen, 1990), ASD individuals may recrtliese to overcome difficulties related
to hippocampal dysfunction (as already suggestedMbister et al., 2013). This may be
possible because (memory) atypicalities in ASD ltefom an atypical developmental
trajectory, where connections between brain regiges formed differently, whereas
dysfunction in TD OA and patients with hippocamgaimage occur after a period of typical
development. In line with the idea of more pronachmemory difficulties in ASD with age
was the finding from the exploratory regressionlysia in the current study, showing that
explicit memory was much more affected by age iDA#S opposed to TD individuals. This
observation was in line with thdouble jeopardyhypothesis (Geurts & Vissers, 2012), and
the fact that when followed up longitudinally, 25&ASD individuals’ cognitive functions
declined to such an extent that it prevented them taking part in further research (Howlin,
Savage, Moss, Tempier & Rutter, 2014). It contradic however, the results form
Experiment 1 and another recent study (Lever & Ge@016), showing a reduced effect of
age on memory in ASD. There are a few possibleaggtions. It is possible that slightly
different groups of participants were recruited Eperiments 1 and 2, and that the ASD
group in the current experiment was, particularlynerable to the effects of age on memory.
This interpretation seems, however, unlikely sitbe ASD groups recruited for both
experiments were rather similar in variables, sashiQ, age, gender, AQ, and ADOS. A
more likely explanation is that a ceiling effectthe current study in the TD group may have
obscured the effects of age on TD individuals’ menperformance. The biggest difference
between the memory results in Experiment 1 andcthieent study was the fact that in the

current study younger ASD and TD individuals pearfed similarly, and only the older
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individuals in both groups differed, whereas in Bxpent 1, younger ASD individuals
already performed at a much lower level than youdge individuals. To conclude, more
research is needed into the effects of age on meara other cognitive functions in ASD.
Taking the behavioural and eye-movement findingetioer, they further added to Maister et
al. (2013)’s suggestion to consider the involvenwrtippocampus, PFC, and parietal cortex
in the cognitive and memory difficulties in ASD. Admmalities in these brain regions may,
however, differ from those observed in other dismsde
Some final comments are needed about the methodd ums this study. The

conclusions of the present study rely heavily aRDBP (Jacoby, 1991), which has attracted
some criticism. First, using the PDP in within-®dij comparisons would be problematic
because participants performing perfectly in incladd exclude conditions would lead to an
underestimation of the explicit memory componenudiiher et al., 1995), which may be
avoided by dropping perfectly performing particigafom the analysis. Doing this in the
current study, left the results unchanged. Sec@rdf and Komatsu (1994) suggested the
complexity of the include and exclude instructionay make it difficult for participants to
perform them after one another within one test phd@s reduce difficulties, participants in
the current study were asked to read out loud rie&uctions for every trial to ensure that
they followed them and were paying attention. ThiBilichner et al. (1995) argued that
calculating explicit and implicit memory scoresrfraonly a few values would create high
standard errors for every participant, masking betwgroup differences. However, a
substantial effect was still found in the curretidy. Fourth, two other criticisms of the PDP
relate to the assumption that implicit and explmgmory are working independently of one
another (Curran & Hintzman, 1995), and that thgional procedure does not take correct

guesses into account (Buchner et al., 1995). Te bath criticisms a multinomial model was
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devised (Buchner et al., 1995; Caldwell & MassonQ130 and applying this to the data
reported in the current study left the results ungled.

Finally, the sample size may be regarded as snmall the number of analyses
performed may have increased the risk of Typedrsrrin addition, the interpretation of the
behavioural results was hampered by ceiling anar fi@rformance in some individuals. The
use of eye-movement measures helped to overconeprs of ceiling and floor effects, and
difficulties in implicit relational memory in ASD &re found that were not established with
behavioural measures. However, further researcteésled to replicate the findings of this
study.

Overall, the present study extends our understarmfingduced relational memory in
ASD by showing that difficulties expand to the amfaimplicit memory. Differences in
relational memory retrieval seem to be accompatediifferences in encoding that are
guided by attentional processes biasing ASD indadslufocus away from relevant and
context information. Both, Experiments 1 and 2, hdughlighted the utility of eye-
movement and pupil size measures in studying cegnirocesses in ASD. These measures
should, therefore, be considered more often whetinte cognitive functions in ASD,
especially because their use requires minimal Versructions, enabling the use in a
broader ASD population. A few questions remain gmared. These will be tackled in the
next experiment. It is unclear what role the fagtof language and previous experience with
daily objects and their locations in participaritemes may have played in the current study.
Also uncertain is which other relations are difficdbr ASD individuals, and which
relation(s) are most difficult. And finally, it isf interest to examine whether item memory
remains intact when tested with a task of simitanplexity as a relational memory task and

if such an investigation resolves the discrepanosdween Experiments 1 and 2.
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3.2 Experiment 3: Relational memory for location, tempaal
order and set

3.2.1lIntroduction

3.2.1.1 Theoretical background
Regarding the distinction betwe&am memory, which concerns memory for single units of

material with one meaning (Cohen et al., 1997) eeidtional memory, which constitutes
memory for contextual information, such as timegcpl or relations among items (Davachi,
2006; Sections 1.3.2, 3.1.1.1), Experiment 2 fowpecific difficulties with relational
memory and intact item memory in ASD compared to ifdividuals. Most previous
research reported intact item memory. However, s@revious studies also reported
difficulties in item memory in ASD as opposed to TBowler et al., 2004, 2016; Cooper et
al., 2015; Semino et al., in preparation), for eglenwhen less support was provided at test,
or when participants needed to use meaning thatinvesent in the study materials (see
Section 1.4.1.3). Relational memory has been regartore difficult for ASD as opposed to
TD individuals, such as remembering the locatiddmw(ler et al., 2004, 2014 00per et al.,
2015; Semino et al., in preparation; Experiment 2), cadoMassand & Bowler, 2005
temporal order (Bennetto et al., 1996; Bigham gt24110; Bowler et al., 2016; Gaigg et al.,
2014; Ni Chuileann & Quigley, 2013; Poirier et &011), or lists items were presented in at
study (Bennetto et al., 1996; Minshew & Goldstdif93). Only two previous studies have
compared different types of relational memory disecn ASD. Both found similar ASD-
related difficulties for remembering screen-locasicor the gender of a speaker presenting
words (Bowler et al., 2004), and for colours oratiens of line drawings that were presented
in a grid on a computer screen (Bowler et al., 30I¢he question remains whether

remembering other relations, such as the tempodalr @f presentation, or which items were
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presented together in a set at study, is simildifficult as these other relations for ASD
participants.

What remains problematic when comparing researciteom and relational memory
is that item memory tests usually involve the judgat whether a single item was studied
previously or is new to the participant, wheredatr@nal memory tests require a judgement
if multiple items were studied in a particular agofation or not. Relational compared to
item memory tests have, therefore, higher processiggirements because of the number of
discrete units of information presented to theipigdnt and the number of relations that need
to be formed among these units, which is problenfati a direct comparison between item
and relational memory, especially if one conside®® as a disorder of complex information
processing (Minshew & Goldstein, 1998). Inconsistes in the literature on item memory
may, therefore, be related to the factor of relaigmocessing requirements in that some item
memory tasks place higher demands on relationaessing than others do. To resolve this
issue, systematic investigations of item and rehati memory are needed using tasks that
place similar demands on relational processing.

There are six existing investigations comparimgnitand relational memory in ASD
within the same task. These show inconsistent tsesWhereas Bowler et al. (2014) found
intact memory for items, i.e., pictures, colouisdtions, but difficulties remembering the
combinations, i.e., items in colours, items in lowas, Massand (2011, Experiment 5) found
similar difficulties for remembering line-drawings well as their colours. Although the main
effect of group in Massand (2011) only came classignificance, effect sizes for the group
differences in item and relational tasks were @nyllarge. Similar difficulties in ASD were
found for remembering pictures of daily objectsn@® et al., in preparation) or words

(Bowler et al., 2004), and their screen locationsher gender of the speaker that presented
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words at study (Bowler et al., 2004). Bowler et(2016) recently reported similar difficulties
in remembering locations for dots in a grid as vaslthe temporal order of their presentation.
Finally, Cooper et al. (2015) found similar diffitas in item and relational memory tests by
changing items or locations for an item in a scdreerefore, most previous studies would
suggest similar difficulties in item as well asat@nal memory in ASD when tasks are used
that place similar requirements on relational psso®y.

However, none of these previous studies has cereidthe influence of the use of
different materials or other factors such as lagguan memory. As has been shown in
Experiment 1, memory for pictorial material is supeover memory for verbal material in
ASD, similarly as it is in TD individuals. All ofhie investigations just described (except
Bowler et al., 2016) used either verbal materialpiotures with verbal labels and, as such,
were potentially confounded by language abilitiesg( Baird et al., 2006), and verbal
strategies such as the use of sub-vocal and irpech strategies (D. M. Williams et al.,
2012) that have previously been reported to diffetween groups. In addition, previous
experience with the studied materials may haveghtt between groups, which would not be
the case had novel abstract shape images been used.

In a direct comparison between memory for items difigérent types of relations
(serial order, spatial locations, item-associafianspatients with hippocampal as well as
wider MTL lesions (Konkel, Warren, Duff, Tranel &oGen, 2008), similar difficulties in
different types of relational memory were found fpatients as opposed to control
participants. In addition, while patients with hgmgampal lesions performed at chance on the
three relational memory tests, they performed alotna@ce on the item memory test, albeit at
a significantly lower level than the TD group. Ratis with MTL lesions performed at chance

on all tasks (Konkel et al., 2008). Following Kohlend Cohen (2009), different types of
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relational memory should be similarly difficult smthey rely to the same extent on the same
brain region, namely the hippocampus.

Having reviewed the relevant literature, the aifos the current study were the
following. First, it was aimed to compare differéppes of relational memory in ASD using
the same paradigm. In addition, it was of intetestompare relational memory to memory
for items using the same paradigm placing the sdemands on relational processing.
Through the use of abstract shape images, it wasdaio minimise the influence of language
and previous experiences with the study materialmmemory in the current study. Third, it
was aimed to examine the criteria on which bothugsoof participants base their recognition
memory judgements. Finally, the examination of dffects of age on item and relational
memory in ASD and TD individuals was of interest.

Based on these aims, a paradigm was chosen tihdiclem developed, specifically, to
examine item as well as different types of relalomemory using the same procedure
(Konkel et al., 2008). The task required particigao study abstract shape triplets, as well as
their relations. Each shape of a triplet was preseint a specific screen location, shapes were
presented in a specific order, and three shapasefba set of shapes. At test, memory for the
shapes, the spatial locations, the temporal oatelhe sets of shape presentation was tested
using separate item and relational tests, eithenpuaéating which items were presented on
the screen or the relations among the items, qrikgehem the same as at study. Participants
were asked to indicate whether the items or tladiogls were the same as at study or whether
they had changed.

To test the aims, corrected recognition rates egeanined. If ASD individuals show
difficulties with relational memory, they will showeduced memory performance in the

relational tasks as opposed to TD individuals. tidigon, there will be no significant
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difference in performance between the differeratrehal memory tasks. If ASD individuals
show intact item memory, they will not show redugeerformance on the item task.
However, if ASD participants struggle, particularlyith the relational processing
requirements of the task, also item memory shoeldeldluced compared to TD participants.
To follow the third aim, FA rates, sensitivity, amdsponse criteria were examined. If,
similarly to Experiment 1, ASD participants showifidulties in distinguishing between old
and new materials, they will show higher FAs, lowsansitivity and response criteria
compared to TD participants. Finally, regarding #féect of age on memory, if ASD
individuals’ memory is similarly affected by agethat of TD individuals, persons with ASD

will show effects of age on relational but not itemmory.

3.2.1.2 Predictions

Based on the evidence outline above, it was prediithat ASD individuals would show
particular difficulties with the relational memotgsks. The same predictions would follow
from theories suggesting a relation between menddficulties in ASD and hippocampal
pathology (see Section 1.4.2.1), which would sugtjest ASD participants would perform
similarly to hippocampal lesioned patients (Konkeil al.,, 2008). Because of the
inconsistencies found in Experiments 1 and 2 reggrthe effect of age on memory in ASD
and TD individuals, and because of the lack of ifigd on memory in TD OA with a
paradigm such as the one used by Konkel et al8)2@0Qvas of interest to explore the effects
of (older) age on item and relational memory irs thtiudy. Possible outcomes were stronger
(double jeopardy Geurts & Vissers, 2012; Experiment 2), wealsafé¢guard hypothesis
Geurts & Vissers, 2012; Lever & Geurts, 2016; Expent 1), or similar garallel
development Geurts & Vissers, 2012) age-related memory thffiees in ASD compared to

TD adults in the current study.
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3.2.2Methods
3.2.2.1 Participants

Konkel et al. (2008) tested 10 control participaatsl seven amnesic patients, four with
hippocampal lesions and three with a lesion towitteer MTL. Based on the data for control
participants and hippocampal patients provided byKankel (personal communication,
August 8, 2016), power calculation using G*Powea(Fet al., 2007) showed that to detect a
significant Group x Task interaction with an effecte off = 0.57 and a statistical power of
0.90, a total sample size of eight participants iidoe needed. To increase statistical power
because ASD samples are often heterogeneous, 184 Mnen,Myge = 43.48 years, age
range: 23-61 years) and 18 ASD adults (13 rivbyge= 42.78 years, age range: 20-62 years)
were tested. They were individually matched on VR)Q, and FIQ, as measured by the
WAIS-111 V¢ (The Psychological Corporation, 2000). Groups veéosely matched on gender,
and CA, and ASD individuals had significantly higlseores on the AQ (Baron-Cohen et al.,

2001; see Table 3.11).
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Table 3.11

Descriptive statistics for ASD and TD individuals, who participated in Experiment 3.

ASD (13m, 5f)  TD (14m, 4f) Cohen's

Measure M SD M SD t(34) p d Cl

Age (years) 42.78 11.8 43.48 130 0.17 .87 0.06 -0.60,0.71
VIQ*® 109 158 111 156 047 .64 0.13 -0.50,0.81
PIQ® 104 201 105 180 0.06 .95 0.05 -0.63,0.67
FIQ® 108 179 109 17.2 029 .77 0.06 -0.56, 0.75
AQ* 33.56 7.0 15.28 6.7 7.99 .00 2.66 1.72,3.49
ADOS-C* 2.60 (0-6) 1.6

ADOS-RSI 6.00 (1-13) 3.3
ADOS-Total 8.60 (3-17) 4.1
ADOS-|" 1.27(0-2) 0.8

ADOS-SB 1.2 (0-3) 0.9

Note. ®Verbal I1Q (WAIS-III'Y). PPerformance IQ (WAIS-I11Y). “Full-scale 1Q (WAIS-I1'Y). AQ
- Autism-Spectrum Quotient. °ADOS - Communication subscale. "ADOS - Reciprocal Social
Interaction subscale. YADOS Total score - Communication + Reciprocal Social Interaction.
"ADOS - Imagination/Creativity subscale. 'ADOS - Stereotyped Behaviours and Restricted

Interests subscale. For ADOS scores, range of scores in brackets.

Time permitted to examine 15 ASD participants with ADOS (Lord et al., 1989). Five of

these scored just below the total cut off-score,vieere nevertheless included in the sample
since they all had received a clinical diagnosisaof ASD before the study. Because
comorbidities and medication use were found to beramon feature of the disorder (Croen

et al., 2015; Esbensen et al., 2009; Section 2)1.ASD individuals that reported comorbid
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disorders and/or taking psychotropic medicationenacluded in the sample. In the current
study, 17 % of ASD participants reported comoriegitand/or psychotropic medication use.
Depression (67 %), ADHD (33 %), OCD (33 %), schiz@mia (33 %), and dyslexia (33 %)
were most common. In addition, 33 % of ASD paraéits took antidepressants, and 33 %
reported taking antipsychotic medication. ASD induals with and without comorbidities
and medication use did not differ significantlyterms of genderk’ = 0.06,p = .81, CA,
VIQ, PIQ, and FIQtmax < 0.79,Ppmin > .44, Cohen'dnax < 0.48, 95 % Glaf(-0.78, 1.72).
Again, analysing the data without ASD individualsatt reported comorbidities and/or

medication use left the results reported below fectéd.

3.2.2.2 Materials

Materials were 356 (eight for practice task) blafistract shape images, previously used in
perception (Haenschel et al.,, 2007) and memory ietudExperiment 1) in clinical
populations, making them suitable materials. Theyl lbeen generated with a Matlab
algorithm to achieve comparable levels of complekitr all shapes. In the current study,
they were presented on a grey square measuringrb.X 5.3 cm on a white screen

background on a 20 inch desktop monitor (see Figuré for examples).
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Figure 3.11. Examples of two study trials (top) and manipulated test trials (middle and

bottom) for Experiment 3. Figure 3.11a (middle left) shows an item test trial presenting one

item from study Trial 2 with two previously unseen items. Figure 3.11b (middle middle)

shows a location test trial with images from study Trial 2 with the images top left and bottom

middle in swapped locations. Figure 3.11c (middle right) shows an associative test trial

presenting two images from study Trial 2 intermixed with one image from Trial 1. Figure
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3.11d (bottom) shows an order test trial presenting images from study Trial 2 with the first

and the third image in swapped positions in the sequence.

3.2.2.3 Procedure
The paradigm used by Konkel et al. (2008) was adhptith the following changes. First,

presentation time was increased and the numbenages was reduced because the timings
and number of images of the original procedure @dotoo difficult in a number of pilot
studies. Instead of coloured images, black shajees used because a recent review of vision
in ASD (Simmons et al., 2009) indicated difficuftien remembering and discriminating
between different colours in ASD compared to TDivithals. Finally, to avoid that ASD
individuals would pay attention to irrelevant infoation and, therefore, would show
difficulties in this task, participants were instred which information to remember in a
particular task, i.e., item, location, order, oriséormation.

The task was presented on a computer screen ushrgrie software, and responses
were collected through a keyboard. Participantseevggven the chance to ask questions, and
they were told that the task was quite difficutidatherefore, they were encouraged to take
as many breaks as they needed. Total task dur@tiominutes), including breaks, did not
differ significantly between ASDM = 79.39,SD = 47.19, range: 48-213) and TM (=
66.28,SD = 16.41, range: 48-110) group§34) = 1.11,p = .27, Cohen'dd = 0.37. After
some practice in the form of an item test with omgeated (the same items as at study) and
one manipulated test trial (one studied shape wesepted together with two new shapes),
participants took part in four tasks consistingeaght (item, location, order task) or 12
(associative task) study-test blocks. In all stbébcks, participants saw three unique sets of
abstract shape triplets, chosen at random fromstemset of 356 stimuli. Each triplet (image

set) was presented once, with a presentation tirdesoffor each item, and a 2 s blank screen
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following each triplet (see Figure 3.11 top pafithe shapes of a triplet were presented in
succession in each of three screen-locations: @tip tbp right, and bottom middle of the
screen. The order of screen locations was courlgerted across the three study triplets, such
that each location was once first, second, andl ttarbe occupied by a shape. Right after
each study block, three test trials (two for theoagtive task’) followed, presenting items
together with a test question, which remained @ gbreen until participants gave their
response (see Figure 3.11 middle and bottom piatt trials were eitheepeatedtrials, in
which the items and/or relations between the iteme the same as at studyneanipulated
trials, presenting new items or changed relatia@ts/éen familiar items. Overall, participants
took part in 12 repeated and 12 manipulated teds tior each task, which were presented in
counterbalanced order across all blocks for a qddi task. All participants received the
item test first, in order to avoid that they wowlchploy relational strategies, learned through
the relational tasks, in the item test. The order tlé three relational tasks was
counterbalanced across participants with each mafgie of participants (one ASD and one
TD individual with similar 1Qs) receiving the sarmpeesentation order. Except for the order
test, all tests involved the simultaneous presemtatf three shapes in the centre of the screen
together with a test question.item testrials, participants either saw the same shaptets

as at studyrépeatedtrials), or one familiar shape was presented togetvith two entirely
new shapesnfanipulatedtrials), and participants were asked if they hegnsall three items
previously, or if one or two of the shapes seemaad to them (Figure 3.11 middle left). For
all relational tests, participants were told thateof the items would be new. libcation test
trials, either three shapes occupied the sameidnsass at studyépeatedtrials), or two of

the shapes had swapped their locationanjpulatedtrials), and participants were asked to

13 participants were only presented with two assiveiaest trials (one repeated and one manipuldredpch
block to avoid shape repetition. Shapes from twalstriplets had been mixed to create one manipdlétst
trial.

207



indicate whether all three shapes were presentedeirsame positions as at study (Figure
3.11 middle middle). Foassociative tedfrials, participants either saw the three shapa® f
the same triplet as at studsepeatedtrials), or shapes from two study triplets werexexai
(manipulatedtrials), and participants were asked whether they studied these three shapes
together in the same triplet (Figure 3.11 middght). Finally, for theorder testa sequence

of three shapes, each shown in the centre of tleeiscwas presented either in the same order
as at studyrépeatedtrials), or two shapes had swapped their seriaitipas(manipulated
trials), and participants were asked to indicatetiwdrethe order of the shapes was the same

as at study (Figure 3.11 bottom).

3.2.3Results

The data were scored in terms of Hits (percentdg®mect yes answers on repeated trials),
FAs (percentage of incorrect yes answers on maatigailtrials), and corrected recognition
rates (Hits minus FAs). Results were analysed u€ihgSquared tests, one sample and
independent samples t-tests, repeated measures ABl(BWariate correlations, and linear
regression analyses. GGC was used, when the Sphassumption was violated. The level
of significance was set to .05, and Cohah'and partial Eta-Squared are reported as effect

Size measures.

3.2.3.1 Accuracy
All data presented in this section were analyseéagu® (Group [ASD, TD]) x 4 (Task [item,

location, order, associative]) repeated measure@¥AAk.
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3.2.3.1.1 Corrected recognition
Corrected recognition data (see Figure 3.12; Tale) showed a significant main effect of

Group, F(1,34) = 12.66,p < .01, Cohen’sd = 1.19, 95 % CI(0.45, 1.87), with higher
performance for the TD compared to the ASD groupsignificant main effect offask
F(3,102) = 9.51p < .OOl,np2 = .22, indicated higher performance in ftean compared to
order, p < .05, Cohen'sd = 0.54, 95 % CI(0.06, 1.00), arabsociativetasks,p < .001,
Cohen’sd = 0.95, 95 % CI(0.46, 1.43), and higher perforneaimcthelocation compared to
the associativetask,p < .05, Cohen’'sl = 0.62, 95 % CI(0.14, 1.09). There was no Group X

Task interactionf(3,102) = 0.64p = .59,1,° = .02.

Cohen's d = Cohen'sd = Cohen'sd = Cohen'sd =
0.9 1 0.83,CI(0.14, 1.20,CI(0.46, 0.89,Cl(0.18, 0.77,Cl(0.08,
08 | 1.50) 1.88) 1.55) 1.43)
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Figure 3.12. Corrected recognition scores (Hits minus FAs) for the four tasks of Experiment
3 comparing ASD and TD groups, including effect sizes (Cohen’s d) for the between-group

differences. The data are presented as mean + SEM.
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Table 3.12

Means and Standard Deviations for Hits, FAs, and Corrected recognition rates (Hits minus

FAs) for the four tasks for ASD and TD groups in Experiment 3.

ASD TD Total
Measure M (SD) M (SD) M (SD)
Hits 0.51 (0.23) 0.60 (0.21) 0.55 (0.23)
ltem task 0.56 (0.27) 0.65 (0.18) 0.60 (0.23)
Location task 0.50 (0.18) 0.58 (0.21) 0.54 (0.20)
Order task 0.49 (0.22) 0.57 (0.27) 0.53 (0.25)
Associative task 0.50 (0.26) 0.58 (0.17) 0.54 (p.22
FAs 0.36 (0.22) 0.21 (0.19) 0.29 (0.22)
ltem task 0.28 (0.23) 0.15 (0.20) 0.22 (0.22)
Location task 0.35 (0.21) 0.14 (0.13) 0.24 (0.20)
Order task 0.39 (0.22) 0.19 (0.16) 0.29 (0.21)
Associative task 0.44 (0.22) 0.34 (0.19) 0.39 (.21
Hits-FAs 0.15 (0.23) 0.39 (0.31) 0.27 (0.30)
ltem task 0.28 (0.22) 0.50 (0.30) 0.39 (0.28)
Location task 0.15 (0.23) 0.44 (0.25) 0.30 (0.28)
Order task 0.09 (0.26) 0.37 (0.36) 0.23 (0.34)
Associative task 0.06 (0.17) 0.24 (0.28) 0.15 (.25




Because of the difficulty level of the tasks, pemiance was compared against chance. The
chance level of 0 for corrected recognition wagwakted by subtracting FAs (chance level
0.5) from Hits (chance level 0.5 and 0.5-0.5 =\Qhereas the TD group performed above
chance in all four tasks, gl< .01, the ASD group was at chance indhger, t(17) = 1.51p

= .15, andassociativdaskst(17) = 1.47p = .16.

3.2.3.1.2 False Alarms
FA rates (Table 3.12) were analysed to investigdtiether the group differences observed

were related to differences in response criteriee analysis showed a significant main effect
of Group, F(1,34) = 8.46p < .01, Cohen'sd = 0.97, 95 % CI(0.26, 1.64), with higher FA
rates for the ASD compared to the TD group, andigaifscant main effect ofTask
F(2.42,82.29) = 12.20p < .001,np2 = .26, GGC, with higher FA rates in tlassociative
compared to all other taskstem,p < .001, Cohen’sl = 0.83, 95 % CI(0.34, 1.30pcation,

p < .01, Cohen'sl = 0.77, 95 % CI(0.28, 1.24), amdder, p < .05, Cohen’'sl = 0.48, 95 %
CI1(0.01, 0.94). No Group x Task interaction wasndF(2.42,82.29) = 1.67p = .19,%2 =

.05, GGC.

3.2.3.1.3 Sensitivity and response bias
Higher FAs for ASD individuals indicate difficulein distinguishing between old and new

items. Therefore, the data were analysed in mota&ld®y calculating measures of response
criteria (Gaetano et al., 2015). Similarly to Expent 1 (Section 2.1.3.1.3), A’ (Pollack &
Norman, 1964) was calculated as a measure of setysiaind B” (Grier, 1971) was used as a

measure of response bias. The data are preseniedbliem 3.13.
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Table 3.13
Means and Standard Deviations for A’ (sensitivity) and B” (response bias) for recognition

responses for the four tasks for ASD and TD groups in Experiment 3.

ASD TD Total
A’ B” A’ B” A B”

Task M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

ltem  0.71(0.14) 0.09 (0.28) 0.82 (0.17) 0.43 (.48.76 (0.17) 0.26 (0.39)
Location 0.61(0.17) 0.06 (0.21) 0.81(0.12) 08632) 0.71(0.17) 0.21 (0.30)
Order  0.58(0.20) 0.07(0.27) 0.73(0.22) 0.279p.D.65 (0.22) 0.17 (0.29)

Associative 0.54 (0.15) -0.01(0.17) 0.67 (0.20) 0.12 (0.30)60 (0.19)  0.06 (0.25)

For A’ data, a significant main effect Gfroup, F(1,34) = 11.74p < .01, Cohen’'sl = 1.14,
95 % CI(0.41, 1.82), with higher A’ rates for th® Tompared to the ASD group, indicated
lower sensitivity and, therefore, more difficulty tdistinguish between repeated and
manipulated trials for the ASD compared to the TEtip@ants. A significant main effect of
Task F(3,102) = 8.64p < .OOOl,np2 = .20, showed higher A’ rates ftem compared to
order, p < .05, Cohen'd = 0.58, 95 % CI(0.10, 1.04), arabsociativetasks,p < .0001,
Cohen’sd = 0.94, 95 % CI(0.44, 1.41), and focationcompared to thassociativeask,p <
.05, Cohen’sl = 0.65, 95 % CI(0.17, 1.12). There was no Grousgk interaction(3,102)

= 0.55,p = .65,1,° = .02.

Similarly, for B” data, a significant main effeof Group, F(1,34) = 12.50p < .01,
Cohen’sd = 1.18, 95 % CI(0.45, 1.86), with higher B” ratesthe TD compared to the ASD
group, indicated a larger response bias to refectcorrect answer for the TD compared to
the ASD group. A significant main effect ©ask F(3,102) = 4.64p < .Ol,n,;,2 =.12, showed

higher B” rates foitem, p < .01, Cohen’sl = 0.67, 95 % CI(0.19, 1.14), atmtationtasksp
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< .05, Cohen’sl = 0.59, 95 % CI(0.11, 1.05), compared to &lssociativetask. The Group x

Task interaction was not significafi(3,102) = 1.36p = .26,np2 =.04.

3.2.3.2 Correlations among tasks
Investigating the relations among tasks showed f&iginit positive correlations between the

itemtask and each of thelational tasks as well as among all tredational tasks (see Table
3.14), indicating that better performance on o t@as related to better performance on the
other tasks. However, separate analyses for thegtaps indicated that these correlations
were mainly driven by the TD groups’ performanceespite the smaller sample size,
(marginally) significant correlations were found @my allrelational tasks and between the
item and allrelational tasks for the TD group. By contrast, there wery tmo (marginally)
significant correlations among relational tasks aodsignificant correlations between the

itemand therelational tasks for the ASD group.

Table 3.14

Bivariate correlations among corrected recognition rates for all four tasks of Experiment 3 for

both groups separately and in total.

ASD TD Total
Task loc ord asso loc ord asso loc ord asso
ord A4 A 70**
asso .01 .56* 45 48* 42 58**
item 14 .20 A3 .68** .60**  .55* S7** 55 50**

Note. item = item test. loc = location test. ord = order test. asso = associative test. 'p < .1.

*significant at p < .05. **significant at p < .01.
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3.2.3.3 Exploratory regression analyses regarding the effeg of
age
Bivariate correlations to investigate the effecge on memory performance (i.e., corrected

recognition; see Table 3.15) showed that age wgsfisantly negatively correlated with
corrected recognition in therder task for both groups in total and for the TD group
separately, indicating lower order task performanith increasing age. No other significant

correlations were found for any of the other tasksither group.

Table 3.15
Bivariate correlations between age and corrected recognition scores for all four tasks of

Experiment 3 for both groups separately and in total.

ASD TD Total

item loc ord asso item loc ord asso item loc ord asso

age .33 -16 -07 -09 -36 -22 -59* -12 -07 -15.34 -09

Note. item = item test. loc = location test. ord = order test. asso = associative test.

*significant at p < .05.

A regression analysis was then used to investiget® much variance in memory
performance was explained by age. Age did not Bogmtly explain variance in corrected
recognition for thétem R? = .00,F(1,34) = 0.15p = .71,location R = .02,F(1,34) = 0.76,
p = .39, or theassociativaasks, R = .01,F(1,34) = 0.27p = .61, for both groups in total. By
contrast, age significantly explained 11.2 % of tagiance, R = .11,F(1,34) = 4.31p =
.046, and it significantly predicted corrected mgation rates in therder task, = -.34, 95

% CI(-0.02, 0.00)p < .05, for both groups in total.
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Closer inspection of the data showed that thiscefialy held for the TD group. Age did not
significantly explain any variance in corrected agaition in theorder task for the ASD
group, R = .01,F(1,16) = 0.09p = .77, but it significantly explained 34.6 % ogtlariance
in correctedorder recognition for the TD group, ‘R= .35, F(1,16) = 8.47,p = .01. Age
significantly predicted performance in tbheder task for the TD group? = -.59, 95 % CI(

-0.03, -0.00)p = .01, (see Figure 3.13 for illustration).
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Figure 3.13. The relationship between age and corrected recognition rates for the order task
of Experiment 3 with age explaining significantly more variance in order memory for TD

compared to ASD participants.

Re-running the analysis for both groups in totaluding Age and a Group x Age interaction
term showed that age explained significantly morgamae in order memory among TD
compared to ASD individuals. Using the forward methilne best model included Age and

Group x Age interaction, which significantly explad 22.7 % of the total variance in

215



corrected recognition for therder task, R = .23,F(2,33) = 4.84p < .05. Agep =-.35,95%
CI(-0.02, -0.00)p < .05, and Group x Age interactiof,= -.34, 95 % CI(-0.01, 0.00p <

.05, significantly predicted performance in thearthsk for both groups in total.

3.2.4Discussion
The aim of this study was to compare, directlymitevith relational memory for temporal

order, location, and inter-item associations ustagks that have the same relational
processing requirements. Novel abstract shape snagee used to control for the influence
of language and previous experiences with the mageon memory. Preliminary analyses
were run to investigate the effect of age on retati memory in both groups.

In the task, participants studied black shapedtgpthat were presented in sequential
order in three different screen locations. At tésins or relations were either unchanged (as
seen at study), or they were manipulated. It waslipted that, in line with the relational
binding account (Bowler et al., 2011), ASD indivadisi would show particular difficulties in
the relational memory tasks. The large age-rangehef recruited sample allowed the
exploratory investigation of the effects of ageretational memory in both groups, which
was of interest because of a lack of research mdtea, because of the known changes in
relational memory processes with age over the &piespan (Naveh-Benjamin, 2000), and
because even younger adults with ASD have beerdftmushow a similar memory profile to
healthy TD OA (see Bowler, 2007).

The first prediction was not supported by the dalthough, ASD compared to TD
individuals showed significantly lower performanicethe threerelational memory tasks,
replicating and extending earlier reports of diffies with memory for spatial relations

(Bowler et al., 2004; 2014Zooper et al., 201%emino et al., in preparation; Experiment 2),
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and serial order in ASD (Bowler et al., 2016; Bettmet al., 1996; Poirier et al., 2011; Gaigg
et al., 2014), persons with ASD also showed diffiea with theitem memory task. Similarly
to Experiment 1, difficulties in ASD were relatedl distinguishing between old and new
items, which became apparent in higher FA rateslamwer sensitivity in their responses.
Unlike the current finding, difficulties in item mery in ASD had not been found in
Experiment 2 of this thesis, and there are somesilples explanations for these
inconsistencies.

One possibility is that somemmemory tests inadvertently probedational memory
in that participants are encouraged to encodeioalbetween items and their context. This
process may then benefit subsequent context measomnell as memory for the iterpsr se
This suggestion is supported by the high positimeatations between performance item
and relational memory tasks in the TD group in the current stuslyggesting that TD
individuals may have drawn on relational processimthe item task even though they had
not been asked to do so, and the task would hame sa@vable without. Further support for
the idea that relational processing is probed bymesatem memory tasks comes from
Experiment 1 of this thesis, showing that recognitmemory was compromised in ASD
primarily in terms of Remembering (i.e., retrieviigm and context information), but not
Knowing, and a recent imaging study in ASD confidhtleat Remembering relies much more
on relational processing at encoding than Knowf&gigg et al., 2015). A lack of significant
positive correlations between item and relationadnmary task performance for ASD
individuals in the current study suggested thaty tdel not engage in such spontaneous
relational processing, as has been shown previdesty, in Gaigg et al., 2008), and did,
therefore, not rely on relational information tqport item test performance. Future studies

should address this possibility by combining theradggm employed here with a
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manipulation of encoding instructions that woulther foster or interfere with relational
encoding. Conditions that interfere with relatiopabcessing during encoding should lead to
equivalent performance on item tests for ASD andpEticipants, whereas conditions that
either allow for or encourage relational processaigstudy, should lead to similar group
differences on item tests as observed here.

Another issue relating to inconsistencies founitem memory task performance in
ASD concerns the concepts of ‘complexity’ and ‘tieliaal processing’, and how these may
map on to one another. A strong point of the pgradieveloped by Konkel et al. (2008) is
that the procedures for the different test condgi@re nearly identical and, therefore, are
closely matched on complexity, whilst manipulatithg need for relational processing. To
solve the task, participants need to form at leastbinary relations (e.g., between two items
or between an item and a location or serial pasjtiGorming three binary or one ternary
relation, however, would build more confidence &ocorrect answer. ASD participants may
have difficulties with forming binary (found in Expenent 2) and, particularly, ternary
relations (Bowler et al., 2011), which may explénme difficulties observed in the current
study. Halford's (1992) taxonomy of cognitive degrhent (see Section 1.4.1.4) with the
different types of relations may be a good openaiaation of task complexity and may help
to unify explanations for the memory profile in ASiat are framed in terms of ‘complexity’
(Minshew & Goldstein, 1998) with those with refecerto the distinction between item and
relational memory (Bowler et al., 2011).

A comparison between the different relational mentasks was complicated by the
difficulty level of the tasks for participants.it not possible to completely rule out that task
difficulty may have masked disproportionate diffioes on relational compared to item tasks,

or on one relational compared to the other relalioasks. However, effect sizes were large
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for the between-group differences on all tasks, emafidence intervals for the effect sizes
were overlapping (see Figure 3.12), suggesting diahree tested relations were similarly
difficult for ASD individuals. This is in line witlprevious research finding similar difficulties
comparing different relations in ASD (Bowler et @004, 2014), and with Konkel and
Cohen (2009) suggesting that all relations relyhi® same extent on the same brain region,
namely the hippocampus. So if ASD individuals shatypical hippocampal functioning
(Section 1.4.2.1), there should not be a differeag®ng memory for different kinds of
relations. Comparing the current data to the figdiof Konkel et al. (2008) supports ideas
about hippocampal rather than wider MTL abnorneditin ASD, since ASD individuals’
performance was more similar to that of the hippgeal patients, performing above chance
on the item task only. These results are in lineghwa large body of literature (see
Eichenbaum, 2004; Eichenbaum et al., 2007; A. Mayestaldi & Migo, 2007 for reviews),
suggesting that the hippocampus is critical foratrehal but not item-specific memory
processes, whereas the wider MTL, including cdrtaz@as surrounding the hippocampus
(particularly the parahippocampal and perirhinatices), additionally support item memory.
It is, however, worth noting that the ASD individsiaperformance was better than that of
Konkel et al.’'s (2008) hippocampal patients, highting the need to consider other brain
regions in addition to the hippocampus that maynbelved in the emergence of memory
difficulties in ASD. To this end, it is worth comgring the correlations among the
performance on the different tasks in more de&dnificant positive correlations among all
tasks in the TD group seem to suggest that theyited domain-general relational strategies
flexibly in all conditions, whereas the absenceafelations among task performance in the
ASD group suggests that they seemed to tackle eauwthtion differently with less adaptive

strategies. One reason may have been difficultiéfs flexibly using relational processes in
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ASD, which may be related to hippocampal dysfum;tence hippocampal damage has been
related to inflexible cognition and behaviour (D&ffBrown-Schmidt, 2012; Rubin, Watson,
Duff & Cohen, 2014). Another possibility is thatighinflexibility in ASD may indicate a
difficulty with executive functions (i.e., flexibladaptation to the varying task demands) and,
therefore, processes guided by the PFC. This pbssilwill be tackled in the next
experiment.

Considering the exploratory investigation of theluahce of age on relational
memory, the findings foorder memory were in line with Bowler’s (2007) ageing laxgy in
that ASD individuals performed similarly to oldeDTparticipants in the current sample.
Younger TD individuals had an advantage for refslomemory processes over ASD
individuals. This advantage, however, seemed toedse as relational processing decreased
in the course of typical ageing, resulting in sexaldifferences between the older groups.
Similarly to the findings reported here and in BExpent 1, Lever and Geurts (2016) recently
reported reduced age-related differences in visuaiory in large ASD compared to TD
samples, which also supported teafeguard hypothesi§Geurts & Vissers, 2012). The
findings were, however, not in line with the strengffect of age on ASD memory for
location reported in Experiment 2. It is possilieat in Experiment 2 effects of age on
memory in the TD group were obscured by a ceiliffgce More research is, therefore,
needed to disentangle the effects of age on menmkSD. More generally, it seems
possible that factors underlying memory declind' i OA may operate at an earlier age in
ASD individuals, which may explain relational memodifficulties reported here and
elsewhere (see Section 1.4.1), or they may followliféerent developmental trajectory

altogether. It is debateable why no effects of agee found in location and associative
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memory in the current study, perhaps these woubdrbe apparent with larger samples and
more variability in the data.

In conclusion, the present study supports and dstexisting findings of relational
memory difficulties in ASD to previously untesteglations and suggests that age may have
less influence on order memory in ASD compared@oiddividuals. By showing difficulties
in item memory in ASD, the current study questidoswhat extent and under what
circumstances item memory may be intact in ASD, whéther TD and ASD individuals
similarly rely on item information when processinglations and vice versa. A further
guestion is whether ASD individuals are able to nedational processing, but prefer not to do
so, or whether they use item processing as a casapmy mechanism. A comparison with
Konkel et al. (2008) suggests better performand&®SD participants tested here compared to
hippocampal patients, questioning a hippocampairthef autistic memory and asking for
the search of additional factors that may hindeswupport autistic memory depending on
brain regions outside the hippocampus. An examplelavbe EFs that support the search for
an appropriate strategy for a task and that a® ialolved in memory decline in TD OA.
Paralleling memory performance in ASD and TD OAmpos further consideration of EFs in
researching memory in ASD. This will be done in ti@xt experiment. In addition, following
the findings of Experiments 2 and 3 of difficultigh location information in ASD, the next
study will address memory for spatial informatiéinally, the next experiment will further
investigate what role item memory may play in toatext of relational memory in ASD, a

guestion that was not answered completely by Erpent 3.
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4 Chapter 4: Spatial navigation
4.1 Experiment 4: Spatial navigation

4.1.1Theoretical background

Spatial navigation is the capacity to navigate ie’'s environment. Research distinguishes
between different types of spatial navigati@gocentric navigations the capacity to relate
one’s personal point of view to the locations ofeats in space (Hartley, Trinkler & Burgess,
2004). Usingallocentric navigationone relates objects and locations in space taoonther

to form a view-point independent abstract cognitivap of the environment (Bohbot et al.,
2004). Spatial navigation is closely related to to@cept of relational memory in that an
individual needs to relate objects and locationshm environment in order to successfully
navigate to a desired location. The distinctionMeein egocentric and allocentric navigation
is useful in that it can help to quantify which ¢ypf relational processing ASD individuals
struggle with. In addition, this distinction is aldissociable at a neural level with egocentric
navigation regulated through the caudate nuclewhifBt et al., 2004), whereas allocentric
navigation was impaired after MTL (Feigenbaum & kigr 2004; Goodrich-Hunsaker,
Livingstone, Skelton, & Hopkins, 2010) and righpjpocampal lesions in humans (Bohbot et
al., 2004), offering a test of theories suspecthey hippocampus as an area of difficulty in
ASD (Section 1.4.2.1). Similar to other forms ofatenal memory, allocentric navigation is
expected to pose particular difficulties for persamith ASD. Previous studies on spatial

navigation in ASD show, however, mixed evidence (Fable 4.1 and below).
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Table 4.1

Overview of studies investigating spatial navigation in ASD compared to TD individuals.

Participant characteristics Materials Measures Reslis Cohen’s
ASD TD ASD TD d
M (SD) M (SD) M (SD) M (SD)
Prior & Hoffmann (1990)
N 12 (9 m) 12 (9 m) Milner Maze
12 (9 m)
age 13.75 13.75 Find & remember correct Errors 180.2 (119.5) 65.9(29.5) 131

(10-17f°  (10-17}® path through array - bottom
11.33 left to top right

(8-16f"
PIQ¢ 88 100 Criterion: tree consecutive  Time
(76-1095° (85-112§° error-free trials
107
(97-120§*
N of individuals reaching
criterion
Edgin & Pennington (2005)
N 24° 34 Morris Water Maze % time in target quadrant
age 11.46 12.04  Find & remember location of
(2.3) (2.5) hidden target in virtual pool
BD® 12 12
(4.3) (4.1)
VA' 104 109

(20.2) (13.0)

63.2 (40.6)  1.31

19.1 (12.1) 8.9 (1.8) 1.09
7.8 (2.1) 1.23
1 6
8
39710. 43 (12.5) 0.89
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Participant characteristics Materials Measures Results Cohen’s

ASD TD ASD TD d
M (SD) M (SD) M (SD) M (SD)
Ring, Gaigg, Altgassen, Barr & Bowler (in revision)
N 26 (23 m) 26 (18 m) Morris Water Maze
age 38.81 42.12  Find & remember location of % time in target qua- A 28.87 (29.74)  34.46 (32.17) 0.18
(11.8) (12.1) hidden target in virtual pool drant E 37.57 (32.79) 36.93 (31.32) 0.02
VIQ¥Y 109 111 Egocentric (E) - landmarks
(16.6) (16.3) moved
PIQ¢ 108 107 Allocentric (A) - participant

(19.6) (17.6) moved

Lind, Bowler & Raber (2014a)

N 20 (16 m) 20 (15m) Memoryisland
age 8.67 8.32 Find target items in 3-D Time in target quadrant VvV 0.91 (0.04) 0.89 (0.07) 0.35
(1.4) (0.9)  island environment H 0.79 (0.17) 0.85 (0.08) 0.45
vIQ" 104 107 Visible (V, targets are markedTime to target V  66.12 (13.94) 60.24 (7.52) 0.53
(13.5) (5.3)  byflags) H  87.33(26.49) 68.15 (10.83) 0.95
PIQ" 105 110 Hidden trials (H, no flags) Successful trials V 0.99 (0.06) 1.00 (0.00) 0.24
(18.1) (14.2) H 0.86 (0.19) 0.96 (0.09) 0.67
Velocity \Y 7.07 (1.05) 7.51 (0.70) 0.49
H 7.60 (1.00) 8.02 (0.68) 0.49
Path length V 443.65(23.32) 438.72(34.51)  0.17

H 634.33(167.05) 537.28(79.26)  0.74

Cumulative distance to V 30989 (7933) 28349 (4186) 0.42
target H 46373 (20316) 33307 (7673) 0.85
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Participant characteristics Materials Measures Results Cohen’s
ASD TD ASD TD d
M (SD) M (SD) M (SD) M (SD)
Lind, Williams, Raber, Peel & Bowler (2013)
N 27 (21m) 28(21m) Memory island
age 34.64 33.02 Findtargetitemsina3-D  Time in target qua- \% 0.80 (0.19) 0.81 (0.21) 0.05
(13.0) (16.4) island environment drant H 0.69 (0.21) 0.81 (0.19) 0.60
VIQ" 110 113 Visible (V, targets are markedTime to target V 88.01 (39.13) 68.85 (28.51) 0.56
(15.2) (12.2) by flags) H  105.40 (45.80) 77.11 (29.18) 0.74
PIQ" 111 114 Hidden trials (H, no flags) Successful trials V 0.84(0.22) 0.91 (0.25) 0.30
(16.3) (12.6) H 0.72 (0.24) 0.86 (0.21) 0.62
Velocity Vv 7.16 (1.00) 7.88 (0.68) 0.84
H 7.94 (0.67) 8.48 (0.52) 0.90
Path length V 580.35 (280.62) 539.48 (257.57) 0.15
H 808.62 (342.59) 640.65 (221.61) 0.58
Pellicano et al. (2011)
N 20 (18 m) 20(18 m) Foraging game
age 10.64 11.03  Search array to find hidden % visits to side with BI1  45.50 (16.77) 61.50 (20.91) 0.84
(1.4) (2.0) targets most targets Bl2 62.25 (17.43) 63.25 (25.30) 0.05
VA' 103 106 Two blocks, timed task Optimality search patBl1 0.63 (0.11) 0.70 (0.07) 0.76
(16.5) (13.9) Bl2  0.65(0.12) 0.74 (0.07) 0.92
NVA! 36 36 One side of array had Consistency search  Bl1 0.79 (0.08) 0.85 (0.08) 0.75
(8.1) (5.0) 80 % targets path BI2 0.80 (0.08) 0.87 (0.08) 0.88
N of revisits BI1 20.35(23.68) 12.05 (12.00) 0.44
Bl2 27.05(29.70) 8.35 (8.56) 0.86

225



Participant characteristics Materials Measures Results Cohen’s
ASD TD ASD TD d
M (SD) M (SD) M (SD) M (SD)
Caron, Mottron, Rainville & Chouinard (2004)
N 16 (15m) 16 (15m) Human-sized maze
age 17.60 18.90 Five tasks Route following -  low 1.00 (0.70) 1.10 (0.80) 0.13
(6.3) (5.7) errors high 1.50 (1.00) 1.60 (1.31) 0.09
VIQY 102 111 Guided route learning & Route following - low 39.30 (11.70) 42.70 (8.70) 0.33
k (21.2) (10.4) route execution time high 48.60 (15.40) 52.80 (12.20) 0.30
PIQY 112 107 Route retracing end to start Route retracing - low 1.60 (1.40) 2.30 (1.60) 0.47
k (12.9) (12.1) errors high 2.20 (1.30) 2.70 (1.20) 0.40
Route retracing - low 45.70 (13.90) 51.40 (10.60) 0.46
time high 52.50 (11.60) 60.40 (9.90) 0.73
Point to start or end (degrees) Absolute poingrrgr 26.30 (31.60) 15.30 (19.60) 0.42
Route recall - cued (sheet % participants passing test, 73.30 30.8¢
with maze pattern) route drawing (cued recall)
or free (empty sheet) time route drawing (free 65.10 97.60
recall)
Study map & route Route execution - errors 11490) 0.80 (1.20) 0.46
execution Route execution - time 57.70 (40.10) .13921.90) 0.66

Note. *Range. "SD not reported. ‘Gender distribution not reported. °BD - Block design, Wechsler Intelligence Scale for Children (WISC-III).

Performance 1Q/nonverbal ability (NVA) - Leiter International Performance Scale (LIPS)®; Wechsler Abbreviated Scale of Intelligence (WASI)";

Raven’s Standard Progressive Matrices’; Wechsler Adult Intelligence Scale (WAIS)?; WISC*. Verbal IQ/Verbal Ability (VA) - Peabody Picture

Vocabulary Test (PPVT-III); WASI"; British Picture Vocabulary Scale (BPVS)'; WAIS?; WISC*.
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In a test of simple spatial memory, the Milner Matteat required participants to find and
remember the correct path through an array overidlS, ASD compared to TD children and
adolescents, matched on CA or VMA, needed longeptoplete the task, made more errors,
and fewer reached criterion (Prior & Hoffman, 199@pwever, significant between-group
differences in PIQ, and floor effects in both greuwith only one ASD participant and just
half the TD sample reaching criterion on the tasknpromised the interpretation of the
results.

Asking matched groups of ASD and TD children andlestents to navigate in a
virtual pool environment to find a hidden platfonma computer-based version of the Morris
Water Maze, Edgin and Pennington (2005) found goiicant differences between groups.
Between-group differences may have been attenumtete significantly higher number of
women in the TD group, because women have beentegpto perform worse at spatial
navigation (Astur, Tropp, Sava, Constable & Mark2804). In addition, it is possible that
ASD participants may have compensated for poteatlatentric problems by using intact
egocentric processing, which was not addresseisrstudy because the authors tested their
participants only with a place learning conditio®., testing simple spatial memory that
enabled the use of allocentric as well as egoaeptocessing (Burgess, 2006). Ring, Gaigg,
Altgassen, Barr and Bowler (in revision) improvetk tdesign of this earlier study by
systematically manipulating task demands on egaceand allocentric processing within the
same task. While in the egocentric condition landnmdbjects moved around the pool area,
the participants moved around the pool area the/aseh the allocentric condition. ASD as
opposed to matched TD adults spent a significastilyrter percentage of time searching in
the target quadrant of the pool area to find thefgim only in the allocentric condition,
suggesting a specific allocentric navigation defitiASD. Slightly more women included in

the TD group suggested that the between-grouprdifte2 may be larger. In addition, more
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difficulties would be expected when using a 3-Drexil-life navigation environment instead
of an aerial view, which may have made the formatoddnan abstract map easier for
participants.

Such a 3-D environment is the island navigatiok,tadere participants were asked to
find previously studied target objects that wereked by flags (visible egocentric trials), or
that were hidden (i.e., no support in the formlag$ marking the positions of the objects was
provided, allocentric trials). ASD children (Lind al., 2014a) and adults (Lind, Williams,
Raber, Peel & Bowler, 2013) both showed dispropaete allocentric navigation difficulties
compared to matched TD participants. However, éselts of these studies may have been
confounded by order effects in that egocentriddveere always presented first. In addition,
egocentric and allocentric conditions were not imaticon complexity in that the task support
in egocentric trials (i.e., the presence of th@)flamay have made them easier for ASD
individuals (see Section 1.4.1.3). This interpietatseems, however, unlikely since ASD
adults, despite showing particular difficulties alocentric navigation related to the time
spent in the target quadrant of the island, peréafmenerally worse (i.e., on egocentric and
allocentric trials) on most other measures takehsas time needed to find the target or
velocity (Lind et al., 2013). This study, thereforeuggested a rather general spatial
navigation deficit independent of condition.

In the foraging game, a real-life navigation enmiment, matched groups of ASD and
TD children were asked to find hidden targets bgral@ing 16 locations on the floor of an
actual room. Pellicano et al. (2011) found that A8® opposed to TD children needed
significantly longer to learn which side of the s#aarea was more rewarding (i.e., included
more targets), their search paths were longer, thayg did not search all the necessary
locations on the way to the target (less optimard®. In addition, ASD children returned

more often to a previously searched location aed gearch strategies were different across
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blocks of trials (less systematic search). These idaicated difficulty in finding rules for the
task as well as employing the rules to increase pasformance. The experiment, however,
does not disentangle the contributions of allogemtnd egocentric navigation.

In another real life search environment - a humae-maze - adolescents and adults
with and without ASD did not differ when asked trform a studied route (after walking the
route or studying a map) from start to end, toaadrthe route from end to start, when
pointing in the directions of start or end, or whdnawing the studied route either on an
empty sheet of paper (free recall) or on one thatved a maze pattern (cued recall; Caron,
Mottron, Rainville & Chouinard, 2004). The lack Bndmarks or cues in the navigation
environment, which people have been found to etifier real life allocentric navigation,
made this task a simple spatial memory test. Intiatg even though the task assessed spatial
navigation in great detail, the lack of data, stats, and effect size measures presented in the
paper make the results elusive.

Finally, Maras, Wimmer, Robinson and Bowler (205#)idied mental imagery in
ASD, which has been suggested as an underlying anesh of forming abstract map
representations for allocentric navigation. Thehatg tested 21 ASD (18 meNca = 40
years,Myiqg = 105,Mp|g = 101) and 20 matched TD adults (17 mMdgaa = 44 yearsMyiq =
108, Mpig = 105) on an island task asking participants,rdfteving studied a map of an
island, to imagine the distance between objectsemted on the map. Both groups took
similarly long to perform the task with increasitime needed relative to increasing actual
distance between objects. VIQ and verbal WM (derifrem the WM index score of the
WAIS) were highly correlated with scanning perfooa in ASD individuals, suggesting
that they particularly relied on verbal strategaesl capacities to solve this visual task, which
is consistent with reported difficulties on spashbrt-term (Bowler et al., 2016) and working

memory tasks (D. M. Williams, Jarrold, Grainger &d, 2014). Generating a mental image
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of a previously studied map appears to be intad3D, but it remains unclear from this
study whether ASD participants would also be ablgenerate a map of an environment that
they navigate.

In summary, previous navigation studies in ASD shdifficulties when tasks have
high demands on relational processing. Most previstudies did not disentangle the
contributions of egocentric and allocentric proaagsto successful spatial navigation in
ASD, nor did they systematically compare conditiovdhen conditions were compared,
often the order of their presentation was not cewnaianced, introducing a potential
confound. However, manipulating the presentatiotieorof conditions raises questions to
what extent ASD individuals are able to switch be#w different conditions and how EFs
may be needed to do this (Moffat, Kennedy, Rodrigu&kaz, 2007). When looking at
strategies used for navigation, one study showedAB® children were less optimal and
less systematic in their search (Pellicano et28111), and another study showed that ASD
adults depended on verbal strategies for their peskormance (Maras et al., 2014). There
are, however, no systematic investigations in AS#3easing their use of navigation
strategies, such as egocentric and allocentricegsicg. In addition, intact item memory is
necessary for successful allocentric navigation uf\gstrom & Strowbridge, 2012).
However, no previous study in ASD has tested iteemory in the context of spatial
navigation.

Some of these points have been addressed in ¢natlite on spatial navigation in TD
OA. On atask systematically comparing egocentrit @locentric navigation using the same
maze learning paradigm and randomising the tri@s@mtation, TD OA have shown
particular difficulties in allocentric trials, artlese difficulties were related to a reduced use
of allocentric navigation strategies (Wiener, de dappa, Harris & Wolbers, 2013). In

addition, two other recent studies found specifge-gelated deficits in navigating an
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originally studied route from a different directigallocentric navigation; Wiener, Kmecova
& de Condappa, 2012), and problems in flexibly shiitg between different navigational
strategies especially in switching from egocentacallocentric trials (Harris, Wiener &
Wolbers, 2012) in TD OA.

Based on the literature reviewed, the aims fordheent study were the following.
First, it was aimed to systematically compare egticeand allocentric navigation using the
same task placing similar relational processing ireqents on participants in both
conditions. Second, it was of interest to assesgkhwtype of navigation strategy (i.e.,
egocentric or allocentric) both groups of partiofzause for their task performance in
allocentric trials, and how well they can switchivibeen different navigation conditions.
Third, it was aimed to measure EFs and item menfmryandmarks presented during the
spatial navigation task and their role for sucadssévigation. Forth, it was of interest to
investigate the potential effects of age on egouer@nd allocentric navigation in both
groups. Following the results on the differenceshim allocation of attention at encoding in
ASD (Sections 3.1.1.1, 3.1.3.4.1), it was aimeddsess attention to landmarks at encoding
in the context of spatial navigation through theamgement of eye movements. Finally,
attention to landmarks at retrieval was of interemtd it was measured through eye
movements.

Following these aims, a task was chosen that sydiesly compared egocentric and
allocentric navigation relying on the same relatigpracessing requirements. In particular, at
study, participants were presented with a routeutpn a maze including four four-way
intersections. Each intersection was marked witlo tmnique landmarks, which were
presented in opposite corners of the intersecdreach intersection, the route either turned
left or right. At test, participants were presentdth static images of the intersections that

were either presented as coming from the sametidineas at study (measuring egocentric
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navigation) or as coming from a different directipmeasuring allocentric navigation) in
randomised order. Participants were asked to itelittee direction they needed to travel to
follow the original route they had studied at eadbrsection. Fixation durations and number
of fixations on the two landmarks presented at eatdrsection were measured at encoding
and retrieval, and tasks measuring memory for amelrharks after the navigation task, as
well as a task measuring EFs were included to askes role for spatial navigation.

To examine the first aim, accuracy scores for th@sen directions at the intersections
were inspected. If ASD participants show particaldficulties in relating object and location
information to one another in space to form anralbsimap presentation, they will only show
difficulties in the allocentric condition of thesta Following the second aim, it was examined
which strategy participants used for allocentrial$t If ASD participants show particular
difficulties related to allocentric navigation, th&vill show reduced use of allocentric and
increased use of egocentric strategies comparddtidividuals. Aim 3 was assessed by
inspecting performance on trials after a switah, ian allocentric trial was presented after an
egocentric trial, or vice versa. In addition, skiftsig was assessed with a task measuring
EFs, and participants were asked for their memoryandmarks. If ASD participants show
difficulties in EFs, they will show reduced perfancte after a switch between trials, in
particular, after switching from an egocentric to alocentric navigation trial. In addition,
they will show more perseverative errors on thed&sk. If ASD participants show intact item
memory, there will be no between-group differenaesmemory for the landmarks for
navigation. Regarding the effect of age on spataligation, if ASD individuals’ spatial
navigation performance is similarly affected by agethat of TD individuals, persons with
ASD will show effects of age on allocentric but mgfocentric navigation. Following Aim 5,
fixation durations and number of fixations on thsotlandmarks presented at each

intersection at encoding were assessed. If ASDvitdals show difficulties with relational
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processing, these will be apparent already at engadi shorter and fewer fixations on the
two landmarks compared to TD participants. Regardne final aim, fixation durations and
number of fixations on the landmarks presentedhat intersections at retrieval were
examined. If persons with ASD show difficulties lwitelational processing, they will show
shorter and fewer fixations on the two landmarkshef intersections at retrieval. Finally, if
fixation durations and number of fixations at retal reflect a real memory phenomenon,

eye-movement data will correlate with behaviouraligation data.

4.1.2Predictions
Based on the ageing analogy (Bowler, 2007), it pr&slicted that ASD participants would

show patrticular difficulties with allocentric nation and with switching from egocentric to
allocentric trials. It was also expected, that A&dults would demonstrate a natural bias to
adopt egocentric navigation strategies. EFs, iteemaory, i.e., memory for the landmarks
along the route, and attention, as measured threyghmovements, were assessed for their
role on spatial navigation. It was expected thasqes with ASD would show difficulties in
EFs but not in item memory compared to TD participa

Similarly to Experiments 1 - 3, a large samplehvédtbroad age-range was recruited to
examine the effect of age on spatial navigatiorigoerance in ASD. Allocentric navigation
was of particular interest since research on TD B&s shown particular age-related
difficulties in allocentric navigation (e.g., Wianet al., 2013). Possible outcomes were
stronger @ouble jeopardy- Geurts & Vissers, 2012; Experiment 2), weaksaféguard
hypothesis Geurts & Vissers, 2012; Lever & Geurts, 2016p&xments 1 and 3), or similar
(parallel development Geurts & Vissers, 2012) effects of age on alidige navigation in

ASD and TD adults.
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Finally, following the results of Experiment 2,vitas expected that the ASD group
would attend less to the two landmark animals a&sré#ievant information on the screen
during encoding. Between-group differences in dibanto the landmarks at test were also

expected, reflecting difficulties in relational pessing in ASD.

4.1.3Methods

4.1.3.1 Participants

4.1.3.1.1 Behavioural data
Wiener et al. (2013) included 24 younger and 24 rolde adults. In addition, based on the

data for younger and older adults provided by J.Wlener (personal communication,
September, 1, 2016), power calculation using G*Rofikaul et al., 2007) showed that to
detect a significant Group x Condition interactisith an effect size of = 0.67 and a
statistical power of 0.90, a total sample size opagicipants would be needed. To increase
statistical power because of the heterogeneity 8DAsamples, 37 ASD (30 meNlyge =
42.61 years, age range: 26-64 years) and 31 TOisa{@Bb menMage = 40.71 years, age
range: 21-64 years) were matched on gerxfer,0.00,p = .96, CA, VIQ, PIQ, and FIQ, as
measured by the WAIS-Hf (The Psychological Corporation, 2000). Groups edétl
significantly in their AQ scores (Baron-Cohen et @aD01; see Table 4.2). Thirty-two ASD
individuals completed the ADOS (Lord et al., 198@jth eight individuals scoring just
below the total cut-off score. In all cases the ADbGbservations, however, were consistent
with difficulties in social-affective behaviours thare considered as the hallmark of ASD,
and since all individuals had received a clinicalgtosis before testing, they were included

in the study.
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Table 4.2

Descriptive statistics for ASD and TD participants in Experiment 4.

ASD (30m, 7f)  TD (25m, 6f) Cohen’
Measure M SD M SD t(66) p d Cl
Age (years) 42.61 125 40.71 138 060 .55 0.140.33,0.62
VIQ? 111 16.1 115 142 092 .36 0.22 -0.26,0.70
PIQ® 107 16.2 110 12.8 0.74 .46 0.18 -0.30,0.66
FIQ® 110 16.2 114 13.7 0.87 .39 0.21 -0.27,0.69
AQ" 33.51 6.7 1358 56 1322 .00 3.22 2.47,3.90
ADOS-C' 2.77 (1-6) 1.4

ADOS-RSI® 6.03 (1-13) 2.9
ADOS-Total" 8.63(3-17) 3.5
ADOS-Im' 1.19 (0-2) 0.7

ADOS-SB 1.38 (0-5) 1.2

Note. ®Verbal I1Q (WAIS-III'Y). PPerformance IQ (WAIS-I11Y). “Full-scale 1Q (WAIS-I1'Y). AQ
- Autism-Spectrum Quotient. °ADOS - Communication subscale. "ADOS - Reciprocal Social
Interaction subscale. YADOS Total score — Communication + Reciprocal Social Interaction.
"ADOS - Imagination/Creativity subscale. 'ADOS - Stereotyped Behaviours and Restricted

Interests subscale. ADOS scores are presented with range in brackets.

Similarly to the other studies presented in thissie ASD individuals reporting
comorbidities and/or use of psychotropic medica{@ % for the current study) remained in
the sample (see Section 2.1.2.1). Most common daichdisorders in the current study were
depression (42 %), anxiety disorder (17 %), ADHD %&), and dyslexia (17 %). In addition,
OCD (8 %) and schizophrenia (8 %) were reportedthieay 42 % of ASD individuals took

antidepressants and 8 % used antipsychotic mealica®diSD individuals with and without
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comorbidities and medication use did not diffemgfigantly in terms of gendeX®= 0.06,p
= .81, CA, VIQ, PIQ, and FlQmax < 1.16,pmin> .25, Cohen'Sinax< 0.41, 95 % Glal-0.30,
1.09). Finally, analysing the data without ASD widuals that reported comorbidities and/or

medication use left the results reported below fgctéd.

4.1.3.1.2 Eye-movement data
Five older,t= 2.50,p = .02, Cohen’sl= 1.20, 95 % CI(0.20, 2.16), ASD adults (three men,

Mage = 54.74 years, age range: 27-84yo = 110, Mpio = 101, Mg o = 106), who did not
differ significantly from the rest of the sample terms of gendefmnax= 1.68, Ppmin = .20,
VIQ, PIQ, and FIQtmax < 0.94,pmin > .35, Cohen'slnax< 0.46, 95 % Glax(-0.51, 1.39), and
three TD adults (two memVl,ge = 32.97 years, age range: 26-Myo = 111, Mpio = 100,
Mrig = 107), who were not significantly different frothe remaining TD participants in
terms of gendenCmax= 0.42, pmin = .52, CA, VIQ, PIQ, and FIQmax < 1.37,Pmin > .18,
Cohen’sdmnax < 0.84, 95 % Gla(-0.40, 2.01), were excluded from the eye-movement
analyses because Tobii software indicated that thegi-movement data validity was below
70 % on more than three experimental blocks. Theaneing 32 ASD (27 merMage= 40.72
years, age range: 26-64 years) and 28 TD (23 iveg, = 41.54 years, age range: 21-64
years) individuals were still matched on gendérs 0.05,p = .82, CA, VIQ, PIQ, and FIQ,

and they differed significantly in AQ scores (BatGohen et al., 2001; see Table 4.3).
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Table 4.3

Descriptive statistics for ASD and TD participants for whom eye-movement data were

available in Experiment 4.

ASD (27m, 5f)  TD (23m, 5f) Cohen'
Measure M SD M SD t(58) p d Cl
Age (years) 40.72 11.1 4154 140 025 .80 0.07 -0.44,0.57
VIQ? 112 16,5 115 13.8 0.89 .38 0.23 -0.28,0.74
PIQ® 108 16.1 111 12,6 0.72 .48 0.19 -0.33,0.69
FIQ® 111 16.4 114 135 0.84 .40 0.22 -0.29,0.72
AQ“ 33.13 6.7 13.79 52 1237 .00 3.20 2.40,3.92
ADOS-C* 281(1-6) 1.4
ADOS-RSI 5.86 (1-13) 2.9
ADOS-Total® 8.46 (3-17) 3.5
ADOS-Im" 1.22 (0-2) 0.7
ADOS-SB 1.39 (0-5) 1.3

Note. Verbal I1Q (WAIS-1I1'Y). PPerformance IQ (WAIS-IIIY). °Full-scale 1Q (WAIS-II1'Y). AQ

- Autism-Spectrum Quotient. °ADOS - Communication subscale. "ADOS - Reciprocal Social

Interaction subscale. YADOS Total score - Communication + Reciprocal Social Interaction.

"ADOS - Imagination/Creativity subscale. 'ADOS - Stereotyped Behaviours and Restricted

Interests subscale. ADOS scores are presented with range in brackets.

4.1.3.2 Materials

A virtual environment displaying a tunnel boundsddoown brick walls to the right and left

and a grey floor and ceiling, that had been prognach in Vizard 3.0, was adapted from

Wiener et al. (2013).
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Figure 4.1. Images of the route through the maze used in Experiment 4. Top left: Schematic

drawing of the route including the two landmark animals for each intersection. Top middle:

Next to the route (black line), displaying the direction of same direction trials (egocentric),

two arrows represent the directions of two different direction trials (allocentric) for the first

intersection. Top right: Schematic drawing of an empty map used for cued recall tests of

route and animals following the navigation test. Bottom: Examples of test images from the

first intersection. Bottom left: Same direction (egocentric) test image; correct answer: turn

left. Bottom middle: Different direction (allocentric) test trial coming from the right (dashed

arrow in image top middle); correct answer: go straight on. Bottom right: Different direction

(allocentric) test image coming from the opposite direction (dotted arrow in top middle

image); correct answer: turn right.

In a 38-second video, participants were passivedpsported along a route through the

environment turning either right or left at eachfadir four-way intersections, each marked

with two pictures of animals (e.g., dog, shake,danserving as landmarks hanging from the

ceiling of the maze in two opposite corners of ithtersection (see Figure 4.1 top left for a
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schematic drawing of the route). At test, partioigavere presented with 12 static images of
the intersections in random order presenting thentaming from the same (four) or a
different direction (eight) as at study. Same aiffém@nt direction images differed in terms
of the positions of the animal landmarks marking thtersections (see Figure 4.1 for
examples). Different direction images never presgrthe intersection as coming from the
direction in which the training route continued. ¥vas same direction trials were used to

measure egocentric navigation, different directrtads tested allocentric navigation.

4.1.3.3 Procedure

In a practice task, participants were presentedetwiith a video of a virtual route that turned
either right or left at each of two four-way intections at study. At test, they took part in one
same and one different direction trial. After reaey corrective feedback and another
practice in case of a wrong answer, as well asctiamce to ask questions, the test proper
started. The experiment was presented in Tobii stiirsion 3.1.6, and a Tobii TX300
recorded eye movements during study and test widarapling rate of 240 Hz. For this
purpose, before each study and test phase partisipeere asked to complete a five-point
calibration procedure, thus allowing them to reatljheir seating position and to take breaks
between blocks. Over the course of six study-testkis, participants were asked to learn a
new route through the maze, including four four-watersections, with the route either
turning right or left at each intersection. In gvetock, participants watched the same route
video twice at study, followed by seeing the san?etdst trials - four same- and eight
different-direction trials - in random order attteBarticipants were told that the test trials
represented the intersections they had seen imotite video, but that some of them were
now presented as if approached from another dinectilthough never from the direction that
would be opposite the direction of travel (i.e.rtggpants knew that they would never have
to make a U-turn). Participants were then askeddiate the direction they would need to
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travel to follow the original route they had stutlidAnswer possibilities were left, right, or
straight on. The test images remained on the saregnparticipants gave a verbal response
after which the next trial started. No feedback wams/ided at test.

After the last test block, participants’ memorytbé landmark animals marking the
intersections and the route was tested. In a &eallrtest, participants were asked to name all
the animals they remembered and the experimentedraown their answers. Participants
were then presented with an empty map (see Figaréog.right) displaying the four four-
way intersections along with two empty boxes aheaatersection to indicate the positions of
the animal landmarks. The starting point of theteowas indicated by an arrow pointing in
the direction of travel, and participants werennsted to draw in the route they had studied,
and to label the boxes with the names of the asimsfar as they remembered them.

To measure the extent to which possible inflexigigponses on the navigation task
may be related to difficulties with EFs, cognitiiexibility was tested using the
Intradimensional/Extradimensional shift task) from the CANTAB. This task presented
participants with pairs of pink shapes and whiteesi on top and measured rule learning
based on reward and rule changes. Participanigonse perseveration at Stage 8, presenting
the extradimensional shift, i.e., a shift in rewénan the pink shapes to the white lines, was
of particular interest. The number of times papirits continued to choose the pink shapes
over the white lines because they had previousenbmrrect and rewarded (perseverative
mistakes) was measured. The IED has been showe &efsitive to frontal lobe damage
(Owen et al., 1993), and ASD individuals were répdto show more perseverative errors on
the extradimensional shift of the task (Hughes, delis& Robbins, 1994; Ozonoff et al.,

2004), making the IED a good control task.
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4.1.3.4 Scoring

4.1.3.4.1 Behavioural data
First, participant’s responses were scored as eeptage of correct trials for each block to

obtain anaccuracy scoreUsing the same datawitch costsvere calculated as a percentage
of correct trials following a switch between egadtenand allocentric trials. The data were
averaged across the six test blocks, because Boy switch type occurred in every block,
because of the randomised trial presentationakatentric switch where a same direction
trial (egocentric) was followed by a different diten trial (allocentric), was distinguished
from anegocentric switchwhere a different direction trial (allocentriclaw followed by a
same direction trial (egocentric). Finalktrategy scoresvere derived from the two different
direction trials, where the three different direos represented the three strategies. Scores
were calculated as the percentage of times paatitgpgave an answer according to each of

the three strategies, as explained in referenEggioe 4.2.
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Figure 4.2. Schematic drawing to display the three different strategies for a different direction
(allocentric) trial that distinguished between all three strategies and the directions that

followed these strategies in Experiment 4.

In the figure, the first intersection is markedlndmark A in the bottom right-hand corner
and Landmark B in the top-left hand corner, whepraached from the original travel
direction (grey arrow) in same direction trials égoghfrom the bottom. The route turned left
at this intersection at study, and to turn left \dobe the correct response at test for same
direction trials. In the different direction tripfesented at test, the same intersection is now
approached from the right (black arrow) and is redriwith Landmark A in the bottom left-
hand corner and Landmark B in the top right-hanthe&o(see Figure 4.1 bottom middle for
the actual image). Using @onfiguration strategythe participant would have encoded the
original relationship between the two landmarks #dredtravel direction, and would give the

correct answer to go straight at this intersectfolowing the original travel direction. If a
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participant used only one of the landmarks as a fareexample, they remembered to turn
left at Landmark A or B, the answer would be tontleft (dotted arrow), leading to an
incorrect answer and a score for #hesociative Cue strategy third possibility is that the
participant used one of the landmarks as a beacaking them turn away from Landmark A
or turn towards Landmark B, resulting in a rightntdashed arrow), an incorrect answer,

and a score for thBeacon strategy

4.1.3.4.2 Eye-movement data
Total duration and number of fixations on the frantmal (ROI1) and the landmark animal

presented at the back of the intersection (ROI2evextracted using Tobii studio Version
3.3.0. Fixations were defined as lasting a mininairhO0 ms. Eye movements were recorded
at study, i.e., while participants watched the eoutleo, and at test, i.e., while participants
viewed same (egocentric) and different (allocehulicection test images. Eye movements at
study (encoding) were averaged across the two yidesentations of each trial, and were
analysed separately for the six blocks of the tasinvestigate changes in eye movements
across the duration of the task. Similarly, eye muomats at test (retrieval) were calculated
separately for the six blocks of the task, and dgocentric and allocentric test trials, to
investigate changes in eye movements across traialurof the task as well as potential

differences in eye movements between conditions.

4.1.4Results

The data were analysed with Chi-Squared testsdonimal data, bivariate correlations, linear
regression analyses, independent samples t-testsepeated measures ANOVAs. GGC was

used, when the Sphericity assumption was violaead, Bonferroni corrected post hoc tests
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were applied in case of significant differences. Thel of significance was set to .05 and

Cohen’sd and partial Eta-Squared are reported as effegtrseasures.

4.1.4.1 Behavioural data

4.1.4.1.1 Accuracy
The data, presented in Figure 4.3, were analysddan? (Group [ASD, TD]) x 2 (Trial type

[egocentric, allocentric]) x 6 (Block [1, 2, 3, &, 6]) repeated measures ANOVA. A
significant main effect oGroup, F(1,66) = 5.35p < .05, Cohen’dl = 0.56, 95 % CI(0.07,
1.04), indicated higher accuracy for the TR € 0.71,SD = 0.16) compared to the ASD
group M = 0.62,SD = 0.16). Significant main effects dfrial type F(1,66) = 136.55p <
.0001, Cohen’sl = 1.49, 95 % CI(1.11, 1.86), amiock F(3.53,232.66) = 10.0¢ < .0001,
npz = .13, GGC, showed higher accuracy for egocertiiopared to allocentric trials, and a
gradual increase in performance from Block 1 to Bl6c No interactions were significant,

Fmax< 1.76,pmin> .14,np2max< .03.

244



Accuracy

]: ................................... _TD egocentric
205 . T T —:[""‘ ]
%, ----- L=l I — —-ASD egocentric
03 q TD a”ocentrlc
a 024  —-- ASD allocentric

Block

Figure 4.3. Accuracy in same (egocentric) and different direction (allocentric) trials across
the six blocks of Experiment 4 for ASD and TD groups. The data are presented as mean +

SEM.

4.1.4.1.2 Allocentric vs. egocentric switch
A switch from an egocentric to an allocentric tigtalled allocentric switch (EA), whereas a

switch from an allocentric to an egocentric treahemed egocentric switch (AE). A 2 (Group
[ASD, TD]) x 2 (Switch [EA, AE]) repeated measur@dNOVA analysing switch data
showed a marginal main effect Group, F(1,66) = 3.91p = .05, Cohen’'sl = 0.48, 95 %
CI(-0.01, 0.96), with higher accuracy for the Tia € 0.70,SD= 0.22) compared to the ASD
group M = 0.62,SD= 0.26), as well as a significant main effecsefitch F(1,66) = 79.11p

< .0001, Cohen’'sl = 1.26, 95 % CI(0.88, 1.62), with higher accuréayan allocentric to
egocentric (AEM = 0.79,SD = 0.21) compared to an egocentric to allocentd;(M =
0.53,SD = 0.21) switch. The interaction was not significdf(1,66) = 0.00p = .98,11,,2 =

.00

14 When analysing these data only including the 25aRd 36 ASD individuals that also took part in tE®
from the CANTAB, the direction of the effects stdythe same.
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4.1.4.1.3 Strategy
Strategy scores are presented in Figure 4.4, aay wlere analysed with three separate 2

(Group [ASD, TD]) x 6 (Block [1, 2, 3, 4, 5, 6]) peated measures ANOVAs. A non-
significant trend for &roup x Blockinteraction,F(5,330) = 1.91p = .09,r|p2 = .03, was
found for theAssociative Cuestrategy No main effects were significant regarding the
Associative Cue strateg¥max < 1.38, pmin > .24,np2max< .03. Significant main effects of
Blockseacon F(4.24,279.61) = 6.68p < .0001,n,” = .09, GGC, andBlockconfiguration
F(3.78,249.69) = 9.19 < .OOOl,np2 = .12, GGC, however, showed a decrease in thefuse
the Beacon strategyand an increase in the use of @enfigurationstrategyfrom Blocks 1

to 6. No other main effects or interactions wegngicant, Fmax < 1.46, pmin > .23,np2max<

.03.
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Figure 4.4. Strategy use in different direction (allocentric) trials that distinguished between
associative cue, beacon, and configuration strategies for TD (left) and ASD (right) groups

across the six blocks of Experiment 4. The data are presented as mean + SEM.
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4.1.4.2 Executive Functions
The data for the IED from the CANTAB were availaide 36 ASD (29 menMage = 43.00

years, age range: 26-64 years) and 25 TD (21 meg, = 42.68 years, age range: 21-64
years) participants that were still matched in ®whgenderX?= 0.12,p = .73, CA, VIQ,
PIQ, and FIQtmax < 0.33,Pmin > .74, Cohen'Slnax< 0.09, 95 % Gla(-0.43, 0.59%°. ASD
individuals Masp = 11.67;SDasp = 11.1) showed significantly more perseverativersr at
Stage 8 of the IED compared to the TD groMad = 5.76;SDrp = 7.1),t = 2.52,p = .01,
Cohen’sd = 0.61, 95 % CI(0.08, 1.12). Inspecting bivariaterelations to investigate the
role of EFs on spatial navigation, significant nega correlations were found between
perseverative errors on the IED and egocentricalodentric navigation for the groups in
total and for the TD group, indicating the moregeserative errors participants made, the

worse their navigation performance (see Table 4.4).

Table 4.4

Bivariate correlations between navigation performance on egocentric and allocentric trials
and perseverative errors on the IED of the CANTAB as a measure of executive functions, as
well as memory for the landmark animals placed along the route for ASD and TD groups in

Experiment 4.

ASD Egd ASD Allo® TD Ego® TD Allo® Total Ego® Total Allo®

IED® -.22 -.33 -.60** -.42* -.34** -.38**
Free recall .28 .32 -.09 .07 .23 .28*
Cued recall .23 .28 -.00 53** 21 A1**

Note. *Accuracy for egocentric trials. "Accuracy for allocentric trials. *Perseverative errors at
the extradimensional shift Stage 8 of the IED of the CANTAB. *significant at p < .05.

**significant at p < .01.

> When analysing the behavioural navigation datagmtesi above for this reduced sample, the directfche
effects stayed the same.
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When entering Perseverative errors and a Groupgselerative errors interaction term into a
multiple linear regression using the forward method predict allocentric navigation
Perseverative errors remained as the only signifipaedictor,p = -.38, 95 % CI(-0.01, -
0.00),p < .05, explaining 14.2 % of overall variance’, R.14,F(1,59) = 9.74p < .01, in
allocentric navigation. Similarly, Perseverativeroes significantly predictedegocentric
navigation $ = -.34, 95 % CI(-0.01, -0.00,< .05, explaining 11.8 % of overall variancé, R

= .12,F(1,59) = 7.89p < .01.

4.1.4.3 Free recall and cued recall
As is displayed in Table 4.5, the TD group reca#eghificantly more landmark animals than

the ASD group in fred(66) = 2.70p < .01, Cohen’sl = 0.66, 95 % CI(0.16, 1.14), and cued
recall testst(66) = 2.33p < .05, Cohen’sl = 0.57, 95 % CI(0.07, 1.05). TD participants also
recalled slightly better the animals’ positions rgothe routet(65.99) = 1.97,p = .05,
Cohen’sd = 0.47, 95 % CI(-0.02, 0.95), compared to the APBup. There were, however,
no significant between-group differences in thealeof turns along the route, when
participants were cued with the mafB6) = 0.98p = .33, Cohen’sl = 0.24, 95 % CI(-0.24,
0.72).

Bivariate correlations to investigate the role @ém memory on navigation
performance showed significant positive correlatidretween memory for animals and
allocentric navigation (see Table 4.4), indicatitng better participants remembered the
animal landmarks, the better they performed oncalitric navigation trials. No significant
correlations were found between item memory and eagac navigation. When entering
Free and Cued recall for animals as well as intena¢erms of these variables and the Group
factor into a multiple linear regression analysisngsthe forward method to predict
allocentric navigationperformance, Cued recall for animals remainechasohly significant
predictor, = .41, 95 % CI(0.22, 0.76p < .0001, explaining 16.9 % of total variance in
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allocentric navigation performance? R .17,F(1,66) = 13.43p < .0001. ltem memory did

not explain any variance ggocentric navigatiomperformance.

Table 4.5
Means and Standard Deviations for free and cued recall item tests for the ASD and TD

groups in Experiment 4.

ASD (30m, 7) TD (25m, 6f)
M (SD) M (SD)

Free recall
Animals (out of 8) 0.72 (0.18) 0.82 (0.14)
Cued recall
Turns along the route (out of 4) 0.90 (0.25) 0039)
Animals (out of 8) 0.71 (0.18) 0.80 (0.13)
Animal positions (out of number of animals) 0.573@). 0.74 (0.32)

Finally, to consider EFs and item memory within #aene model, Perseverative errors on the
IED and Cued recall for animal landmarks were emanto a multiple linear regression
using the forward method to predict allocentric igation. The best model significantly
explained 21.3 % of total varianceatiocentric navigatiorperformance, R= .21,F(2,58) =
7.84,p < .01, and included Perseverative errgrs, -.30, 95 % CI(-0.01, -0.00p, < .05, as
well as Cued recall for animalg= .28, 95 % CI(0.04, 0.58),< .05, as significant predictors
for allocentric navigation (Figure 4.5). Howevegergeverative errors remained as the only

significant predictor foegocentric navigatiolfisee Section 4.1.4.2).
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Figure 4.5. The relationship between perseverative errors on the IED of the CANTAB (EFSs)
and different direction (allocentric) navigation (left), and between cued recall for animal
landmarks (item memory) and different direction (allocentric) navigation performance (right)
in Experiment 4, with EFs and item memory significantly predicting allocentric navigation
performance. Black triangles = TD. White circles = ASD. Solid line = linear regression line

TD. Dashed line = linear regression line ASD.

4.1.4.4 Exploratory regression analyses regarding the effeég of

age
Similarly to Experiments 1 to 3, it was of interéstexplore the effects of age on navigation

performance because of the similarity between mgnmmorTD OA and in ASD(ageing
analogy; Bowler, 2007), and because of the knoviectf of age on allocentric navigation
performance in healthy older TD individuals (e.@/jener et al., 2013). First, bivariate
correlations were investigated, which showed nmiB@ant relations between navigation

performance and age (see Table 4.6).
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Table 4.6
Bivariate correlations between performance on egocentric (same direction) and allocentric

(different direction) trials and age for the participants in Experiment 4.

Egocentric Allocentric

age -.04 -.20

Note. *p < .1. *significant at p < .05. **significant at p < .01.

Since it was still possible that age may have hddferent effect on navigation performance
in the two groups (Bewick et al., 2003), multipli@elar regression analyses were run
including Age and a Group x Age interaction termptedict navigation performance. The
Group x Age interaction term explained 6.9 % of vheiance, R= .07,F(1,66) = 4.89p =
.03, and it significantly predictedllocentric navigationperformancef = -.26, 95 % CI(-
0.00, 0.00)p < .05. Visual inspection of the right-hand panelFejure 4.6, along with the
inspection of the regression coefficients, showed &ge was a better predictor of allocentric
navigation performance in the TD as opposed toABE group. Similarly, the Group x Age
interaction term explained 6.8 % of the variancé,=R07,F(1,66) = 4.79p = .03, and it
significantly predictecgocentric navigatioperformancef = -.26, 95 % CI(-0.00, 0.00p,<
.05. Visual inspection of the left-hand panel ofufe 4.6 showed that age was a better

predictor of egocentric navigation performancehi@ ASD as opposed to the TD group.
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Figure 4.6. The relationship between age and egocentric navigation (same direction trials,
left), and between age and allocentric navigation performance (different direction trials, right)
in Experiment 4, with a stronger age-related difference in egocentric navigation in the ASD
group and in allocentric navigation in the TD group. Black triangles = TD. White circles =

ASD. Solid line = linear regression line TD. Dashed line = linear regression line ASD.

4.1.4.5 Eye-movement data

4.1.4.5.1 Encoding
Eye-movement data gathered while participants wdtctiee route video at study are

presented in Table 4.7, and they were analysed 2v{taroup [ASD, TD]) x 2 (ROI [ROI1,

ROI2]) x 6 (Block [1, 2, 3, 4, 5, 6]) repeated maa@s ANOVAS.
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Table 4.7

Total fixation durations and number of fixations during encoding on the front animal (ROI1)

and the animal presented at the back of the intersection (ROI2) across the six experimental

blocks of Experiment 4 for ASD and TD groups.

ASD (27m, 5f) TD (23m, 5f)
ROI1 ROI2 ROI1 ROI2
Measure M (SD) M (SD) M (SD) M (SD)
Total Fixation Duration in s
Block 1 8.72(3.80)  10.27 (4.91) 10.33(2.67) 11.57 (3.59)
2 8.42(3.64)  9.79(4.03) 10.17 (2.66) 10.55(3.29)
3 8.21(3.37)  9.18(4.05)  9.92(2.93)  10.16 (3.06)
4 7.91 (354)  8.70(4.06)  10.60(2.83) 10.78 (3.10)
5 8.03(4.04)  8.92(4.25) 10.24(3.38) 11.11(3.76)
6 8.66 (4.38)  8.58(4.32)  9.77(3.45)  10.69 (3.20)
Number of Fixations
Block 1 29.13 (12.24) 33.78(15.14) 33.68 (7.48) 37.7911).
2 29.56 (9.92) 34.03(13.08) 34.46 (7.04) 36.54 @p.5
3 29.41 (9.66) 32.75(13.25) 35.00 (10.46) 36.7161L.
4 27.69 (9.82) 30.47 (13.01) 36.32(9.17) 37.75@R.9
5 27.91 (14.01) 31.13(14.58) 33.89 (13.76) 39.5452p
6 30.06 (14.92) 29.38 (14.53) 31.75(9.42) 36.430A).
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4.1.4.5.1.1 Fixations on objects

4145111 Total Fixation Duration
Significant main effects dBroup, F(1,58) = 5.90p < .05, Cohen’sl = 0.63, 95 % CI(0.10,

1.14), andRO|, F(1,58) = 4.92p < .05, Cohen'd = 0.25, 95 % CI(-0.11, 0.61), showed
longer total fixations on the landmark animals tiee TD compared to the ASD group, and
shorter total fixations on the front (ROI1) commhreo the back animal (ROI2). No

interactions were significammax < 1.87,Pmin> .1O,np2max< .04.

When running follow up tests to inspect if ASD caargd to TD participants looked longer at
the three different directions, no significant beén-group differences were fourfehax <

1.2, pmin > .33,np2max< .02.

41.451.1.2 Number of Fixations
Similarly to the data on fixation durations, sigeaint main effects oGroup, F(1,58) = 5.48,

p < .05, Cohen'sl = 0.61, 95 % CI (0.08, 1.12), aiRDI, F(1,58) = 9.38p < .01, Cohen’sl
= 0.32, 95 % CI(-0.04, 0.68), showed more fixatiemsthe landmark animals for the TD
compared to the ASD group, and fewer fixations loa ftont (ROI1) compared to the back
animal (ROI2). No main effect of Block or interamis were significantymax < 1.35,Pmin >

24, Mp max< .03.

4.1.4.5.2 Retrieval
The data are presented in Table 4.8, and they amabysed with 2 (Group [ASD, TD]) x 2

(Trial type [egocentric, allocentric]) x 2 (ROI [RD ROI2]) x 6 (Block [1, 2, 3, 4, 5, 6])
repeated measures ANOVAs. ROI1 was specified aarihmal presented in the front of the
intersection at encoding, and ROI2 was the aniimatl had been presented at the back of the

intersection at encoding.
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Table 4.8

Total fixation duration and number of fixations during retrieval on the two landmarks
presented at each intersection along the route - ROI1 (front animal at encoding) and ROI2
(back animal at encoding), across the six blocks of egocentric and allocentric trials of

Experiment 4 for ASD and TD groups.

ASD (27m, 5f) TD (23m, 5f)
ROI1 ROI2 ROI1 ROI2
Measure M (SD) M (SD) M (SD) M (SD)
Total Fixation Duration in s
Egocentric trials
Block 1 2.40(3.14) 1.98(1.89) 1.71(1.38) 1.78 (1.18)
2 1.78 (2.38)  1.63(1.38) 2.33(1.91)  2.05(1.15)
3 1.57 (1.20) 1.45(1.31) 2.37(2.08)  2.21(2.58)
4 1.75(2.11) 1.73(2.08)  2.04 (1.77) 1.85 (1.04)
5 1.43 (1.66) 1.54 (1.43) 2.04 (1.84) 1.74 (1.27)
6 1.24 (1.13) 1.37(1.16)  1.91(1.57) 1.56 (0.91)
Allocentric trials
Block 1 2.21(1.87) 1.98(1.61) 2.28(1.34)  2.09 (1.09)
2 1.92 (1.91) 1.67(1.63) 2.64(1.78)  2.49(1.99)
3 1.89 (1.75)  1.64(1.56) 2.50(1.97)  2.27 (2.00)
4 1.62 (1.46)  1.46 (1.47) 2.51(1.79) 2.08 (1.56)
5 1.67 (1.08)  1.46(0.97) 2.74(2.42)  2.09 (1.46)
6 1.82 (1.76) 1.47 (1.23)  2.33(1.58) 1.99 (1.49)
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ASD (27m, 5f) TD (23m, 5f)
ROI1 ROI2 ROI1 ROI2
Measure M (SD) M (SD) M (SD) M (SD)
Number of Fixations
Egocentric trials
Block 1 8.28 (7.99) 6.74(5.38)  6.24 (4.77) 6.16 (4.11)
2 6.46 (6.95) 6.03(5.73) 8.44 (5.97) 7.16 (4.06)
3 6.24 (5.22) 5.50(5.82) 9.04(7.51)  7.21(6.12)
4 7.02(9.87) 6.47(9.80) 7.40(5.83)  6.20 (4.32)
5 6.02 (9.37) 5.83(6.63) 7.18 (6.00) 5.67 (4.25)
6 478 (3.77) 4.88(4.23) 7.15(6.08)  5.18 (3.12)
Allocentric trials
Block 1 7.81(6.33) 7.52(5.72) 8.05(4.79) 7.42 (3.76)
2 7.25(8.98) 6.60(6.49) 8.94(5.93) 8.74 (6.08)
3 6.40 (5.61) 6.05(5.39) 8.23(6.32) 8.07 (6.33)
4 5.77 (6.68) 5.53(5.21) 8.30 (6.60) 7.57 (5.34)
5 6.04 (4.86) 5.67(3.91) 8.81(7.33)  7.09 (4.82)
6 6.02 (5.76) 5.39(4.23) 7.77(5.52)  6.67 (4.22)

4.1.4.5.2.1 Egocentric vs. allocentric trials - Fixations on obgcts

4145211 Total Fixation Duration
A significant main effect oTrial type F(1,58) = 11.92p < .01, Cohen’sl = 0.17, 95 % CI(-

0.19, 0.53), with longer total fixations in alloéga compared to egocentric trials was further
gualified by a significanGroup x Trial typeinteraction,F(1,58) = 5.04p < .05,11|o2 = .08,
which showed that only TD participants fixated lengn allocentric as opposed to egocentric

trials, p < .0001, Cohen’'sl = 0.28, 95 % CI(-0.25, 0.81), whereas no diffeecbetween
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conditions was found for the ASD groyps .38, Cohen’sl = 0.06, 95 % CI(-0.43, 0.55). By
contrast with the encoding trials, a marginal meifect of ROI, F(1,58) = 3.92p = .05,
Cohen’sd = 0.16, 95 % CI(-0.20, 0.52), showed longer tditedtions on the front (ROI1)
compared to the back animal (ROI2). A margi@abup x Blockinteraction,F(2.99,173.50)
=252,p= .06,np2 = .04, GGC, was characterised by an increasetah figation duration
from Blocks 1 to 6 for the TD group, but a decrefmethe ASD group. No other main

effects or interactions were significaRtyax < 1.89,pmin > .14,np2max< .04.

4145.2.1.2 Number of Fixations
A significant Trial type main effect,F(1,58) = 9.28p < .01, Cohen’sl = 0.12, 95 % CI(-

0.24, 0.48), with more fixations for allocentric cpaned to egocentric trials, was again
qualified by a significanGroup x Trial typeinteraction,F(1,58) = 5.23p < .05,11,,2 = .08,
showing that this was only the case for the TD grgu< .01, Cohen’sl = 0.21, 95 % CI(-
0.31, 0.74). The ASD group, however, showed simmlanbers of fixations in egocentric and
allocentric trialsp = .58, Cohen’sl = 0.03, 95 % CI(-0.46, 0.52). Significant maineeffs of
ROI, F(1,58) = 5.65,p < .05, Cohen'sd = 0.15, 95 % CI(-0.21, 0.51), anBlock
F(3.21,185.93) = 2.6 < .05,np2 = .04, GGC, showed more fixations on the front (RO
compared to the back animal (ROI2), as well asaedse in the number of fixations from
Blocks 1 to 6. No other main effects or interacsiavere significantfFmax < 2.05,pmin > .10,
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4.1.4.6 Correlations among behavioural and eye-movement dat

4.1.4.6.1 Eye movements at encoding
To establish the extent to which fixations on thedmark animals at encoding may have

contributed to later navigation performaffcebivariate correlations were run between
behavioural performance on egocentric and allogerttials and difference scores of
fixations on ROI2 and ROI1, since the analysesnabding eye-movement data (see Section
4.1.4.5.1) had yielded that ROI2 had been fixatmuyér and more often at encoding as
opposed to ROI1. Table 4.9 shows that there wereon@lations between fixations on the
landmark animals at encoding and subsequent naigpérformance for the groups in total
and the ASD group. Contrary to that, subsequentesgac navigation in the TD group was
significantly related to longer and more fixatiarsthe back as opposed to the front object of

the intersection at encoding.

Table 4.9
Bivariate correlations between fixation duration and number of fixations at encoding and

subsequent navigation performance in Experiment 4.

Ego ASD EgoTD Ego Total Allo ASD Allo TD Allo Total

Fix dur ROI2 - =27 A5* -.03 -.25 -.02 -.15
ROI1?

N fix ROI2 - -.06 A3* 15 -.19 -.03 -.09
ROI1?

Note. °Difference score of fixations on ROI2 (back animal of the intersection) and ROI1 (front

animal of the intersection). *significant at p < .05. **significant at p < .01.

6 When analysing the behavioural data for the redisample of individuals for whom eye-movement data
were available, the results were the same.
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4.1.4.6.2 Eye movements at retrieval
To examine whether fixations on landmark animalseateval were related to navigation

performance, bivariate correlations were run. Tdbl® shows that allocentric navigation for
the groups in total, as well as the ASD group, sigsificantly related to longer and more
fixations on the animal that had been presentdbarfront as opposed to the animal that had

been presented at the back of the intersectioncatding.

Table 4.10
Bivariate correlations between fixation duration and number of fixations at retrieval and

navigation performance in Experiment 4.

Ego ASD EgoTD Ego Total Allo ASD Allo TD Allo Total

Fix dur ROI1 - 12 -.32 -.07 .38* .25 .30*
ROI2%

N fix ROI1 - .07 -.29 -.08 .35*% 22 .28*
ROI2%

Note. ®Difference score of fixations on ROI1 (front animal of the intersection at encoding)
and ROI2 (back animal of the intersection at encoding). *significant at p < .05. **significant at

p <.01.

4.1.5Discussion
The aim of this study was to compare, systemaicalllocentric and egocentric spatial

navigation using a task that had the same reldtipnacessing requirements for both
conditions. Item memory, EFs, and attention wereasueed to assess potential between-
group differences and their influence on spatiavigetion. Eye movements were also

measured at retrieval to examine whether relatiomainory difficulties may be evident in
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ASD in measures that operate outside awarenessimipy analyses were run to
investigate the effect of age on navigation perfmoe in both groups.

In the navigation task, participants studied aedbtough a maze crossing four four-
way intersections, each marked with two unique hagudks presenting images of animals. At
test, participants were presented with images efititersections coming from the same
(egocentric trials) or a different direction (akattric trials) as at study. They were asked to
indicate the original travel direction in everyalriwhich provided measures of accuracy,
switch costs, and strategy. Item memory was tebiedsking participants to recall the
animals as well as the direction of the route usimgap, and perseverative errors in the IED
from the CANTAB served as a measure of EFs. Atbentivas assessed by measuring
participants’ eye movements.

Contrary to the prediction that ASD individuals waudhow particular difficulties
with allocentric navigation, difficulties were olvged in both same (egocentric) and different
direction (allocentric) trials, supporting the findi of Lind et al. (2013) of a general
navigation deficit in ASD independent of conditidm.addition, unlike predictions of specific
difficulties to switch to an allocentric strategdSD individuals showed general difficulties
in switching between allocentric and egocentrial$ti The lack of between-group differences
in the use of the three strategies was againstthind prediction of a reduced use of
Configuration and an increased use of Beacon aAdi®ociative Cue strategies in ASD. This
result is unlike Wiener et al. (2013), who had foumaeduced use of the Configuration
strategy in TD OA, possibly because of the depetelesf this strategy on hippocampal
functioning, which has been reported to decreaske age in TD individuals. It is possible
that the fronto-hippocampal system is differenffgeted in ASD compared to TD OA. This
suggestion is supported by looking at the effecgd on allocentric navigation performance

in the current study, which was stronger for the d@npared to the ASD group. Similar
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findings of the reduced effect of age on relation@mory in ASD as opposed to TD
individuals were also found in Experiments 1 ands@porting thesafe-guard hypothesis
(Geurts & Vissers, 2012; Lever & Geurts, 2016).c8iallocentric navigation is dependent on
hippocampal functioning (Bohbot et al., 2004), tleeluced effect of age on allocentric
navigation in ASD in the present experiment suggkshat the hippocampus may be less
affected in ASD, or that ASD individuals may hawdtbr compensatory mechanisms, which
are not available for TD OA because of their adateel decline in other cognitive functions,
such as frontal lobe functions. Maister et al. @0thade a similar suggestion, when they
found that only the ASD group with impairments iRsEalso showed difficulties in memory
in their sample. A stronger effect of age on egtcenavigation in ASD as opposed to TD
individuals in the current study was, however, gsimpg. It may have been related to the fact
that the current task relied heavily on cognitilexibility in switching between different
navigation strategies and, therefore, task perfoo@avas dependent on EFs. It may be that
in tasks that place high demands on EFs, possimepensatory mechanisms relying on
frontal lobe functioning, may not work well in ASbhecause of a reliance on the same
functions. Another possibility that may explain agéated effects on egocentric navigation is
that in the current study a specific subgroup agpes with ASD may have participated that
had particular difficulties with EFs, as indicategithe higher number of perseverative errors
on the IED. Because of the demands on EFs in #ie thfficulties may have already been
apparent in egocentric navigation. In a more gdramatext, it is important to note that the
current study as well as Experiments 1 - 3 usedoasesectional design. Longitudinal
investigations of age-related memory effects maynstifferent results altogether. This may
be the case, especially, because the samplesteetcfar this thesis are fairly selective in that
intellectually highly able adults with an interéstresearch participated. When following up

the same ASD individuals over time, Howlin et &014) found a steep decline in cognitive
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functions in 25 % of older ASD individuals, previagt inclusion in further research studies.
The lack of participation of individuals such asesh may hide age-related memory
differences in studied ASD populations.

Looking again at strategy use, it is also posdit the between-group difference in
the use of the configuration strategy found in Wieet al. (2013) may be explained by the
fact that the authors had only screened their TDf@Amnild cognitive impairments resulting
from ageing, but younger and older TD adults hatdbe®n matched on cognitive ability.
Therefore, it is possible that the older TD aduttgshe sample may have also had lower
cognitive abilities confounding the data. In therreat study, however, ASD and TD
participants were well matched in terms of age EhdFinally, it is possible that the actual
effect size of the between-group difference in mpation strategy use is small and would,
therefore, require larger samples to be detected.

In general, the finding of an overall navigaticefidit in ASD in this study may seem
surprising, but there are two likely explanatiowsjch will be discussed next. First, from a
memory point of view, general difficulties in thpadial navigation performance in ASD may
have occurred because of relational binding prasessat are inherent in the task. According
to Halford (1992; see Section 1.4.1.4), binary trefes are necessary to process pairs of
items, whereas in a ternary relation three pie¢esformation are set into relation. A same
direction (egocentric) trial may be seen as a thsk necessitates a participant to form a
binary relation between one object and the diractbtravel. Whereas to perform well in
different direction (allocentric) trials, particips need to take account of both objects and
their positions (right, left and front, back anceiversa) in relation to the travel direction
and, therefore, several binary and ternary relatioesd to be formed. Both binary and
ternary relations have been found to pose diffieslfor ASD participants previously, for

example, in Experiments 2 and 3 of this thesisaddition, memory difficulties may have
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also contributed to ASD participants’ reduced natgmaperformance in terms of reduced
memory for animal landmarks, which was also foundbe an important predictor for

navigation performance in the current study. Thguarent is further supported by the
retrieval eye-movement data showing similar fixatdurations and numbers of fixations on
landmark animals in egocentric and allocentriclgria the ASD group, which may indicate

reduced processing of relations between landmarkgs argument is also supported by
correlations between navigation and eye-movemetat sfeowing that particularly allocentric

navigation benefitted from a larger difference ixafion durations and number of fixations

between landmark animals. Similar fixations on egec and allocentric trials may also

indicate that ASD individuals did not identify atkentric trials as presenting the intersection
coming from a different direction than at study ati@érefore, presenting a new image. ASD
participants may have confused newly presentedelic with familiar egocentric images,

reflecting reduced EM in ASD.

A second possible explanation for the overall gatron deficit in ASD found in this
study is that the general difficulty in switchingtiveen navigation strategies in ASD along
with the randomised presentation of allocentric agdcentric trials may have had a knock-
on effect on same direction performance, decregsenfprmance overall in the ASD group.
As already mentioned above, since switching requaeflexible adjustment both to and
between different trial types, it is likely thatgrotive flexibility and, therefore, EFs were
important for this task. More perseverative erfmrsASD participants in the current study
(in line with Hughes et al., 1994; Ozonoff et &0Q04), as well as their importance for
predicting navigation performance have highlightée relevance of EFs for spatial
navigation, in addition to memory, in the curretudy. Another factor that may have had an
influence on reduced navigation performance in ASperspective-taking ability. Previous

research highlighted the importance of perspedakerg ability in spatial navigation

263



(Kozhevnikov, Motes, Rasch & Blajenkova, 2006; Laog, Coltheart, Ward & Catts, 2001),
and De Condappa and Wiener (2016), using the saanadigm as the current study,
suggested that allocentric trials can also be solwe using a perspective-taking approach
rather than a configuration strategy. Given th&@alifties ASD individuals present with ToM
(see Sections 1.2.1, 1.4.2.5.1), and perspectikirgale.g., Hamilton, Brindley & Frith,
2009; Rehfeldt, Dillen, Ziomek & Kowalchuk, 200®ifficulties in these areas may have
played a role for the navigation deficit in thereunt study.

In addition to memory and EFs, differences inrditen may have played a role in the
spatial navigation difficulties in ASD, as indicdtby encoding eye movements. In line with
predictions, ASD individuals attended less to thienal landmarks. Although not apparent in
the correlations between encoding eye movementdaaémdnavigation performance, it may
still be possible that reduced attention to landwamay have contributed to ASD
individuals’ reduced memory for the landmarks ia ttem test, as well as to difficulties with
spatial navigation, as the use of environmental cwras found necessary for successful
(allocentric) navigation (Bohbot et al., 2004).idt possible that the measures of fixation
duration and number of fixations at encoding mayhae been sensitive enough to pick up
on the particular attention differences relateshaoigation difficulties in ASD. Specifically,
it seems possible that not pure fixation time,fatiier differences in a more complex fixation
pattern, such as looking back and forth betweednerks and travel directions to form the
basis for a cognitive map, would be a better ptedifor navigation performance. However,
reduced attention to landmarks at encoding in tB® Aroup in the current study replicated
and extended the finding from Experiment 2, showira different attentional preferences at
encoding may contribute to memory as well as spatsvigation difficulties in ASD.
Reduced fixations on landmarks also indicated $gemtaneous use of cues inherent in the

task, which raised the question if it is possilolenprove task performance by the provision
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of task support (Bowler et al., 1997). It seemslifkwhen using the same paradigm as in the
current study, that instructing ASD individuals pégitly, to encode the landmarks and their
relations, and to use them as cues for their ndgigavould enhance ASD participants’ task
performance. Similarly, explicitly informing parigants about the different pieces of
information that need to be taken into account i@hated to one another may increase task
performance. Using the paradigm of the currentystilis would mean that participants
would be informed about the landmark animals and tieir positions (left vs. right, front
vs. back) and their relation to one another retatehe travel direction and the correct
response for same and different direction trialsese possibilities should be investigated in
future research.

By finding general navigation deficits independefitcondition in ASD and the
surprising effect of age on egocentric navigationly partial support was found for the
ageing analogy (Bowler, 2007), and the idea thatRRC and the hippocampus, affected by
typical ageing (Hedden & Gabrieli, 2004), may alsalerlie memory difficulties observed in
ASD. The parietal lobes would be another braincstme worth considering (Boucher &
Mayes, 2012; Maister et al., 2013), since eye-mardrdata showed attention differences in
ASD in the current study, and the parietal lobegehbeen reported to support attention
(Behrmann, Geng & Shomstein, 2004; Han et al., 200dlhotra, Coulthard & Husain,
2009). They have also been shown to be involvedpatial navigation in addition to the
hippocampus and the PFC (Moffat, 2009), and akdHhorain regions are considered to be
part of thedefault networkunderlying functions, such as Remembering, ToMT E&nd
ABM (Spreng, Mar & Kim, 2009), with self-projectiqBuckner & Carroll, 2007) and scene-
construction (Hassabis & Maguire, 2007) as the ¢sses supporting these functions.
Evidence consistent with the idea of a disturbaocthe default network in ASD has been

reported by Lind et al. (2013), who found difficgalt in spatial navigation that were related to
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problems in ToM and EM. This interpretation fitsthvithe idea of an involvement of
perspective-taking ability in the spatial navigatitifficulties in ASD.

To conclude, the present study shows generaladpetvigation difficulties that were
related to the ability to flexibly switch betweeiffelent navigation strategies, as well as item
memory and EFs. The role of EFs was particularghighted by findings of a stronger
effect of age on egocentric navigation in ASD, sgg that the demands on EFs in the
task may have disabled the use of frontal lobetfans as a compensatory mechanism for
navigation in ASD in the current study. Findingsretiuced effects of age on allocentric
navigation in ASD in the current study, replicatedults of smaller age-related effects on
order memory and R responses in ASD in Experimgérdad 3. Replicating Experiment 2,
eye movements at retrieval reflected reduced EM3D, and eye movements at encoding
suggested attention differences as well as lesatapeous use of cues, which may have
contributed further to the spatial navigation diffities in ASD.

Taken together, although the studies of this thesifar showed that other processes
such as difficulties in EFs, relying on frontal lobhenctioning, and attention differences,
related to the functionality of the parietal corterntribute to memory and spatial navigation
difficulties, all studies strongly pointed to ddtilties in relational processing in ASD, which
is related to hippocampal functioning (Opitz, 2018M, relational memory, and spatial
navigation are all capacities of the hippocampush{®t et al., 2004; Burgess, Maguire &
O’Keefe, 2002; Davachi, 2006; Eichenbaum, 2007; Blowet al., 2001; Opitz, 2010).
Difficulties in EM were found in Experiment 1 by skimg reduced R responses.
Experiments 2 and 3 reported reduced relational ongim ASD for location, order, and set
information, and Experiment 4 found difficulties gpatial navigation in ASD. However,
none of the studies so far has been completely lesime in demonstrating abnormal

hippocampal functioning in ASD. For example, in t@se of Experiment 4, difficulties were
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also found in egocentric memory related to caudatgeus function (Bohbot et al., 2004),
and EFs difficulties and attention abnormalitiegevalso reported. Therefore, Experiment 5
used a new method to more directly assess atypipplocampal functioning in ASD by
adapting a paradigm from the animal learning litee (Aggleton et al., 2007, 2009;
Sanderson et al.,, 2006). This paradigm tested tatalclearning, which is seen as the
fundamental hippocampal mechanism underlying leginmemory, and spatial navigation
(Sutherland & Rudy, 1989; Rudy & Sutherland, 19%5fficulties in structural learning have
been related, directly, to abnormal hippocampacttioning, in that rats with hippocampal
lesions showed difficulties in performing the stual learning test compared to rats with
sham lesions. Therefore, testing structural learmngSD in Experiment 5 forms a direct

test of hippocampal functioning in ASD.
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5 Chapter 5: Structural learning
5.1 Experiment 5: Structural learning

5.1.1Theoretical background

Structural learninf - a type of configural learning, where the spasislangement of the
stimuli is important for task success (Aggletorakt 2007, 2009; Sanderson et al., 2006), is
crucial to an organism’s adaptation to complex mments, and it has been proposed as the
fundamental hippocampal mechanism underlying legrnmemory, and spatial navigation
(Sutherland & Rudy, 1989; Rudy & Sutherland, 199%e in all configural learning tasks, a
combination of items rather than single items need= learned (Aggleton et al., 2007), and,
in addition, the spatial or temporal relation bedwehe items is important for structural
learning (Aggleton et al., 2007). Regarding thecfion of spatial navigation (see Chapter 4),
the hippocampus has been shown to be necessathefareation of a cognitive/spatial map,
representing the relation between a goal locatrmhenvironmental cues (O’Keefe & Nadel,
1978). According to Schiller et al. (2015), echoifigiman (1948), the same mechanism
underlies a range of hippocampal functions thatblenshe organism to use information
flexibly to guide behaviour. Damage to the hippopas would, in this context, lead to
inflexible behaviour (Rubin et al., 2014). Schiller al. (2015) reported the coding of the
temporal context of memories, visual, mental, andoimotive exploration of space, the
organisation of knowledge to obtain expertise iceatain area of skill, “navigating” the
social world (by defining relationships via dimemss), and the organisation of memories

from different experiences as hippocampal functions

Y While structural learning was tested with a StreaitiDiscrimination task, Biconditional Discriminati and
Transverse Patterning tasks were used to meashee fuirms of configural learning. Whereas the pbsas
structural and configural learning will be usedréder to the learning processes, Structural Disicdtion,
Biconditional Discrimination, and Transverse Patiteg will refer to the tasks used to measure them.
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Theories have for long suspected a role of the dupmpus in the (cognitive)
differences observed in ASD (see Section 1.4&mnesia parallel Boucher & Warrington,
1976; Delong, 1992; Waterhouse, Fein & Modahl, 19@8ational binding account
Bowler et al., 2011). The theories have been sup@doy difficulties in various areas of
functioning that are hippocampus-dependent in ASDJ that map onto Schiller et al.’s
(2015) overview of processes that rely on the fdionaof a cognitive map. For example,
difficulties in ASD resulting from differences irefigural processing have been reported in
the areas of face processiBefirmann et al., 2006; Dawson, Webb & McPartlar@)52
Deruelle, Rondan, Salle-Collemiche, Bastard-Rogsdda Fonséca, 2006)memory (see
Sectiors 1.4.1, 2.1, 3.1, 3.2and spatial navigation (Chapter 4). Finally, regay memory
organisation, reduced transfer of information inDABas been found in various domains,
such as perception (Plaisted et al., 1998a; Sweitan 1996), language (D. L. Williams,
Mazefsky, Walker, Minshew & Goldstein, 2014; D. Williams et al., 2015), and (meta-)
memory (Gaigg et al. 2012; Woijcik et al. 2013).

Lesion studies in non-human animals have demoestrah important role for the
hippocampus (Aggleton et al., 2007), as well as dortico-hippocampal interactions in
structural learning (Aggleton et al., 2009), witsibns to the perirhinal cortex (Aggleton,
Albasser, Aggleton, Poirier & Pearce, 2010), theibq or the thalamus (Aggleton et al.,
2009) leaving structural learning intact. Lesiomshe frontal cortex in rats (Butt & Bowman,
2002) and monkeys (Browning & Gaffan, 2008) alste@ed configural learning, most
probably because of the connections between fram@ltemporal cortices. Studies typically
compared rats’ performance on structural learnmgasured with Structural Discrimination)
with performance on other configural learning taglke., Biconditional Discrimination and
Transverse Patterning; Sanderson et al., 2006 pnditonal Discrimination served as a

control task to test whether rats were able to hHmd elements to one another, and

269



Transverse Patterning measured their ability teradite rules depending on the context.
Structural Discrimination represented a combinatibthese two processes, and, in addition,
the spatial arrangement of the stimuli was impdrfansuccessful task performance. Simple
Discrimination was included to test whether ratsravable to discriminate two simple
images. Rats with hippocampal lesions were founetéorm similarly to sham lesioned rats
on Simple Discrimination, Biconditional Discrimimah, and Transverse Patterning, but they
showed lower learning across all blocks of Strutubiscrimination, as well as lower
accuracy on the final structural test block (Sasderet al., 2006). The rats’ performance was
above chance on all discriminations in all taskgygesting that they used structural and
configural learning rather than some other strat@ggbe trials, presenting mirror images of
originally studied images in the last test blockBadonditional Discrimination, assessed the
degree of transfer to the mirror probe images, eaitb scores (correct answers probe
trials/(correct answers original images + corrensveers probe trials)) indicated better
performance on probe images for rats with hippo@rgsions because of reduced learning
of the structural arrangement of the images atysandl, therefore, reduced transfer at test.
Following the literature reviewed above, the ainighis study were the following.
First, it was aimed to investigate structural leagnin ASD as the fundamental hippocampal
mechanism underlying other cognitive processes agcmemory and spatial navigation by
adapting a task from the non-human animal learriteyature using minimal verbal
instructions. Second, it was aimed to include a Imemof control tasks, such as, Simple
Discrimination, Biconditional Discrimination, andransverse Patterning, and control
measures, such as, measurements of response tinkd-anto exclude alternative reasons for

potential difficulties in a Structural Discriminati task in ASD.
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The tasks were adapted from the animal learniegglitire. In Simple Discrimination,
participants were asked to learn to discriminatsveen two simple shapes. In Biconditional
Discrimination, participants were presented witirpaf compound images and had to bind
the two parts of a compound image in order to leéamiscriminate it from the other item of
the pair. In Transverse Patterning, participantsew®esented with simple patches, such as
black or white, and had to learn to discriminatesMeen them depending on the context, i.e.,
which shapes were presented together. As in thd bame rock-paper-scissors, correctness
of a shape depended on which other shape it waemexl with. The EF task also assessed
the ability to alternate in that participants wasked to alternate between different coloured
circles. Structural Discrimination, the task used assess structural learning, formed a
combination of Biconditional Discrimination and Tisverse Patterning, in that participants
were presented with mirror images of compound sfinRdrticipants needed to bind the two
parts of a compound stimulus and, in addition, thegded to consider the context, i.e.,
which part of the image was presented on which siderder to learn which of the two
mirror images was correct.

To examine the first aim, accuracy scores for stmat learning derived from the
Structural Discrimination task were inspected foe four learning blocks and the test block.
Ratio scores (correct answers probe trials/(comastvers original images + correct answers
probe trials)) were computed, and performance orttiree discriminations was compared
against chance. If ASD participants show difficestiin structural learning, their accuracy
will be lower on the Structural Discrimination learg and test blocks compared to TD
individuals. If ASD individuals show difficultiesitransfer of information from study to test,
their ratio scores will indicate better performartre probe compared to originally studied
trials. If persons with ASD use structural learntogsolve the Structural Discrimination task,

their performance will be above chance on all tidseriminations. Regarding the second
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aim, accuracy scores were inspected for Simple ribgtation, Biconditional

Discrimination, and Transverse Patterning (learnamgl test blocks), response times for
Structural Discrimination were analysed, and penfonce on the EF task was examined. If
ASD patrticipants show specific difficulties in sttul learning, they will show no

difficulties compared to TD individuals in discringting between two simple shapes, in
binding two elements for discrimination, or in aftating rules in discrimination depending
on the context. In addition, structural learnindfidulties will not be caused by a speed-
accuracy trade-off in the Structural Discriminati@ask and they will also not be related to

potential difficulties in EFs.

5.1.2Predictions

Based on theories suspecting the hippocampus asugalnsubstrate for the cognitive
differences in ASD (Section 1.4.2.1), and the ewage just outlined, no between-group
differences were expected for Simple and Bicondéldiscrimination as well as Transverse
Patterning. However, ASD participants were predicte show specific difficulties in
Structural Discrimination with lower learning on hlocks and lower accuracy on the final
test block. Probe trials were included for Bicomial and Structural Discrimination to
measure the extent of transfer from studied to test images in the two groups. It was
predicted that ASD individuals would show betterfpenance on the probe images because
of reduced encoding of structural relations inhenenthe study images and, therefore,
reduced transfer of information from study to tdstwas predicted that ASD individuals
would use structural learning in the Structuralddimination task. Finally the role of EFs in
the context of structural learning was assesse@nBat difficulties in EFs were predicted to

be unrelated to difficulties in structural learningASD.
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5.1.3Methods
5.1.3.1 Participants

Sanderson et al. (2006) tested six participantavemage in each group for each of the three
tasks. To increase statistical power to detect ssipte between-group difference between
ASD and TD individuals, overall 114 adults took tpareither of three tasks, resulting in 19
TD and 19 ASD participants for each task. Individuaere closely matched on gendéfmax

< 2.18,pmin > .14, and CAt < 0.40,p> .69, Cohen’si< 0.08, 95 % Gla(-0.29, 0.44), and
they were individually matched on VIQ/VCI, PIQ/PRind FIQ,tmax < 0.61, pmin > .54,
Cohen’'sdnax< 0.12, 95 % Glaf-0.25, 0.48), as measured by the WAIS"ilbr WAIS-IV¢
(The Psychological Corporation, 2000, 2008). Thetigipant characteristics are displayed in
detail in Tables 5.1 - 5.3. All participants (exceme ASD individual in Biconditional
Discrimination) filled in the AQ (Baron-Cohen et,a001), confirming significantly higher
scores for the ASD compared to the TD group. Ole3@lout of the 57 ASD individuals had
time to take part in an assessment with the ADO&dlet al., 1989). Out of these, eight
individuals scored just below the total cut-off scasn this instrument, but they were
nevertheless included in the sample, since theydtiadeceived a clinical diagnosis of an
ASD. As explained in Section 2.1.2.1, the 39 % dB[A participants that reported
comorbidities and/or use of psychotropic medicatemained in the sample for the current
study. Depression (55 %), anxiety disorder (18 &yslexia (14 %), and ADHD (9 %) were
most common. In addition, OCD (5 %) and schizoplaefd %) were alos reported as
comorbid disorders. Further, 50 % of ASD individutdok antidepressants, and 18 % used
antipsychotic medication. ASD individuals with amithout comorbidities and medication
use did not differ significantly in terms of gend¥f= 0.67,p = .42, CA, VIQ/VCI, PIQ/PRI,
and FIQ,tmax < 0.61,pmin > .54, Cohen’'sinax< 0.17, 95 % Glaf-0.37, 0.70) and analysing

the data without these individuals did not chargedirection of the results reported below.

273



Table 5.1
Descriptive statistics for ASD and TD individuals, who participated in the Structural

Discrimination task of Experiment 5.

ASD (16m, 3f)  TD (12m, 7f) Cohan

M SD M SD  t(df) p d Cl
Age (years) 42.02 13.3 41.06 13.7 0.22(36) .83 0.07 -0.5710.7
VIQ/VCI @ 111 16.8 110 140 0.14(36) .89 0.04 -0.59,0.68
PIQ/PRI® 104 16.8 105 155 0.06(36) .95 0.02 -0.62,0.66
FIQ® 108 170 108 140 0.15(34) .88 0.05 -0.61,0.70
CTT2¢ 0.37 07 026 06 052(36) .61 0.17 -0.47,0.80
AQ® 32.68 74 1579 52 8.14(36) .00 2.64 1.72,3.45
ADOS-C' 3.00 (1-6) 1.4

ADOS-RSF 485 (1-8) 1.7
ADOS-Total”  7.85(5-14) 2.4
ADOS-Im' 1.17 (0-2) 0.7

ADOS-SB 1.00 (0-5) 1.5

Note. 2VIQ - Verbal 1Q (WAIS-11I"%) or VCI - Verbal Comprehension Index (WAIS-IVY). °PIQ
- Performance 1Q (WAIS-11I") or PRI - Perceptual Reasoning Index (WAIS-IVY¥). °Full-scale
IQ (WAIS-IIIY¢ or WAIS-IVYS) was available for 19 ASD and 17 TD individuals. Color Trails
Test Trial 2 - errors. °AQ - Autism-Spectrum Quotient. 'ADOS - Communication subscale.
9ADOS - Reciprocal Social Interaction subscale. "ADOS Total score - Communication +
Reciprocal Social Interaction. 'ADOS - Imagination/Creativity subscale. 'ADOS - Stereotyped
Behaviours and Restricted Interests subscale. The ADOS was available for 13 individuals.

ADOS scores are presented with range in brackets.
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Table 5.2

Descriptive statistics for ASD and TD individuals, who participated in the Biconditional

Discrimination task of Experiment 5.

ASD (15m, 4f)  TD (16m, 3f) Cohen's

M SD M SD  t(df) p d Cl
Age (years) 43.85 13.0 4357 119 0.07(36) .94 0.02 -0.6160.6
VIQ/VCI @ 110 18.0 109 142 0.23(36) .82 0.07 -0.56,0.71
PIQ/PRI® 105 171 105 161 000(36) 1 O -0.64,0.64
FIQ® 108 17.1 107 153 0.28(33) .79 0.09 -0.57,0.75
AQ“ 36.56 74 1374 65 9.91(35) .00 3.26 2.22,4.16
ADOS-C* 2.10(0-5) 1.5
ADOS-RSI  6.80(3-12) 3.5
ADOS-Total® 890 (3-17) 4.1
ADOS-Im" 1.30 (0-2) 0.8
ADOS-SB 1.90 (0-3) 1.1

Note. 2VIQ - Verbal 1Q (WAIS-111"%) or VCI - Verbal Comprehension Index (WAIS-IV'). °PIQ

- Performance 1Q (WAIS-11I") or PRI - Perceptual Reasoning Index (WAIS-IVY¥). °Full-scale

IQ (WAIS-HIY or WAIS-IVY) was available for 18 ASD and 17 TD individuals. “AQ - Autism-

Spectrum Quotient was available for 18 ASD and 19 TD individuals.

*ADOS -

Communication subscale. 'ADOS - Reciprocal Social Interaction subscale. ADOS Total

score - Communication + Reciprocal Social Interaction. "ADOS - Imagination/Creativity

subscale. 'ADOS - Stereotyped Behaviours and Restricted Interests subscale. The ADOS

was available for 10 individuals. ADOS scores are presented with range in brackets.
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Table 5.3

Descriptive statistics for ASD and TD individuals, who participated in the Transverse

Patterning task of Experiment 5.

ASD (16m, 3f)  TD (15m, 4f) Cohs

M SD M SD  t(df) p d Cl
Age (years) 43.37 129 41.77 128 0.38(36) .70 0.12 -0.5160.7
VIQ/VCI @ 115 16.1 112  12.7 0.71(36) .49 0.23 -0.41,0.86
PIQ/PRI® 108 150 107 134 0.17(36) .87 0.06 -0.58,0.69
FIQ® 111 16.0 109 144 0.33(29) .74 0.12 -0.60,0.83
AQ“ 36.32 7.7 1358 6.8 9.65(36) .00 3.13 2.13,4.00
ADOS-C* 2.50(0-5) 1.5
ADOS-RSI  6.29(3-13) 2.8
ADOS-Total® 8.79 (5-17) 3.5
ADOS-Im" 1.21 (0-2) 0.7
ADOS-SB 1.29 (0-3) 0.8

Note. 2VIQ - Verbal 1Q (WAIS-111"%) or VCI - Verbal Comprehension Index (WAIS-IV'). °PIQ

- Performance 1Q (WAIS-11I") or PRI - Perceptual Reasoning Index (WAIS-IVY¥). °Full-scale

IQ (WAIS-HIY or WAIS-IVY) was available for 18 ASD and 13 TD individuals. “AQ - Autism-

Spectrum Quotient. °ADOS - Communication subscale. ‘ADOS - Reciprocal Social

Interaction subscale. YADOS Total score - Communication + Reciprocal Social Interaction.

"ADOS - Imagination/Creativity subscale. 'ADOS - Stereotyped Behaviours and Restricted

Interests subscale. The ADOS was available for 14 individuals. ADOS scores are presented

with range in brackets.
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5.1.3.2 Materials
Materials and procedures were adapted from thentoliterature (Aggleton et al., 2007;

Sanderson et al., 2006). All tasks involved mininaatbal instructions. Black and white

images (see Figure 5.1) were presented on a tamgditive 12-inch laptop screen.

Biconditional Structural Transverse
discrimination discrimination Patterning
+ - + -

Eo § 1 B[
1 0] | B
=EE SE £1

Probe trials Probe trials

g En lj Simple discrimination
+ -

Figure 5.1. Examples of the stimuli for the tasks used in Experiment 5. Simple Discrimination

(bottom right) was part of all three tasks. As opposed to Transverse Patterning (top right),
Structural (middle) and Biconditional Discrimination (left) included probe trials presenting re-
paired stimuli for Structural Discrimination (bottom middle) and mirror images for
Biconditional Discrimination (bottom left) in Block 5. The stimuli presented below the plus
sign were reinforced in the example.
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A detailed overview of the stimuli and reinforcerh@ontingencies is presented in Tables

A3.1 - A3.3 in Appendix 3.

5.1.3.3 Procedure

After a practice in Simple Discrimination, partiaits took part in one of three tasks
(Structural Discrimination, Biconditional Discrimitian, or Transverse Patterning), with two
matched participants (one TD and one ASD individuigh similar 1Qs) receiving the same
version of the task. Trials @imple Discriminatior{using different stimuli compared to the
practice)were then included in every task to test if pgoicits in both groups learned which
of two simple shapes was the correct (reinforced), amdependent of the presentation side
on the screen, and to discourage perseveratiord€gson et al., 2006). The experimenter
stayed in the room with the participant to be aldé for questions.

Each task consisted of five blocks with a pauserafach block, which participants
chose to terminate to continue the task by presaipguse button on the laptop screen. In
every trial, two images were presented simultangpasd participants were asked to pick
the correct image by touching it. Feedback (a siitartoon face for correct or a frowning
cartoon face for incorrect responses) was presaniestreen, and participants were told to
aim for correctness. Which images were reinfor@ed in which block they appeared was
fully counterbalanced between participants. Thesgm&ation side of the reinforced stimuli
was counterbalanced within participants. Accuraoyg eeaction times were measured for
every block.

Every trial started with the presentation of a klaoreen for 1 s, followed by the two
images on the left and right side of the screenichvhvere displayed until participants
touched one of the images. Feedback stayed onmstwed.5 s, after which the next trial
started (e.g., in Block 1, there were 10 experimentials and two trials of Simple
Discrimination). In every block, participants haw learn to criterion (e.g., in Block 1, the
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criterion was 80 % correct on experimental triadd &0 % correct on Simple Discrimination;
see Tables A3.1 - A3.3 in Appendix 3 for detail§)the criterion was reached, the task
continued with the next block, otherwise the blegks repeated a maximum of two times,
after which the programme continued automaticallthe next block. Every task started with
the presentation of one pair of experimental ima@ase new pair of images was added in
every block (except for Block 3 of Biconditional darimination, which introduced two new
pairs), until all shapes were repeated in BlockVhereas Block 5 was the same as Block 4
for Transverse Patterning, in Block 5 in Bicondiad and Structural Discrimination studied
images were presented intermixed with new proladstri

Structural Discrimination(Figure 5.1 middle), as a combination of Bicorahfl
Discrimination and Transverse Patterning, includbdee simultaneous discriminations
presenting three pairs of mirror images of composinahuli consecutively. The use of less
discriminations would have made other strategiemn tistructural learning possible for
accurate task performance, for example, a singlegbeStructural Discrimination was also
solvable by processing single elements rather tbampound images (a process necessary for
Transverse Patterning). Structural Discriminatiequired participants to bind two elements
together and, in addition, to bind them to theiats&g arrangement, for example, out of
black/whitevs. white/black the image wittblack on the left side was reinforced, whereas out
of black/stripedvs. striped/black black had to be on the right side sifipedfor the image to
be correct. Probe trials in Block 5 were re-paisiraj studied images that had never been
presented together previously (Figure 5.1 bottomdhe)), for example, the familiar forms of
black/whitevs. black/stripedformed a new pair. Probe trials were included wasure the
extent to which the structural arrangement of thmwdi had been processed, and whether

transfer had taken place, as these trials wersaleable as Transverse Patterning.
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In Biconditional Discrimination (Figure 5.1 left), participants studied four
simultaneous discriminations, which were presemi@usecutively in the form of four pairs
of compound images. The task included the bindingvo elements, where correct answers
were possible with or without taking the spatiabagement of the stimuli into account. For
example, in the pablack/whitevs. black/stripedit was possible thatlackwas presented on
the left or the right side afhite or striped The pair consisting dflackandwhitewas always
the correct image. Probe trials in Block 5 meastinedextent to which participants processed
the spatial arrangement of the stimuli by presentimgor images of previously studied
images, while keeping the pairs intact (Figuretinitom left).

In Transverse Patternin(see Figure 5.1 right), a second control taskjg@pants had
to learn the contingencies between the three sist@es oblack white, andstriped when
they were presented in pairs. Analogous to thesrafethe hand game rock-paper-scissors,
where rock beats scissors, scissors beat papempapet beats rock, participants needed to
learn thatblack was correct, when presented wikthite, but when it was presented with
striped stripedwas correctWhitewas only correct when presented wsthiped (Figure 5.1
right).

Configural learning tests are complex and partiipesometimes present inflexible
response patterns in these tasks (Sanderson 20@6). Therefore, attentional shifting was
assessed by measuring the number of errors madeadi2 of the paper-pencil Colour Trails
Test (CTT, D’Elia, Satz, Uchiyana & White, 19963, this has been shown to be sensitive to
frontal lobe damage (Kopp et al., 2015). In Trialfthis test, measuring sustained attention,
participants are asked to draw a line connectiligweand pink circles with the numbers 1 -
25 in increasing order, by ignoring the differeataurs of the circles. In Trial 2, a participant
is asked to connect circles by, additionally, aléting colours, measuring attentional

shifting.
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5.1.4Results

The data were analysed with Chi-Squared Tests forimed data, bivariate correlations, t-
tests, and repeated measures ANOVAs and ANCOVAgase of significant differences,
Bonferroni corrected post hoc tests were calculated GGC was used, where the Sphericity
assumption was violated. The significance leveD&fwas chosen for all tests and Coheh’s

and partial Eta-Squared are reported as measuedteof size.

5.1.4.1 Accuracy

5.1.4.1.1 Simple Discrimination
Accuracy (percentage correct, Figure 5.2) was Saamtly above chance in all five blocks

for both groups, all > 6.35, allp < .001.

Simple Discrimination

1.0 -
0.9 -
0.8 -
0.7 -
0.6 -
0.5
0.4 -
0.3 - --=-- ASD

0.2 -

——TD

Percentage correct

0.0
|

Block ‘

Figure 5.2. Accuracy as percentage correct for Simple Discrimination for the five blocks of
the task, averaged across Structural Discrimination, Biconditional Discrimination, and
Transverse Patterning, for ASD and TD individuals of Experiment 5, with the horizontal line

indicating chance performance. The data are presented as mean + SEM.
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A 2 (Group [ASD, TD]) x 3 (Task [Structural Discrimation, Biconditional Discrimination,
Transverse Patterning]) x 5 (Block [1, 2, 3, 4, Bdpeated measures ANOVA revealed a
significant main effect oBlock F(1.91,206.60) = 41.06) < .OOl,np2 = .28, GGC. No other
main effects or interactions were significalBax < 1.80,Pmin > .17,np2max < .02, indicating

similar Simple Discrimination learning over bloaksall three tasks in both groups.

5.1.4.1.2 Experimental tasks
Performance of both groups was significantly abchvance on all blocks in all three tasks, all

t>2.90, allp < .01, (see Figures 5.3, 5.5, 5.7).

5.1.4.1.2.1 Structural Discrimination

5.14.1.2.1.1 Learning
Accuracy scores (Figure 5.3) were analysed with(@rdup [ASD, TD]) x 5 (Block [1, 2, 3,

4, 5]) repeated measures ANOVA.

Structural Discrimination

0.9 - W
0.8 1 B--____ §

07 - Teelgo---oT $--eo_ !
0.6 -

0.5
0.4 -
0.3 - --o-- ASD
0.2 -
0.1 -

Percentage correct

Block ‘

Figure 5.3. Accuracy as percentage correct for the five blocks of Structural Discrimination for
ASD and TD participants of Experiment 5, with the horizontal line indicating chance

performance. The data are presented as mean + SEM.
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The test showed a significant main effectGroup, F(1,36) = 6.74p < .05, Cohen’sd =
0.84, 95 % CI(0.16, 1.49), with lower performancethe ASD M = 0.73,SD = 0.15)
compared to the TD grougM(= 0.86,SD = 0.15), with some individuals in both groups
needing three attempts or not reaching criteriora atertain block (see Table 5.4). A
significant main effect oBlock F(2.73, 98.25) = 3.64) < .05,r|p2 = .09, GGC, as well as a
significant quadratic effect &lock F(1,36) = 6.22p < .05,np2 = .15, indicated a decrease in
performance from Blocks 1 to 3, which was followeyl a later performance increase in
Blocks 4 and 5. No Group x Block interaction wasrfd,F(2.73,98.25) = 2.1(y = .11,np2 =

.06, GGC.

Table 5.4
Numbers of ASD and TD individuals, who needed three attempts or did not reach criterion at

a certain block in each of the three tasks of Experiment 5.

Structural task Biconditional task Transverse Paterning
Block ASD TD ASD TD ASD TD
1 4 2 2 0 2 1
2 5 4 3 3 3 0
3 11 8 7 4 4 8
4 9 5 3 4 5 7

Note. In Block 5, the final test stage of each task, there was no learning criterion.

The data were analysed further by testing whetlagtigippants from both groups had used
structural learning, or whether they had learnet gune or two out of the three pairs. Block 4
constituted the strictest test of structural leagnias it presented all three pairs in randomised
order. Performance on each of the pairs was raakedrding to best, middle, and worst for

every participant to test if their worst discrimiiom was greater than chance. Whereas TD
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individuals performed significantly better than oha on all three discrimination®in =
0.72,SDyin = 0.25), allp < .01, ASD individuals’ performance was greatartlthance only
for their two best discrimination$/gi, = 0.73,SDyin = 0.23), bothp < .001, with their worst
discrimination not different from chanchkl (= 0.58,SD = 0.28),p = .24, suggesting that they
did not acquire structural learning, but that tmather used some other strategy to perform

the task.

5.14.1.2.1.2 Test
The analysis of differences between probe triatk@iginally studied pairs (Figure 5.4) with

a 2 (Group [ASD, TD]) x 2 (Trial type [studied, fre]) repeated measures ANOVA revealed
a significant main effect déroup, F(1,36) = 4.71p < .05, Cohen’sl = 0.70, 95 % CI(0.03,
1.34), with higher performance for the TM € 0.87,SD= 0.19) compared to the ASD group
(M =0.73,SD=0.19). A significantGroup x Trial typenteractionF(1,36) = 10.49p < .01,
npz = .23, showed that TD participants only perfornbetker on studied pairdip = 0.89,
SDrp = 0.15;Masp = 0.69,SDasp = 0.28),p < .01, Cohen’sl = 0.92, 95 % CI(0.23, 1.57),
but not probe pairdtp = 0.85,SDrp = 0.19;Masp = 0.78,SDasp = 0.18),p = .26, Cohen’s
d = 0.36, 95 % CI(-0.28, 1.00), because the ASD grparformed significantly better in
probe compared to studied paipss .01, Cohen’sl = 0.45, 95 % CI(-0.20, 1.09). The main
effect of Trial type was not significarf(1,36) = 1.24p = .27, Cohen’sl = 0.12, 95 % CI(-
0.34, 0.56).

A significantly higher ratio score (probe/(probsttdied); see Sanderson et al., 2006)
for ASD M = 0.55,SD = 0.07) compared to TOM = 0.48,SD = 0.03) participantd(36) =
3.42,p < .01, Cohen'sl = 1.11, 95 % CI(0.40, 1.77), indicated a biggdfedence between

performance on studied and probe trials in the ASiip.
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Figure 5.4. Accuracy as percentage correct for studied and probe trials in Block 5 for
Structural Discrimination for ASD and TD participants in Experiment 5, with the horizontal

line indicating chance performance. The data are presented as mean + SEM.

5.14.1.2.1.3 Relation to executive functions
Having established that there were no significagtiveen-group differences in the CTT2

(Table 5.1), bivariate correlation analysis showeghificant negative correlations between
CTT2 errors and performance on studied and proiads tof Block 5 of the Structural
Discrimination test (Table 5.5), indicating the m@rrors participants made on the CTT2, the
worse was their structural learning.

Because of a lack of group differences in CTT2J &ecause of the significant
correlations with the performance measure of thecgiral task, CTT2 was used legitimately
as a covariate (Miller & Chapman, 2000). ANCOVAslsing Structural Discrimination
learning and test performance, statistically cdhtig for the influence of EFs on the task by

entering CTT2 as a covariate, left the patterrestilts reported above unchanged.
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Table 5.5
Bivariate correlations between performance on studied and probe trials for Structural
Discrimination and executive functions, as measured by CTT2 errors, for ASD and TD

groups in Experiment 5.

ASD TD Total

Studied Probe Studied Probe Studied Probe

CTT2 -.51* -.39 -.46* -.51* - 43** - 44**

Note. ®Color Trails Test Trial 2 - errors. *significant at p < .05. **significant at p < .01.

5.1.4.1.2.2 Biconditional Discrimination

5.14.1.2.2.1 Learning
Percentage correct learning data in Figure 5.5 aeatysed with a 2 (Group [ASD, TD]) x 5

(Block [1, 2, 3, 4, 5]) repeated measures ANOVA.

Biconditional Discrimination

—e—TD

S 03 - - -z~ ASD

Block ‘

Figure 5.5. Accuracy as percentage correct for the five blocks of Biconditional Discrimination
for ASD and TD participants of Experiment 5, with the horizontal line indicating chance

performance. The data are presented as mean + SEM.
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The test showed a marginal main effecBbdck F(2.74,98.64) = 2.71p = .05,np2 = .07,
GGC, with a decrease in performance from Blocks B,tfollowed by a slight increase in
performance in Block 4. This result pattern wasficored by a significant quadratic effect of
Block F(1,36) = 7.19p < .05,np2 = .17. There was no main effect of Group or Graup
Block interaction,Frnax < 1.20, pmin > .29, npzmax < .04. Table 5.4 presents the number of

individuals that needed three attempts or did eath criterion at a certain block.

5.1.4.1.2.2.2 Test
Performance on probe and studied trials (Figurewdsge compared using a 2 (Group [ASD,

TD]) x 2 (Trial type [studied, probe]) repeated m@a@s ANOVA.

Biconditional Discrimination

1.0 -
0.9 - t ______________ —3
0.8 -
0.7 -
0.6 -

0.5
0.4 - ™

0.3 - ----ASD
0.2 -

Percentage correct

0.0

Studied Probe
Trial type

Figure 5.6. Accuracy as percentage correct for studied and probe trials in Block 5 for
Biconditional Discrimination for ASD and TD individuals in Experiment 5, with the horizontal

line indicating chance performance. The data are presented as mean + SEM.

The analysis showed a margit@aoup x Trial typanteractionF(1,36) = 3.17p = .08,np2 =
.08, with the ASD group performing better in proi = 0.89,SD = 0.17) compared to

initially studied trials 1 = 0.85,SD = 0.25),p < .05, Cohensl = 0.26, 95 % CI(-0.38, 0.90).
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No main effects were significarfyax < 1.65,Pmin > .20, Cohen’Snax < 0.12, 95 % Glad-
0.34, 0.56), nor was there a significant differebetveen ASDNI = 0.52,SD = 0.06) and
TD (M = 0.50,SD = 0.02) participants’ ratio score$36) = 1.69p = .11, Cohen’sl = 0.55,

95 % CI(-0.11, 1.18).

5.1.4.1.2.3 Transverse Patterning

5.1.4.1.2.3.1 Learning
Accuracy data, presented in Figure 5.7, were aadlysing a 2 (Group [ASD, TD]) x 5

(Block [1, 2, 3, 4, 5]) repeated measures ANOVA.

Transverse Patterning

0.9 -
0.8 -
0.7 -
0.6 -
0.5
0.4 -
0.3 - --=- ASD

0.2 -

——TD

Percentage correct

2 | s |4 s
Block ‘

Figure 5.7. Accuracy as percentage correct for five blocks of Transverse Patterning for ASD
and TD participants of Experiment 5, with the horizontal line indicating chance performance.

The data are presented as mean + SEM.

The test revealed a significant main effecBtdck F(2.73,98.31) = 7.21p < .001,%2 = .17,
GGC, with a performance decrease in Blocks 1 tan8, a slight increase in performance in
Blocks 4 and 5, which was supported by a signiticuadratic effect oBlock F(1,36) =

19.23,p < .OOl,np2 = .35. There was no main effect of Group or Grauplock interaction,
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Fmax < 0.88,Pmin > .44, Mp°max < .03. An overview of the number of individualsatmeeded
three attempts or did not reach criterion at aaterblock in this task is presented in Table

5.4.

5.1.4.2 Response time
Response times were investigated to test wheth& pegticipants showed quicker response

times, next to lower accuracy on the structurak,tashich would indicate that group

differences may have been caused by a speed-agdtade-off in the ASD group.

5.1.4.2.1 Simple Discrimination
The response times, displayed in Figure 5.8, weatyaed with a 2 (Group [ASD, TD]) x 3

(Task [Structural Discrimination, Biconditional Rrsmination, Transverse Patterning]) x 5

(Block [1, 2, 3, 4, 5]) repeated measures ANOVA.

Simple Discrimination

3500 -
3000 -
2500 -
2000 -

—e—TD

--= - ASD

1500 -
1000 -
500 -

Response timein ms

Block ‘

Figure 5.8. Response times in ms for the five blocks of Simple Discrimination, averaged
across Structural Discrimination, Biconditional Discrimination, and Transverse Patterning, for

ASD and TD participants of Experiment 5. The data are presented as mean + SEM.
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The analysis revealed a significant main effecBloick F(2.15,232.66) = 77.46 < .0001,
npz = .42, GGC, with decreasing response times adotissks. No other main effects or
interactions were significanEmax < 2.28,Pmin > .1O,np2max< .05, indicating similar response

times for Simple Discrimination for both groupsaiththree tasks.

5.1.4.2.2 Experimental tasks

5.1.4.2.2.1 Learning
Response times, presented in Figure 5.9, were sawhlwith 2 (Group [ASD, TD]) x 5

(Block [1, 2, 3, 4, 5]) repeated measures ANOVAse Tests showed significant main effects
of Blockfor all three experimental tasks, indicating ardase (Blocks 1 to 2), followed by an
increase (Blocks 2 to 5) in response times acrdssk® for Structural Discrimination,
F(2.03,73.11) = 3.51p < .05,11,,2 = .09, GGC, a decrease in response times in Bitondl
Discrimination,F(2.61,94.01) = 3.43) < .05,np2 = .09, GGC, and an increase in response
times across blocks in Transverse Patterni(@,58,92.76) = 8.26p < .0001,11,,2 = .19,
GGC. No main effects of Group or Group x Block mtions were significanEmax < 1.48,

pm|n> 23,np2max< 04

Structural Discrimination

3500 -
3000 -
2500 -

2000 -
1500 - ——1TD

1000 -

Response timein ms

500 -
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Biconditional Discrimination

3500 -
3000 -
2500 -

2000 -
1500 - ——1TD
--=- ASD

1000 -

Response timein ms

500 -

Transverse Patterning

3500 -
3000 -
2500 -
2000 -

——TD

--=- ASD

1500 -

1000 -
500 -

Response timein ms

Block ‘

Figure 5.9. Response times in ms for the five blocks of Structural Discrimination (top),
Biconditional Discrimination (middle), and Transverse Patterning (bottom) for ASD and TD

participants in Experiment 5. The data are presented as mean + SEM.

5.1.4.2.2.2 Test
Two (Group [ASD, TD]) x 2 (Trial type [studied, fye]) repeated measures ANOVAs

comparing response times for studied and probks fffragure 5.10) showed significant main

effects ofTrial typefor Structural Discriminationi(1,36) = 4.91p < .05, Cohen’sl = 0.11,
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95 % CI(-0.34, 0.56), and Biconditional Discrimiiuat, F(1,36) = 4.48p < .05, Cohen’sl =
0.19, 95 % CI(-0.26, 0.64), with longer responsees for probe compared to studied trials.
No main effects of Group or Group x Trial type natetions were significantmax < 2.19,

Pmin > -14,np2max< .06.

Structural Discrimination
3500 -

3000 -
2500 - }"-‘______";_,,{
2000 -
1500 - —1D

1000 - ----ASD

Response timein ms

500 -

Studied Probe

Trial type

Biconditional Discrimination
3500 -
3000 -
2500 -
2000 -
1500 -

—1TD

1000 - ----ASD

Response timein ms

500 -

Studied Probe

Trial type

Figure 5.10. Response times in ms for studied and probe trials in Block 5 for Structural (top)
and Biconditional Discrimination (bottom) for ASD and TD individuals in Experiment 5. The

data are presented as mean + SEM.
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5.1.5Discussion
The aim of this study was to investigate structlealrning as a fundamental mechanism

suspected to play a role in the aetiology of ASDdifect adaptation from the non-human
animal learning literature was used to comparecsiral learning to other forms of

configural learning that were well-matched in terofstheir processing requirements, and
that needed minimal verbal instructions. Although tasks involved simultaneous

discriminations with simple geometric shapes, pgrénts needed to take spatial
arrangements into account only in Structural Dmaration. A form of simple learning and a
task measuring EFs were included to test respomrseyeration in the sample recruited.

It was predicted that the ASD group would show Iowearning and lower test
performance in Block 5 only in Structural Discriration, with intact performance on Simple
and Biconditional Discrimination and Transverse t&taing. Difficulties in Structural
Discrimination were expected not to be associatéld fenctional frontal lobe impairments in
the ASD group (Sanderson et al., 2006).

Confirming the prediction, ASD compared to matchEd participants showed
significantly lower structural learning accuracyhieh was not caused by a speed-accuracy
trade-off, an impaired ability to discriminate beem two simple shapes, or inflexible
response patterns, as similar response times,t ipgatormance on Simple Discrimination
and the CTT2 suggested. Intact performance for ABDividuals in Biconditional
Discrimination and Transverse Patterning suggettadstructural learning difficulties were
not the result of difficulties with simply bindirtgvo elements (Biconditional Discrimination)
or alternating rules depending on the context (Twarse patterning), but that they were
rather related to the combination of these two gsees by additionally taking into account
the spatial arrangement of the stimuli and, theegfsuggesting a specific structural learning
rather than a more general configural learningatteifh ASD. Paralleling specific Structural

Discrimination impairments in rats with hippocamgasions (Sanderson et al., 2006), the
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current result lends further support to accountatgpical hippocampal functioning in ASD
(Section 1.4.2.1; Bowler et al., 2011; Gaigg et2015).

Confirming the second prediction, TD individualsosled complete transfer from
studied to probe trials in Block 5 of Structural sBiimination, resulting in similar
performance in both conditions. By contrast, ASDividuals showed reduced consideration
of the spatial arrangement of the stimuli, resgltin better performance in probe trials
compared to studied trials. Similarly, although regiparent in the ratio scores, ASD
individuals showed slightly better performance oabge compared to studied trials in Block
5 of the Biconditional task, again suggesting tiaty did not take into account the spatial
arrangement of the stimuli as much as TD individudil, when performing the task. The
somewhat paradoxical superior performance of ASiggaants in re-paired as opposed to
previously studied images is in line with studié®wing reduced transfer of information
from one context to another and, therefore, sugdeseduced generalisation in ASD
(Sections 1.2.5; 1.4.2.5.4). In particular, in acpetual discrimination task Plaisted et al.
(1998a) showed lower performance of ASD individuaits previously trained images and
higher discrimination of novel images compared ifdividuals. In the current study, ASD
individuals took less into account the structurahfgguration of the stimuli at study,
therefore, showing reduced transfer of this infararato test and being less hindered by it,
demonstrating superior performance in re-pairedggsaA bias for local rather than global
scene-like processing of the materials (Deruellal.e2008; Happé and Frith, 2006; Plaisted,
Saksida, Alcantara & Weisblatt, 2003) may have gityed a role in these findings.
According to this processing style, when tryingrémmember which images of the current
study were correct, TD individuals would have lodks the global form of the image, for
example, when remembering tHatck/whitewas correct as opposed white/black they

would have processed the images as a single imagegwo parts, withblack on the left or
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the right side ofwvhite, and they would have remembered thiaick needed to be on the left
side ofwhite in order for the image to be correct. By contr@&8D individuals would have
focussed on the individual parts of the images,vaodld have processed thiack andwhite
sides of the images as two separate images, nagtako account the global structure of the
image. Thereforeblack/whiteand white/blackwould have looked alike to them, making it
very difficult for them to discriminate these shapd@his example illustrates how a local
rather than global processing style can also expiduced learning performance in the ASD
group on Structural Discrimination. Local procegsimould have been a disadvantage for the
discrimination of mirror images, which was confiney the above chance performance of
ASD individuals on only two of the three presentddcriminations. For these two
discriminations ASD participants may have usedtegiias other than structural learning,
such as intact Transverse Patterning, not depermuhirije hippocampus, and enabling correct
answers for about 2/3 of the trials. For examplegi$ransverse Patterning when presented
with black/whitevs. white/black ASD participants would have ignored one part of thegena
by solely looking at thdlack part of one image and thehite part of the other image, and
they would have remembered that, windéack andwhite were presented, thhtackneeded to
be left. Via such a strategy, performance on ptabés would have increased to above 2/3 of
trials, since they presented previously unpairedges, and seeing a remembered previously
non-reinforced image together with a forgotten imaggeticipants would have been able to
infer that the correct image should have been dhgotten one. For example, if participants
had previously learned thdilack/white rather thanwhite/black was correct, and that
striped/blackrather tharblack/stripedwas correct, participants would have potentiakgid
able to infer that, when they savhite/stripedvs. white/black thatwhite/stripedshould have
been correct because the palrite/blackwas never correct (see Appendix 3 for the stimuli)

In addition, following the logic of the WCC theomgrobe trials should have been easier for
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ASD individuals, since they presented different tgrats, such asblack/white and
striped/white and, therefore, the two shapes presented togethdd have not looked alike
to persons with ASD.

The current findings raise a number of questiogmngding the role of task support,
the number of learning opportunities, and wheth&DAindividuals would at all be able to
acquire structural learning. It is important to exdhat in the animal literature, which the
present paradigm was borrowed from, rodents armalty trained and tested on structural
learning over multiple sessions over several d8gsderson et al., 2006), instead of within a
single session over a number of training blocksré&fore, it would be of interest to examine
learning over multiple training sessions in futatedies to establish how much more training
individuals with ASD may require to achieve levat$ performance similar to TD
participants, and to establish whether they masnay not acquire structural learning at all,
even with repeated training opportunities. It remaalso possible that ASD performance
may be improved through task support (Bowler etl®97; Bowler et al., 2004; Gaigg et al.,
2008) in future studies. For example, it shouldeésted whether instructing and training ASD
individuals to use a global rather than a local pssing style, may help them acquire
structural learning. In this context, findings tisdtow that despite a local preference, ASD
participants were still sensitive to the global foguration of images (Plaisted, Dobler, Bell
& Davis, 2006; Plaisted et al., 2003; L. Wang et a007), and that training in the use of
global processing in ASD has been successful foalfgprocessing (Chabani & Hommel,
2014), seem promising. Also important would be ést twhether the current finding of
difficulties in spatial structural learning in ASIould extend to the temporal domain
(Aggleton et al., 2007), as studies of reduced mgnfmr temporal context in ASD would
suggest (see Section 1.4.1.4 and Experiment 3 atid®e3.2). If it were not possible to

improve structural learning through environmentggort, the current finding would lead to
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the conclusion that ASD individuals’ difficultiea learning, memory, and more generally in
the area of social functioning, may be caused ypecific impairment in a fundamental
learning process that necessitates the binding@fpieces of information together with their
context (see Bowler et al, 2011; Section 1.4.2.1).

Regarding brain regions underlying structural leegn non-human animal studies
emphasize the role of the parietal lobes, in aolditio the hippocampus, since rats with
hippocampal and parietal lesions showed close tanad Structural Discrimination
performance (Aggleton et al., 2007; Sanderson, P@&havioural similarities between ASD
individuals and parietal patients (Section 1.4.2#e parietal lobes’ role in memory
(Sections 1.4.1.4, 1.4.2.4) and attention (Secti@i7), as well as the finding that Structural
Discrimination performance benefitted from goockation shifting skills in both groups in
the current study, supported the idea that theefsdiobes may have also played a role in the
behavioural differences observed in ASD in theenirstudy.

In conclusion, the current paradigm has the grdaam@tage of being a direct human
adaptation of a non-human animal learning paradighich not only enables to hypothesise
about brain regions underlying difficulties obsetve ASD, but which also shows potential
utility for testing less verbal individuals. As $ydt has the potential to inform us about
severely disabled, as well as very young individuaith ASD, who are under-researched
populations for which it has proved very difficuti find suitable tests. Overall, the data
presented here suggested specific difficultiestinctural learning in ASD that likely form
the basis of more complex processes like learnmgmory, spatial navigation, and the
competencies necessary for successful social atiens. They further undermined the idea
that ASD is not characterised solely by difficudti@ social cognition, but that more domain-
general cognitive difficulties are apparent. A dssion of all five experiments, as well as

overall conclusions, will be presented in the rehdpter.
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6 Chapter 6: Discussion

6.1 Summary of empirical findings
The work presented in this thesis comprised a sefidive experiments that were aimed at

expanding existing behavioural research on memorA$D by using novel behavioural
paradigms designed to shed further light on thegiity of relational and item memory
processes. The current thesis also aimed to extendxisting literature on memory for
verbal material to the domains of visual perceptuaterials and spatial navigation. In
addition, by drawing on eye-tracking technology axgherimental paradigms informed by
the animal literature, this thesis aimed to deveitmgthods that would be useful in future
studies to examine memory in younger and/or less iablividuals with ASD, who remained
under-researched so far. The results were useefittermodels of cognitive functioning in
ASD, to shed light on the possible neural undeipiggé of memory difficulties in this
disorder, and to explore the role that age may plakie memory profile of adults with ASD.
Overall, 169 ASD participants (138 men) with a meage of 43 yearsSDyge= 12.5) and
VIQ, PIQ, and FIQs within the average raniy&/ 6 = 111,SDyo = 16.0;Mpiqg = 106,SDsig

= 16.2;Mgo = 109,SDrg = 15.9) were tested. Their performance was condptrehat of
161 TD adults (123 men) with a mean age of 42 yEis,e= 12.9) and average VIQ, PIQ,
and FIQs Mviqg = 112,SDyio = 13.8;Mpiqg = 107,SDrig = 14.1;Mgio = 110,SDrg = 14.1).
To serve as aaide mémoirdo the reader, an overview of all studies and thrgim results is

presented in Table 6.1.
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Table 6.1

Summary of the main findings from Experiments 1 - 5.

Participants and
characteristics

Materials and
procedures

Results

Conclusions

Questions and research
directions raised by studies

Recognition memory in adults with Autism Spectrum Dsorder — the

pupil Old/New effect

N
men
age
(yr)
VIQ
PIQ
FIQ

ASD
32
27
44

111
105
110

TD
32
25
44

112
105
109

Words, pictures,
non-words,
abstract shapes

Behaviour
Yes/No and
R/K recognition
tests

R justifications

Behavioural accuracy
Visual > verbal

Meaningful > meaningless

R>K

TD > ASD in corrected
recognition, TD > ASD in R
responses

TD > ASD in R justifications,
TD > ASD in information
from outside study episode

FA: ASD >TD
Sensitivity: TD > ASD

A’ recognition > A’ R

Behaviour
Picture superiority in ASD.

Advantage for use of meaning
inherent in stimuli.

Better memory for context of item
Reduced recognition in ASD
related to reduced EM for
subjective context (R responses,
retrieval of relational material) in

ASD.

Reduced generalisation in ASD.

Difficulties to distinguish old and
new material in ASD.

Support for dual process model.

Would memory for objective
context also be reduced in
ASD individuals?

Systematic investigations
needed testing relational
memory (memory for objective

context) using visual materials.

D

D
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Participants and

Materials and

Results

Conclusions

Questions and research

characteristics procedures directions raised by studies
Age better predictor for R Stronger age-related difference in| RVhat would be the influence of
responses in TD. responses in TD vs. ASD. age on relational memory in
ASD?
Pupil size Pupil size Pupil size
Pupil Old/New | Verbal > visual Pupil size sensitive measure -
effect Meaningful > meaningless | replication of behavioural results.

TD: old > new
ASD: old = new

Correlation between
behavioural accuracy and
pupil Old/New effect.

Different physiology in recognition
memory in ASD.
Potential biomarker for ASD.

Pupil Old/New effect reflected real
memory phenomenon.

Explicit and implicit relational memory for object- locations in adults with Autism Spectrum Disorder
ASD | TD | Pictures of Behavioural accuracy Behaviour
N 25 23 | objects and TD > ASD for old location | Difficulties with memory for Would other relations such as

men | 20 17 | scenes (Include) locations in ASD. temporal order or set also be

age | 42 41 TD = ASD for new location difficult for ASD individuals?

(yr) Locations for (Exclude)

VIQ | 108 | 114 | objects in scenes What was the influence of

PIQ | 106 | 109 TD > ASD in explicit Intact implicit but impaired explicif language on memory when

FIQ | 108 | 113 | Behaviour memory relational memory in ASD. using pictures of daily objects
Include/exclude | TD = ASD in implicit Would it be reduced by using
recognition test | memory abstract shape images?

~J
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Participants and
characteristics

Materials and
procedures

Results

Conclusions

Questions and research
directions raised by studies

Explicit and
implicit memory

Yes/No
Recognition and
source memory
tests

Eye movements
Encoding

Areas on the
screen attended
to (Scene,
object, object-
location in
scene)

Retrieval
Average fixation
duration on
Target (original
object location)
and Distracter
locations (new
object locations)

Behavioural accuracy
Age better predictor for
explicit memory in ASD.

No between-group

Stronger age-related explicit
memory difference in ASD vs. TD
contrary to Exp. 1.

With task support, intentional

differences in item and sour¢eencoding, and one type of contex{

memory.

Eye movements Encoding
Fixation duration
Scene > Location > Object

Behaviourally incorrect trials
TD > ASD on Scene and
Location

Correlations between implici
memory and fixation duratio
on Scene.

Retrieval
Include > Exclude
Target > Distracter

item and source memory intact in
ASD.

Eye movements Encoding
Scene context most attended to.

. Differences between groups in
attentional focus at encoding.

t Reduced attention to context at

nencoding and, therefore, reduced
relational binding as a contributor
to memory difficulties in ASD.

Retrieval
Main effects and interactions in
eye-movement retrieval data

indicated it as a sensitive measure.

\1%

What would be the influence ¢
age on other memory types in
ASD?

Would item memory still be
intact when using tasks of
similar complexity as relationa
memory tasks?

Systematic comparisons of
item memory and memory for
different kinds of relations
needed.

Would reduced attention to
context also be found in other
situations such as spatial
navigation?

|

30
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Participants and
characteristics

Materials and
procedures

Results

Conclusions

Questions and research
directions raised by studies

Retrieval

Target Include > Distracter
Include

Distracter Exclude > Target
Exclude

TD > ASD Target Include
and Distracter Exclude

No differences in fixation
duration for unstudied
objects.

Fixations on target >
distracter related to
behavioural target choices.

Retrieval eye-movement data
reflected difficulties in explicit and
implicit relational memory.

Differences unlikely to have been
related to instruction or intention t
select a certain location.

Eye-movement effects at retrieval
reflected real memory
phenomenon.

Relational memory for order, location,

and set infomation across the mid-adult lifespan in persons vih Autism Spectrum Disorder

ASD | TD
N 18 18
men 14 13
age 43 43
(yr)
VIQ 109 | 111
PIQ 104 | 105
FIQ 108 | 109

Abstract shapes

Behaviour
Old/New
recognition test

Behavioural accuracy
TD > ASD in corrected
recognition for item and
relational tasks

ASD at chance in order and
associative tasks.

Item memory difficult in ASD,
when tasks had similar complexity
as relational tasks. Item memory
difficult, when tasks probed
relational processing, replicated
findings from Exp. 1.

What would be the role of iten
memory in spatial navigation?
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Participants and
characteristics

Materials and
procedures

Results

Conclusions

Questions and research
directions raised by studies

Behavioural accuracy
Large effect sizes for
between-group differences i
all tasks.

FA: ASD >TD
Sensitivity: TD > ASD

TD: correlations between
item and relational tasks
and among all relational task

ASD: only few significant
correlations among relationa
tasks

Younger and older ASDs
performed similarly to older
TDs in order task.

Different kinds of relations seeme
nsimilarly difficult in ASD.

Difficulty in location memory in
ASD replicated findings from Exp|
2.

Replication of Exp. 1 showing
difficulties to distinguish old and
new materials in ASD.

Correlations may have indicated
flexibility in using relational
(gprocessing in all tasks among TD

Lack of correlations among tasks
I may have indicated inflexibility in
using relational processing in ASI
or difficulties with EFs. ASD
individuals may have approached
each task differently.

Order memory more affected by
age in TD individuals — replicated
Exp. 1, contrary to Exp. 2.

dHow well would ASD

\*2J

participants perform when
relational memory for location
was needed in a more applieg
context such as spatial
navigation?

Systematic investigations of
different kinds of spatial
navigation needed, examining
the role of complexity by
manipulating demands on EF

What would be the effect of
age on spatial navigation in
ASD?

U)
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Participants and
characteristics

Materials and
procedures

Results

Conclusions

Questions and research
directions raised by studies

Spatial navigation fr
Spectrum Disorder

om same and different directims: The roles of executive functions, memory, andta

ntion in adults with Autism

ASD | TD
N 37 31
men 30 25
age 43 41
(yr)
VIQ 111 | 115
PIQ 107 | 110
FIQ 110 | 114

Video of a route
through a maze,
static images of
intersections

Behaviour
Learning over
six blocks

Three possibility]
forced choice

test

Free and cued
recall tasks

Test of EFs

Behavioural accuracy
Same > different direction

trials

Increase in performance

across blocks.

TD > ASD

Different-same > same-
different direction switch

TD > ASD in switch

performance

No group differences in

strategy use.

Better performance in egocentric
allocentric navigation.

Learning across blocks.

General navigation deficit in ASD
independent of condition, when
conditions were matched on
complexity.

Switch to an allocentric strategy
was more difficult.

Difficulties in switching between
conditions in ASD may have
contributed to navigation deficit.

Both groups used similar strategies
for the task.

v$Vould more fundamental
learning processes be affecte
in ASD?
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Participants and
characteristics

Materials and
procedures

Results

Conclusions

Questions and research
directions raised by studies

Behavioural accuracy
ASD > TD in perseverative
errors

TD > ASD in free and cued
recall for items and item
positions

Perseverative errors predictedifficulties in egocentric

egocentric navigation.
Age better predictor for
egocentric navigation
performance in ASD.

Perseverative errors and itemitem memory and EF difficulties

task performance predicted
allocentric navigation.

Age better predictor for
allocentric navigation in TD.

Difficulties in EFs in ASD.

Item memory difficulties in ASD
for incidentally encoded materials

navigation and stronger age-relats
egocentric navigation difference ir
ASD may have been related to ta
demands on EFs.

contributed to navigation
difficulties in ASD.

Stronger age-related allocentric
navigation difference in TD vs.
ASD - replicated Exp. 1 and 3,
contrary to Exp. 2.

A systematic investigation of
different learning processes ir
ASD would be needed, as we
as a test of how they would bg
affected by EFs.

JJ — \1%4
o

=

U
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Participants and
characteristics

Materials and
procedures

Results

Conclusions

Questions and research
directions raised by studies

Eye movements
Average fixation
duration and
number of
fixations

Measuring
attention to
items marking
the intersections

Encoding and
Retrieval

Eye movements
Encoding
Back > front item

TD > ASD

Back > front animal related t

egocentric navigation in TDs.later egocentric navigation.

Retrieval
Front > back item

Same = different for ASD

Different > same direction fo
TDs only

Front > back animal related
allocentric navigation in
ASD.

ASD individuals attended less to
the landmarks at encoding -
replicated findings of Exp. 2 of
reduced attention to context in
ASD.

DAttention at encoding related to

Possible indication of difficulties tg
distinguish old and new images in
rASD - replication of Exp. 1 and 3.

A4

[QAttention at retrieval indicated
reduced EM in ASD.
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Participants and
characteristics

Materials and
procedures

Results

Conclusions

Questions and research
directions raised by studies

Structural and configural learning in adults with Autism Spectrum Disorder

N
men
age
(yr)
VIQ
PIQ
FIQ

ASD
57
47
43

112
106
109

TD
57
43
42

110
105
108

Pictures of
geometrical
patterns

Behaviour

two alternative
forced choice
tests

Test of EFs

Behavioural accuracy
Structural task
Decrease followed by
increase in performance

TD > ASD in learning and
test phase

ASD > chance on two
discriminations

ASD: probe > studied
(structural and biconditional)

Ratio scores: ASD > TD,
larger difference between
probe and studied trials in
ASD

No between-group

differences in response timestrade-off, EFs, difficulties
discriminating between two simple

Simple Discrimination, EFs,
Biconditional Discrimination,
and Transverse Patterning.

Increasing task difficulty and
learning across blocks.

Indication of difficulties in binding
information to context in ASD.

ASD group did not acquire
structural learning, use of simpler
forms of learning.

ASD less hindered by previous
learning of structural relations of
images. Hints at local processing
and reduced transfer in ASD.
TDs showed transfer from studied
to probe trials.

Structural learning difficulties in

Would more learning

opportunities or task support |

helpful to improve structural

learning performance in ASD,

and would they help with the
acquisition of structural
learning?

Would there also be a
structural learning deficit in
ASD in a temporal context or

would persons with ASD show

specific difficulties related to
spatial material?

What would the results look
like in less verbal and/or less
intellectually able ASD

ASD not caused by speed-accuracydividuals?

shapes, or simpler forms of bindin
or rule alternation.
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Experiment 1 aimed to replicate and extend stuaiiegecognition memory in ASD by using
the R/K procedure with verbal, visual, meaningard meaningless materials, and pupil size
measurements were taken to learn about the undgnbhysiology of recognition memory in
ASD. In addition, the study aimed to examine thefuisess of pupil size measurements for
testing memory in ASD with a view to evaluatingith@otential for the use in younger and
less verbal and/or intellectually able ASD indivadisi Finally, it was of interest to investigate
the effect of age on R responses in ASD and TDOgyaaints. Behaviourally, previous results
were replicated and extended in showing reducedbMintact SM in ASD for all tested
materials. Both participant groups showed supem@mory for pictures and meaningful
materials and higher R compared to K responses.addition, ASD memory was
characterised by higher FA rates and lower seisitilvat indicated difficulties to distinguish
old and new materials. ASD individuals showed lowecognition memory that was,
primarily, related to lower levels of R but not Ksponses, supporting theories suggesting
difficulties in relational processing in ASD. Inntiaular, when looking at R justifications,
whereas TD individuals related material from therent study episode to previous
experiences, ASD individuals relied mostly on thdoimation provided in the study
materials and, therefore, showed reduced use ofimgeand transfer of information across
study episodes. More generally, the behavioura @aind support for a two-process model
of recognition memory rather than one representedrie process with different levels of
strength. Pupil size measurements replicated thavi@eural memory data in that differences
were found between meaningful and meaningless ratéor both groups. The absence of a
pupil Old/New effect in ASD suggested a recogniti@emory impairment, showing that on a
physiological level, ASD individuals did not diggnish between studied and unstudied items
to the same extent as TD participants did. Redpogd sizes for old items in ASD may have

been an indicator of cognitive overload during thsk leading to reduced task engagement
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and a “levelling” of the pupil size (Granholm et,&997; Van Gerven et al. 2004), or of
reduced memory strength in ASD (Papesh et al.,, R0lading to difficulties in
distinguishing studied from unstudied materialsedtieval. The lack of the pupil Old/New
effect in ASD taken together with reduced emotiomsponsiveness found with pupil size
measurements in ASD (Nuske et al., 2014b & c), estggl a general cognitive deficit rather
than a pure social impairment in ASD. Typical pugiéponses in ASD at baseline made a
general abnormality of pupil physiology in ASD anlikely cause of the results. Significant
positive correlations between behavioural recogniticcuracy and the pupil size Old/New
difference suggested that the pupil Old/New effefiected a real memory phenomenon, and
that pupil size measurements would be of potensal for the measurement of recognition
memory in less verbal and/or intellectually ableividhials with ASD. Further, because of
the differences between pupil size abnormalitieA3D and those found in other disorders
(Laeng et al., 2007), and because of the knownriyidg neurochemical pathways for pupil
size effects (Goldinger & Papesh, 2012; Hoffing &it3, 2015), the absence of a pupil size
Old/New effect was suggested as a candidate fanigue biomarker for ASD. Finally, a
larger age-related difference in R responses in TtBeas opposed to the ASD group
supported the safeguard hypothesis (Geurts & \Bss#d12), suggesting that older ASD
individuals may be less affected by cognitive dexliTo conclude, next to the establishment
of the pupil Old/New effect as an innovative wayneasure recognition memory in ASD,
and the finding that recognition memory difficutien ASD were related to reduced
relational processing, one of the current studres’el contributions was the finding that
ASD individuals showed patrticular difficulties ielating details from the current episode to
knowledge and experiences from outside the immeditatdy context. Given these findings,
it was important to look more closely at within-exjppnent relational information, and in this

context spatial-contextual information was of ietr
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After having established an EM deficit in ASD tlsaemed to be related to the processing of
relational information, and having found that prettmemory was superior to memory for
words in both groups, Experiment 2 aimed to exammaenory for relational material more
directly in ASD by using an everyday relational noeyntask with pictures as materials. The
task was designed to investigate explicit and iolplmemory asking whether implicit
memory would still be intact for relational matéiim ASD. A second aim was to validate the
behavioural results, and to investigate attentibrgugh the use of eye-movement measures.
Finally, item memory was also measured, and thecefbf age on explicit memory was
examined in both groups. An include/exclude reciogmimemory procedure was used to
calculate estimates of implicit and explicit memoigr object-location combinations.
Behaviourally, ASD individuals showed lower exglicélational memory as opposed to TD
participants. No between-group differences werendoin implicit relational memory. Eye-
movement measures at retrieval, however, showedceedfixation durations in ASD to
locations that participants were asked to choasdicating differences in the allocation of
attention during retrieval of spatial relationafammation in ASD. Positive correlations
between fixations on previously studied, as opposedhew locations, and behavioural
choices of these locations indicated that thesm@din differences at retrieval reflected a real
memory phenomenon. Therefore, reduced fixationtaurs on previously studied locations
in ASD in the current study pointed to difficultiesimplicit relational memory. In addition,
the eye-movement encoding data for later incolyemembered material indicated less
attention to context information and informatiorattmeeded to be studied, i.e., location
information, in ASD, and correlations showed that, particular, attention to context
information at encoding was related to later implielational memory, highlighting the role
of attention allocation and relational processingenacoding for subsequent memory. An

analysis of the influence of age on explicit relaill memory in both groups showed that
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ASD was related to a larger age-related memoremdfice in explicit relational memory,
which was contrary to the finding of Experiment i a reduced age-related memory
difference in R responses in the ASD group, andclviiighlighted the need for further
investigations on this topic, as larger memory ettghces in ASD with age would have
important implications for care provisions. Finalllem memory was found to be intact in
ASD in this study. Contrary to Experiment 1, whegeognition memory strongly relied on
Remembering, item memory tasks in the current stndy have benefitted more from intact
Knowing in ASD and, in addition, a supported testswused for material that had been
studied intentionally, therefore, creating a patdliyt easier test for ASD individuals. To
conclude, through the use of eye-movement measudesicit in implicit relational memory
in ASD was discovered, and it was found that aitb@npatterns at encoding may have
contributed to memory difficulties in ASD found &dtrieval. In addition to pupil size,
fixation duration was indicated to be a fruitful aserre to use in memory test adaptations for

less verbal and/or intellectually able ASD indivadi

Having established that relational memory for laratinformation was difficult for ASD
individuals in Experiment 2, the aim of Experimeéhtwas to systematically investigate
relational memory for location information in connigan to other kinds of relational as well
as item information. By using abstract shape imatiesinfluence of language and previous
experience with materials on memory was reduced;iwlas important as these factors may
have differed between groups. Experiment 3 alscedirto test the idea that some item
memory tests are particularly difficult for ASD inaluals because they probe relational
processing, by matching item and relational mentasks on complexity. Finally, the effect
of age on relational memory was examined in botlugs. Memory was tested by means of a

recognition test procedure presenting three itenastime, manipulating item, location, order,
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or set information. Overall, ASD compared to TDtmipants performed worse on all tasks
and, replicating findings from Experiment 1, lowtask performance was related to
difficulties in distinguishing old and new matesaks indicated by higher FAs and lower
sensitivity in the ASD group. Also replicating Expeent 1, the data supported a two-
process model of recognition memory best. Largeceffsizes for the between-group
differences on all tasks indicated similar diffices$ in all kinds of tested relations in ASD
and, thereby, replicating and extending findingsrfrExperiment 2 with a different paradigm
and different materials. Difficulties in item memngareplicated findings from Experiment 1,
and overall both experiments showed that diffiegltin remembering single items may
emerge, when such memory relies on relational mépion, i.e., the relations between items
or relations among items and their context). Ire lwith Experiment 1, but contrary to
Experiment 2, age had a more pronounced effect daranemory in the TD, but not the
ASD group, in the current study. This may be thsechecause younger ASD individuals
already performed at the level of TD OA in thisdstubut the inconsistencies in the findings
between the studies of this thesis also refledtedneed for more research in this important
area. Correlations among item and relational mertasiys in the TD group indicated that TD
participants may have used relational processieglfly to support their task performance,
whereas the absence of such correlations in persotis ASD may have indicated
inflexibility in the use of relational processingdifficulties in EFs that may have influenced
their memory performance. To conclude, item memnfuag been found difficult for ASD
individuals, when it was measured with tasks ofilsimcomplexity to relational memory
tasks, which made stronger demands on relatioradegses. Different kinds of relational
memory have been of comparable difficulty for ASmdividuals, and reduced relational
processing, i.e., reduced binding of item and cdrnitdormation, may have been responsible

for this deficit.
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Following on from the difficulties in relational mery in ASD found in the previous three
experiments, the aim of Experiment 4 was to inges$#é relational processing and memory
for location information in the more applied ardapatial navigation, measuring the roles of
complexity, EFs, attention, and item memory in toestext. In addition, the influence of age
on spatial navigation was examined in both gro&xperiment 3 highlighted the importance
of complexity, by revealing difficulties in item mmory in ASD, when procedures for item
and relational memory were matched on complexitg & hinted at the importance of EFs
for memory in ASD, by showing inflexibility in these of relational processing. Experiment
2 demonstrated that reduced attention to contdailsen ASD may have contributed to later
difficulties in memory retrieval. Finally, memoryorf items was considered important,
because spatial navigation and memory were founbletoelated processes depending on
similar brain regions (Burgess et al., 2002), amtaose successful spatial navigation
depended on item cues (Bohbot et al.,, 2004). @ffeitypes of spatial navigation were
compared within the same task asking participaotéeéirn a route over six blocks, by
presenting a video of a maze, including intersestwith navigation cues. ASD, as opposed
to TD participants, performed worse in both comahs, confirming difficulties with location
material found in Experiments 2 and 3. In additithe importance of complexity found for
memory in Experiment 3 was also highlighted for tgpanavigation. Lower navigation
performance in ASD may have been related to diffiesllin distinguishing old from new
materials, as indicated by similar fixation durasoan studied and new images of the
intersections presented at test in ASD, as opptsekD participants, replicating findings
from Experiment 1 and 3. Navigation difficulties ASD in the current study were also
related to the demands of the navigation task osy BE indicated by poorer EFs in ASD in
the current study, the role of EFs in predictingigation performance, and their possible

relation to a greater age-related egocentric nawigalifference in ASD, as opposed to TD
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participants, in the current study. In additionE6s, navigation difficulties were also related
to lower memory for the items marking the intersett and to reduced fixations on these
items at encoding. These observations replicatetifgs from Experiment 2, indicating the
role of a different attention allocation for memary ASD. Eye-movement differences at
retrieval pointed to reduced relational bindingtefns to context in ASD and, together with
findings from Experiments 1 and 2, indicated thefulmess of eye-movement measurements
for uncovering the memory difficulties in ASD witheasures outside conscious awareness.
Finally, contrary to findings from Experiment 2, batline with Experiments 1 and 3, larger
age-related differences in allocentric navigatioerevfound for TD compared to ASD
individuals. Therefore, most studies of this thesigported the safeguard hypothesis,
suggesting that ASD adults with average and abeemmge intellectual functions may be less
affected by age-related cognitive decline. Howeltels important to keep in mind that the
current thesis used cross-sectional designs, esipgeshe need for more systematic
longitudinal investigations of the effects of ageraemory and related processes in ASD in
broader populations with varying intellectual ai®k to resolve inconsistencies in the
findings. To conclude, Experiment 4 found a gen@mligation deficit in ASD by using
procedures matched for complexity. The deficit walated to reduced item memory and

difficulties in EFs.

Following on from Experiment 4, which used a leagprocedure and found reduced spatial
navigation accuracy in ASD at test, the aim of Expent 5 was to investigate configural
and, more specifically, structural learning as adamental learning process that may be
responsible for the difficulties observed in reda@l binding in memory and spatial
navigation in ASD. Experiments 2, 3, and 4 showsgificdlties with relational memory for

location information in ASD, which may have beenigative of particular difficulties with
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structural learning, i.e., difficulties that woutdtcur when the structural arrangement of the
stimulus array needed to be taken into accoundlditian to the binding of the two elements.
To test this idea, three configural learning tesése used, each simultaneously presenting
two images on the screen. Drawing on a paradigm ftee non-human animal learning
literature, the test of structural learning usedn@n-verbal method to measure pure
hippocampal functioning, which was of interesthe tontext of the aim to devise a paradigm
of potential use for testing a wide range of ASDividuals with varying verbal and
intellectual abilities, and when considering memdgmgories in ASD suspecting atypical
hippocampal functioning at the core of cognitiv6fetences in ASD. Experiment 5 found a
specific structural learning deficit in ASD, whigfas not caused by a speed-accuracy trade-
off, inflexible response patterns, executive dystion, difficulties in simply discriminating
or binding two items, or problems related to cotiek rule alternation. To conclude, the
findings of this study suggested a fundamentahiegrprocess - such as structural learning —
to be impaired in ASD, which may form the basis thog cognitive difficulties observed in
areas such as (relational) memory and spatial awigin this population.

Following the overview of the findings of this tieghe results will now be discussed

in relation to the topics presented in the intrdaucat increasingly broader levels.

6.2 Conclusions
Despite the limitations on the studies that havenbeliscussed at length during the

presentation of each of the individual experimetitg, present chapter will discuss wider
issues and implications of the findings. The reswill first be considered in relation to
previous findings on memory in ASD, then they vk set in relation to theories about
memory and cognitive functions in ASD, and the ¢aawill finish with conclusions about

ASD as a disorder.
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6.2.1 Conclusions for memory findings in ASD
With reference to the empirical findings on memanyASD presented in Section 1.4.1,

previous findings were replicated. Experiment 1 fbsaopport for reduced EM and intact SM
in ASD (Section 1.4.1.2) by using a R/K recognitiparadigm, which showed fewer R
responses for ASD as opposed to TD individualss Tésult was found for verbal and visual
and meaningful and meaningless materials, whiclergéised findings on memory in ASD
across different materials. Reduced EM in ASD wia® &ound in Experiments 2 and 3.
Experiments 1, 3, and 4 suggested that these ElMulifes were related to particular
difficulties in distinguishing between previousliudied/old and new materials. Regarding
the factors affecting EM in ASD (Section 1.4.1.8xperiment 2 found fewer memory
difficulties in ASD, when using a supported itemmuey test procedure, and Experiment 4
found that ASD individuals used supporting inforfmatinherent in the study materials less
than TD participants, in that they attended lessawgational cues at study. Difficulties in
establishing meaning in ASD were found through &ifications in Experiment 1 that were
focussed on the current study episode, and thatatigeneralise across different episodes of
experience. Experiments 2 and 3 both confirmed ipusv findings of difficulties with
relational materials in ASD (Section 1.4.1.4) byings behavioural and physiological
measures, and by finding that different types tdtiens, i.e., location, temporal order, and
set, were similarly difficult for ASD participant3hese findings replicated those of earlier
studies.

In addition to replicating existing findings, tlexperiments reported in this thesis
extended previous research. Experiment 1 illugirdtat under conditions, where recognition
memory relied heavily on Remembering, and, theegftire retrieval of context information,
overall recognition memory for single items was imga in ASD, resolving some
inconsistencies in the previous literature. Expentr8 confirmed these findings by revealing
difficulties in item memory in ASD in test proceesr that relied strongly on relational

316



processing. One possible reason for the R defamiind in Experiment 1 was that, in
particular, ASD individuals related the currentdstiepisode less to prior knowledge and
experiences, supporting ideas about reduced tran$fenformation in ASD across study
episodes (Section 1.2.5). In a more general conteaticed transfer may help to explain why
people with ASD have difficulties adapting flexildly novel situations and react anxiously in
similar, re-occurring situations that ought to benfliar to them. Experiment 4 also helped to
resolve some inconsistencies in the previous tileesby showing that, even when conditions
were matched on complexity, spatial navigation lieedh an area of difficulty in ASD. The
use of pupillometry and eye-movement measures \testigate memory processes in the
current thesis has been very fruitful. Regardingilpsize measurements, it was possible to
extend previous literature by showing that pupiksat baseline in ASD adults did not differ
from that found in TD adults (in Experiment 1), wiiwas unlike previous findings showing
larger baseline pupil sizes in ASD children. Thdata together with the children data from
previous studies (C. J. Anderson & Colombo, 200%s& et al.,, 2014) suggested
developmental trends in changes of pupil size dwee, which should be investigated in
future research. Experiment 1 showed a differerdedging physiology for recognition
memory in ASD with pupil size measures replicatmmgvious findings gathered through the
use of ERPs. In addition, eye-movement measurenmeiisperiment 2 have helped to draw
connections between the distinctions of item atational, and implicit and explicit memory
by showing that implicit memory for relational ma#k was impaired in ASD, when tested
with physiological measures, suggesting specifficdities in relational processing rather
than difficulties with explicit memory in ASD. Ttedrrelations between behavioural memory
data and the pupil Old/New difference in Experiméntas well as the relations found
between behavioural memory data and eye-movemenExperiment 2, demonstrated the

utility of pupil size and eye-movement recordingsuaconscious measures of memory that
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would, in principle, be suitable for the use in @idASD populations. Similarly, a paradigm
was created for Experiment 5 that would be suitabléest structural learning in broader
ASD samples with varying cognitive and languagditeds. The data from Experiment 5
suggested that atypicalities in a fundamental legrprocess may underlie the cognitive
difficulties observed in ASD. The experiments afktthesis also added insight on how age
may affect memory in ASD individuals by capitalisiag the wide age-range of the samples
studied to enable cross-sectional comparisons. riirpat 2 showed that explicit relational
memory for location information was more affecteg dge in ASD as opposed to TD
individuals. Specifically, the older individuals ithe ASD sample showed particular
difficulties with the task. In Experiments 1, 3,da#, larger age-related memory differences
were found for TD as opposed to ASD individualsisltworth noting that in these three
studies, younger ASD individuals already perforna¢dca much lower level as opposed to
younger TD individuals, whereas in Experiment 2 nger individuals in both groups
performed almost similarly. Processes related te-ratated memory changes in TD
individuals may operate at an earlier age in sonsd Andividuals, in others they may
operate more strongly leading to a greater decr@asegnitive function in ASD as opposed
to TD with age. It should be borne in mind, howebkat the findings reported in this thesis
may have been compromised by a sampling bias tredtiaselected samples of intellectually
able (older) ASD individuals were tested and trsailts may, therefore, not be representative
for all older ASD individuals. Finally, the studie$this thesis have highlighted the influence
of other processes such as attention and EFs oromemASD, and they have shown how

these processes are intertwined, which should bgidered more in future research.
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6.2.2 Conclusions for memory theories in ASD
The findings will now be considered in relation geeviously presented memory (Section

1.4.2) and cognitive (Sections 1.2, 1.4.2.5) theoin ASD. Some of the memory theories
draw parallels to certain patient groups. It iswheer, worth noting that this thesis did not
include direct comparisons between ASD individuatsl patients with other disorders. In
addition, whereas ASD exists from birth onwards amftbences the development of the
whole individual, in most patient groups, disordeese acquired in later life. Analogies will,
therefore, only be simplifications and not suffitieto explain the complexities of the

complete profile of strengths and difficulties otvael in ASD.

6.2.2.1 Amnesia parallel, hippocampal patients and relatioal binding
account
Supporting and contradictory findings relating te tthree accounts presented in Section

1.4.2.1 will be discussed, starting with the amamgsarallel, followed by findings from
hippocampal patients, and concluding with the retel binding account. Regarding the
amnesia parallel, higher FA rates for ASD compamedD individuals in the recognition
memory tasks used in Experiments 1 and 3 indicawefhbulation, which is known from the
amnesia literature (e.g., Schnider, Gutbrod, HessSdharoth, 1996). Another similarity
between ASD and amnesia was the eye-movement ¢infbin the retrieval data from
Experiment 2. Relational memory in amnesia has lwwmacterised by the absence of a
relational manipulation effect in eye movemerttarinula et al., 2007; Ryan et al., 2p00
indicating that amnesics were not aware of changesational information in the presented
material. Similarly, in Experiment 2 ASD individsathowed fewer fixations to the object-
location relations tested for a correct behavioaradwer. Like in amnesia, eye-movement
data indicated specific difficulties with relatidneformation that also affected implicit

memory. However, when using paradigms in ASD thavehbeen used in amnesia
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previously, results were mostly qualitatively dreat for ASD individuals. Using a paradigm
similar to the one used in Experiment 3, amnesastbeen found to perform at chance on
the item as well as all relational memory tasks rked et al., 2008). By contrast, in
Experiment 3, ASD individuals performed at chanoly @n two of the three relational tasks,
namely the tasks for temporal order and set of if@msentation, indicating that the
difficulties observed in ASD were much less sewthen those known from amnesia. Finally,
when measuring pupil size in response to old and items, individuals with amnesia were
found to show a novelty preference. As opposediantividuals, whose pupils were larger
in response to previously studied compared to uredudems, amnesics showed larger
pupils for new compared to old items (Laeng et200Q7). Contrary to this, in Experiment 1,
ASD individuals showed an absence of the pupil gy effect with similar pupil sizes for
old and new items. Considering what is known alleetunderlying neurochemistry of pupil
size changes from TD populations (Goldinger & Php@€12; Hoffing & Seitz, 2015), the
difference between pupil size effects in ASD andhesm, indicated the potential of the
absence of the pupil Old/New effect as a candida@drker that may be specific for ASD.
More similarities were found between findings oemory in ASD and memory in
patients with hippocampal lesions. In additionutessfrom studies investigating memory in
non-human animals with a lesion in the hippocampere considered. Again looking at the
paradigm used in Experiment 3, individuals withgapampal lesions have been found to
perform worse on item and relational tasks compdcedhe control group. However,
relational tasks seemed to be somewhat harderh@n tin that all patients performed at
chance on these tasks. Similarly, in ExperimermASD individuals showed difficulty with
item and relational tasks. However, they only penked at chance on two of the three
relational tasks, with performance on the locatod the item task being well above chance.

Next to a different neurological origin of memoryffidulties in ASD and hippocampal
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patients, it is also possible that some alternatiarthe paradigm may have led to differences
in the results. For example, as opposed to Konkal.g€2008), Experiment 3 of this thesis
used fewer study trials per block and one instdad/@ study opportunities for each item set.
Either of those may have had a differential eff@etitem and relational memory. Whereas
longer study blocks may have had detrimental effemh relational memory, in that
hippocampal patients got increasingly confused tlioel relations of the study materials,
repetition of study materials may have benefittedhimemory more than relational memory
(A. Konkel, personal communication, August 31, 201X8Bnly a direct comparison between
ASD individuals’ and hippocampal patients’ memonyhm the same study would test these
possibilities. When using a direct adaptation paeadigm from the animal learning literature
on which rats with hippocampal lesions had shownrtiqdar difficulties in structural
learning but not in other configural learning tadksdings from ASD adults were consistent
with hippocampal dysfunction in that task difficalk were restricted to structural learning.
However, whereas rats had acquired structural legyASD participants appeared to have
used some other strategy rather than structuralifeato solve the Structural Discrimination
task. Also in this study, the methodologies of itegtmay have been of relevance. In
Experiment 5, all participants took part in a sengession. Rats, however, had been trained
and tested over multiple testing sessions on sepdays. A comparison of ASD and TD
adults’ structural learning performance via multipésting sessions would be of interest in
this context.

Finally, the relational binding account was supgaiby difficulties in different types
of relational memory in ASD, i.e., location, temabrorder, and set information, in
Experiments 2 and 3. On first look, the data froxp&iments 1, 3, and 4 seemed to
contradict the account by showing difficulties tem memory. Closer inspection of the data,

however, supported the idea of particular relatiohading difficulties in ASD. In
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Experiment 1, a deficit in overall recognition memdor single items was restricted to
episodic Remembering, whereas semantic Knowingintast. Since R responses required
the retrieval of item, as well as context inforroati reduced R responses also indicated
difficulties to process relational information. Slanly, in Experiment 3, because of the
relational nature of the task, presenting thremste¢ogether with several context details,
performance potentially benefitted from relatioqabcessing. Reduced item memory in
Experiment 4 may have been caused by the facptréitipants had not been asked to study
item information intentionally. Therefore, the camt thesis identified conditions under which

item memory was impaired in ASD:

1) When tasks were used that were matched in compléxitelational memory tasks.
Complexity was, thereby, defined by the numberasfazete units and their relations
that needed to be processed at the same time.

2) When the tasks probed relational processing.

3) When information was tested that had not been atliditentionally.

4) When tasks were used that provided less supptestat

5) When tasks included the presentation of more thentgpe of context information

that needed to be processed for successful penfmana

Each of these factors should be manipulated, spaltyf, in suitable paradigms to resolve the
open question of item memory difficulties in ASDvéDall, the findings presented in the
thesis provided some support for theories sugggstminvolvement of the hippocampus in
the memory abnormalities reported in ASD. Howevtke, findings also suggested that the
hippocampus is not the only neural substrate fomorg abnormalities in ASD, and that

additional brain bases needed to be examined.
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6.2.2.2 Complexity account and executive functions
Support for this account (see Sections 1.2.2, 12482.2) was found in Experiments 3 and

4. In Experiment 3, it was established that ASDiviliials showed difficulties in item
memory tests, when procedures were used that weilarty complex for item and relational
memory. In addition, the findings from Experimergufgested that different forms of spatial
navigation were affected in ASD, when proceduresewmatched on complexity. As
suggested in Section 1.4.2.2, one way around ftloaillarity of this account was to define
complexity in terms of the number of concrete umitel the number of their relations that
needed to be processed or bound at the same time.

Regarding EFs, the aim of the account, namelyni & difficulty that is common to
all ASD individuals (Ozonoff et al., 1991), was maipported by the results found in the
studies of this thesis. Whereas difficulties in E¥eye related to impaired spatial navigation
performance in ASD in Experiment 4, and which mawéeh been responsible for the
surprisingly lower performance of the older ASD iinduals in the sample on egocentric
navigation, tests of EFs used in Experiment 5 a@iiraveal any difficulties in another ASD
sample.

Overall, the findings of this thesis suggested ttahplexity, as well as EFs are
important factors to consider in research on menSD. Maister et al. (2013) used an
interesting approach to do this by dividing up tlggbups by performance on EF tasks. The
authors showed that difficulties in memory in ASblyopersisted in individuals that also had
significant difficulties with EFs. It is, howeveunclear if Maister et al.’'s ASD and TD
groups were still matched on 1Q and age, afterditig the groups by their EF performance,
or if ASD individuals with lower EFs also had sifioantly lower 1Qs. Therefore, the
suggestion for future research would be to conskfes as another matching variable in
studies on memory in ASD by testing larger sampis ASD and TD subgroups that
should be matched on their levels of EFs, as veelQa age, and gender.
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6.2.2.3 Ageing analogy
The ageing analogy (see Section 1.4.2.3) was steghgpartly, by the findings reported in

this thesis. Support was found, when looking at reaticomparison of relational order
memory in ASD and TD adults in Experiment 3. Youngse well as older ASD individuals
performed like older TD participants, supporting guggestion that the ASD memory profile
would be similar to that found in TD OA. In Expeent 3, individuals until the age of 65
years were considered. The question arises whaiehnapgo ASD memory beyond the age of
65 years. There are three possibilities here (s¢®0Geurts & Vissers, 2012). ASD and TD
memory may be affected by age similarly, or ASD magimmay be less or more affected by
age than memory in TD OA. The current thesis fosapport for two of these possibilities.
Whereas Experiments 1, 3, and 4 reported smallerrelgted differences in memory and
spatial navigation in ASD as opposed to TD paréinig, Experiment 2 found a larger age-
related difference in explicit relational memoryr f&SD compared to TD adults. The
guestion arises, why the four studies found diffem@sults. It is possible that age-related
memory effects in TD individuals in Experiment 2re@bscured by a ceiling effect. It is,
however, also possible that slightly different grewf ASD individuals were tested in the
four studies, or that difficulties were probed diffintly by the various tasks. Whereas in
Experiment 2, the younger individuals in both groppsformed similarly, in Experiments 1,
3, and 4, younger ASD individuals showed much loperformance compared to younger
TD adults, suggesting that memory and spatial raig tested in these studies may have
been particularly difficult for ASD individuals, foexample, because of their stronger
reliance on relational processing (Experiments 13mt EFs (Experiment 4). This idea was
supported by the somewhat surprising finding ofdéarage-related differences in egocentric
navigation in ASD in Experiment 4 of this thesidjigh was not predicted by the findings on
TD OA. It is possible that ASD individuals may haweed processes depending on frontal
lobe functions as compensatory mechanisms for mgpracesses affected by hippocampal
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dysfunction, and when tasks specifically probedtablobe functions, these compensatory
mechanisms no longer worked, thus revealing diffiesllin areas that would not be predicted
to be difficult by the ageing analogy. In genenahen considering that ASD spans a
spectrum of individuals with varying levels of aftis, it is possible that all three
possibilities (weaker, stronger, or similar effeofsage in ASD compared to TD OA) may
happen in different subgroups of older ASD individuaASD persons tested in this thesis
were a self-selected population with average ietglial abilities and an interest in research,
but also less verbal and intellectually able ASBividuals grow older. Howlin et al. (2014)
found that, whereas cognitive functions remaineblst in most older ASD individuals, a
steep decline in cognitive functions, that in sarases prevented further inclusion in research
studies, occurred in 25 % of older ASD individudtswould be very important, to find out
more about these individuals using measures saiteblassess individuals with various
intellectual functions, such as pupil size (see Exrpent 1) and eye-movement
measurements (Experiment 2), or tasks includingimah verbal instructions, such as
adaptations from the animal learning and memoeydiure (Experiment 5).

Similarities between ASD and TD OA’s memory wersoafound in the pupil size
measurements of Experiment 1. The lack of the pOpl/New effect in ASD individuals
may have indicated cognitive overload and taskndjagement leading to a “levelling”, i.e., a
decrease in pupil size for old items. Similarlyaimnvorking memory task, pupil size has been
found not to distinguish between lower and highegrative loads in TD OA (Van Gerven et
al. 2004), possibly indicating cognitive overlo&xkperiment 2 found support for the ageing
analogy, partly, when using a direct adaptatiora gfaradigm previously tested in TD OA
(Kessels et al., 2005b). Similarly to TD OA, ASDdwiduals showed difficulties with
explicit relational memory but intact implicit rélanal memory. These findings were,

however, qualitatively different in ASD and TD O¥/hereas ASD individuals struggled to
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place an object into its previously studied loaatibut performed well in placing an object
into a new location, TD OA struggled with both tasKhey replaced fewer old objects into
their previously studied locations, when instrudiedio so, and they placed more old objects
into their old locations, when instructed to findhew location (Kessels et al., 2005b). It is
possible that in Experiment 2 of this thesis, &edénce between ASD and TD adults in the
exclude condition may have been masked by a cedifegt. This explanation is, however,
unlikely when looking at the small effect size the between-group difference. Experiment 4
also adapted a paradigm from the TD ageing litegatinlike TD OA, who showed a
specific spatial navigation deficit in performange different direction (allocentric) trials
(Wiener et al., 2012; 2013), a preference for eRtpgpocampal strategies (Wiener et al.,
2013), and specific difficulties with a switch ta allocentric navigation condition (Harris et
al.,, 2012), ASD individuals showed an overall natign deficit in Experiment 4
characterised by difficulties in same (egocentanyl different direction (allocentric) trials,
and by difficulties in flexibly switching betweenllacentric and egocentric navigation
conditions. It is possible that the differenceswssn studies may have been related to
methodological issues. Wiener et al. (2013) exadual€onsiderable number of TD ON €

6; 26 %) from their sample, because they did notop@ well enough in the egocentric
condition. The exclusion of these participants niewe masked co-existing egocentric
navigation difficulties in TD OA in this study. i§, however, also possible that the general
navigation deficit in ASD, found in Experiment 4ayhave been related to EF impairments
that may be more severe in ASD compared to TD @4, the tasks’ demands on frontal lobe
functions. Only a direct longitudinal comparisonvieen younger and older ASD and TD

individuals will confirm or disprove these ideas.
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Overall, the findings presented here suggested imatddition, to the hippocampus
and the PFC, which are affected by typical ageldgdden & Gabrieli, 2004), other brain

bases for memory difficulties in ASD should be ddased.

6.2.2.4 Parietal account alone or in conjunction with otherbrain regions
Other candidate brain regions to consider as tresbfar memory difficulties in ASD,

supported by the studies of this thesis, were thietah lobes (see Sections 1.2.7, 1.4.2.4,
1.4.2.5.2). Similarly to patients with parietal éobesions (Cabeza et al., 2008), ASD
individuals tested in this thesis showed specififtadiities with EM in Experiments 1, 2, and
3. For example, Experiment 1 showed reduced R rsgsofor ASD individuals, and the
parietal lobes have previously been reported tinbelved in R responses (Wagner et al.,
2005).

Because the parietal lobes have also been fourtzk tmvolved in the process of
attention (e.g., Townsend et al., 1996; Section7), aAtypical attention in ASD may have
pointed to their role in the cognitive processe®8D. The studies of this thesis suggested
that atypical attention may have contributed to miremory difficulties observed in ASD.
This was especially the case for Experiment 2, eltess attention to context information at
encoding was related to implicit object-locationmuey at test. Similarly, less attention to
cues, while encoding the route through the mazey, maae contributed to the memory and
navigation deficits in ASD observed in Experimenitention differences were also found
in the retrieval eye-movement data in Experimenindicating that ASD individuals may
have not been able to distinguish well between presly studied presentations of an

intersection and new unseen presentations conmg & different direction.
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Overall, the theories presented here have beeffulrtor the characterisation of the memory
profile in ASD, but none explains all the difficgls completely. All of them seem too
simplifying and a combination of the different thiesrmay be best by examining EFs and
complexity, memory and attention, and how thesecgsses influence one another. In
addition, there are other factors that may plaglea in the memory difficulties in ASD such

as ToM and perception, which will be consideredtnex

6.2.3 Conclusions for cognitive theories in ASD

6.2.3.1 ToM deficit account
ToM was not directly tested in the studies of tthissis. However, since ToM has been

suggested to be related to EM (Perner et al., 200V) impairments in ASD reported in
Experiments 1, 2, and 3 suggested that the tes& gamples may have also been affected
by difficulties in ToM, or by differences in the quess/processes that are common to ToM
and EM. In particular, the difficulties in distinghing between old and new items in ASD
found in Experiments 1, 3, and 4 indicated a latk oepresentation of the previous study

episode and, therefore, a ToM impairment.

6.2.3.2 Weak Central Coherence and Atypical Perceptual Progssing
Perception was also not directly tested in thisifieBehavioural, as well as eye-movement

data, however, suggested that atypical perceptiay have contributed to the reported
findings on memory. The data from Experiment 5 ¢atkd a local bias in ASD in the
processing of the compound stimuli that were useahaterial. In particular, ASD individuals
seemed to have processed both sides of the imagasasely and, therefore, did not take into
account the structure of the whole image, leadmga tdeficit in structural learning and
reduced transfer to unstudied probe trials at thal test stage. Eye-movement data from

Experiments 2 and 4, however, did not suggesta lmas, as they showed reduced attention
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to details such as location information and navigatcues in ASD compared to TD
individuals. There has been growing awarenessl|tvadevel perceptual processes have a
significant impact on memory in terms of encodimgl dater memory retrieval in disorders
such as schizophrenia (e.g., Haenschel et al.,)2@iVen possible parallels between ASD
and schizophrenia (e.g., Brine, 2005; Granholm.et@97; Orellana & Slachevsky, 2013;
Williams et al., 2010), the influence of perceptpabcesses on memory is an important area
for future research in ASD in terms of cross-digordesearch to find out what is really

unique to ASD.

6.2.3.3 Increased Perceptual Discrimination account
Support for this account was found in two studiethis thesis. The R justifications, given by

participants in Experiment 1, showed that ASD iidlials connected the studied materials
less with information that was not part of the intlia¢e study context, such as previously
experienced events, therefore, indicating reducadster of information across different
(study) episodes. Reduced transfer of informatromfthe study to the test phase was found
in Experiment 5, in that ASD individuals performedtter on the re-paired probe trials,
compared to previously studied trials, in BlockfSstructural Discrimination, suggesting that
they did not take into account the structure ofdtmuli, therefore, being less hindered by it,

when presented with the mirror images at test.

In conclusion, there is not one single cognitiveally that satisfactorily explains all the

findings of the present thesis on memory in ASD. 8osupport but also contradictory

findings were reported for all theories.
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6.2.4 Conclusions for ASD
Two findings of this thesis advanced our knowled§&SD more broadly. The first was that

a fundamental learning mechanism, i.e., structlegatning (tested in Experiment 5), was
found to be disturbed in ASD, and abnormalitiesstructural learning may potentially be

able to explain difficulties seen in ASD more getigr such as in the areas of learning,
memory, spatial navigation, and social cognitiomtulFe research should consider the
examination of the relation between structuralreay and the core symptoms in a more
representative sample of ASD individuals that spanse or less the entire spectrum, which
would be possible with the paradigm used in Expentrb, since it involved minimal verbal

instructions.

The second important finding was the absence efptipil Old/New effect found in
Experiment 1 and, therefore, the possibility ofi@marker for ASD, which could, potentially,
be used in the diagnostic process. More researolkdded to clarify the specificity of this
effect for ASD. The lack of an overlap of findingetween ASD and amnesia seemed
encouraging. The potential of a biomarker as welbther future research directions will now

be discussed.

6.3 Future research
At least six future research directions that diye@dllow from the results reported in this

thesis are imaginable and some information relateghch of them will now be provided.

One question that arose in several experiments wiasther relational processing is
impaired in ASD, or whether ASD individuals just shan item processing preference and
would, in principle, be able to use relational meging, for example, when they are provided
with task support, such as specific task instrustioPossible experiments to tackle this
guestion would be: First, a replication of Expenrn8 with item and relational processing

instructions to see if TD individuals’ performandecreased in the item and relational tasks,
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following an item specific instruction, and if ASBdividuals’ performance increased in item
and relational tasks, following relational procesgsinstructions. Second, in a replication of
Experiment 4, it should be tested whether ASD iilligls’ navigation performance would
increase, when they were specifically instructedattend to the landmark cues and relate
them to one another and the travel direction thhotlte maze. Third, a replication of
Experiment 5 would be possible with an instructiomattend to the global structure of the
compound stimuli to test whether ASD individuals wehun principle, be able to acquire
structural learning, and to examine whether thearning and test performance would
improve.

A second question is related to the suggestionsenmadsection 6.2.2.1 about the
conditions under which item memory would be intacimpaired in ASD. These suggestions
should be tackled in separate experiments withelagough samples to provide sufficient
statistical power, each manipulating one factochsas task complexity, study intention, task
support at study and/or test, and number/ typeswatext information included in the task.

A third important area to follow up on is how aggiaffects individuals with ASD
and their cognitive profiles beyond the age of &arg, and whether individuals with higher
and lower verbal and/or intellectual abilities aféected differently by the ageing process.
For this, suitable measures would need to be fo@m possibility would be to use eye-
movement and pupil size measurements to test a raigige of individuals with differing
abilities with the same or similar tasks.

A fourth strand of research is related to the idiesubgroups with different cognitive
profiles in ASD and the suggestion made in Sec@dh2.2 to test the influence of other
cognitive functions such as EFs on the memory leraBported in ASD, by testing large

enough subgroups of ASD and TD individuals thatraa¢éched on their EF abilities.
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The further development and application of memaoayagdigms suitable for young
and less verbal and/or intellectually able ASD wtlials would form a fifth area of research.
Experiment 5 was a direct adaptation of an aningarding paradigm presented to
participants with little in the way of verbal ingttions and by using a touch-screen laptop. It
was a collaborative investigation with Claire Tha@m2erwent, who is currently testing
minimally verbal children with ASD using the samaradigm as the one presented in this
thesis. In a similar vein, eye-tracking and pupiletng also seemed promising technologies
with the measures used in Experiments 1, 2, antbdstituting measures of real memory
phenomena that showed sensitive results, whicleast in part, were not established by
means of more conventional behavioural measuremé&hts paradigms used in this thesis
would need to be simplified in order to make thantable for individuals with lower verbal
and/or intellectual abilities. One possibility wdube, to reduce the R/K procedure used in
Experiment 1 to an Old/New recognition procedukeptesenting participants with a number
of items to study, and by measuring their pupipogses to the studied and new items at test.

A final, potentially important, area of follow-upsearch is the finding of a lack of the
pupil Old/New effect and its potential use as antadker. Three areas of research would be
important: First, the different interpretationalsgilities suggested in Section 2.1.4 should
be tested with suitable behavioural paradigms t@iobclarity on whether the absence of
such an effect in ASD indicated cognitive overloaod task disengagement, a lack of
interest, reduced memory strength, or whetherrglsted to lower emotional responsiveness.
Second, groups of individuals with different disersl should be compared to ASD
individuals to investigate the uniqueness and $ipdyi of this effect in ASD. Third, more
information should be gathered about the underlymeghanisms of the pupil Old/New effect

by combining methods, such as tests of behavidwsiplogy, and neurochemistry.
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6.4 Concluding remarks
The overall aim of this thesis was to refine thgrative profile observed in ASD by testing

distinctions from the memory literature, and by istigating memory-related cognitive
processes, such as attention, EFs, spatial namgathd learning, to avoid seeing memory as
detached from the context, in which it appearsadidition, it was aimed to find and test
suitable physiological measures for memory in ASD¢d to draw conclusions as well as
generate hypotheses in relation to cognitive tlesorand underlying brain bases and

mechanisms.

The biggest achievements of the research presentbis thesis were:

1) Advances in the fields of item and relational meynor ASD were made in the
discovery of conditions under which item memory wagpaired in ASD (i.e.,
particularly, when performance benefitted from tielaal processing), and in the
finding that different types of relational memoryere similarly affected in ASD,
supporting the idea of reduced relational processi#gsSD.

2) The areas of explicit and implicit memory in ASDreeignificantly advanced by the
finding that the relational memory impairment in[B8vent beyond explicit memory,
in that implicit relational memory was also affetiteand by the connections that were
drawn between the memory distinctions of impligidaexplicit, direct and indirect,
and item and relational memory.

3) Another significant contribution was the finding tthlae memory processes encoding,
consolidation, and retrieval should not be congiden isolation. Experiments 2 and 4
have shown encoding differences that, potentialfiected later memory retrieval in

ASD.
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4) The discovery of suitable eye-movement and pupi sheasures to test memory in
ASD was important in that behavioural findings weeplicated with a second
measure, questions were answered that would havained unanswered by the sole
use of behavioural measures, and because it lebdetsuggestion of a pupil size
biomarker in ASD.

5) A final important advancement related to the findihgt cognitive processes should
not be considered in isolation from one other, that the ways in which they
influence each other should be tested. In examiniregg roles of EFs, attention,
memory, and related processes, such as learningpail navigation, it should be
remembered that an abnormality in one, single m®ds unlikely to explain all

difficulties observed in ASD.
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Appendices

Appendix 1: Table of materials used in Experiment 1criteria for

materials, instructions for Type A and Type B for he R/K test

Table Al.1

Complete overview of the materials used. Lists were counterbalanced across participants.

Material
type List 1 List 2 List 3 List 4
Words apple candle anchor lemon
ashtray doll cake bicycle
balloon flag crown cannon
button grapes eagle clock
drum lamp ladder elephant
fork peanut onion guitar
hammer rabbit shoe sandwich
monkey scissors toaster skirt
shirt sock trumpet stool
tomato violin umbrella whistle

Pictures '
f ;\}jﬂ“‘a
\ rl

.\\_,J
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Material

type List 1 List 2 List 3 List 4

Pictures
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Material

type List 1 List 2 List 3 List 4

Pictures
T
{ .
boo o b

Shapes

411



N B Gl TN VIN. JN G _




Material

type List 1 List 2 List 3 List 4
Shapes
€ ¥
Non- pennel rubid
words ballop diller
honder natem
frescovent hampent
trumpetine glistow
doppelate barrazon
bannifer commerine
sladding thickery
tafflest brasterer
prindle skiticult
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Table A1.2

Criteria for lists of pictures and words according to Snodgrass and Vanderwart (1980).

List 1 List 2 List 3 List 4
Criterion M (SD) M (SD) M (SD) M (SD) F(3,40) p
Letter nr@ 5.70 (1.16) 5.50(1.43) 5.70(1.34) 6.20(1.23) 30.5 .66 .04
Name agré  0.98 (0.04) 0.93(0.09) 0.92(0.09) 0.97 (0.04) 01.8.17 .13
Image agré  3.91(0.45) 3.77(0.68) 3.55(0.50) 3.70(0.68) 30.6 .60 .05
Familiarity ~ 3.58 (0.79) 3.39(0.65) 3.15(1.07) 3.25(0.93) 50.4.72 .04
Complexity — 2.47 (0.70) 2.73(0.90) 3.18(0.65) 3.01(0.98) 61.4.24 .11
Frequency’ 10.30 (7.02) 10.20 (5.85) 11.50(6.26) 11.90 (6.77) 0.17 .91 .01

Note. ®Letter number. "Name agreement. ‘Image agreement. “Word frequency - Kucera &

Francis.
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A1.3: Instructions for Type A and Type B for thekKRést

In this test you will see a series of items ondbeeen one at a time. Some of these items are
ones that you saw earlier in this experiment whem were asked to try and memorize the
items that appeared on the screen, and some dethe are not items that you have seen in

this experiment.

If you are sure that you recognize the item as pane that you saw earlier in this
experiment, then please click on the “YES” box loa $creen. If you DO NOT recognize the
item as being one that you saw earlier in this grpent, then please click on “NO”. If you

are not sure if the item was one that you sawezaol not, then please click on “NO.” Only

say YES if you are SURE that the item is one tloat yaw on the screen earlier.

After you say YES, you will be asked to make anotti®ice about HOW you remember the
item. The choice is between TYPE A and TYPE B. TY®REnd TYPE B are two different

ways that people remember things.

A TYPE A memory is when you remember seeing the ite this experiment, and you also
remember something about when you actually savitéhe You might remember where the
item was in the list of items, what it looked lik@ the screen, something about what you
thought about at the time when you saw the itenyoor might remember a picture that you
had in your head when you saw the item. A TYPE Adkof remembering is when you
remember that the item was on the list of itemsemember, and you also remember

something about the time when you actually sawtém.
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TYPE B is the other way that people can remembiagsh A TYPE B kind of memory is
when you are sure that the item was on the ligteshs to be remembered but you can’t
remember any details about the time that you sakoitexample a TYPE B memory is when
you can’'t remember where the item was in the distanything that you thought about at the
time, or any picture that you might have had inrybead at the time. A TYPE B kind of
remembering is when you know that the item washenlist of items that you were asked to
remember but you can’t remember anything abouttheal time when you saw the item on
the screen. You have this feeling of familiarityn &xample from daily life would be that
sometimes you meet a person in the street and ngosuge you have seen this person before
but you can’t remember anything else about them, thgir name or where you know the

person from.

Please ask for help if you have any problems, ar gon’t understand what you are to do

during the test.
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Appendix 2: Table of materials used in Experiment 2

Table A2
List of rooms and objects for practice, and test and which sets they were studied in. Set A
was used as study set for one half of the participants. They received Set B as new items at

test. The other half of the participants studied Set B and received Set A as the new items at

test.
Room Object Set
practice
Garden Mower studied in Set A
Garden Milk can studied in Set A
Garden Birdhouse studied in Set A
Garden Watering can studied in Set B
Garden Spade studied in Set B
test
Bathroom Bath brush studied in Set A
Bathroom Bathing slippers studied in Set A
Bathroom Scales studied in Set A
Bathroom Shaver studied in Set A
Bathroom Soap studied in Set B
Bathroom Toilet paper studied in Set B
Bathroom Toothbrush studied in Set B
Bathroom Shampoo studied in Set B
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Room Object Set
Living room Videocassette studied in Set A
Living room Candle studied in Set A
Living room CD collection studied in Set A
Living room clock studied in Set A
Living room Radio studied in Set B
Living room Remote studied in Set B
Living room Wine bottle studied in Set B
Living room Books studied in Set B
Kitchen Washing-up liquid studied in Set A
Kitchen Cheese studied in Set A
Kitchen Potatoes studied in Set A
Kitchen Eggs studied in Set A
Kitchen Knife block studied in Set B
Kitchen Cloths studied in Set B
Kitchen Spatula studied in Set B
Kitchen Saltshaker studied in Set B
Bedroom Book studied in Set A
Bedroom House shoes studied in Set A
Bedroom Night cream studied in Set A
Bedroom Pillow studied in Set A
Bedroom Socks studied in Set B
Bedroom Tie studied in Set B
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Room Object Set
Bedroom Underpants studied in Set B
Bedroom Teddy studied in Set B

Office Agenda studied in Set A

Office Stapler studied in Set A

Office Letter tray studied in Set A

Office Desk tidy studied in Set A

Office Briefcase studied in Set B

Office Hole puncher studied in Set B

Office File studied in Set B

Office Biro studied in Set B

Storeroom Bag studied Set A
Storeroom Carton studied Set A
Storeroom Cooler studied Set A
Storeroom Dartboard studied Set A
Storeroom Cable spool studied in Set B
Storeroom Keys studied in Set B
Storeroom Painting studied in Set B
Storeroom Polish studied in Set B
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Appendix 3: Tables of materials and reinforcement antingencies
used in Experiment 5

Table A3.1

Stimulus examples for Structural Discrimination with reinforced and incorrect shapes,
number of presentations for each pair within one block and criterion to continue to the next
block. If the criterion was not reached within three attempts of a certain block, the

programme continued automatically to the next block.

Block Correct stimulus Incorrect stimulus  Number of presatations  Criterion

1 5 right 80 % correct

1 e — 1 right 50 % correct
. 1 left

2 1 right 50 % correct

2 e — 1 right 50 % correct
. 1 left

2 new — 5 right 80 % correct
— — 5 left

3 1 right 50 % correct

3 . — 1 right 50 % correct
. 1 left
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Block Correct stimulus Incorrect stimulus  Number of presentation  Criterion
3 —_— 1 right 50 % correct
— —] 1 left
3 new 5 right 80 % correct
5 left
4 2 right 75 % correct
4 - 1 right 50 % correct
‘ . 1 left
4 — 2 right 75 % correct
2 left
4 2 right 75 % correct
2 left
5 2 right -
5 —_— 2 right -
— — 2 left
5 2 right -
2 left
5 - 2 right -
‘ . 2 left
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Block Correct stimulus Incorrect stimulus Number of presentations  Criterion

5 —_— 2 right -
probe — 2 left
5 2 right -
probe
2 left
5 — 2 right -
probe E
— 2 left
5 — 2 right -
probe E
— 2 left
5 —_— 2 right -
probe p—
— 2 left
5 2 right -
probe
2 left
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Table A3.2

Stimulus examples for Biconditional Discrimination with reinforced and incorrect shapes,
number of presentations for each pair within one block and criterion to continue to the next
block. If the criterion was not reached within three attempts of a certain block, the

programme continued automatically to the next block.

Block Correct stimulus Incorrect stimulus Number of presatations Criterion

1 5 right 80 % correct

1 - 1 right 50 % correct
‘ . 1 left

2 1 right 50 % correct

2 - 1 right 50 % correct
‘ . 1 left

2 new 5 right 80 % correct
E [ 5 left

3 1 right 50 % correct

3 - 1 right 50 % correct
‘ . 1 left

3 1 right 50 % correct
E [ 1 left
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Block Correct stimulus

Incorrect stimulus

Number of presentations

Criterion

3 new 5 right 80 % correct
3 new 5 right 80 % correct
4 2 right 75 % correct
4 - 1 right 50 % correct
l . 1 left
4 2 right 75 % correct
E [ 2 left
4 2 right 75 % correct
4 2 right 75 % correct
5 2 right -
5 - 2 right -
‘ . 2 left
5 2 right -
E [ 2 left
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Block

Correct stimulus

Incorrect stimulus

Number of presentations  Criterion

5

probe

probe

probe

probe

A e Tl ™

2 right -

2 left

2 right -
2 left
2 right -
2 left
2 right -
2 left
2 right -
2 left
2 right -

2 left
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Table A3.3

Stimulus examples for Transverse Patterning with reinforced and incorrect shapes, number

of presentations for each pair within one block and criterion to continue to the next block. If

the criterion was not reached within three attempts of a certain block, the programme

continued automatically to the next block.

Block Correct stimulus

Incorrect stimulus  Number of presatations

Criterion

1 5 right 80 % correct
. \ 5 left

1 1 right 50 % correct
. 1 left

2 1 right 50 % correct
1 left

2 1 right 50 % correct
. 1 left

2 new 5 right 80 % correct
\ 5 left

3 1 right 50 % correct
1 left

3 1 right 50 % correct
. 1 left

3 1 right 50 % correct
\ 1 left
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Block Correct stimulus Incorrect stimulus  Number of presentation Criterion

5 right 80 % correct

5 left

2 right 75 % correct

3 new E

2 left

1 right 50 % correct

1 left

2 right 75 % correct

2 left

2 right 75 % correct

2 left

4 right -

4 left

2 right -

- B

2 left

4 right -

4 left

4 right -

M e [ N e [ | N

4 left

11| I
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Object-Location Memory in Adults with Autism Spectrum Disorder
Melanie Ring, Sebastian B. Gaigg, and Dermot M. Bowler

This study tested implicit and explicit spatial relational memory in Autism Spectrum Disorder (ASD). Participants were
asked to study pictures of rooms and pictures of daily objects for which locations were highlighted in the rooms. Partic-
ipants were later tested for their memory of the object locations either by being asked to place objects back into their
original locations or into new locations. Proportions of times when participants choose the previously studied locations
for the objects irrespective of the instruction were used to derive indices of explicit and implicit memory [process-disso-
ciation procedure, Jacoby, 1991, 1998]. In addition, participants performed object and location recognition and source
memory tasks where they were asked about which locations belonged to the objects and which objects to the locations.
The data revealed difficulty for ASD individuals in actively retrieving object locations (explicit memory) but not in sub-
consciously remembering them (implicit memory). These difficulties cannot be explained by difficulties in memory for
objects or locations per se (i.e., the difficulty pertains to object-location relations). Together these observations lend fur-
ther support to the idea that ASD is characterised by relatively circumscribed difficulties in relational rather than item-
specific memory processes and show that these difficulties extend to the domain of spatial information. They also lend
further support to the idea that memory difficulties in ASD can be reduced when support is provided at test. Autism
Res 2015, 8: 609-619. © 2015 International Society for Autism Research, Wiley Periodicals, Inc.

Keywords: explicit relational memory; implicit relational memory; Autism Spectrum Disorder; recognition memory;

source memory; task support hypothesis; process-dissociation procedure

Introduction

Autism Spectrum Disorder (ASD) is associated with a
heterogeneous cognitive profile with a consistent pat-
tern of strengths and weaknesses in the domain of
memory (see Boucher & Bowler, 2008; Boucher, Mayes,
& Bigham, 2012 for reviews). ASD individuals experi-
ence difficulties with free recall where information
needs to be remembered without retrieval support. This
is especially marked when categorical information is
available in the studied material that typically facilitates
memory [Bowler, Matthews, & Gardiner, 1997; Gaigg,
Gardiner, & Bowler, 2008; Tager-Flusberg, 1991]. By
contrast, when test procedures provide support for
retrieving studied information, memory tends to be
spared in ASD. Supported procedures include immedi-
ate cued recall [e.g., Mottron, Morasse, & Belleville,
2001] and recognition memory tasks [e.g., Boucher
et al., 2005; Bowler, Gardiner, & Grice, 2000a; Bowler,
Gardiner, Grice, & Saavalainen, 2000b; Kuusikko-
Gauffin et al.,, 2011]. The pattern of performance on
supported and unsupported memory tests led Bowler
et al. [1997] to propose the “task support hypothesis”

suggesting that ASD participants perform as well as typ-
ically developing (TD) individuals when procedures are
used that scaffold retrieval. Since then various studies
have confirmed this idea [Bowler, Gardiner, & Berthol-
lier, 2004; Gaigg et al., 2008; Ring, Gaigg, Altgassen,
Barr, & Bowler, under review).

Further characteristics of memory function in ASD
are relatively pervasive difficulties in remembering the
temporal order of events [Poirier, Martin, Gaigg, &
Bowler, 2011; Gaigg, Bowler, & Gardiner, 2014] and in
remembering the autobiographical past and imagining
the autobiographical future [e.g., Crane, Goddard, &
Pring, 2009; Lind & Bowler, 2010]. These suggest diffi-
culties particularly with episodic memory, which
requires the binding of the spatial-temporal context
that defines specific events. Interestingly, when partici-
pants with ASD are tested on where, when or how they
studied certain stimuli (source memory tasks), findings
are inconsistent. Some studies suggest impaired source
memory in ASD [e.g., Bowler et al.,, 2004; Lind &
Bowler, 2009], whereas others do not [e.g., Bowler
et al.,, 2004; Souchay, Wojcik, Williams, Crathern, &
Clarke, 2013]. Importantly, here as well, difficulties
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Relational Memory Processes in Adults with Autism Spectrum
Disorder

Melanie Ring, Sebastian B. Gaigg, and Dermot M. Bowler

Research into memory in Autism Spectrum Disorder (ASD) suggests intact item memory but difficulties in forming
relations between items (Bowler, Gaigg, & Lind, 2011). In this study, we tested memory for items as well as for
sequential, spatial, and associative relations between items with the same paradigm using abstract shapes in ASD and
typically developing (TD) individuals. Participants studied shape triplets on a computer screen and memory was sub-
sequently tested either for the individual items making up the triplets, the screen-locations, the order or the combi-
nations of items presented at study. Contrary to our predictions, performance was significantly lower in the ASD
group on all four tasks. The result raises questions about how intact item memory is in ASD, which role task complex-
ity plays, and how item-specific versus relational processing affect task performance. One possibility is that TD indi-
viduals relied more on relational processing in the current study and might have therefore had an advantage over
ASD individuals. This idea is supported by the result of a preliminary analysis of age-related differences in memory
across the midadult lifespan in both groups. Age seems to affect order memory less in ASD compared with TD indi-
viduals where it leads to a significant decrease in performance. This might indicate a decrease in relational processing
in TD but not ASD individuals with increasing age. More research is needed to answer questions about the change in
cognition in ASD individuals across the lifespan. Autism Res 2016, 9: 97-106. © 2015 International Society for

Autism Research, Wiley Periodicals, Inc.

Keywords: item memory; relational memory; autism spectrum disorder; ageing

Introduction

Autism Spectrum Disorder (ASD) is characterized by dif-
ficulties in social interaction, social communication,
and by the presence of restricted and repetitive behav-
iours [American Psychiatric Association, 2013]. In addi-
tion, it is associated with a complex cognitive profile
which includes a particular pattern of strengths and
weaknesses in the domain of memory [Boucher &
Bowler, 2008; Boucher, Mayes, & Bigham, 2012]. Previ-
ous research suggests intact performance on tasks that
probe memory for individual items of information such
as individual words or pictures of objects that make up
a study list [Bowler, Gardiner, & Grice, 2000; Hauck,
Fein, Maltby, Waterhouse, & Feinstein, 1998]. In addi-
tion, performance is typically also preserved on sup-
ported test procedures such as recognition tests where
participants only need to identify rather than generate
the studied items [task support hypothesis—Bowler,
Gardiner, & Berthollier, 2004]. By contrast, difficulties
are often observed on tasks that probe memory for asso-
ciations between items [Bowler, Gaigg, & Gardiner,

2008; Gaigg, Gardiner, & Bowler, 2008] or between
items and their context. Examples of the latter are diffi-
culties in remembering the locations for or colors of
objects [Bowler, Gaigg, & Gardiner, 2014; Ring, Gaigg,
& Bowler, 2015; Semino, Gaigg, Bowler, & Ring, 2013],
remembering the temporal order of items [Gaigg,
Bowler, & Gardiner, 2014; Poirier, Martin, Gaigg, &
Bowler, 2011], or recalling in what modality words were
presented or by whom [Bowler et al., 2004]. Memory
difficulties tend to be particularly pronounced in ASD
when test procedures provide little support, such as in
the case of free-recall test procedures [e.g., Bowler et al.,
2008].

The aim of this study was to test the hypothesis that
ASD is characterized by relatively specific difficulties in
relational but not item memory. For the current study,
we drew on a paradigm from the amnesia literature in
which neurologically healthy participants and amnesic
patients with either focal hippocampal or diffuse
medial-temporal lobe (MTL) lesions were asked to study
abstract shape triplets [Konkel, Warren, Duff, Tranel, &
Cohen, 2008]. Different experimental conditions
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