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Abstract 

Evidence from memory studies demonstrating impaired relational processing in 

individuals with Autism Spectrum Disorder (ASD) has most commonly been based on the 

learning of verbalisable material (such as lists of words) by high-functioning, verbally-able 

participants with ASD, who are matched to a control group on full-scale IQ scores, which 

limited any commentary on the universality of these difficulties across the spectrum.  The 

current research aimed to develop a set of non-verbal tasks that test relational memory, to 

examine the level of this ability in children with ASD and reduced language.   

 

It aimed to replicate some of the characteristic impairments found in relational 

memory in high-functioning individuals with ASD, in order to generalise these impairments 

to the autism spectrum as a whole.  This was done by adapting behavioural paradigms which 

have already been used with non-human animals, and which measure relational memory non-

verbally, for use with humans with and without ASD.  This aimed to provide paradigms 

which would be suitable for all participants with ASD, and to provide more rigorous tests of 

relational memory in ASD, independent of the level of functioning of the individual.  

The current research has shown that the paradigms adapted are effective measures of 

relational memory, which are suitable for use with all individuals with ASD, at any level of 

functioning.  These findings extend the previous research demonstrating characteristic 

impairments in relational memory in high-functioning individuals with ASD, to include 

individuals with ASD who would be considered lower-functioning.  They also support the 

view that individuals with ASD have potentially compromised hippocampal function.  
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Chapter 1: An overview of Autism Spectrum Disorder 

1.1. History of Autism Spectrum Disorder 

In the mid-1940s, the condition originally known as autism was first described in two 

separate accounts by separate clinicians.  In the US, child psychiatrist Leo Kanner detailed 

the case studies of eleven children who appeared to share a pattern of behaviours which 

included, as he observed it: “profound aloneness”, “an anxiously obsessive desire for the 

maintenance of sameness”, and language problems, ranging from mutism to “a kind of 

language that does not seem intended to serve interpersonal communication” (Kanner, 1943). 

Kanner explained the difficulties these children had as stemming from the “inability 

to relate themselves in the ordinary way to people and situations from the beginning of life” 

(Kanner, 1943).  It was here that the now well-known term “autism” was first used, which 

derives from the Greek word “autos”, meaning self.  The author used this term to denote the 

fact that the children he encountered all appeared to be deeply self-absorbed.  It was also 

useful in describing a specific disorder which displayed the characteristic symptoms that 

these children shared.   

At around the same time in Austria, Hans Asperger, a paediatrician, published a paper 

in which he described patterns of behaviour in some of his patients which were similar to 

those of Kanner’s group.  In his patient group, Asperger had identified behaviours such as: 

lack of imaginative play, atypical communication, and behavioural problems, and labelled 

these behaviours “autistic psychopathy” (Asperger, 1944).  At the time of writing, his 

findings were not widely disseminated, due mainly to his having written the paper in German, 

but a later account by pioneering English psychiatrist Lorna Wing described the ways in 

which the condition described by Asperger shared some fundamental features with that which 
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Kanner had previously described.  For instance, both Kanner and Asperger found their 

patients to be uninterested in the feelings of others.  There were also similarities in the way 

both groups used language; particularly in the impairment of language for conversation, and 

non-verbal forms of communication, including eye-contact (Wing, 1991).   

Despite these similarities, there were also certain differences between the two groups 

in the way the disorder manifested itself.  The group Asperger studied generally appeared not 

to be as challenged, and were more likely to develop some cognitive skills at a similar level 

to typically-developing children, such as language and communication, although these were 

still identified as atypical (Asperger, 1944).  Identification of these important differences, 

along with the characteristic similarities, led to a description of autism and autistic behaviours 

as making up a continuum, rather than existing as discrete disorders, leading in turn to the 

identification of the “autism spectrum” (Wing & Gould, 1979).  Therefore, behaviours on this 

spectrum could range from a mild manifestation - such as that described by Asperger - at one 

end, to a much more severe manifestation - such as Kanner-type, or “classic” autism - at the 

other end.  

At the beginning of its discovery and classification, autism was traditionally assumed 

to be a childhood condition - Kanner was a child psychiatrist, Asperger a paediatrician - but 

as Asperger syndrome became more widely recognised, and the patient groups initially 

identified grew older, it started to become clear that a lot of the difficulties found to be 

characteristic of autism could and would persist into adulthood.  Many more people began to 

be diagnosed with Asperger syndrome as adults; the fact that their ASD was only mildly 

expressed meant that it was not always spotted earlier in life.  Subsequent research has tended 

to compartmentalise milder, or “higher-functioning” autism, and more severe, or “lower-
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functioning” autism, into two discrete groups, although there are still difficulties which are 

common to both, expressed to a greater or lesser degree. 

Kanner’s identification of a syndrome was used as the basis for the development of 

subsequent diagnostic systems, which have been amended and refined over the years.  

Diagnosis of ASD is based on the observation of impairments in the domains of social 

interaction, communication, and repetitive behaviours (or restricted activities/interests), and 

current diagnostic criteria are taken from two major classification systems: the Diagnostic 

and Statistical Manual of Mental Disorders, fifth edition (DSM-5), and the International 

Classification of Diseases, Tenth Revision (ICD-10). 

When the DSM was first published in 1952, the word “autism” was only used to 

describe one of the “psychotic reactions”; primary features of a condition then termed 

“schizophrenic reaction, childhood type” (DSM, 1952, p. 28).  This definition did not 

significantly change with the second edition (DSM-II, 1968).  However, the publication of 

the third edition brought with it the inclusion of a condition termed “infantile autism”.  This 

definition focused on the characteristics of language impairment and a “pervasive lack of 

responsiveness to other people” and distanced itself from its previous association with 

childhood schizophrenia by specifying an “absence of delusions, hallucinations” (DSM-III, 

1980, p. 49).  The fourth edition of the manual contained a more nuanced approach to 

classification.  Under the general heading of “Pervasive Developmental Disorders”, several 

disorders were incorporated as subtypes.  These included: “Autistic Disorder”, “Asperger 

Disorder”, and “Pervasive Developmental Disorder, Not Otherwise Specified (including 

Atypical Autism)” (DSM-IV, 1994).  

Diagnosis according to the criteria in the DSM-IV was based on the observation of a 

“triad” of impairments, including deficits in the domains of social communication, language, 
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and repetitive and stereotyped behaviours or interests (DSM-IV, 1994).  This method of 

classification was dominant for many years, until the most recent revision of the manual, 

DSM-5, which occurred in 2013.  In this edition, major changes were made to the 

classification of autism.  All subtypes, including “Asperger Disorder” and “Pervasive 

Developmental Disorder, Not Otherwise Specified”, were removed from the manual entirely, 

in favour of one defined condition known as Autism Spectrum Disorder (DSM-5, 2013).   

1.2. Current methods of diagnosis and prevalence 

Autism Spectrum Disorder (henceforth referred to as ASD) is a behaviourally-defined 

condition, diagnosed by criteria set by the ICD-10 (1992) or the DSM-5 (2013), with the 

most reliable diagnoses occurring after the age of approximately 2-3 years.  Diagnosis 

according to the criteria in the DSM-5 moved away from the idea of a “triad of impairments”, 

in favour of the observation of deficits in just two criteria: 1 - Impairments in social 

communication and interaction, including verbal and non-verbal forms of social 

communication; 2 – Restricted and repetitive patterns of behaviour, including insistence on 

sameness, and stereotyped motor movements.  These criteria are considered more stringent, 

and it has been found that, since its publication, fewer people have been diagnosed with an 

autism spectrum disorder (Matson, Kozlowski, Hattier, Horovitz, & Sipes, 2012).  The 

current overall prevalence of ASD in the UK is estimated to be 1.1%, with the rate among 

males (2%) being significantly higher than among females (0.3%) (Brugha et al., 2012). 

This may have had an impact on recruitment for the current research; all participants 

included in the current studies were given their diagnoses before 2013.  It may be that some 

participants may not have been given a diagnosis had they been observed according to the 

DSM-5.  However, as all participants were recruited before the publication of the DSM-5, 
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they are classified as having an ASD, adhering to the criteria of the DSM-IV; reporting of the 

studies will reflect this.   

1.3. Aetiology of Autism Spectrum Disorder 

In considering the potential causes of ASD, there appears to be no consensus.  The 

focus has shifted over the years to implicate various possible factors.  In the earliest days of 

autism diagnosis, possibly caused in part by the fact that the earliest diagnosed patients were 

children, the influence of the parents was emphasised.  Following his original observations of 

children, Kanner stated that although his view of autism was that it was an innate condition, 

he had noted that most of the children were being raised by parents who were emotionally 

unresponsive to them, potentially implying a link between their upbringing and their clinical 

condition (Kanner, 1949).  This idea was then taken further by other theorists, most 

notoriously by Bruno Bettelheim, who was the most famous proponent of the “refrigerator 

mother” theory (Bettelheim, 1967).  This view appeared to place blame squarely at the feet of 

the mother, postulating that autism was caused by her being emotionally “cold”.  This view 

of the cause of autism was unfortunately prevalent for several years and was very damaging 

to parents of autistic children.  There was no evidence to support it, and the theory was 

eventually abandoned, although the propensity to look for environmental influences 

continues.  

In trying to pinpoint the cause of ASD, genetic research has become particularly 

important.  Studies of twins have been extremely useful in trying to pinpoint whether there is 

a genetic component to ASD.  One study found that identical twins were 60% concordant for 

ASD, whereas in fraternal twins the concordance rate was 0% (Bailey et al., 1995), indicating 

strongly that ASD may be genetic disorder.  However, locating the potential genetic 
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component of ASD would appear to be much more complicated, as many instances of autism 

happen spontaneously, in the absence of any family traits of ASD. 

Despite the findings from genetic studies, the search for potential environmental 

influences has continued.  Reichenberg et al. (2006) found that babies born to fathers older 

than the age of forty were more than five times more likely to have an ASD than babies born 

to fathers who were younger than thirty.  More recently, it has been found that there was a 

higher risk of an ASD for babies of mothers aged forty and over, fathers aged fifty and over, 

and mothers aged twenty and under.  In addition to this, the same study found that a larger 

age difference between the parents could increase the risk of having a child with an ASD 

(Sandin et al., 2016).  Another risk factor for infants is having a sibling who already has ASD 

(Jones, Gliga, Bedford, Charman, & Johnson, 2014). 

In addition to the age of the parents, environmental influences during pregnancy may 

play a role.  Exposure to certain kinds of antidepressants in utero has been found to be 

associated with an increased risk of having a child with ASD (Rai et al., 2013), findings 

which are supported by a subsequent study that found an increased risk of ASD where 

selective serotonin reuptake inhibitors (SSRIs) were taken during the second and third 

trimesters (Boukhris, Sheehy, Mottron, & Bérard, 2016).  Taken together with findings from 

genetic research, the current conclusion about the cause of autism is that no single cause has 

yet been found, with many factors playing a potential role.  

1.4. Characteristics of Autism Spectrum Disorder 

ASD is a typically heterogenous condition, which presents with great variability in the 

expression of symptoms from individual to individual.  However, Wing and Gould (1979) put 

forward a classification system of ASD based on the quality of social interaction of the 
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individual, and developed the dominant idea that ASD is expressed in a triad of impairments 

in the domains of social, symbolic, and imaginative behaviour.  Across the whole range of the 

spectrum people with ASD show social impairments; these difficulties may be caused in part 

by a difficulty in understanding the mental states of others.  Experiments known as “false 

belief” tasks have been developed to try to measure this.  

Baron-Cohen, Leslie, and Frith (1985) adapted a paradigm first devised by Wimmer 

and Perner (1983), in which a child is shown two characters in a visual story.  One character 

has a marble, puts it in a certain place, and goes out of view.  The other character then moves 

the marble to a different place.  The child is then asked where, when they come back, the first 

character will look for the marble.  The correct answer in this case would be to say where the 

first character believes the marble to be.  Typically developing children will give the correct 

answer by approximately age four, whereas most children with ASD have difficulty with this 

task well after this age, and will give the answer of where the marble actually is, rather than 

where the character in the story would believe it is.  This points to a characteristic difficulty 

in understanding others’ mental states.  People with ASD display a difficulty in 

understanding the representational relationship between a person’s belief and the actual state 

of the world, and the fact that the two can be incongruent.  Although able adults with ASD 

have been shown to have no significant deficit in this domain (Bowler, 1992), they still 

display difficulties in social situations which would imply problems with understanding 

others’ beliefs, and these individuals also display difficulties in developing social 

relationships (Wing, 1992).  

Another characteristic difficulty seen in ASD is atypical language development, 

although the severity of this can vary widely from person to person.  Lower-functioning 

individuals’ language development may be extremely delayed or even absent, and in the 
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event language does develop, can display qualities characteristic of ASD such as immediate 

or delayed echolalia (Tager-Flusberg & Caronna, 2007) and pronominal reversal (Lee, 

Hobson, & Chiat, 1994).  Even when language does develop, atypicalities may still be 

evident, such as strange intonation and lack of reciprocity in conversation (Bowler, 2007, p. 

10).   

Also seen in ASD are stereotypies, which are repetitive behaviours ranging from the 

mild, such as placing objects in a specific order or following routines in a specific way each 

time, to the extreme, including behaviours such as hand-flapping.  Repetitive behaviours may 

also be seen in higher functioning individuals with ASD in the form of restricted interests or 

activities, such as watching the same film or listening to the same song repeatedly (Roth, 

2010, p. 83).   

1.5. Comorbidity 

ASD is a highly complex and heterogeneous condition, which is comorbid with 

several conditions.  An association with epilepsy has been established, with one study finding 

that seizures occur in approximately 1 in 3 people with ASD (Francis, Msall, Obringer, & 

Kelley, 2013).  Epilepsy was also found to be more common in females with ASD, with 

seizures typically coinciding with the onset of puberty (Canitano, 2007).  

Fragile X syndrome is another condition found to be comorbid with ASD.  This 

condition shares some of the characteristics of ASD, such as problems with communication 

and social interaction, including avoidance of eye contact, and repetitive behaviours.  Caused 

by the absence of a single gene, it is estimated that around 4% of cases of Fragile X are 

associated with ASD (Belmonte & Bourgeron, 2006), with one study showing that 18% of 
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males and 9.7% of females with Fragile X syndrome met the criteria for ASD (Clifford et al., 

2007).   

There may also be some overlap between ASD and ADHD.  During an eye-tracking 

task investigating the processing of gaze cues when looking at faces, atypical processing was 

found in children with ASD and children with ASD + ADHD, compared with children who 

had only ADHD, and a control group of typically-developing children (Groom et al., 2017). 

1.6. Cognitive theories of Autism Spectrum Disorder 

In addition to the observable behaviours already detailed, specific cognitive 

impairments have been found in ASD, which have given rise to cognitive theories of ASD.  

Much research has been focused on identifying a core cognitive deficit in ASD.  Each theory 

aims to be able to explain the cognitive challenges of ASD under three criteria: that the 

particular problems should be specific, unique, and universal.  These criteria have produced 

some problems for the theories, caused in part by the heterogeneity of ASD.  However, three 

main theories have persisted through the years.   

1.6.1. Impaired Theory of Mind 

One of the most dominant cognitive theories of ASD is that of impaired “Theory of 

Mind”.  This is the term given to the ability to understand the mental states of others; it is 

typically measured by “false belief” tasks, as detailed earlier.  Most children with ASD will 

fail this task whereas all typically-developing children pass it (Baron-Cohen et al., 1985; 

Pellicano, 2010).   

This theory was influential for many years, and would appear to account for many of 

the problems associated with ASD.  Indeed, a significant positive correlation has been found 
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between parent-reported symptoms of ASD, such as social communication and 

repetitive/restricted behaviours, and performance on Theory of Mind tasks (Jones et al., 

2018). 

However, there are also some issues that this theory is unable to overcome.  For 

example, in the original study, although most of the children with ASD did fail the task, a 

minority of them passed it (Baron-Cohen et al., 1985), which would appear to go against the 

required criterion of universality.  Several studies have also found impairments in false belief 

tasks in children with disorders distinct from ASD, including deaf children (Peterson & 

Siegal, 1995; 2000), which would call into question the uniqueness of the impairment in 

Theory of Mind for ASD.  

1.6.2. Weak Central Coherence 

Another theory postulated to explain the characteristic cognitive impairments in ASD 

is Weak Central Coherence Theory.  Central coherence can be explained as the ability, when 

processing information, to also process the context in which the information is presented, or 

more colloquially to be able to “see the big picture” or the gestalt of an experience or event.  

Frith (2003, p. 154) postulates the theory of Weak Central Coherence; specifically, that 

individuals with ASD are less able to understand the context in which certain information is 

found.  Support for this idea comes from several studies.  Shah and Frith (1993) administered 

a block design task to young people with ASD, in which participants were shown a 2D design 

of blocks and were given blocks to recreate the design in 3D.  The ASD group was found to 

be significantly better at perceiving detail in the stimuli than the comparison group; the 

authors concluded that this was due to an impairment in the ability to focus on the stimuli as a 

whole.  These findings were replicated by Ehlers et al. (1997), and weak central coherence 
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was also found in a test of linguistic processing, in which participants with ASD were less 

able to use the context of a sentence to solve a task (Jolliffe & Baron-Cohen, 1999).   

Despite the apparent strong support for this theory, other studies have found no 

impairment in ASD for tasks requiring global processing (Ozonoff, Strayer, McMahon, & 

Filloux, 1994; Mottron, Burack, Stauder, & Robaey (1999).  Finding such as these discount 

the idea that weak central coherence is a universal impairment in ASD, and therefore it 

cannot solely explain the cognitive profile of ASD.  It is possible that individuals with ASD 

may actually be subject to what is termed a “local bias”, rather than a deficit in central 

coherence (Mottron, Belleville, & Menard, 1999), and this was the conclusion from a review 

of many studies of central coherence (Happé & Frith, 2006).  

1.6.3. Executive Dysfunction Theory 

Executive functioning is defined as those cognitive processes governed by the 

prefrontal cortex, and includes: planning of actions, mental flexibility, and the inhibition of 

inappropriate responses.  Impairments in these abilities have typically been found in patients 

with damaged frontal lobes (e.g. Filley, Young, Reardon, & Wilkening, 1999), but have also 

been found in individuals with ASD.  One such study presented young people with two tests 

of executive function.  The first of these was a set-shifting task: stimuli were presented on-

screen and participants had to choose the “correct” one.  They were told there was a certain 

rule they could follow to be correct each time, and that they had to figure out the rule by trial 

and error.  This arbitrary rule changed several times throughout the task, meaning that 

participants had to adapt to each new rule quickly to be able to continue to choose the 

“correct” stimulus.  They were also given a planning task: participants were presented with 

the “goal” image of three balls in a stocking and were asked to recreate this arrangement on-

screen whilst following certain rules about how they were allowed to move the balls.  This 
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meant that they had to effectively plan their actions to be able to complete the task in the 

minimum number of moves.  The ASD group were significantly impaired in both tasks 

compared to the control group (Hughes, Russell, & Robbins, 1994), highlighting potential 

parallels between individuals with ASD and patients with frontal lobe lesions.  Findings such 

as these led Hill (2004) to postulate a cognitive theory of executive dysfunction in ASD, 

which implicated the prefrontal cortex as an important brain region in the development of 

ASD.  This theory was supported by more recent findings from one study that found that 

children with ASD were also impaired in planning and set-shifting (Pellicano, 2010).   

However, other researchers also administered tests of frontal lobe function to children 

with ASD and a control group and found comparable levels of executive functioning 

performance between the groups (Dawson et al., 2002).  Yerys, Hepburn, Pennington, and 

Rogers (2007) also found intact executive functioning in children with ASD, which led to the 

idea that the executive functioning impairments seen in ASD may actually be caused by a 

secondary deficit.  Findings such as these highlighted the lack of universality in executive 

dysfunction theory, and subsequently focused attention on other brain regions as the possible 

source of ASD-related deficits.   

Dawson, Meltzoff, Osterling, and Rinaldi (1998) demonstrated that the severity of 

autistic symptoms in children with ASD was strongly correlated with performance in tasks 

which test the function of the medial temporal lobe (MTL), and not with tasks which test the 

function of the prefrontal cortex, although children with ASD demonstrate significantly 

diminished performance on both types of tasks.  This led the authors to hypothesise that 

deficits in functions mediated by the prefrontal cortex may actually occur as a result of 

dysfunction of the MTL and its connectivity to the prefrontal cortex, rather than as a direct 

result of dysfunction of the prefrontal cortex itself.  Linked to this theory is the demonstration 
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of other specific cognitive impairments in ASD, found in the study of memory processes.  

This area of research has received a large amount of attention in recent years, and is detailed 

below. 

In summary, it would appear that while different cognitive accounts are able to 

explain different characteristics of ASD, no single theory can account for all the features of 

ASD (Happé, Ronald, & Plomin, 2006). 
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Chapter 2: Memory in Autism Spectrum Disorder 

2.1. History of research  

Research into the memory profile of Autism Spectrum Disorder (ASD) has been 

ongoing for several decades.  The earliest observation of differential memory processes in 

ASD was seen in Kanner’s original case study of children with autism, which found good 

rote memory skills (Kanner, 1943), supported by findings from subsequent studies (e.g. 

Wing, 1981).  Although these initial observations appeared to point to an unimpaired memory 

profile in ASD, it came to be seen that there were certain memory impairments that appeared 

to follow a characteristic pattern.  While no causal relationship has been established between 

memory and ASD, the study of specific memory impairments in the disorder may point the 

way to understanding some of the underlying cognitive processes in individuals with ASD 

(Boucher, Mayes, & Bigham, 2012). 

2.2. Memory patterning in Autism Spectrum Disorder 

Schacter and Tulving (1994, in Neath & Surprenant, 2003, p. 152) identify multiple 

memory systems, of which the main distinction lies between procedural memory and 

declarative memory.  Procedural memory can best be described as that which is employed in 

the learning of motor skills and simple associations, whereas declarative memory is 

employed in the learning of verbally identifiable information.  Declarative memory is similar 

to explicit memory, which refers to information that can be consciously accessed (Konkel & 

Cohen, 2009), including the episodic and semantic memory systems (Bachevalier & Vargha-

Khadem, 2005).  Research into memory in ASD has mainly focused on these elements of 

declarative memory. 
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In addition to the intact rote memory found in some of the earliest studies, recognition 

memory and cued recall have also been found to be unimpaired in ASD (e.g. Minshew & 

Goldstein, 2001; Williams, Goldstein, & Minshew, 2006).  Examples of work in this area 

include Bennetto, Pennington & Rogers (1996), who found the performance of high-

functioning children and adolescents with ASD on tests of short- and long-term recognition 

memory, and cued recall, to be equivalent to that of matched controls.  Likewise, Bowler, 

Matthews and Gardiner (1997) found good recall in adults with ASD on a cued recall task 

involving memory for word-stems.  Immediate memory span has also been demonstrated to 

be unimpaired in children with ASD (Hermelin & O’Connor, 1970). 

However, there are certain memory impairments found in ASD that, whilst subtle, 

appear to be consistent and characteristic of the disorder.  Individuals with ASD were found 

to perform significantly more poorly than matched controls in three measures of verbal short-

term memory: digit recall, immediate serial recall of non-repeated words, and order memory 

for words, in which word lists were repeated with some of the items’ positions in the order 

swapped (Poirier, Martin, Gaigg, & Bowler (2011).  Boucher and Lewis (1989) found that 

children with ASD were impaired in carrying out instructions that were either spoken or 

demonstrated by the experimenter.  These participants also tended to be less able to 

remember questions that had been previously asked.  Spatial working memory, and memory 

for faces and family scenes, were also found to be impaired in adults with ASD, which may 

be seen as being related to some of the social difficulties seen in ASD (Williams, Goldstein, 

& Minshew, 2005).  Reduced memory for socially-processed words compared with a control 

group matched on age and IQ has also been demonstrated (Brezis, Galili, Wong, & Piggot, 

2014).  
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Findings from studies of free recall in ASD have produced mixed results: Boucher 

(1981) found comparable performance levels between participants with ASD and control 

participants when tested on their immediate free recall of word lists, whereas other studies 

have demonstrated significant deficits in free recall across a number of different types of 

stimuli (Boucher & Warrington, 1976; Summers & Craik, 1994; Mattison, Dando, & 

Ormerod, 2015). 

However, other studies have found deficits in free recall “only under conditions where 

semantic or associative features form part of the studied material” (Bowler & Gaigg, in 

Boucher & Bowler, 2008, p. 332).  One example of this comes from Tager-Flusberg (1991), 

who tested children with and without ASD on memory for lists of words that were either 

semantically related or unrelated to each other and found there to be a significant difference 

between the groups only in the semantically related condition.  A further study also 

demonstrates this: Bowler, Matthews and Gardiner (1997) found deficits in the ability of 

individuals with ASD to spontaneously use category information to assist them in free recall, 

compared to typically-developed individuals.  In addition to this, Bowler, Gaigg and Gardiner 

(2008b) also found that individuals with ASD engage in significantly less subjective 

organisation of items to aid their performance in a free recall task.  Evidence of problems 

with associative features of stimuli also comes from research into recognition memory.  

Bowler, Gaigg, and Gardiner (2014) adapted a paradigm originally developed by Chalfonte 

and Johnson (1996), in which they presented participants with a grid displayed on a screen, 

containing coloured line drawings of various items in certain locations in the grid.  

Participants were asked to try to remember either a single feature (i.e. item, colour, or 

location), or a combination of those features.  When compared to a matched control group, 

individuals with ASD showed no impairment in the recognition of the individual features but 

were significantly impaired in the recognition of the combinations.  A subsequent review of 
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memory studies in ASD found that impairments such as these were significantly more 

pronounced in lower-functioning individuals (Boucher et al., 2012). 

Impairments in autobiographical memory have also been found in ASD.  

Autobiographical memory can be referred to as the content of memory, with both the 

episodic and semantic memory systems involved in processing this content (Tulving, 2002).  

A case study of a high-functioning adult with ASD found a dissociation between semantic 

and episodic autobiographical memory.  The participant displayed accurate knowledge about 

their own traits (termed semantic personal knowledge), whilst being impaired in their recall 

of the personal experience from which they were taken (episodic personal memory) (Klein, 

Chan, & Loftus, 1999).  Subsequent studies of adults with ASD mirrored these findings: 

Crane and Goddard (2008) found episodic autobiographical memory (e.g. recalling the first 

day at school) to be impaired, whereas semantic autobiographical memory (e.g. recalling the 

address of one’s school) was intact. 

Impairments in the retrieval of specific elements of episodic autobiographical 

memories have also been demonstrated in ASD; these include reduced speed, specificity and 

coherence of memories (Goddard, Howlin, Dritschel, & Patel, 2007; Crane, Pring, Jukes, & 

Goddard, 2012; Crane, Goddard, & Pring, 2013; McDonnell, Valentino, & Diehl, 2017).  

Chaput et al. (2013) also found that fewer autobiographical memories were generated by 

individuals with ASD, and that those memories that were generated were significantly less 

detailed than those of a matched control group.  Findings contrasting these have also been 

demonstrated: Crane, Lind, and Bowler (2012) found no difference in performance between 

adults with ASD and matched controls when asked to perform sentence completion tasks 

which assessed the generation of past and future events.  Despite this, the majority of 
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evidence points towards a general impairment in the generation of episodic autobiographical 

memories. 

Studies of autobiographical memory in children with ASD have demonstrated similar 

impairments.  Goddard, Dritschel, Robinson, and Howlin (2014) found that children matched 

to a control group on age, IQ and verbal ability were significantly poorer at retrieving specific 

details of autobiographical memories.  Bruck, London, Landa, and Goodman (2007) also 

found that children with ASD made more errors of omission when recalling autobiographical 

memories.  Losh and Capps (2003) found that, while children with ASD were able to produce 

autobiographical memories (e.g. what happened on their most recent birthday) of similar 

length and content to those of typically-developing children, their narratives contained 

significantly fewer “sophisticated characteristics”, such less complex syntax.  Overall, it can 

be seen that individuals with ASD tend to produce fewer specific episodic autobiographical 

memories, and demonstrate less structural integration of those memories, as well as the 

tendency to focus on semantic details at the expense of personal details (Brezis, 2015, 

although see Robinson, Howlin, & Russell, 2017). 

The difficulties found in episodic memory in ASD could potentially be caused by 

difficulties in encoding information that is self-referential.  Memory for personally 

experienced events versus events experienced by a peer has been tested to investigate this 

possibility.  Children with ASD were matched on verbal mental age with typically-

developing children, and also with children who had moderate learning difficulties in the 

absence of ASD.  Both control groups were found to have significantly better memory for 

personally-experienced events, whereas the ASD group demonstrated better memory for the 

events experienced by a peer (Millward, Powell, Messer, & Jordan, 2000).  Findings such as 

these appear to suggest that the development of the self-concept is delayed in ASD, but that 
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high-functioning individuals are somewhat able to compensate for this by the time they reach 

adulthood (Lind, 2010). 

Retrieval from episodic memory is generally associated with a feeling of 

remembering, i.e. the personal re-experiencing of an event.  In contrast to this, semantic 

retrieval appears to be associated with the feeling of knowing rather than remembering; it is 

therefore dissociated from the feeling of personally re-experiencing the event in which an 

item was learnt.  Remembering and knowing can also be described as recollection and 

familiarity, respectively, and both of these processes underly declarative memory.  Potential 

impairments in these processes have also been studied extensively in ASD (Bigham, 

Boucher, Mayes, & Anns, 2010; Lind (2010); Boucher et al., 2012). 

When adults with ASD were given a test of recognition for words, although their 

overall performance was not significantly different from that of a control group matched on 

age and IQ, it was associated more with a feeling of knowing, rather than remembering the 

words, indicating an impairment in recollection (Bowler, Gardiner, & Grice, 2000).  This 

finding was replicated by Cooper et al. (2017) and Gaigg, Bowler, Ecker, Calvo‐Merino, and 

Murphy (2015).  Similar results were obtained during a “directed forgetting” task, in which 

adults with ASD remembered fewer words they had been instructed to remember than IQ-

matched typical participants, an effect that occurred only for episodically recollected words. 

This effect has also been found in studies with children.  Wojcik, Moulin, and 

Souchay (2012) administered tests designed to measure the feeling-of-knowing, using 

episodic and semantic word pairs.  Participants were asked at the study phase to make a 

prediction about whether they would subsequently remember an item.  They found that 

children with ASD who were matched on age and IQ to typically-developing children were 

significantly less accurate in making predictions for the episodic materials.  Also, during 
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three measures of recollection of contextual information, although overall memory was found 

to be unimpaired, adolescents with ASD were found to give fewer “remember” responses 

than a matched control group (Souchay, Wojcik, Williams, Crathern, & Clarke, 2013). 

There is some evidence to suggest that, while there is a dissociation between 

recollection and familiarity in high-functioning individuals with ASD, with only recollection 

demonstrated to be impaired, both of these processes may be impaired in lower-functioning 

individuals with ASD.  One study aimed to dissociate the two processes without the reliance 

on complex verbal instructions that make it difficult to test young children and those with 

intellectual difficulties, by developing several tests of recollection and familiarity.  A 

temporal source memory task was developed in order to test the recollection of contextual 

information in lower-functioning participants.  Sixteen everyday objects were first presented, 

one of which was a tube of Smarties.  Participants were told beforehand that they would be 

asked whether each object came before or after the Smarties.  They were then shown each 

object again, one by one, in a different order to that of the study phase and were asked each 

time if they had seen the object before or after the tube of Smarties.  Adolescents with ASD 

were matched on ability with a group of typically-developing children, and were also 

matched on age and ability with a group of teenagers who had an intellectual disability in the 

absence of ASD.  Participants in the ASD group displayed significantly poorer performance 

in this task than either of the two control groups, suggesting that success in this task is not 

purely dependent on the general intellectual ability of the participant.  A shape recognition 

task was also given to test levels of familiarity in high-functioning children with ASD.  

Sixteen shapes were presented one after the other, and participants were asked to try to 

remember each one.  During the test phase, participants were shown four shapes together, one 

of which had been previously presented during the study phase, and they were asked to 

choose which one they remembered.  Young children with ASD were matched on verbal 
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ability with typically-developing children.  No group differences were found, indicating 

intact familiarity in high-functioning individuals with ASD (Bigham et al., 2010).  A 

replication of these paradigms was later carried out with lower-functioning children with 

ASD.  The temporal source memory task confirmed the previous findings of Bigham et al. 

(2010).  The test of shape recognition was carried out with adaptations to allow the testing of 

lower-functioning children with ASD: rather than showing all the shapes during the study 

phase, four shapes were shown one at a time, after which followed one test trial.  This 

consisted of four shapes shown together, one of which had been seen during the study phase; 

this meant that participants were not required to hold all sixteen target shapes in memory.  

Their performance was found to be significantly poorer than that of a typically-developing 

group matched on verbal and non-verbal ability, and also a group of children with an 

intellectual disability in the absence of ASD (Ni Chuileann & Quigley, 2013).  These two 

studies clearly demonstrate a dissociation between recollection and familiarity performance at 

the opposite ends of the spectrum. 

Episodic future thinking, which can be described as the ability to imagine future 

experiences, both possible and impossible, is closely related to episodic memory (Atance & 

O’Neill, 2001).  In typical development episodic future thinking is found to emerge at a 

similar time as episodic memory (Busby & Suddendorf 2005), and evidence from imaging 

studies demonstrates increased activity in similar brain regions for both processes (Okuda et 

al., 2003; Addis, Wong, & Schacter, 2007).  Evidence that episodic future thinking is also 

impaired in ASD has been recently demonstrated.  High-functioning adults with ASD were 

asked to report past events that had actually happened, as well as imagine and report potential 

future events.  They recalled significantly fewer past events and also imagined significantly 

fewer potential future events than matched controls, and were more likely to report in the 

third-person during recall of past events (Lind & Bowler, 2010).  In a further study, high-
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functioning adults with ASD, matched on IQ with typical adults, were asked to describe 

several scenes, including fictional scenes not related to themselves (testing the ability to 

construct a scene), fictional but possible scenes involving themselves (testing episodic future 

thinking ability), and previously experienced events (testing episodic memory).  They were 

found to be significantly impaired at each of these tasks, demonstrating the association 

between scene construction, episodic future thinking, and episodic memory (Lind, Williams, 

Bowler, & Peel, 2014).  Individuals with ASD were also found to be less likely to re-

experience the spatio-temporal context involved in the recollection of an episodic memory 

(Bowler, Gardiner & Gaigg, 2007; Ferretti et al., 2018). 

An explanation for findings such as impaired episodic memory and future thinking in 

ASD could be that there are problems binding the disparate elements of an experience to 

form a coherent whole event in memory (Lind, 2010), which points to a potential deficit in 

ASD of relational memory. 

2.3. Relational memory 

Whenever we recall a memory of a personal experience, that memory is made up of 

several disparate elements specific to that experience, e.g. a cinema trip, to see Moana, on a 

Wednesday, in the rain, with Jonah.  These individual elements are bound together to form 

one coherent recollection of that specific experience.  Relational memory, or relational 

binding, can be described as the ability to bind together these disparate, episode-specific 

aspects of experience into configurations which can then be used in a flexible way.  These 

relations occur accidentally within the experience as a whole, and flexible use of them 

enables us to recall one or other element by itself (e.g. which film, which day, who came 

along), or the entire experience (Konkel & Cohen, 2009; Mullally & Maguire, 2014). 
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2.4. Relational memory in typical development 

Several studies have suggested different ages by which relational memory develops.  

Evidence of relational memory has been found at very early stages of typical development.  

Newcombe, Huttenlocher, Drummey, and Wiley (1998) carried out a study in which very 

young children were asked to search for a hidden object in a sandbox, sometimes with 

external landmarks visible.  They found that children were able to learn the relations between 

landmarks by the age of twenty-two months.  Findings from preferential looking tasks have 

also provided evidence of relational memory at much earlier ages.  Richmond and Nelson 

(2009) presented nine-month old infants with pictures of three separate faces on three 

different backgrounds.  During the test phase, these three faces were presented together on 

one of the previously seen backgrounds.  The infants tended to look significantly longer at the 

face that had previously been seen on that background, indicating recognition of the relation 

between the face and the context on which it was presented, thereby providing evidence of an 

awareness of relations between an item and its context at a very early age.  Another test of 

looking preference measured the awareness of social dominance in infants, which requires a 

level of awareness of the relations between individuals.  Infants between ten- and thirteen-

months old were shown videos of two animal puppets interacting with one another.  The 

behaviour of the puppets displayed certain dominance relationships (e.g. hippo > bear, and 

bear > elephant).  They were then shown another video of an interaction between puppets that 

had been previously seen, but not together.  These interactions were either congruous (e.g. 

hippo > elephant) or incongruous (e.g. elephant > hippo) with the original dominance 

interaction that was shown.  The infants looked significantly longer to the incongruous 

interactions, demonstrating an awareness of the dominant-subordinate relationships (Gaze, 

Hampton, & Lourenco, 2017).  
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Despite the persuasive findings from studies of infants, the bulk of evidence from 

behavioural tests points to later development of declarative relational memory.  Rudy, Keith, 

and Georgen (1993) presented a test of transverse patterning to typically-developing children.  

The task involved learning arbitrary relations between stimuli: three pairs of stimuli were 

made up from three individual items, and one of the pair was reinforced, e.g. A > B, B > C, 

and C > A.  Each element was reinforced and non-reinforced an equal number of times, 

meaning that success in the task required an awareness that the relations between the items 

could be flexible.  Only children over the age of four and a half were found to be able to 

solve this task.  Findings from the non-human literature support the view that relational 

processes develop fairly late.  Alvarado, Malkova, and Bachevalier (2016) studied transverse 

patterning in macaques and found that only the older animals were able to solve all the 

combinations. 

Studies of landmark, or place, learning have also highlighted the later development of 

relational memory in typical development.  Overman, Pate, Moore, and Peuster (1996) 

presented children with several tests of place learning.  Children were required to find hidden 

goals in a search area.  They were provided with reference cues around the search area, which 

would aid their search if they were aware of the spatial relations between the goal and the 

reference cues.  The authors found that children under the age of approximately seven years 

were less able to use this spatial relational information to be able to solve the task.  Further to 

this, Overman, Pierce, Watterson, and Coleman (2013) presented children with another test of 

landmark learning.  A hidden reward was placed under one of two tiles, and a landmark was 

placed next to the tile covering the reward.  The placement of the landmark stayed constant 

throughout the task.  Although this task was arguably less complex than the previous place 

learning task, the authors found that only children over the age of five were able to quickly 
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learn the relation between the landmark and the location of the reward to be able to solve the 

task. 

 Another paradigm that has been utilised to investigate the development of relational 

memory is the “oddity task”.  These tasks involve presenting participants with a number of 

visual stimuli, of which one will be different to the others, i.e. the “oddity”.  This task 

“demands response to relations among simultaneously presented stimuli” (Lipsitt & Serunian, 

1963) and is therefore viewed as an effective measure of relational memory.  One such study 

administered an oddity task to children in which they were presented with three stimuli 

together, two of which were identical to each other, and one which was different.  A reward 

was hidden under the odd stimulus, and the participants were required to find it by trial and 

error; awareness of the relations between the odd stimulus and the two others was necessary 

to be able to solve the task.  The authors found that children under the age of six and a half 

were not able to reach criterion level on this task (Overman, Bachevalier, Miller, & Moore, 

1996), suggesting a protracted development for this kind of relational memory. 

Other studies of relational memory have focused on the memory for combinations of 

elements of stimuli.  Sluzenski, Newcombe and Kovacs (2006) presented four- and six-year 

olds with complex pictures and tested them on their memory for individual elements of the 

pictures, as well as for combinations of the elements.  The older group displayed significantly 

better memory for the combinations than the younger group, suggesting that relational 

memory undergoes considerable developmental changes between these ages.  This view is 

supported by subsequent work in which memory for the relations between items was 

measured.  The performance of four- and six-year olds, and young adults was compared.  

Participants were presented with animations of two locations, in which an item common to 

both locations was paired with one unique item in each location.  The participants were asked 
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to choose the unique item for each location, a task which required an awareness of the 

associations between items in a specific context.  The younger group performed significantly 

worse than the older children and the adults, whose performance was at comparable levels.  

This indicates that the ability to remember relations between items develops considerably 

between ages four and six (Ngo, 2018).  A similar paradigm was also used with children, in 

which the memory for one-way pairings between items was measured against the memory for 

two- and three-way pairings.  It was found that the awareness of two- and three-way pairings 

increases between the ages of four and seven (Yim, Dennis, & Sloutsky, 2013).  Relational 

memory has also been studied longitudinally.  Riggins (2014) tested children’s memory for 

facts, or their sources, or a combination of the two elements.  Although memory for the 

individual items was found to increase linearly between the ages of four and ten, memory for 

combinations of facts and their sources was found to increase between the ages of five and 

seven, indicating a dissociation between the development of item memory and relational 

memory.  

2.5. Relational memory in Autism Spectrum Disorder 

Deficits in relational memory ability have been observed in individuals with ASD for 

several years.  Children with “classic”, or Kanner-type, autism have been observed to be less 

able to “encode stimuli meaningfully”, manifested as the lack of ability to use semantic 

relatedness to aid recall (Hermelin & O’Connor, 1970, p. 129), and this early observation has 

been borne out by subsequent findings in both low- and high-functioning individuals. 

In typical development, relational encoding is found to be beneficial for subsequent 

recall during incidental learning tasks: participants who are given words to learn that are 

either related or unrelated to each other demonstrate significantly better memory for the 

related words (Hunt & Einstein, 1981).  However, this ability appears to be attenuated in 
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ASD.  Bowler, Gaigg, and Gardiner (2009) administered a task of word learning, in which 

words were presented either randomly, or arranged in categorised hierarchies (e.g. “metals” > 

“rare” > “platinum”) which, through the use of relational information about the words, would 

typically aid recall.  High-functioning adults with ASD were found to be less able to use the 

information about the relations between the words to aid their recall. 

During another study with high-functioning adults with ASD, Bowler, Gaigg and 

Gardiner (2008a) administered free recall and recognition memory tests to typical adults and 

high-functioning adults with ASD, in which participants were asked to study words inside a 

rectangle whilst ignoring context words presented simultaneously outside the rectangle; these 

context words were either semantically related or unrelated to the to-be-remembered word.  

On testing their memory for the context words, it was found that relatedness improved the 

free recall performance only of the typical group (although recognition memory appeared to 

be enhanced equally in both groups).  Likewise, during a free-recall task of multiple lists of 

categorised words, adults with ASD showed lower levels of organisation of the words into 

subjective categories in order to assist their recall (Bowler, Gardiner, & Gaigg, 2010). 

Significantly impaired performance in ASD was also found in two other tests of 

subjective organisation: the Wisconsin Card Sorting Test (WCST), and the Verbal Learning 

Test (VLT).  During the WCST, participants were asked to sort cards into categories, such as 

colour, number, or shape of the items on the cards.  They were not told which element on 

which to match, but were required to find the rule by trial and error.  This rule was then 

subject to change without the participants being told of this.  During the VLT, participants 

were presented with lists of words to remember, which were either unrelated nouns, or related 

to each other, under categories such as musical instruments, sports etc.  Although they 

performed comparably to controls in their recall of unrelated words, adults with ASD were 
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significantly impaired in the WCST and in their memory for the related words of the VLT, 

demonstrating that they were less able to subjectively organise the information (Sumiyoshi, 

Kawakubo, Suga, Sumiyoshi, & Kasai (2011). 

In addition to this, children with ASD were found to be less able to employ an 

internally generated strategy to assist them in monitoring their actions.  Participants were 

given a test of “self-ordered pointing”, during which several images were presented together 

on a sheet of paper.  The same array was presented multiple times, and each time participants 

were asked to point to a different picture, whilst not pointing at the same picture more than 

once.  When the images shown were of abstract shapes, children with ASD were found to 

perform at the same level as typically-developing children.  However, when the images 

comprised easily nameable objects (such as a bird, key, or shirt), the ASD group performed at 

a significantly lower level than the typically-developing group, indicating that they were less 

likely to use an internally generated strategy to remember which pictures they had already 

pointed at, and therefore aid their performance (Joseph, Steele, Meyer, & Tager-Flusberg, 

(2005). 

Adolescents and adults with ASD, although able to complete short-term memory and 

paired-associate learning tasks, have also been found to be impaired in other tasks in which 

subjective organisation of the information would facilitate success.  One of these tasks was 

the California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober, 1987), in which 

the objective was to learn lists of words.  Nouns were read aloud to the participant, after 

which they were tested on their memory for them.  The words were taken from several 

semantic categories, although this fact was not made explicit to the participant, and words 

from the same category were not presented sequentially, so as to not highlight the existence 

of the categories.  Participants with ASD were found to be significantly less able than the 
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control group to organise the words into categories to assist their memory (Minshew & 

Goldstein, 2001), indicating less of a spontaneous awareness of semantic categories.  This 

difficulty has been demonstrated in free recall even when participants with ASD are 

explicitly trained in the use of the relations between the words (Smith, Gardiner, & Bowler, 

2007).  Furthermore, free recall of semantically unrelated items has been found to be 

unimpaired (Bowler, Limoges, & Mottron, 2009), indicating a selective impairment 

dependent on the level of relatedness of items.  Likewise, when children with ASD were 

tested on their free recall of lists of either semantically related or unrelated words, they 

recalled significantly fewer related words, whereas their recall of unrelated words was 

comparable to that of the matched control group (Maister, Simons, & Plaisted-Grant, 2013).  

In contrast to this however, a study of adolescents and adults with ASD found that semantic 

cues led to better recall in both groups.  It may be that, as this was a test of cued recall, the 

extra support given at both study and test was enough to improve the relational memory of 

the ASD group (Mottron, Morasse, & Belleville, 2001). 

The difficulties with episodic memory already detailed here may also be taken as 

evidence of an impairment in the flexible encoding of arbitrary associations between features 

of a personally-experienced event.  Loth, Gomez, and Happé (2011) have demonstrated this 

in children and adults with ASD.  Participants were asked to read a story, and then inspect a 

visual scene containing several objects.  Some of these objects were related to the story they 

had just read, and some of them were not.  Participants with ASD were found to recall 

significantly fewer related objects than the matched typical group.  More recently, children 

with ASD were found to recall fewer memories than typically-developing children, when 

asked to verbally recall autobiographical memories (such as a birthday party, school trip, or 

holiday) (Maister, Simons, & Plaisted-Grant, 2013). 
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Evidence is increasingly pointing towards the view that episodic memory and spatial 

navigation are related (Xue, 2018), and there is also evidence that these two processes share a 

common underlying neural basis (Chen, Leong, Honey, Yong, Norman, & Hasson, 2017; 

Miller et al., 2013).  Impairments in spatial navigation have also been demonstrated in ASD.  

High-functioning adults matched with controls on age and IQ were given a task of spatial 

navigation within a virtual space, in which they were required to search an island displayed 

on-screen for hidden target objects.  Individuals with ASD performed significantly more 

poorly on this task, and performance was significantly positively correlated with measures of 

Theory of Mind and episodic memory (Lind, Williams, Raber, Peel, & Bowler, 2013). 

Memory for the source of a presented item can also be defined as a subsection of 

relational memory, in that recall of the context in which an item has been learned is necessary 

for success in a task.  This ability has also been shown to be impaired in ASD.  Bennetto, 

Pennington, and Rogers (1996) administered tests of temporal order memory and source 

memory, success in both of which depends on the awareness of the context of the 

information.  During the temporal order memory task, participants were shown a series of 

stimuli one after the other.  They were then shown two stimuli together and were asked one 

of two questions.  To test recognition memory for items, they were asked which had been 

seen before.  To test temporal order memory, they were asked which of the two had been 

seen more recently.  The children’s version of the CVLT (Delis, Kramer, Kaplan, & Ober, 

1986) was used to measure source memory; analysing participants’ intrusion errors from lists 

other than the one being currently tested provided a measure of this ability.  Recognition 

memory for the items was found to be intact in high-functioning children and adolescents 

with ASD, whereas they were found to be significantly impaired at the temporal order and 

source memory tasks. 
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Source memory was also tested in adolescents and adults with two tasks of word 

learning.  During the first task, words were presented one after the other on-screen; the 

participant was asked to remember each word and was also required to carry out an action 

along with that word, such as trying to think of another word that rhymes with it.  During the 

test phase words were shown one at a time, and the participant was asked whether they 

remembered that word from the study phase (testing item recognition).  If the participant said 

they remembered that word, they were then asked which action they did for that word (testing 

source memory).  For the second task, words were presented either written on-screen, or 

spoken aloud, and participants were asked to remember each word.  Participants were then 

asked whether they remembered each word, and if so, whether that word was originally 

written or spoken.  High-functioning individuals with ASD displayed significantly poorer 

performance than that of a matched control group on both tests of source memory, although 

this deficit appeared to be ameliorated when the questions asked during the test phase could 

be answered by choosing one of multiple options (Bowler, Gardiner, & Berthollier, 2004). 

Lind and Bowler (2009) also found impairments in source memory for pictures in 

ASD.  Participants were presented with picture cards one by one and were asked to take it in 

turns with the experimenter to name each picture.  After a delay, a recognition list was read 

aloud to the participant; they were asked if they had seen each picture before, thereby testing 

recognition memory for the items.  If they answered affirmatively to a picture, they were then 

asked who had originally named that picture, thereby testing source memory.  Children with 

ASD matched on age and verbal ability with a group of typically-developing children were 

found to be impaired in recalling who had named the pictures, in the presence of intact 

memory for the individual items, dissociating source memory ability from item recognition 

ability.  Adults with ASD matched with a typical group on age and ability were also impaired 

when required to recall the source of previously studied common word-pairs (Cooper, 
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Plaisted-Grant, Baron-Cohen, & Simons, 2016).  In addition to this, Ring, Gaigg, and Bowler 

(2015) asked adults with ASD to study pictures of rooms with objects in certain locations in 

each room and found significantly poorer performance when participants were asked to place 

each object in its original location in each room. 

Source memory has also been investigated in a more “real-world” setting.  Children 

were presented with short stories, read aloud by actors.  After hearing the stories, participants 

were tested on their recognition for facts contained in the stories, and also for memory of the 

different elements of the context (e.g. the face of the actor, their clothing, the furniture, colour 

of the walls, nearby objects etc).  Children with ASD, matched with typically-developing 

children on chronological and mental age, were found to have intact memory for the facts of 

the stories, whereas their memory for the context information was impaired, in particular 

their memory for faces, indicating a problem with the social aspects of context (O'Shea, Fein, 

Cillessen, Klin, & Schultz, 2005). 

Order memory has also been found to be impaired in ASD.  Bowler, Poirier, Martin, 

and Gaigg (2016) found adults with ASD to be impaired in the recall of the serial order of 

locations of presented stimuli.  A grid display was presented, in which dots appeared 

sequentially, in a specific order.  Participants were required to recall the locations and the 

order of the dots, by tapping on the screen in the locations and order in which they appeared.  

Individuals with ASD were impaired in both the recall of the locations and the order of the 

stimuli.  In another test of order memory, participants were given a list of names of historical 

figures and were asked to put them in order according to a semantic sequence (chronological 

order), or an episodic sequence (an arbitrary order displayed on-screen).  High-functioning 

adults with ASD were impaired only on the episodic task (Gaigg, Bowler, & Gardiner, 2014). 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

47 
 

Although much of the discussed research points to a selective deficit in relational 

memory, other research presents conflicting findings.  Solomon, McCauley, Iosif, Carter, and 

Ragland (2016) presented participants with tasks of item-specific, and relational, encoding.  

During the item-specific task, an image was presented, and participants were asked to make a 

judgement about the image (e.g. whether it is an image of a living thing).  During the 

relational task, two images were shown together, and participants were asked to make a 

judgement about the relation between the two (e.g. whether one object could fit inside the 

other).  The authors found poorer item-specific memory than relational memory in high-

functioning adolescents with ASD.  Similarly, Ring, Gaigg, and Bowler (2016) tested high-

functioning adults with ASD using abstract shape triplets presented on-screen, testing 

memory for the individual shapes making up the triplets, their locations on-screen, the order 

of presentation, and the combination of elements.  Memory for the combinations was found 

to be impaired, consistent with previous research; however, this study also found impaired 

item memory, suggesting that the complexity of the task also played a role in performance.  

This pattern of results was also found by Cooper et al. (2015), who tested relational memory 

compared to item memory using a change-detection task, assessing recollection of item-

specific and spatial details.  Significantly fewer spatial changes were detected by the group 

with ASD, although they also detected significantly fewer item changes. 

Several studies have also demonstrated evidence of intact relational memory, in the 

domain of implicit learning.  This was tested by Nemeth et al. (2010) using an alternating 

serial reaction time task.  During this task, an animal’s head appeared on-screen in one of 

four locations, one at a time, and participants were required to press a key that corresponded 

to the location in which it appeared.  Children with ASD were found to be unimpaired in their 

ability to learn the sequence, and also to remember it after a long delay (sixteen hours).  

Similar results were also demonstrated with adolescents and young adults with ASD during a 
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serial reaction time task, which tests implicit learning of a sequence (Travers, Klinger, 

Mussey, & Klinger, 2010).  Intact performance was also found in several implicit learning 

tasks presented to children with ASD (Brown, Aczel, Jiménez, Kaufman, & Grant, 2010).  

Although some studies discussed here have found deficits in item memory rather than 

relational memory, it may be that these studies were carried out with more complex stimuli, 

which in turn taxed the overall cognitive abilities of these individuals.  It can be argued 

therefore that most research points to the existence of a declarative relational memory deficit 

in ASD.  

2.6. Relational memory and the hippocampus 

Several lines of evidence converge to show that the medial temporal lobe, and more 

specifically the hippocampus, is an important brain region for the capacity for relational 

memory.  The medial temporal lobe (MTL) comprises the hippocampal region, including the 

CA fields, dentate gyrus, and subicular complex, and the parahippocampal gyrus, which 

includes the perirhinal, entorhinal and parahippocampal cortices (Squire & Zola-Morgan, 

1991).  In humans, most neurogenesis in the MTL takes place prenatally (Alvarado & 

Bachevalier, 2000; Malik et al., 2013), although there are also postnatal changes that occur.  

The dentate gyrus continues to develop postnatally between the ages of four to six months 

old, and neurons in the hippocampus itself continue to change up to approximately ages five 

to six years old in humans.  There is also a rapid increase in hippocampal volume over the 

first two years of life, which then slows, but continues to change up to age twelve 

(Utsunomiya, Takano, Okazaki, & Mitsudome, 1999). 

The prenatal neurogenesis of the MTL would suggest that relational memory ability 

should be evident very early in life.  However, although some aspects of memory do develop 

early in life (e.g. recognition memory), relational memory appears to develop later, at around 
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age two in monkeys and between ages five and seven in humans (Bachevalier & Vargha-

Khadem, 2005), which corresponds with the progressive development of the hippocampus 

during the first years of life (Utsunomiya et al., 1999). 

Eichenbaum (2000; 2001) argues that the hippocampus is important for encoding 

personal experiences into memory; specifically that it encodes objects, events, and the 

relations between them, and stores them as flexible representations, in order to allow for the 

adaptive recollection of the information.  Likewise, O’Reilly and Rudy (2001) propose that 

the role of the hippocampus is to bind the elements of an event together into an overall 

unified representation which then allows later recall of the event even if only partial elements 

of the event are cued; a view which is also held by Montaldi and Mayes (2010), and Bird 

(2017). 

A review of many years of research into recollection and familiarity found that 

recollection appears to rely on the connection between the hippocampus and prefrontal cortex 

(Yonelinas, 2002).  Ghetti and Bunge (2012) also argue that episodic memory is acquired as a 

result of the development of a network between the prefrontal cortex, the posterior parietal 

cortex, and the hippocampus.  Davachi (2006) postulates that the hippocampus is responsible 

for mediating information about the context in which an event takes place, whilst the 

perirhinal cortex is sufficient for memory for individual items.  Brown and Aggleton (2001) 

propose that the hippocampus is responsible for judging whether a particular configuration of 

stimuli has previously been seen, and there is general agreement that the hippocampus is 

required for the ability to flexibly process the relations between items and events (Pascalis, 

Hunkin, Bachevalier, & Mayes, 2009; Opitz, 2010; Olsen, Moses, Riggs, & Ryan, 2012; Xue, 

2018). 
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Neuroimaging evidence would appear to support this view, and lines of evidence are 

taken from several different tests of relational memory.  Transitive inference tasks involve the 

flexible encoding of arbitrary relationships between pairs of stimuli, in order to infer 

relationships between other, previously unseen pairs.  For example, if we learn that the 

relationship between A and B is that A is greater than B, and B is greater than C, we should 

be able to correctly infer that A is also greater than C, despite the fact that A and C have not 

been presented together.  Preston, Shrager, Dudukovic, and Gabrieli (2004) presented this 

type of task to typical adults whilst they were scanned using fMRI, in which they were 

required to learn the relations between pairs of stimuli e.g. face (A) + house (B).  They were 

then given another pair and required to learn the association between that pair e.g. house (B) 

+ face (C), so that face A and face C were both associated with the same house.  The anterior 

hippocampus was found to display greater activation during face–face pairs (which were 

transitively related via the same house), than for learned pairs (face-house).  A similar pattern 

of results was found by Heckers, Zalesak, Weiss, Ditman, and Titone (2004) who presented 

participants with pairs of abstract shapes.  This study found that the right anterior 

hippocampus in particular displayed greater activation during presentation of the transitive 

(non-overlapping) pairs (although see Acuna, 2002, who found greater activation in the 

prefrontal-parietal network during transitive inference). 

 Tasks of transverse patterning have also provided evidence of an association between 

activation in the hippocampus and relational memory.  This task involves learning the 

relation between pairs of items, each element of which is reinforced and non-reinforced an 

equal number of times (e.g. A > B, B > C, C > A), and which requires an awareness of the 

flexible nature of the relations between the elements.  A well-known example of this task is 

the “Rock-Paper-Scissors” game.  Hopf et al. (2013) presented children and adults with a 

version of this task whilst scanning them using MEG, in which the individual stimuli were 
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abstract shapes.  They found that a pattern of increased right hippocampal lateralisation led to 

better performance in transverse patterning.  Tests of configural learning have also 

highlighted this association.  Duncan, Doll, Daw, and Shohamy (2018) scanned participants 

using fMRI, while completing a test of configural learning in which they were required to 

predict which stimulus of a pair caused a certain outcome.  This task could only be solved by 

having an awareness of the particular configuration of the stimuli.  The authors found 

increased activity in the anterior hippocampus during this task. 

 Imaging studies carried out during oddity tasks also support the idea of a link between 

the hippocampus and relational memory.  During one study with typical adults, participants 

were scanned using fMRI while being presented with four images.  Three of these images 

were identical (but were shown from different angles), and one was different (the “oddity”).  

Performance on this task was found to be associated with increased hippocampal activation 

(Lee, Scahill, & Graham, 2007).  It has also been demonstrated that greater activity in the 

hippocampus is predictive of successful relational memory.  Hannula and Ranganath (2008) 

scanned participants using fMRI while presenting them with a three-dimensional grid 

displayed on-screen.  During the study phase, four objects were placed in locations within the 

grid.  During the test phase, the grid was displayed again containing four objects, the 

locations of which either matched that of the study phase or had been changed in some way 

to create a mismatch.  Greater activation in the anterior and posterior hippocampus, as well as 

the perirhinal cortex, was found to lead to greater accuracy in the test phase.  Findings such 

as these point to the conclusion that the hippocampus and adjacent structures of the MTL are 

important for the successful encoding and subsequent retrieval of relational information 

(Hannula & Ranganath, 2008; Monti, Cooke, Watson, Voss, Kramer, & Cohen, 2014). 
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The first indication of the lasting impact damage to the medial temporal lobe would 

have on memory came from research carried out in the 1950s.  The publication of seminal 

research carried out with patient H.M. began to highlight the importance of these brain 

regions in memory processes.  H.M. originally suffered from temporal lobe epilepsy, which 

caused seizures so severe that they could not be controlled with medication.  This caused his 

physicians to take the drastic decision to resect his medial temporal lobe, which included the 

complete removal of the hippocampal formation.  Although the surgery achieved some 

success in alleviating his seizures, it was immediately apparent that the loss of these brain 

regions had resulted in a profound effect on his memory ability.  Although he displayed no 

deficits in other cognitive functions such as abstract thinking and reasoning ability, and his 

level of general intelligence did not significantly change (in fact his IQ appeared to slightly 

improve), severe deficits in his memory ability were demonstrated.  His immediate recall, 

both of stories and drawings, was found to be significantly impaired, as was his ability to 

learn associations between pairs of words.  This led to the conclusion that an intact 

hippocampus is a requirement for normal memory function (Scoville & Milner, 1957). 

Subsequent research has focused on amnesia caused by damage to the MTL and has 

sought to provide further evidence of the importance of the hippocampus in memory.  Much 

of this research has been carried out with non-human animals.  Whilst this limits the extent to 

which findings of the effects of hippocampal damage on relational memory can be applicable 

to humans, they are useful in highlighting the effects of very localised damage, whereas 

studies of MTL damage in humans are not always focal enough to dissociate the functions 

governed by specific regions of the MTL. 

Impairments in declarative memory have been subsequently found in humans with 

damage to the MTL.  Vargha-Khadem et al. (1997) found delayed recall of stories, word lists, 
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and complex geometric figures to be impaired in children who had sustained early damage to 

the hippocampus, whereas their immediate recall was unimpaired, as were other cognitive 

functions such as the acquisition of language, factual knowledge, and literacy.  A review of 

studies of developmental amnesia caused by hippocampal damage found these individuals to 

be impaired in episodic memory ability, whilst displaying intact semantic memory; they were 

also found to demonstrate intact recognition memory, whereas recollection was significantly 

impaired (Vargha-Khadem, Gadian, & Mishkin, 2001). 

 Episodic-like memory has also been tested in non-human animals with hippocampal 

damage.  Mice were tested for their memory of objects they had previously explored, in 

addition to where and when they had explored them and were found to be impaired (DeVito 

& Eichenbaum, 2010).  In studies of episodic memory and episodic future thinking carried 

out with humans, hippocampal damage is also shown to have a deleterious effect.  During 

one study, participants were asked to produce narratives about past and potential future 

events.  To test their episodic memory, they were given three minutes to produce a narrative 

about a personal past event (such as their graduation ceremony).  To test episodic future 

thinking they were given the same length of time to imagine and produce a narrative about a 

potential event (such as winning the lottery).  Alongside these tasks, they were also asked to 

produce narratives based on a detailed drawing they were shown.  Participants were told to 

imagine the drawing was a scene from a film and were given three minutes to tell a story 

about that scene.  Individuals with hippocampal damage were found to be impaired in both 

the episodic memory and future thinking tasks, but were found to be just as able to produce a 

narrative from a detailed drawing as the matched control group.  The episodic memory and 

future thinking tasks also correlated positively with one another, further strengthening the 

idea of the important role the hippocampus plays in both (Race, Keane, & Verfaellie, 2011).  

This pattern of results was also found in a case study carried out with a patient with amnesia.  
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He was found to be significantly impaired in recalling past events, as well as producing 

information about probable future activities, whilst his semantic memory, tested by asking 

him to make judgements about whether a statement was factual or fictitious, was intact 

(Klein, Loftus, & Kihlstrom, 2002). 

 Studies of hippocampal lesions in monkeys appear to parallel those of individuals 

with developmental amnesia who also have pathology of the hippocampal formation.  In a 

test of transverse patterning carried out with adult monkeys with hippocampal lesions, it was 

demonstrated that they were significantly impaired in learning the flexible relations between 

the stimuli.  They were also given a delayed non-match to sample (DNMS) task.  This task 

involved first a study phase, in which a rewarded stimulus in presented (the “sample”), after 

which several stimuli are presented, of which the rewarded stimulus is the one that does not 

match the previously presented sample.  The monkeys were also found to be impaired at this 

task (Alvarado, Wright, & Bachevalier, 2002).  Bachevalier and Mishkin (1994) also 

administered a DNMS task to monkeys with lesions of the MTL and found an impairment 

that increased steadily from the shortest delays. 

Another study of transverse patterning was carried out with amnesic patients; this 

study also administered a non-configural test of visual discrimination, which could be solved 

by simple awareness of the elements, rather than the relations between them.  Participants 

were found to be impaired only on the test of transverse patterning, indicating an impairment 

selective for relational memory (Rickard & Grafman, 1998).  Reed and Squire (1999) found 

slightly different results in a transverse patterning task carried out with patients with damage 

to the hippocampal formation.  Participants were also tested on a non-configural task, and the 

authors found that amnesic patients were impaired even when they were required to choose 

on the basis of the elements rather than the relations between those elements. 
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Despite the findings of an impairment in transverse patterning ability, success has also 

been demonstrated in this task in amnesia after hippocampal damage.  Moses, Ostreicher, 

Rosenbaum, and Ryan (2008) found that, by providing semantically meaningful relationships 

between the stimuli – using playing cards, they exploited the previously known relationship 

between the Ace, King, and Two cards – they were able to elicit success in the task.  In 

scanning participants using MEG while they carried out the task, it was found that the 

increased meaningfulness of these types of stimuli actually led to reduced activation in the 

hippocampus, and increased activation in the prefrontal and temporal cortices.  This provides 

an explanation for intact transverse patterning performance in patients with hippocampal 

damage, as it indicates that they were more reliant on semantic information about the stimuli. 

In addition to these findings, sensitivity to hippocampal damage has also found in 

studies of incidental relational memory.  Tests of novelty preference have been utilised to 

investigate the awareness of the way presented stimuli are related to each other.  One 

example of this kind of task is a change detection test.  This task involves presenting 

participants with a scene, and after a short delay, that same scene is presented with visual 

changes made in the relations between elements of the scene.  Amnesic participants were 

presented with an image of a real-word scene (such as a park), and after a short delay the 

same scene was presented with visual manipulations of the scene; this included the addition, 

deletion, or shifting of certain objects within the scene.  Measurement of eye movements 

demonstrated that participants were sensitive to the change at short (Ryan & Cohen, 2004), 

but not longer, delays between the presentations (Ryan, Althoff, Whitlow, & Cohen, 2000), 

indicating that the hippocampus is involved in the long-term retention of relational 

information.  Another type of task used to study novelty preference is the visual paired 

comparison (VPC) task, which investigates the awareness of how a pair of stimuli are related 

to each other.  During this task, a single object is first presented (the study phase), and then 
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after a delay which can be variable, the same object is presented alongside a completely new 

object (the test phase).  If the participant is aware of which stimulus was previously 

presented, they will look significantly longer to the new stimulus, thereby displaying a 

novelty preference.  This task assesses the incidental encoding and retrieval of the arbitrary 

associations between items and the context in which they are presented.  This task was 

carried out with rhesus macaques who were given lesions of the hippocampus and tested on a 

VPC, using different lengths of delay between the study and test phases.  The macaques with 

lesions were found to display significantly less of a novelty preference than animals that were 

not given lesions (Zeamer, Heuer, & Bachevalier, 2010).  Likewise, adult monkeys given 

hippocampal lesions also showed no novelty preference when delays between the study and 

test phase were longer than thirty seconds.  This study also found that the hippocampally-

damaged animals displayed a novelty preference during a DNMS task, leading the authors to 

conclude that success on DNMS tasks was not dependent on the hippocampus and that VPC 

ability was more sensitive to damage to the hippocampus (Pascalis & Bachevalier, 1999).  

This pattern of results was also found in a study of gaze behaviour by Nemanic, Alvarado, 

and Bachevalier (2004), who tested adult monkeys on a VPC task with different lengths of 

delay, and also a DNMS task.  Monkeys with hippocampal lesions were found to be impaired 

on the VPC task at short delays (i.e. sixty seconds), whereas they did not display impairments 

on the DNMS task until long delays (i.e. six hundred seconds).  The authors concluded that 

recollection is necessary for success in a VPC task, whereas familiarity is sufficient in DNMS 

tasks. 

However, rhesus monkeys with hippocampal damage have been found to be impaired 

in a test of DNMS, as well as in transverse patterning ability (Alvarado et al., 2002).  

Likewise, Zola et al. (2000) also found monkeys with hippocampal lesions to be impaired on 

both DNMS and VPC tasks.  An explanation of this may be that these were tasks in which 
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animals had to make a choice, therefore this was testing intentional rather than incidental 

encoding.  Intentional encoding may be more effortful and therefore more sensitive to 

damage. 

For a number of years it has been theorised that ASD-related difficulties with memory 

are due in part to dysfunction of the medial temporal lobe (Damasio & Maurer, 1978; 

DeLong, 1992).  Although no precise parallel has been demonstrated between ASD and MTL 

amnesia, several lines of evidence exist to support the view of the hippocampus’ involvement 

in relational memory.  Loveland, Bachevalier, Pearson, and Lane (2008) administered tasks 

which are generally accepted to measure the function of the MTL, and in particular the 

hippocampus: the spatial memory span and spatial delayed alternation tasks.  During the 

spatial memory span task, a reward was placed in one of several locations on a grid in front 

of the participant.  After the participant found the reward, another reward was placed in a new 

location on the grid.  This procedure was followed several times, each time with the reward 

being placed in a new location.  The participant was required to remember in which of the 

locations the reward was previously placed, in order to choose the correct (i.e. new) location.  

During the spatial delated alternation task, a tray with three wells was placed in front of the 

participant, with the two outside wells covered; a reward was placed in one of the covered 

wells.  Subsequent trials placed the reward in the well on the alternate side from that which 

contained it before (i.e. left-right-left and so on).  The participant had to remember in which 

location the reward had previously been found to be able to choose the alternate location on 

the next trial.  Children with ASD displayed impaired performance on both of these tasks 

compared to matched controls, whereas they were found to have intact item-specific memory.  

Likewise, findings already detailed in this chapter demonstrate diminished recognition of 

item-location and item-colour combinations in higher-functioning adults with ASD, in the 

presence of intact recognition of each separate component (Bowler et al., 2014). 
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Findings such as these mirror those from individuals with amnesia caused by damage 

to the MTL, and in particular the hippocampus.  Adults with hippocampal damage were 

tested on their memory for objects, their locations, or conjunctions of object + location.  

Their recognition of the separate entities was intact, whilst their recognition of the 

conjunctions was significantly impaired (Olson, Page, Moore, Chatterjee, & Verfaellie, 

2006).  This pattern of results was also found by Holdstock et al. (2002a), who found an adult 

with hippocampal damage to be impaired in the recognition of the association between an 

object and the location in which it was presented.  The same patient was also found to be 

impaired in the free recall of items, and learning of new semantic information, whereas their 

recognition of items was intact (Holdstock et al., 2002b; Mayes, Holdstock, Isaac, Hunkin, & 

Roberts, 2002). 

 Several imaging studies also lend support to the theory of a parallel in memory 

difficulties between ASD and hippocampal dysfunction.  Adults with ASD, matched on IQ 

with typical adults, were asked to study word triplets while in a fMRI scanner.  They were 

found to be impaired in the recollection of the word triplets, whilst their familiarity-based 

retrieval was intact.  A link was also found between relational encoding and recollection for 

both groups, and there was a marginal decrease in hippocampal activation for the group with 

ASD (Gaigg et al., 2015).  Cooper et al. (2017) presented participants with a test of recall for 

features of objects while scanning them using fMRI.  Adults with ASD were found to be 

significantly impaired in this task compared to matched controls, and were also found to have 

significantly reduced connectivity between the hippocampus and the fronto-parietal network. 

 Similarities have also been found in studies using structural imaging of the MTL in 

ASD.  Children with ASD, matched with controls on age and IQ, completed several memory 

tasks, testing both episodic and semantic memory, and were then scanned using structural 
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MRI.  The episodic memory tasks included tests of “everyday” memory, such as memory for 

the names of people presented to them in photographs, memory for their own belongings, and 

memory for personal appointments, as well as recall of stories.  They were found to be 

impaired in the episodic tasks, whilst having intact semantic memory.  Investigation of the 

structure of the MTL in these participants also revealed bilateral abnormalities in the 

hippocampal formation, as well as a positive correlation between parental ratings of ASD 

symptoms and the grey matter of the amygdala, hippocampus, and entorhinal cortex 

(Salmond et al., 2005). 

 Bilateral abnormalities were also found in the MRI scans of infants who later 

developed impairments in cognitive abilities such as language, social skills and adaptive 

behaviours, impairments which are closely associated with the cognitive profile of ASD 

(DeLong & Heinz, 1997).  In adults and children with ASD, structural abnormalities have 

been found in the hippocampus (Bauman & Kemper, 1985; Raymond, Bauman, & Kemper, 

1995).  Although data from imaging studies (e.g. Piven, Bailey, Ranson, & Arndt, 1998) has 

not been consistent, other studies show subtle regional reductions in hippocampal size in 

children with ASD, in the absence of any ASD-related structural differences in the 

hippocampus (Nicolson et al., 2006). 

 Autism has previously been called a “developmental syndrome of hippocampal 

dysfunction” (DeLong, 1992), and whilst it may not be as simple as this in terms of 

hippocampal dysfunction causing the characteristics of ASD other than memory patterning  

(Ben-Shalom, 2003), the findings detailed above would appear to point to a possible 

dysfunction in the hippocampus in ASD, which would be a potential candidate for the cause 

of the deficits seen in relational memory in this population. 
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2.7. Aims of the current research 

It is suggested that episodic memory is impaired across the autism spectrum (Boucher 

& Anns, 2018); however, evidence from memory studies demonstrating impaired relational 

processing has most commonly been based on the learning of verbal material (such as lists of 

words) by verbally-able participants with ASD, who are matched to a control group on full-

scale IQ scores.  This limits any commentary on the universality of these difficulties across 

the spectrum.  Higher-functioning individuals may process verbal material in idiosyncratic 

ways, therefore existing tasks may simply measure this, rather than difficulties related 

specifically to memory.  The current research therefore aimed to develop a set of non-verbal 

tasks that test relational memory, to examine the level of this ability in lower-functioning 

children with autism.  It aimed to replicate some of the characteristic impairments found in 

relational memory in high-functioning individuals on the autism spectrum, to attempt to 

generalise these impairments to the autism spectrum as a whole.  

The research proposed to achieve its objectives by developing behavioural paradigms 

which have already been used with non-human animals, and which measure relational 

memory non-verbally, adapting them for use with humans with and without ASD.  This 

would provide paradigms suitable for use with all participants with ASD, regardless of the 

level of verbal ability, and would provide a more rigorous test of relational memory in ASD, 

independent of the level of functioning of the individual. 
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Chapter 3: Study 1: Structural learning in Autism Spectrum Disorder 

3.1. Introduction 

The characteristic memory patterning in ASD points to a difficulty with relational 

memory.  However, previous research has tended to focus on participants who are verbally-

able, using stimuli that is verbalisable.  The current study aimed to measure relational 

memory non-verbally in ASD, using a paradigm adapted from the animal literature on 

relational memory, in order to answer the question of whether the relational memory profile 

of less verbally-able individuals with ASD is comparable to that of individuals with ASD 

who have no language impairments. 

3.2. Structural discrimination 

The ability to encode and store in memory the structure and configuration of stimuli 

has been identified as being dependent on hippocampal function (Sutherland & Rudy, 1989).  

Support for this idea was found by Rudy and Sutherland (1989), who presented rats with a 

task in which success was dependent upon the awareness of a particular combination of 

elements of a compound stimulus.  Reinforcement was given if the rats pressed a bar when 

either a light or a tone was presented; however, if the two stimuli were presented together, 

they were not reinforced.  To solve this task, awareness of the distinction between the 

compound stimuli and the individual components was required.  Rats who had hippocampal 

damage were significantly impaired at this task, although they were able to solve a simple 

task in which they had to discriminate between a light and a tone. 

Although this pointed to the hippocampus as being important for learning stimuli 

configuration, subsequent studies found no impairment in this kind of task (e.g. Davidson, 

McKernan, & Jarrard 1993).  This led to a refinement of the theory to posit that the 
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hippocampus processes the configuration and spatial arrangement of visual arrays (Aggleton 

& Pearce, 2001).  Tasks that measure this ability can be defined as tests of structural 

discrimination, which are a subset of configural learning.  In tests of configural learning, 

participants need only be aware of what particular elements are present in a compound 

stimulus; in a structural learning task however, there must also be an awareness of the spatial 

arrangement of those elements. 

The idea of the hippocampus’ importance in this kind of task was tested by 

Sanderson, Pearce, Kyd, and Aggleton (2006), who administered various configural tasks to 

rats, one of which was a structural discrimination task.  The animals were trained on these 

tasks before receiving hippocampal lesions, after which they were trained again on the same 

tasks.  It was found that while they were not impaired at re-learning two other configural 

tasks, a biconditional discrimination task, and a transverse patterning task, they were 

significantly impaired in re-learning the structural discrimination task.  In addition to this, 

Aggleton, Sanderson, and Pearce (2007) found that hippocampectomised rats were impaired 

on a configural learning task only when the spatial arrangement of the stimuli was important.  

Rats were presented with a pair of compound stimuli, which were mirror images of each 

other.  Both stimuli included the same elements (e.g. black and white) but were presented in a 

different spatial configuration (e.g. black on the left of white, paired with white on the left of 

black).  This meant that the animals had to demonstrate an awareness of the spatial 

arrangement of the individual elements, in order to correctly choose the reinforced stimulus 

(e.g. a stimulus comprising black and white was only reinforced if black was on the left of 

white).  As each stimulus comprised the same elements, rats had to remember the specific 

spatial arrangement of each one to be able to choose the reinforced one. 

As the hippocampus has been implicated in the difficulties with relational memory 

seen in ASD, and structural discrimination tasks have been shown to measure hippocampal 
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function in non-human animals, the current study aimed to adapt two of these tasks for use 

with human participants, in order to test the relational memory of individuals with ASD at all 

levels of functioning. 

3.3. Study 1: Experiments 1 and 2 

This study adapted a structural discrimination paradigm from the non-human 

relational memory literature (Sanderson et al., 2006; Aggleton et al., 2007).  This consisted of 

two visual discrimination tasks using pairs of black and white stimuli displayed on a 

touchscreen laptop computer, and which required minimal verbal instructions for the 

participants.  Participants were required to discriminate between two compound stimuli, 

which each comprised simple elements, such as black, white, stripes, and black with a white 

oval.  Two stimuli were presented on-screen side by side, and participants were required to 

find the correct stimulus.  Participants chose between the pair by touching the stimulus on the 

screen and were required to learn that touching each stimulus on-screen would result in a 

different outcome.  The study consisted of two configural discrimination tasks.  In the 

biconditional discrimination task, two stimuli were presented, each including one identical 

element and one different.  Participants were trained on pairs of stimuli, and were then 

presented with a test block, in which mirror images of previously learned compound stimuli 

were presented.  This meant that an awareness of the configuration of the stimuli was 

necessary in order to succeed.  The authors reasoned that the use of mirror images may 

actually impair performance in participants sensitive to the spatial arrangement, whereas 

participants who are simply aware of the configuration would display no impairment.  The 

structural discrimination task also contained identical elements, but each stimulus contained a 

different spatial arrangement of those elements, meaning that success was dependent upon 

the awareness of the spatial arrangement of each stimulus (Fig. 3.1).  
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A simple discrimination task was included as part of each experimental task; this 

involves no configural or spatial component and was included to determine that participants 

were able to selectively discriminate between very simple stimuli. 

The ages of participants ranged from seven to eleven for the typically-developing 

participants.  This age range was chosen due to previous research that shows that although 

some forms of relational memory can be demonstrated in very young typically-developing 

children (e.g. Newcombe, Huttenlocher, Drummey, & Wiley, 1998; Richmond & Nelson, 

2009), other research points to this ability becoming adult-like at around age six (e.g. 

Sluzenski, Newcombe and Kovacs. 2006; Overman, Bachevalier, Miller, & Moore, 1996; 

Figure 3.1.  Examples of test stimuli.  Biconditional discrimination with test trials presenting mirror 

images (Rows D and E); Structural discrimination/learning with test trials presenting re-paired stimuli 

(Rows D and E); Simple discrimination task; randomly interspersed throughout biconditional and 

structural discrimination tasks.  “+” indicated reinforced stimulus.  Adapted from Sanderson et al. (2006). 
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Rudy, Keith, & Georgen,1993).  Typically-developing participants were matched on non-

verbal ability with participants with ASD and reduced language. 

The characteristic impairments already demonstrated in the relational binding abilities 

of individuals with ASD led to the prediction that they would, regardless of developmental 

level, perform significantly more poorly than typical individuals in a test of structural 

discrimination, whereas their performance in another test of configural discrimination would 

be unimpaired. 

3.4. Experiment 1: Biconditional discrimination 

3.5. Method 

3.5.1. Participants 

A total of twenty-five school-aged children were recruited, comprising two groups.  

Thirteen children (ten males and three females) aged between eleven and sixteen with an 

autism spectrum disorder were recruited from four special educational secondary schools in 

the London area.  All participants in this group had a confirmed diagnosis of an autism 

spectrum disorder, according to school records of each child’s statement of special needs.  

Where possible, this diagnosis was supported by scores obtained from completion by teachers 

of the Social Responsiveness Scale (SRS, Constantino, 2005).  Participants in this group also 

had reduced language, which was confirmed by scores obtained from completion by the 

researcher of the British Picture Vocabulary Scale: Third Edition (BPVS-III, Dunn, Dunn, & 

Styles, 2009). 

To form the comparison group, twelve children (six boys and six girls) aged between 

seven and eleven were recruited from two mainstream primary schools, also in the London 
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area.  As reported by the schools, none of these children had any developmental or learning 

difficulties, which was confirmed by completion by teachers of the SRS.  They displayed 

verbal ability within the typical range for their age; this was confirmed by completion by the 

researcher of the BPVS-III for each child. 

The study was approved by the City, University of London Ethics committee, and 

informed consent was obtained first from the headteacher of each participating school 

(Appendices 1 & 2), and then from each child’s parent or carer (Appendix 3).  Verbal assent 

was also obtained from each child before each testing session began. 

Typically-developing participants (TD group) were matched on non-verbal ability to 

participants with an autism spectrum disorder (ASD group), to within two points on Raven’s 

Coloured Progressive Matrices (RCPM, Raven, 1976).  Independent t-tests were carried out 

using age and psychometric data from each group and found no significant difference 

between the groups on non-verbal ability.  Significant differences were found between the 

groups on age, symptoms of autism spectrum disorder, and verbal ability (see Table 3.1.). 

Table 3.1. Participant characteristics: Experiment 1 (Means and Standard Deviations) 

 TD (n = 12) ASD (n = 13) t   p   Cohen’s d 

Age (months) 103.9(13.96) 160.98(15.67) -9.59 < .001 3.85 

   Range 88-124 136-191    

SRS 20.17(16.65) 81.80(19.12) -8.09 < .001 3.44 

   Range 1-62 47-105    

NVA  28.5(4.93) 26.77(5.42) 0.83 .413 0.33 

   Range 19-34 18-34    

   Percentile 50.39(29.53) 21.02(28.46)    

VA 105.17(16.99) 83.77(32.6) 2.08 .054 0.82 

   Range 91-139 41-144    

   Percentile 30.1(25.29) 5.15(10.53)    

Note.  SRS = Social Responsiveness Scale (raw score), cutoff = 70; NVA = Non-verbal ability (Raven’s Coloured 

Progressive Matrices, raw score); VA = Verbal ability (British Picture Vocabulary Scale-III, raw score). 
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3.5.2. Materials and Design 

Stimuli were created by putting together shapes in Microsoft PowerPoint, to create 

each compound stimulus.  Each stimulus was black and white, and measured 10cm x 10cm.  

Each compound stimulus’ left and right halves were distinct from each other in some respect 

(Fig. 3.1).  The individual stimuli were presented as a pair on a white screen, using E-Prime 

software on a 15” Dell touchscreen laptop computer.  Each stimulus was either positively or 

negatively reinforced.  If the “correct” stimulus was chosen, positive feedback was given on 

screen; specifically a “smiley face” was displayed.  If the “incorrect” stimulus was chosen 

however, negative feedback was displayed; this took the form of a “frowny face” (Fig 3.2). 

A practice phase was given initially; this was a test of simple discrimination, in which 

participants learned that touching one of the stimuli would result in a specific outcome.  This 

was administered to confirm that the instructions had been understood by the participant, and 

in the case of less verbally-able participants, also served to physically model the required 

behaviour for them so that they could simply copy the experimenter, rather than having to 

process verbal instructions.  After the practice phase was successfully completed, the 

Figure 3.2.  Example of practice trials and on-screen feedback 
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biconditional discrimination task was administered.  This task consisted of a total of five 

blocks: four training blocks and one test block. 

During the training blocks, the experimental stimuli were successively introduced 

until all stimuli were presented in random order in the final training block.  The test block 

followed directly after the four training blocks.  The simple discrimination task was 

interspersed throughout the training and test blocks; this was done to ensure that participants 

were maintaining proper attention to the task, were not pressing stimuli randomly, and that 

they were able to discriminate between basic stimuli without a configural or structural 

component (Fig 3.1). 

Participants’ responses were collected via the touchscreen facility on the laptop.  

Accuracy, reaction times for correct trials, and number of attempts during the training phase 

were measured.  Data were analysed using SPSS 23.0.  For the training phase, a 2 x 4 mixed 

repeated measures design was used, with a repeated measures variable of Training Block (1–

4).  The between-participants variable was Group (TD x ASD).  For the test phase, a 2 x 2 

mixed repeated measures design was used, with a repeated measures variable of Trial Type 

(Familiar x Novel).  The between-participants variable was Group (TD x ASD). 

3.5.3. Procedure 

Participants were tested individually, as part of the normal school day, in a quiet room 

away from their usual classroom.  Participants sat in front of the computer screen and they 

were asked to confirm whether they were happy to begin the task.  Participants were provided 

with simple verbal instructions about the task: “You’ll see two pictures together; touching 

one of them will show a smiley face and touching the other one will show a sad face, and you 

need to find the smiley”. 
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On the first practice trial, the experimenter showed the participant how to register a 

choice of stimulus on the screen, by touching one of the images on the screen itself.  During 

the first practice trial, the experimenter purposefully touched the “incorrect” stimulus on the 

screen, and the negative feedback (i.e. the “frowny” face) appeared on the screen.  The next 

practice trial was then displayed; this time the experimenter purposefully chose the “correct” 

stimulus of the pair.  This procedure was carried out in order to observe that the participant 

fully understood the difference between the positively and negatively reinforced stimuli.  On 

the third practice trial, the participant was encouraged to make the choice themselves.  If the 

participant correctly chose the positively reinforced stimulus, they were then encouraged to 

“find as many smileys as you can”.  If the participant did not fully understand the 

contingencies of the task, the testing session was terminated at this stage.  This occurred with 

one participant from the ASD group and no participants from the TD group. 

When it had been confirmed that the participant was happy to continue, the main 

experiment began.  Each trial began with a blank screen which lasted for 1 second, after 

which a pair of stimuli appeared on-screen.  These remained on-screen until the participant 

had made their choice.  The feedback screen was then presented for 1.5 seconds, after which 

the next trial began.  The first training block consisted of 12 trials in total.  One pair of 

configural stimuli (e.g. BW+ BH-) was presented for 10 trials, and one pair of simple stimuli 

(S+ S-) was presented for 2 trials.  The trials were presented in random order, with the 

left/right position of the stimuli counterbalanced so that the positively reinforced stimulus 

appeared on the left side and the right side an equal number of times.  The second training 

block consisted of 14 trials.  Here, a new pair of configural stimuli was introduced (e.g. OH+ 

OW-); this pair was presented for 10 trials.  The previous experimental pair (BW+ BH-) was 

presented for 2 trials, and the simple discrimination task was presented for 2 trials.  Trials 

were again presented in random order.  The third training block consisted of 26 trials.  Here, 
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two new pairings of configural stimuli were introduced, which were re-pairings of stimuli 

previously seen (e.g. BW+ OW-; OH+ BH).  The new pairings were presented for 10 trials 

each.  The previously seen pairings (e.g. BW+ BH-; OH+ OW-) were presented for 2 trials 

each, and the simple discrimination was presented for 2 trials.  Trials were again presented in 

random order.  The fourth and final training block consisted of 18 trials.  Each pair of 

configural stimuli was presented for 4 trials, and the simple discrimination was presented for 

2 trials.  Trials were again presented in random order.  Examples of trial presentation and 

reinforcement protocols are displayed in Table 3.2. 

Performance criteria for the first three training blocks were set at 80% for 

experimental trials, and 50% for simple discrimination trials.  For the fourth training block 

the criteria were set at 75% for experiment trials, and 50% for simple discrimination trials.  If 

these criteria were attained on the first attempt, the task moved automatically on to the next 

block.  If these criteria were not attained, the same training block was presented again.  The 

experiment allowed participants to attempt each training block a maximum of three times 

before it continued automatically to the next block. 

After the training phase was completed, the test phase began directly after it, which 

consisted of a total of 36 trials.  During this block, each pair of stimuli that had been 

previously seen (“Familiar”) was presented for 4 trials each.  Participants were also presented 

with previously unseen pairs of stimuli (“Novel”).  These stimuli were mirror images of the 

previously seen stimuli from the training phase (e.g. WB+ WO-; HO+ HB-), creating four 

new pairs of stimuli, which were presented for 4 trials each.  The simple discrimination task 

was presented for 4 trials.  The test block was presented once, with no criterion set.  

Examples of trial presentation and positive/negative reinforcement protocols are displayed in 
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Table 3.3.  On-screen feedback during the test phase was given in the same way as the 

training phase.  Participants were also given verbal encouragement throughout the task. 

Table 3.2.  Presentation of trials during training phase: Experiment 1 

Training block 

1 2 3 4 

Pair Trials Pair Trials Pair Trials Pairs Trials 

BW+BH- x10 OH+OW- x10 BW+OW- x10 BW+OW- x4 

S+ S- x2 BW+BH- x2 OH+ BH- x10 OH+ BH- x4 

  S+ S- x2 OH+OW- x2 OH+OW- x4 

    BW+BH- x2 BW+BH- x4 

    S+ S- x2 S+ S- x2 

Note.  Pair = Stimuli pair presented together; Trials = Number of trials per training block; “+” = Positively reinforced 

stimulus; “-” = Negatively reinforced stimulus.  

 

Table 3.3.  Presentation of trials during test phase: Experiment 1 

Familiar Novel 

Pair Trials Pair Trials 

BW+ OW- x4 WB+ HB- x4 

OH+ BH- x4 WB+ WO- x4 

OH+ OW- x4 HO+ HB- x4 

BW+ BH- x4 HO+ WO- x4 

S+ S- x4   

Note.  Pair = Stimuli pair presented together; Trials = Number of trials per block;  

“+” = Positively reinforced stimulus; “-” = Negatively reinforced stimulus. 

 

3.6. Results 

3.6.1. Simple discrimination task 

3.6.1.1. Accuracy 

Mean accuracy scores for the simple discrimination task were compared across the 

four training blocks and the test block; the data are displayed in Table 3.4.  A 2 (Group) x 5 

(Block) mixed repeated measures ANOVA was used.  Mauchly’s test indicated that the 
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assumption of sphericity had been violated (X²(9) = 47.18, p < .001), therefore degrees of 

freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = .59).  No 

significant interaction was found between Block x Group: F(2.37, 54.53) = 1.59, p = .209, 

ηp
2 = .07.  There was also no significant main effect of Group: F(1, 23) = 1.13, p = .300, ηp

2 = 

.05.  However, the main effect of Block was found to be significant: F(2.37, 54.53) = 14.86, p 

< .001, ηp
2 = .39. 

Table 3.4.  Accuracy scores for simple discrimination task: Experiment 1 (Means and Standard Deviations) 

Block TD (n = 12) ASD (n=13) Cohen’s d 

1 .63 (.23) .70 (.26) 0.29 

2 .84 (.22) .79 (.34) 0.17 

3 1.00 (.00) .86 (.19) 1.04 

4 1.00 (.00) .88 (.22) 0.77 

Test 1.00 (.00) .94 (.15) 0.57 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 

 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1 2 3 4 5

A
cc

u
ra

cy

Block

TD

ASD

Figure 3.3.  Accuracy (M ± SEM) for simple discrimination trials of Experiment 1.  TD = Typically 

developing; ASD = Autism spectrum disorder. 

Blocks 1-4 = Training phase; Block 5 = Test phase. 
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3.6.1.2. Accuracy compared to chance  

Additional tests were carried out to determine whether the performance for the simple 

discrimination task was significantly above chance for both groups across the blocks.  A one-

sample t-test was used, with the chance level set at 0.5.  Participants in the TD group 

performed significantly above chance in all but the first training block (Block 1: t(11) = 1.92, 

p = .082, d = 0.55; Block 2: t(11) = 5.35, p < .001, d = 1.54), and performed at ceiling for the 

final two training blocks and the test block.  Participants in the ASD group performed 

significantly above chance across all the blocks (Block 1: t(12) = 2.72, p = .019, d = .75; 

Block 2: t(12) = 3.11, p = .009, d = .86; Block 3: t(12) = 6.79, p < .001, d = 1.88; Block 4: 

t(12) = 6.29, p < .001, d = 1.74; Test Block: t(12) = 10.65, p < .001, d = 2.95). 

3.6.1.3. Reaction time 

Mean reaction times for the correct trials of the simple discrimination which was 

interspersed throughout the biconditional discrimination task were compared across the four 

training blocks and the test block; the data are displayed in Table 3.5.  A 2 (Group) x 5 

(Block) mixed repeated measures ANOVA was used.  Mauchly’s test indicated that the 

assumption of sphericity had been violated (X²(9) = 21.49, p = .011), therefore degrees of 

freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = .80).  No 

significant interaction was found between Block x Group: F(3.21, 73.93) = 1.38, p = .255, 

ηp
2 = .06.  There was also no significant main effect of Group: F(1, 23) = 1.56, p = .224, ηp

2 = 

.06.  However, the main effect of Block was found to be significant: F(3.21, 73.93) = 5.27, p 

= .002, ηp
2 = .19. 
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Table 3.5.  Reaction times for correct trials of simple discrimination task: Experiment 1 (Means and Standard Deviations) 

Block TD (n = 12) ASD (n=13) Cohen’s d 

1 3012.83 (1415.0) 2236.58 (965.35) 0.64 

2 2731.36 (1504.64) 1970.5 (999.46) 0.60 

3 1632.38 (477.08) 1905.99 (1438.4) 0.26 

4 1690.3 (761.29) 1502.9 (672.33) 0.26 

Test 2026.73 (1301.06) 1727.51 (838.13) 0.27 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Reaction time (ms). 

 

 

3.6.2. Training phase 

3.6.2.1. Accuracy 

Mean accuracy scores for the biconditional discrimination task were compared across 

the four training blocks.  The data are displayed in Table 3.6.  A 2 (Group) x 4 (Block) mixed 

repeated measures ANOVA was used.  Mauchly’s test indicated that the assumption of 

sphericity had been violated (X²(5) = 22.49, p < .001), therefore degrees of freedom were 

corrected using Greenhouse-Geisser estimates of sphericity (ε = .59).  No significant 

Figure 3.4.  Reaction times (M ± SEM) for correct trials of simple discrimination task: Experiment 

1.  TD = Typically developing; ASD = Autism spectrum disorder. 
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interaction was found between Block x Group: F(1.76, 40.54) = 2.90, p = .073, ηp
2 = .11.  

However, there was a significant main effect of Group: F(1, 23) = 12.16, p = .002, ηp
2 = .35.  

There was also a significant main effect of Block: F(1.76, 40.64) = 10.80, p = .003, ηp
2 = .32. 

Table 3.6.  Accuracy scores for training phase: Experiment 1 (Means and Standard Deviations) 

Block TD (n = 12) ASD (n = 13) Cohen’s d 

1 .94 (.06) .88 (.10) 0.73 

2 .89 (.06) .80 (.11) 1.02 

3 .85 (.08) .79 (.19) 0.41 

4 .89 (.11) .67 (.23) 1.22 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 

 

 

3.6.2.2. Accuracy compared to chance 

Additional tests were carried out to determine whether the performance for 

biconditional discrimination training was significantly above chance for both groups across 

the blocks.  A one-sample t-test was carried out, with the chance level set at 0.5.  Participants 

in the TD group performed significantly above chance in all training blocks (Block 1: t(11) = 
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Figure 3.5.  Accuracy (M ± SEM) for training phase of Experiment 1.  TD = Typically developing; 

ASD = Autism spectrum disorder. 
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23.53, p < .001, d = 6.79; Block 2: t(11) = 21.33, p < .001, d = 6.16; Block 3: t(11) = 14.69, p 

< .001, d = 4.24; Block 4: t(11) = 11.81, p < .001, d = 4.41).  Participants in the ASD group 

also performed significantly above chance across all the blocks (Block 1: t(12) = 14.39, p < 

.001, d = 3.99; Block 2: t(12) = 9.40, p < .001, d = 2.61; Block 3: t(12) = 3.20, p = .008, d = 

0.89; Block 4: t(12) = 2.69, p = .020, d = 0.75). 

3.6.2.3. Reaction time 

Mean reaction times for correct trials of the biconditional discrimination task were 

compared across the four training blocks; the data are displayed in Table 3.7.  A 2 (Group) x 

4 (Block) mixed repeated measures ANOVA was used.  No significant interaction was found 

between Block x Group: F(3, 69) = 0.49, p = .694, ηp
2 = .02.  There was also no significant 

main effect of Group: F(3, 69) = 0.95, p = .341, ηp
2 = .04.  However, the main effect of Block 

was found to be significant: F(3, 69) = 4.02, p = .017, ηp
2 = .15. 

Table 3.7.  Reaction times for correct trials of training phase: Experiment 1 (Means and Standard Deviations) 

Block TD (n = 12) ASD (n = 13) Cohen’s d 

1 1691.28 (413.52) 1718.47 (507.94) 0.06 

2 2288.76 (1150.08) 1873.26 (834.08) 0.41 

3 2669.7 (1244.91) 2355.68 (1660.32) 0.21 

4 2728.59 (1180.85) 2145.37 (1535.77) 0.43 

Note.  TD = Typically developing; ASD = Autism spectrum disorder.  Reaction time (ms). 
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3.6.2.4. Number of attempts  

The mean number of attempts for the biconditional discrimination task were 

compared across the four training blocks.  The data are displayed in Table 3.8.  A 2 (Group) x 

4 (Block) mixed repeated measures ANOVA was used.  Mauchly’s test indicated that the 

assumption of sphericity had been violated (X²(5) = 12.13, p = .033), therefore degrees of 

freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = .72).  No 

significant interaction was found between Block x Group: F(2.15, 49.39) = 0.72, p = .502, 

ηp
2 = .03, and there was no main effect of Group: F(1, 23) = 3.63, p = .069, ηp

2 = .14.  

However, there was a significant main effect of Block: F(2.15, 49.39) = 10.56, p < .001, ηp
2 = 

.32. 

 

 

Figure 3.6.  Reaction times (M ± SEM) for correct trials of training phase of Experiment 1.  TD = 

Typically developing; ASD = Autism spectrum disorder. 
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Table 3.8.  Number of attempts per training block: Experiment 1 (Means and Standard Deviations) 

Block TD (n = 12) ASD (n = 13) Cohen’s d 

1 1.08 (0.29) 1.31 (0.63) 0.47 

2 1.42 (0.70) 1.69 (0.75) 0.37 

3 1.75 (0.87) 2.31 (0.95) 0.61 

4 1.67 (0.78) 2.31 (0.95) 0.74 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 

 

 

3.6.3. Test phase 

3.6.3.1. Accuracy 

The mean accuracy scores of the two trial types (Familiar x Novel) during the test 

phase of the biconditional discrimination task were compared.  The data are displayed in 

Table 3.9.  A 2 (Group) x 2 (Trial Type) mixed repeated measures ANOVA was used.  No 

significant interaction was found between Trial Type x Group: F(1, 23) = 0.01, p = .923, ηp
2 

< .01.  The main effect of Trial Type was also found to be non-significant: F(1, 23) = 1.89, p 
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Figure 3.7.  Number of attempts (M ± SEM) for each training block of Experiment 1.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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= .182, ηp
2 = .08.  However, there was a significant main effect of Group: F(1, 23) = 9.02, p 

=.006, ηp
2 = .28. 

Table 3.9.  Accuracy scores for test phase: Experiment 1 (Means and Standard Deviations) 

 TD (n = 12) ASD (n = 13) Cohen’s d 

Familiar .92 (.10) .73 (.23) 1.07 

Novel .89 (.09) .70 (.21) 1.18 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 

 

 

3.6.3.2. Accuracy compared to chance 
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Figure 3.8.  Accuracy (M ± SEM) for test phase of Experiment 1.  TD = Typically developing; 

ASD = Autism spectrum disorder. 
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significantly above chance for both trial types (Familiar: t(12) = 3.67, p = .003, d = 1.02; 

Novel: t(12) = 3.45, p = .005, d = 0.96). 

3.6.3.3. Reaction time 

Mean reaction times for the correct trials of the test phase were compared across the 

two trial types; the data are displayed in Table 3.10.  A 2 (Trial Type) x 2 (Group) mixed 

repeated measures ANOVA was used.  No significant interaction was found between Trial 

Type x Group: F(1, 23) = 2.48, p = .129, ηp
2 = .10.  There was no significant main effect of 

Trial Type: F(1, 23) = 1.37, p = .253, ηp
2 = .06.  The main effect of Group was also found to 

be non-significant: F(1, 23) = 3.19, p = .087, ηp
2 = .12. 

Table 3.10.  Reaction times for correct trials of test phase: Experiment 1 (Means and Standard Deviations) 

 TD (n = 12) ASD (n = 13) Cohen’s d 

Familiar 2570.16 (883.94) 2095.88 (1251.89) 0.44 

Novel 2971.87 (1150.69) 2037.14 (859.25) 0.92 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Reaction time (ms). 
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Figure 3.9.  Reaction times (M ± SEM) for correct trials of test phase: Experiment 1.   

TD = Typically developing; ASD = Autism spectrum disorder.  
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3.6.3.4. Correlations 

 Correlational data are presented in Table 3.11.  Analysis of both groups’ performance 

revealed a significant negative correlation between age at test and performance for both trial 

types.  Severity of autism symptoms in both groups was negatively correlated with 

performance in only the novel condition.  Both groups’ non-verbal ability was positively 

correlated with performance for both trial types, although the stronger positive correlation 

found between these variables for the ASD group appears to be the cause of this.  Verbal 

ability correlated with both trial types for both groups, although a stronger correlation was 

found between verbal ability and performance in the novel trials. 

Table 3.11.  Correlations between psychometric data and test phase (familiar and novel trials): Experiment 1 

 TD ASD Both 

 Familiar Novel Familiar Novel Familiar Novel 

Age (months) -.36 -.54 -.22 -.35 -.53** -.62** 

SRS .19 -.04 -.09 -.13 -.41 -.5* 

NVA -.11 -.37 .66* .72** .45* .43* 

VA .32 -.05 .40 .54 .50* .55** 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Both = TD and ASD groups together; SRS = Social 

Responsiveness Scale (raw score); NVA = Non-verbal ability (Raven’s Coloured Progressive Matrices, raw score); VA = 

Verbal ability (British Picture Vocabulary Scale-III, raw score).  ** significant at p < .01; * significant at p < .05.   

 

3.7. Discussion: Experiment 1 

This study adapted a biconditional discrimination task from the non-human relational 

memory literature (Sanderson et al., 2006; Aggleton et al., 2007), for use with human 

participants.  Participants were trained on pairs of stimuli presented together, each of which 

included one identical element and one different, and were then presented with a test block in 

which they were required to discriminate between mirror images of previously presented 

stimuli.  Awareness of the spatial arrangement of the stimuli was not necessary for success in 
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this task; awareness of the configuration of the stimuli was sufficient to support performance.  

Previous findings of patterns of impaired and intact performance in configural tasks in ASD 

and hippocampal damage led to the prediction that individuals with ASD would display intact 

performance during the test phase of the biconditional discrimination task. 

Participants’ ability to carry out a simple discrimination task was first analysed.  This 

was included as part of the experimental task, interspersed randomly throughout the main 

experiment; this involved no configural or spatial component and was included to confirm 

that participants were able to selectively discriminate between very simple stimuli, and no 

group differences were predicted.  No interaction was found between training block and 

group, and there was no significant difference found between the groups.  Likewise, both 

groups performed the simple discrimination task well above chance levels.  This 

demonstrated that the ASD group was just as able as the TD group to discriminate between 

simple stimuli.  A main effect of block was found, indicating that the performance of both 

groups became significantly more accurate as the task went on.  There was also no difference 

between the groups in reaction time, and no interaction between training block and group.  

However, a main effect of training block was found, demonstrating that both groups became 

faster at the simple discrimination as the blocks went on.  The increasing level of accuracy, 

and decreased reaction time across the blocks, indicates both groups’ increasing familiarity 

with the stimuli. 

These findings negate the possibility that any differential accuracy scores in the 

experimental task could be attributed to an overall difference in the ability to discriminate 

between stimuli, in the absence of any structural or configural component.  It was in fact 

found that the accuracy for both groups approached ceiling in the final blocks, demonstrating 

overall that both groups’ memory for the simple stimuli was retained throughout the task.  
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Therefore, the findings from the simple discrimination task demonstrate that the ASD group 

have intact visual discrimination between basic stimuli without a configural or structural 

component. 

Accuracy scores for the experimental trials during the training phase were compared.  

No interaction was found between training block and group.  However, a significant group 

difference was found, with the TD group performing the biconditional discrimination 

significantly more accurately than the ASD group.  However, both groups’ accuracy was 

significantly above chance levels, indicating that both groups were able to learn the 

biconditional discrimination.  A significant difference in accuracy was found for both groups 

as the training blocks went on; both groups became less accurate across the blocks.  This 

indicates that accuracy decreased for both groups as the blocks became more complex (i.e. as 

more pairs were integrated). 

Mean reaction times for the correct trials of the training phase were also analysed.  No 

interaction was found between training block and group, and there was no overall difference 

between the groups in reaction time.  A difference in reaction time was found for both groups 

across the blocks, although this shows that the TD group seemed to get significantly slower, 

whereas the ASD group seemed to get significantly faster, across the blocks.  Given the fact 

that the TD group was more accurate overall in the training phase, this may mean that the 

ASD group made more random choices and therefore did not think as long about their 

choices, although this is not supported by the fact that the ASD group also performed 

significantly above chance levels across the training blocks. 

During the training phase, each block could be attempted up to a maximum of three 

times, if the criteria were not initially met.  The number of attempts per block were 

compared.  There was no interaction found between training block and group, and no overall 
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difference was found between the groups.  A significant difference was found in the number 

of attempts needed for both groups across the training blocks.  This showed that both groups 

found the task more difficult as it became more complex, i.e. when more pairs were 

introduced.  Overall the findings from the training phase demonstrated that both groups were 

able to learn the biconditional discrimination sufficiently during the training phase, 

effectively placing them at an equal ability level in preparation for the test phase. 

During the test phase, two trial types were presented: during the “familiar” trials, 

participants were presented with the pairs on which they had previously been trained; during 

the “novel” trials, participants were presented with mirror images of the previously seen 

stimuli.  The prediction was that, as awareness of the configuration of the stimuli was 

sufficient in the absence of awareness of the particular spatial arrangement of the stimuli, 

there would be no difference in accuracy between the groups for either trial type.  There was 

no interaction found between trial type and group, and no difference in accuracy for familiar 

and novel stimuli for both groups.  However, there was a significant overall difference found 

between the groups: the TD group’s performance was significantly more accurate than that of 

the ASD group, findings which contrast with predictions for this study.  However, it was also 

found that both groups performed the biconditional discrimination test phase significantly 

above chance levels for both trial types, indicating that the ASD group were able to represent 

the trained stimuli in memory.  No difference was found between the groups in reaction time, 

and no difference in reaction time was found for either group whether the stimuli were 

familiar or novel.  These findings contrast with predictions that there would be no significant 

difference in accuracy between the groups but support the assertion that the ASD group are 

able to learn a biconditional discrimination and use configural information effectively to be 

able to solve the task. 
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Analysis of correlational data showed that both age at test and symptoms of ASD 

correlated negatively with performance, which aligns with the finding of significantly better 

performance in the TD group.  Non-verbal ability was positively correlated with both 

conditions, which supports the use of the Raven’s matrices as a non-verbal matching tool.  

That it appears to utilise a similar ability as the experimental task would also negate the 

possible suggestion of the group difference being simply due to the TD group’s superior 

performance at pattern-matching tasks in general.  Verbal ability correlated positively with 

both conditions for both groups; this may indicate that despite the task being effective as a 

non-verbal test of relational memory, there may be some level of verbalisability of the 

stimuli, which would put those more verbally-able participants at an advantage for the task.  

3.8. Experiment 2: Structural discrimination 

3.9. Method 

3.9.1. Participants 

A total of twenty-six school-aged children were recruited, comprising two groups.  

Twelve children (nine males and three females) aged between twelve and sixteen with an 

autism spectrum disorder were recruited from four special educational secondary schools in 

the London area.  All participants in this group had a confirmed diagnosis of an autism 

spectrum disorder, according to school records of each child’s statement of special needs.  

Where possible, this diagnosis was supported by scores obtained from completion by teachers 

of the Social Responsiveness Scale (SRS, Constantino, 2005).  Participants in this group also 

had reduced language, which was confirmed by scores obtained from completion by the 

researcher of the British Picture Vocabulary Scale: Third Edition (BPVS III, Dunn, Dunn, & 

Styles, 2009). 
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To form the comparison group, fourteen children (seven boys and seven girls) aged 

between seven and eleven were recruited from two mainstream primary schools, also in the 

London area.  As reported by the schools, none of these children had any developmental or 

learning difficulties, which was confirmed by completion by teachers of the SRS.  They 

displayed verbal ability within the typical range for their age; this was confirmed by 

completion by the researcher of the BPVS-III for each child. 

The study was approved by the City, University of London Ethics committee, and 

informed consent was obtained first from the headteacher of each participating school 

(Appendices 1 & 2), and then from each child’s parent or carer (Appendix 3).  Verbal assent 

was also obtained from each child before each testing session began. 

Typically-developing participants were matched on non-verbal ability to participants 

with an autism spectrum disorder, to within two points on Ravens Coloured Progressive 

Matrices (RCPM, Raven, 1976).  Independent t-tests were carried out using age and 

psychometric data from each group, which found no significant difference between the 

groups on non-verbal ability.  Significant differences were found between the groups on age, 

symptoms of autism spectrum disorder, and verbal ability (Table 3.12.). 
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Table 3.12. Participant characteristics: Experiment 2 (Means and Standard Deviations) 

 TD (n = 14) ASD (n = 12) t   p   Cohen’s d 

Age (months) 102.11 (13.85) 169.06 (14.48) -12.03 < .001 4.73 

   Range 82-122 151-189    

SRS 21.79 (13.81) 77.71 (27.65) -5.05 < .001 2.56 

   Range 3-42 47-111    

NVA 28.36 (4.63) 26.08 (5.63) 1.13 .270 0.44 

   Range 20-35 19-36    

   Percentile 56.5 (26.88) 20.13 (32.37)    

VA 113.64 (12.82) 91.5 (22.32) 3.16 < .001 1.22 

   Range 96-129 56-136    

   Percentile 45.43 (26.17) 2.0 (5.23)    

Note.  SRS = Social Responsiveness Scale (raw score), cutoff = 70; NVA = Non-verbal ability (Raven’s Coloured 

Progressive Matrices, raw score); VA = Verbal ability (British Picture Vocabulary Scale-III, raw score). 

 

3.9.2. Materials and Design 

As with Experiment 1, stimuli were created specifically for the study by putting 

together shapes in Microsoft PowerPoint, to create each compound stimulus.  Each stimulus 

was black and white, and measured 10cm x 10cm.  Each compound stimulus’ left and right 

halves were distinct from each other in some respect.  The pairs which were presented 

together on screen during the training phase were mirror images of each other (Fig 3.1.).  The 

individual stimuli were presented as a pair on a white screen, using E-Prime software on a 

15” Dell touchscreen laptop computer.  Each stimulus was either positively or negatively 

reinforced.  If the “correct” stimulus was chosen, positive feedback was given on-screen; 

specifically a “smiley face” was displayed.  If the “incorrect” stimulus was chosen however, 

negative feedback was displayed; this took the form of a “frowny face” (Fig 3.2). 

A practice phase was given initially; this was a test of simple discrimination, in which 

the participants learned that touching one of the stimuli would result in a specific outcome.  
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This was administered to confirm that the instructions had been understood by the participant, 

and in the case of less verbally-able participants, also served to physically model the required 

behaviour for them so that they could simply copy the experimenter, rather than having to 

process verbal instructions.  After the practice phase was successfully completed, the 

structural discrimination task was administered.  This task consisted of a total of four training 

blocks and one test block.  During the training blocks, the experimental stimuli were 

successively introduced until all stimuli were presented in random order in the final training 

block.  The test block followed directly after the four training blocks.  A simple 

discrimination task was interspersed throughout the training and test blocks; this was 

included to ensure that participants were maintaining proper attention to the task, were not 

pressing stimuli randomly, and that they were able to discriminate between basic stimuli 

without a configural or structural component (Fig 3.1). 

Participants’ responses were collected via the touchscreen facility on the computer.  

Accuracy, reaction times for correct trials, and number of attempts during the training phase 

were measured.  Data were analysed using SPSS 23.0.  For the training phase, a 2 x 4 mixed 

repeated measures design was used, with a repeated measures variable of Training Block (1 – 

4).  The between-participants variable was Group (TD x ASD).  For the test phase, a 2 x 2 

mixed repeated measures design, with a repeated measures variable of Trial Type (Familiar x 

Novel).  The between-participants variable was Group (TD x ASD). 

3.9.3. Procedure 

Participants were tested individually, as part of the normal school day, in a quiet room 

away from their usual classroom.  Participants sat in front of the computer screen and they 

were asked to confirm that they were happy to begin the task.  Participants were provided 

with simple verbal instructions about the task: “You’ll see two pictures together; touching 
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one of them will show a smiley face and touching the other one will show a sad face, and you 

need to find the smiley”. 

On the first practice trial, the experimenter showed the participant how to register a 

choice of stimulus on the screen, by touching one of the images on the screen itself.  During 

the first practice trial, the experimenter purposefully touched the “incorrect” stimulus on the 

screen, and the negative feedback (i.e. the “frowny” face) appeared on-screen.  The next 

practice trial was then displayed; this time the experimenter purposefully chose the “correct” 

stimulus of the pair.  This procedure was carried out in order to confirm that the participant 

fully understood the difference between the positively and negatively reinforced stimuli.  On 

the third practice trial, the participant was encouraged to make the choice themselves.  If the 

participant correctly chose the positively reinforced stimulus, they were then encouraged to 

“find as many smileys as you can”.  If the participant did not fully understand the 

contingencies of the task at this stage, the testing session was terminated.  This occurred with 

one participant from the ASD group and no participants from the TD group. 

When it had been confirmed that the participant was happy to continue, the main 

experiment began.  Each trial began with a blank screen which lasted for 1 second, after 

which a pair of stimuli appeared on-screen.  These remained on-screen until the participant 

had made their choice.  The feedback screen was then presented for 1.5 seconds, after which 

the next trial began.  The first training block consisted of 12 trials in total.  One pair of 

structural stimuli (e.g. BW+ WB-) was presented for 10 trials, and one pair of simple stimuli 

(S+ S-) was presented for 2 trials.  The trials were presented in a random order, with the 

left/right position of the stimuli counterbalanced so that the positively reinforced stimulus 

appeared on the left side and the right side an equal number of times.  The second training 

block consisted of 14 trials.  Here, a new pair of structural stimuli was introduced (e.g. WH+ 
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HW-); this pair was presented for 10 trials.  The previous experimental pair (BW+ WB-) was 

presented for 2 trials, and the simple discrimination task was presented for 2 trials.  Trials 

were again presented in random order.  The third training block consisted of 16 trials.  Here, 

another new pair of structural stimuli was introduced (e.g. HB+ BH-) for 10 trials; the 

previously seen pairs (e.g. WH+ HW-; BW+ WB-) were presented for 2 trials each, and the 

simple discrimination was presented for 2 trials.  Trials were again presented in random 

order.  The fourth and final training block consisted of 14 trials.  Each pair of structural 

stimuli was presented for 4 trials, and the simple discrimination was presented for 2 trials.  

Trials were again presented in random order.  Examples of trial presentation and 

positive/negative reinforcement protocols are given in Figure 3.13. 

Performance criteria for the first three training blocks were set at 80% for 

experimental trials, and 50% for simple discrimination trials.  For the fourth training block 

the criteria were set at 75% for experiment trials, and 50% for simple discrimination trials.  If 

these criteria were attained on the first attempt, the task moved on automatically to the next 

block.  If these criteria were not reached, the same training block was presented again.  The 

experiment allowed participants to attempt each training block a maximum of three times 

before it continued to the next block. 

After the training phase was completed, the test phase began directly after it.  During 

this block, a total of 40 trials were presented.  Each pair of stimuli that had been previously 

seen (“familiar”) was presented for 4 trials each.  Participants were also presented with 

previously unseen pairs of stimuli (“novel”).  These consisted of re-pairings of the previously 

seen stimuli from the training phase (e.g. BW+ HW-; BW+ BH-), creating six new pairs of 

stimuli, which were presented for 4 trials each.  The simple discrimination task was presented 

for 4 trials.  Examples of trial presentation and positive/negative reinforcement protocols are 
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given in Figure 3.14.  On-screen feedback during the test phase was given in the same way as 

in the training phase.  Participants were also given verbal encouragement throughout the task. 

Table 3.13.  Presentation of trials during training phase: Experiment 2 

Training block 

1 2 3 4 

Pair Trials Pair Trials Pair Trials Pairs Trials 

BW+WB- x10 WH+HW-  x10 HB+ BH- x10 HB+ BH- x4 

S+ S- x2 BW+WB-  x2 WH+HW- x2 WH+HW- x4 

  S+ S- x2 BW+WB-  x2 BW+WB-  x4 

    S+ S- x2 S+ S- x2 

Note.  Pair = Stimuli pair presented together; Trials = Number of trials per block; “+” = Positively reinforced stimulus;  

“-” = Negatively reinforced stimulus. 

 

Table 3.14.  Presentation of trials during test phase: Experiment 2 

Familiar Novel 

Pair Trials Pair Trials 

HB+ BH- x4 BW+ HW- x4 

WH+ HW- x4 BW+ BH- x4 

BW+ WB- x4 WH+ WB- x4 

S+ S- x4 WH+ BH- x4 

  HB+ HW- x4 

  HB+ WB- x4 

Note.  Pair = Stimuli pair presented together; Trials = Number of trials per block;  

“+” = Positively reinforced stimulus; “-” = Negatively reinforced stimulus. 

  

3.10. Results 

3.10.1. Simple discrimination task  

3.10.1.1. Accuracy 

Mean accuracy scores for the simple discrimination task were compared across the 

four training blocks and the test block; the data are displayed in Table 3.15.  A 2 (Group) x 5 

(Block) mixed repeated measures ANOVA was used.  Mauchly’s test indicated that the 
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assumption of sphericity had been violated (X²(9) = 46.53, p < .001), therefore degrees of 

freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = .49).  No 

significant interaction was found between Block x Group: F(1.95, 46.76) = 0.24, p = .782, 

ηp
2 = .01.  There was also no significant main effect of Group: F(1, 24) = 1.27, p = .272, ηp

2 = 

.05.  However, the main effect of Block was found to be significant: F(1.95, 46.76) = 18.49, p 

< .001, ηp
2 = .44. 

Table 3.15.  Accuracy scores for simple discrimination task: Experiment 2 (Means and Standard Deviations) 

Block TD (n = 14) ASD (n=12) Cohen’s d 

1 .73 (.25) .65 (.28) 0.30 

2 .96 (.13) .90 (.21) 0.34 

3 .94 (.14) .92 (.21) 0.11 

4 .99 (.04) .90 (.21) 0.60 

Test .98 (.07) .94 (.11) 0.43 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 
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Figure 3.10.  Accuracy (M ± SEM) for simple discrimination trials of Experiment 2.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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3.10.1.2. Accuracy compared to chance 

Additional tests were carried out to determine whether the performance for the simple 

discrimination task was significantly above chance for both groups across the blocks.  A one-

sample t-test was used, with the chance level set at 0.5.  Participants in the TD group 

performed significantly above chance across all the blocks (Block 1: t(13) = 3.48, p = .004, d 

= 0.93; Block 2: t(13) = 13.0, p < .001, d = 3.47; Block 3: t(13) = 11.7, p < .001, d = 3.13; 

Block 4: t(13) = 40.18, p < .001, d = 9.74; Test Block: t(13) = 27.0, p < .001, d = 7.22).  

Participants in the ASD group performed significantly above chance in all blocks other than 

the first training block (Block 1: t(11) = 1.87, p = .088, d = 0.54; Block 2: t(11) = 6.73, p < 

.001, d = 1.94; Block 3: t(11) = 6.95, p < .001, d = 2.01; Block 4: t(11) = 6.73, p < .001, d = 

1.94; Test Block: t(11) = 13.40, p < .001, d = 3.87). 

3.10.1.3. Reaction time 

Mean reaction times for the correct trials of the simple discrimination which was 

interspersed throughout the structural discrimination task were compared across the four 

training blocks; the data are displayed in Table 3.16.  A 2 (Group) x 5 (Block) mixed 

repeated measures ANOVA was used.  Mauchly’s test indicated that the assumption of 

sphericity had been violated (X²(9) = 38.6, p = .001), therefore degrees of freedom were 

corrected using Greenhouse-Geisser estimates of sphericity (ε = .51).  No significant 

interaction was found between Block x Group: F(2.04, 48.85) = 0.44, p = .649, ηp
2 = .02.  

There was also no significant main effect of Group: F(1, 24) = 0.18, p = .679, ηp
2 = .01.  

However, the main effect of Block was found to be significant: F(2.04, 48.85) = 5.76, p = 

.005, ηp
2 = .19. 
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Table 3.16.  Reaction times for correct trials of simple discrimination task: Experiment 2 (Means and Standard Deviations) 

Block TD (n = 14) ASD (n=12) Cohen’s d 

1 2377.35 (1528.24) 2385.88 (1291.32) 0.00 

2 1800.28 (646.98) 2016.09 (810.1) 0.29 

3 1530.56 (367.11) 1905.66 (1169.79) 0.43 

4 1443.46 (329.25) 1444.35 (521.71) 0.00 

Test 1571.13 (632.1) 1403.19 (848.59) 0.22 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Reaction time (ms). 

 

 

3.10.2. Training phase 

3.10.2.1. Accuracy  

Mean accuracy scores for the structural discrimination task were compared across the 

four training blocks.  The data are displayed in Table 3.17.  A 2 (Group) x 4 (Block) mixed 

repeated measures ANOVA was used.  No significant interaction was found between Block x 

Group: F(3, 72) = 0.51, p = .648, ηp
2 = .02.  No significant main effect of Group was found: 

Figure 3.11.  Reaction times (M ± SEM) for simple discrimination task of Experiment 2.  TD = 

Typically developing; ASD = Autism spectrum disorder. 
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F(1, 24) = 3.12, p = .090, ηp
2 = .12.  However, there was a significant main effect of Block: 

F(3, 72) = 7.45, p = .002, ηp
2 = .24. 

Table 3.17.  Accuracy scores for training phase: Experiment 2 (Means and Standard Deviations) 

Block TD (n = 14) ASD (n = 12) Cohen’s d 

1 .89 (.11) .74 (.21) 0.89 

2 .80 (.21) .69 (.18) 0.56 

3 .70 (.20) .62 (.15) 0.45 

4 .71 (.20) .64 (.26) 0.30 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 

 

3.10.2.2. Accuracy compared to chance 

Additional tests were carried out to determine whether the performance for structural 

discrimination training was significantly above chance for both groups across the blocks.  A 

one-sample t-test was carried out, with the chance level set at 0.5.  Participants in the TD 

group performed significantly above chance in all training blocks (Block 1: t(13) = 13.95, p < 

.001, d = 3.73; Block 2: t(13) = 5.42, p < .001, d = 1.45; Block 3: t(13) = 3.75, p = .002, d = 
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Figure 3.12.  Accuracy (M ± SEM) for training phase: Experiment 2.  TD = Typically developing; 

ASD = Autism spectrum disorder. 
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1.00; Block 4: t(13) = 3.99, p = .002, d = 1.07).  Participants in the ASD group performed 

significantly above chance across the first three training blocks (Block 1: t(11) = 3.99, p = 

.002, d = 1.15; Block 2: t(11) = 3.68, p = .004, d = 1.06; Block 3: t(11) = 2.65, p = .022, d = 

0.77).  However, their performance during the fourth training block was not significantly 

higher than chance levels (t(11) = 1.86, p = .090, d = 0.54). 

3.10.2.3. Reaction time  

Mean reaction times for the correct trials of the structural discrimination task were 

compared across the four training blocks; the data are displayed in Table 3.18.  A 2 (Group) x 

4 (Block) mixed repeated measures ANOVA was used.  Mauchly’s test indicated that the 

assumption of sphericity had been violated (X²(5) = 36.51, p > .001), therefore degrees of 

freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = .52).  No 

significant interaction was found between Block x Group: F(1.57, 37.6) = 3.13, p = .067, ηp
2 

= .12, and there was no main effect of Group: F(1, 24) = 0.6, p = .446, ηp
2 = .02, or Block: 

F(1.57, 37.6) = 0.26, p = .722, ηp
2 = .01. 

Table 3.18.  Reaction times for correct trials of training phase: Experiment 2 (Means and Standard Deviations) 

Block TD (n = 14) ASD (n = 12) Cohen’s d 

1 2033.04 (468.44) 2341.32 (1079.52) 0.37 

2 2189.37 (766.56) 2164.04 (755.79) 0.03 

3 2607.8 (1439.45) 1888.66 (508.93) 0.67 

4 2606.88 (1616.2) 2042.01 (691.76) 0.45 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Reaction time (ms). 
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3.10.2.4. Number of attempts  

The mean number of attempts for the biconditional discrimination task were 

compared across the four training blocks.  The data are displayed in Table 3.19.  A 2 (Group) 

x 4 (Block) mixed repeated measures ANOVA was used.  No significant interaction was 

found between Block x Group: F(3, 72) = 0.62, p = .599, ηp
2 = .03.  There was also no 

significant main effect of Group: F(1, 24) = 2.20, p = .151, ηp
2 = .08.  However, the main 

effect of Block was found to be significant: F(3, 72) = 6.05, p = .001, ηp
2 = .20. 

Table 3.19.  Number of attempts per training block: Experiment 2 (Means and Standard Deviations) 

Block TD (n = 14) ASD (n = 12) Cohen’s d 

1 1.43 (.65) 1.83 (.84) 0.53 

2 1.64 (.84) 2.17 (.84) 0.63 

3 2.07 (.83) 2.50 (.80) 0.53 

4 2.29 (.91) 2.33 (.99) 0.04 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 

 

Figure 3.13.  Reaction times (M ± SEM) for correct trials of training phase: Experiment 2.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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3.10.3. Test phase 

3.10.3.1. Accuracy  

Mean accuracy scores during the test phase were compared across the two trial types 

(Familiar and Novel); the data are displayed in Table 3.20.  A 2 (Trial Type) x 2 (Group) 

mixed repeated measures ANOVA was used.  No significant interaction was found between 

Trial Type x Group: F(1, 24) = 2.78, p = .109, ηp
2 = .10.  There was no significant main 

effect of Trial Type: F(1, 24) = 0.19, p = .667, ηp
2 = .01.  The main effect of Group was also 

found to be non-significant: F(1, 24) = 0.03, p = .859, ηp
2 < .01. 

Table 3.20.  Accuracy scores for test phase: Experiment 2 (Means and Standard Deviations) 

 TD (n = 14) ASD (n = 12) Cohen’s d 

Familiar .67 (.28) .70 (.22) 0.12 

Novel .71 (.22) .64 (.25) 0.30 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 
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Figure 3.14.  Number of attempts (M ± SEM) for each training block of Experiment 2. 

TD = Typically developing; ASD = Autism spectrum disorder. 
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3.10.3.2. Accuracy compared to chance  

Additional tests were carried out to determine whether both groups’ performance was 

significantly above chance for both trial types during the test phase.  A one-sample t-test was 

carried out, with the chance level set at 0.5.  Participants in the TD group performed 

significantly above chance for both trial types (Familiar: t(13) = 2.26, p = .042, d = 0.6; 

Novel: t(13) = 3.56, p = .004, d = 0.95).  Participants in the ASD group performed 

significantly above chance only for the previously seen pairs (Familiar: t(11) = 3.15, p = 

.009, d = 0.91; Novel: t(11) = 1.93, p = .08, d = 0.56). 

3.10.3.3. Reaction time  

Mean reaction times for correct trials of the test phase of the structural discrimination 

task were compared; the data are displayed in Table 3.21.  A 2 (Group) x 2 (Trial Type) 

mixed repeated measures ANOVA was used.  No significant interaction was found between 

Trial Type x Group: F(1, 24) = 0.00, p = .971, ηp
2 < .01.  The main effects of Group and Trial 
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Figure 3.15.  Accuracy (M ± SEM) for test phase: Experiment 2.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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Type were also found to be non-significant: Group: F(1, 24) = 1.73, p = .201, ηp
2 = .07; Trial 

Type: F(1, 24) = 2.74, p = .111, ηp
2 = .10. 

Table 3.21.  Reaction times for correct trials of test phase: Experiment 2 (Means and Standard Deviations) 

 TD (n = 14) ASD (n = 12) Cohen’s d 

Familiar 2581.89 (1878.93) 1886.2 (854.14) 0.48 

Novel 2844.11 (1561.89) 2137.08 (954.17) 0.55 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Reaction time (ms). 

 

 

3.10.3.4. Correlations 

 Correlational data are presented in Table 3.22.  A significant positive correlation was 

found between age at test and performance, for only the TD group.  No correlation was found 

between severity of autism symptoms and performance of both groups.  Both groups’ non-

verbal ability was positively correlated with performance in both conditions.  No correlation 

was found between verbal ability and performance for both groups.  Performance on familiar 

and novel trials were positively correlated with each other. 

Figure 3.16.  Reaction times (M ± SEM) for correct trial of test phase: Experiment 2.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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Table 3.22.  Correlations between psychometric data and test phase (familiar and novel trials): Experiment 2 

 TD ASD Both 

 Familiar Novel Familiar Novel Familiar Novel 

Age (months) .61* .65* .12 .22 .22 .02 

SRS .18 .34* .01 -.03 .04 -.03 

NVA .83** .87** .68* .92** .71** .90** 

VA .51 .48 .04 -.22 .16 .12 

Familiar - .91** - .66* - .77** 

Novel . 91** -  .66* - .77** - 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Both = TD and ASD groups together; SRS = Social 

Responsiveness Scale (raw score); NVA = Non-verbal ability (Raven’s Coloured Progressive Matrices, raw score); VA = 

Verbal ability (British Picture Vocabulary Scale-III, raw score).  ** significant at p < .01; * significant at p < .05.   

 

3.11. Discussion: Experiment 2 

This study adapted a structural discrimination task from the non-human relational 

memory literature (Sanderson et al., 2006; Aggleton et al., 2007), for use with human 

participants.  This was a configural discrimination task, but unlike the biconditional 

discrimination task, contained an extra component.  The training pairs were mirror images of 

each other, and therefore contained identical elements, but each compound stimulus 

contained a different spatial arrangement of those elements.  This meant that awareness of the 

configuration of the stimuli was not sufficient to support performance; success was dependent 

on the participant’s awareness of the spatial arrangement of the stimuli.  Previous findings of 

patterns of impaired and intact performance in configural tasks in ASD and hippocampal 

damage led to the prediction that the performance of individuals with ASD would be 

significantly impaired during the novel trials of the test phase of the task.  

As with Experiment 1, a simple discrimination task was included as part of the main 

experiment; trials were randomly interspersed through the training and test phases.  Again, as 

success in this task was not dependent upon the awareness of any configural or structural 
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component to the reinforced stimuli, no differences between the groups were predicted, and 

the findings confirm this.  No interaction was found between block and group, and there was 

no significant difference found between the groups, demonstrating that, as with Experiment 

1, the ASD group was just as able as the TD group to discriminate between simple stimuli.  

The TD group performed the simple discrimination significantly above chance for all blocks, 

and the ASD group performed above chance for all except the first training block, indicating 

effective learning of the simple stimuli. 

A main effect of block was found, indicating that both groups became significantly 

more accurate at the simple discrimination task as the blocks went on.  There was also no 

difference between the groups in their reaction time, and no interaction between block and 

group.  However, a main effect of training block was found, demonstrating that both groups 

became faster at the simple discrimination as the blocks went on.  The increasing level of 

accuracy, and decreased reaction time across the blocks, indicates, as with the groups who 

participated in Experiment 1, a significantly increasing familiarity with the simple stimuli. 

During the training phase of the main experiment, participants were trained on pairs 

of stimuli that were mirror images of each other.  There were no group differences in the 

level of accuracy for the structural stimuli during this phase.  However, it was found that 

performance for both groups significantly decreased in accuracy as the blocks went on, 

reflecting the increase in the level of complexity as new pairs were added.  When comparing 

both groups’ performance to chance levels, it was found that the TD group performed 

significantly above chance levels across all training blocks.  However, during the fourth 

training block, in which all previously trained pairs were shown again, for four trials each, the 

ASD group did not perform significantly above chance levels.  No difference in reaction time 

was found between the groups, and no significant increase in reaction time for either group 
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across the training blocks, regardless of the level of complexity of the blocks.  There was also 

no significant difference found between the groups in the number of attempts taken for each 

training block, although it was found that both groups required significantly more attempts as 

the blocks went on. 

During the test phase, no significant difference was found between the groups in the 

level of accuracy, regardless of whether the stimuli were familiar or novel pairings.  For both 

groups, there was also no difference found in accuracy between the two trial types.  When 

comparing the level of accuracy to chance however, it was found that while both groups 

discriminated the familiar pairs significantly above chance level, participants in the ASD 

group performance at chance during the novel trials.  No group difference was found in 

reaction time during the test phase, as well as no difference in reaction time for both groups 

across both trial types.  In contrast with Experiment 1, analysis of correlational data found no 

relation between verbal ability and performance.  This may indicate that the structural 

discrimination stimuli were less verbalisable than the stimuli in Experiment 1, and therefore a 

higher level of verbal ability would not provide an inherent advantage to the task. 

3.12. Discussion: Experiments 1 and 2 

The current study adapted two tests of configural discrimination from studies of 

relational memory already carried out with non-human animals (Sanderson et al., 2006; 

Aggleton et al., 2007).  Experiment 1 administered a biconditional discrimination task to 

participants; to be successful in this task, an awareness of how the stimuli were configured 

(i.e. which elements made up the stimulus) was required.  Experiment 2 administered a 

structural discrimination task to participants; this task is a subset of configural discrimination, 

which like the biconditional discrimination task, requires an awareness of the configuration 

of stimuli but also includes a spatial component.  Both stimuli have the same configuration of 
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elements but are arranged differently spatially; to be able to correctly choose the reinforced 

stimulus, an awareness of this spatial arrangement is necessary.  This kind of task is thought 

to be processed by the hippocampus (Aggleton & Pearce, 2001), and led to the prediction for 

the current study that, as individuals with ASD have previously displayed a similar patterning 

of memory impairments as those with compromised hippocampal function, they would 

display intact performance in the biconditional discrimination task, while being significantly 

impaired in the structural discrimination task.  

The prediction for the biconditional discrimination task was partly confirmed.  During 

the training phase, the TD group was found to be significantly more accurate overall, 

although both groups were found to perform the discrimination significantly above chance.  

This shows that the ASD group, although displaying significantly poorer performance, were 

still able to learn the discrimination successfully.  The same pattern was found for the test 

phase of the biconditional discrimination task.  The TD group was found to be significantly 

more accurate overall, whilst both groups’ performance for familiar and novel trials was 

significantly above chance levels, indicating that the ASD group had sufficiently encoded the 

configuration of the stimuli to allow them to solve the task.  The discovery of a difference in 

the overall performance between the groups appears to contrast with findings from previous 

research with non-human animals, in which rats with hippocampal lesions were able to learn 

a biconditional discrimination at a comparable level to typical animals (Sanderson et al, 2006; 

Aggleton et al., 2007).  However, the current study’s finding that the ASD group performed 

the biconditional discrimination well above chance levels appears to support the prediction 

that individuals with ASD would be able to learn this discrimination, and use this information 

to solve the task. 
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In contrast, the findings from the structural discrimination task appear to conflict with 

predictions.  During the training phase, there was found to be no difference in performance 

between the groups.  However, whilst the TD group performed the discrimination well above 

chance levels for all the training blocks, the ASD group performed at chance for the final 

training block, suggesting that the ASD group were not able to learn the discrimination as 

readily.  During the test phase, no overall group differences were found, indicating that the 

ASD group had been sufficiently trained on the discriminations to be able to use the 

information during the test phase.  The finding that the ASD group performed at chance 

levels during the final training block is mitigated here by the finding that they performed the 

familiar trials during the test phase well above chance and at a level comparable with the 

performance of the TD group. 

Planned comparisons for the two trial types however highlighted a difference.  For the 

familiar trials (stimulus pairs on which they had been previously trained), both groups 

performed significantly above chance.  However, for the novel stimuli, (stimuli from the 

training phase which were re-paired to create new pairs), only the TD group performed 

significantly above chance.  This appears to indicate that, while the groups’ overall 

performance was at comparable levels, the ASD group seemed to display some difficulty 

with the novel pairs, and therefore were potentially less sensitive to the spatial component of 

the task.  

Participants were also presented with a concurrent test of simple discrimination which 

was interspersed throughout each main experiment.  This task required them to discriminate 

between simple stimuli, in the absence of any structural or configural component.  This was 

included to control for any potential difference in general visual discrimination of stimuli.  

Both groups displayed a similar level of ability in this task, indicating no problems with basic 
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visual discrimination for individuals with ASD and reduced language.  This demonstrated 

that any differences in accuracy for experimental trials could not be accounted for by 

differences in basic visual discrimination. 

The dissociation found in the correlational analysis of verbal ability and performance 

raises a question about the suitability of the methodology for use with human participants.  

Verbal ability was found to be related to performance in the biconditional discrimination task 

but not the structural discrimination task.  It may be that the stimuli in the biconditional 

discrimination task were more easily verbalisable, which placed the less-verbally able 

participants at a disadvantage from the beginning.  In contrast, the structural stimuli may have 

been more difficult to verbally label, as each compound stimulus contained identical 

elements, therefore placing both groups on a level footing, regardless of language ability.  In 

this way, it may be that the structural discrimination task was a more effective measure of 

relational memory across the spectrum, and that future research with human participants 

should look to administer tasks utilising more abstract stimuli. 

The findings from Experiments 1 and 2 demonstrate these tasks to be effective tests of 

relational memory, suitable for use with participants across the spectrum, due to the minimal 

verbal instructions involved.  However, the findings largely appear to contrast with the 

research from participants with hippocampal dysfunction, potentially indicating that 

individuals with ASD may not in fact be cognitively similar to those with hippocampal 

damage.  Despite this, the fact that the ASD participants performed at chance levels during 

the condition in which awareness of the spatial configuration was a factor in success, may 

point to hippocampal function in these individuals being more selectively compromised. 
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Chapter 4: Study 2: Transitive inference in ASD 

4.1 Introduction  

The characteristic memory patterning previously found in high-functioning 

individuals with ASD suggests that they have an impairment in relational memory.  As 

previous research has mostly been carried out using verbalisable material such as lists of 

words, the current study aimed to measure relational memory non-verbally in ASD.  This was 

done using a non-verbal test of relational memory, adapted from the non-human animal 

research, for use with human participants at any level of functioning.  The paradigm utilised 

in the current study was a test of transitive inference, which requires the flexible processing 

of relations between elements of visual stimuli, and which has been shown to be an effective 

non-verbal measure of hippocampal function.  

4.2 Transitive inference  

Transitive inference involves the encoding of the relationships between elements of 

visual stimuli in a flexible way, so that those relations can be subsequently utilised.  For 

example, if we learn that A > B, and B > C, we can infer that A > C.  The explicit ability to 

solve this kind of task has been demonstrated in typically-developing children from around 

age six (Wright & Smailes, 2015), but sensitivity to these kinds of relations has also been 

demonstrated in very young typically-developing children.  Mou, Province, and Luo (2014) 

administered a preferential looking task to sixteen-month old infants, to test their level of 

awareness of transitive relations.  Participants were presented with the experimenter who was 

sitting behind two objects, one red (A) and one yellow (B).  The experimenter reached for 

object A for multiple trials, thereby familiarising the participant to their preference for one of 

the two objects.  Object B was then paired with a green object (C), and the experimenter 
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reached for object B for multiple trials, familiarising the participant to their preference for 

one of those two objects.  After the familiarisation phase, a test phase was presented, pairing 

object A with object C.  This pair had not been previously seen together, but a correct 

inference about the experimenter’s preference between these two objects would lead to the 

expectation that the experimenter would choose A over C, as A was preferred over B, and B 

over C.  Typically-developing infants looked longer when the experimenter chose C over B, 

demonstrating that they were aware that this was an unexpected event, and therefore that they 

were aware of the specific relation between A > C. 

Evidence that the hippocampus has an important role in transitive inference ability has 

been shown in several studies with humans, including Nagode and Pardo (2002), who 

administered a transitive inference task to typical adults using pairs of faces whilst scanning 

them using PET, and demonstrated hippocampal activation during transitive inference.  In 

addition, Smith and Squire (2005), who trained typical adults and adults with hippocampal 

damage on pairs of Japanese symbols, found transitive inference performance to be impaired 

by hippocampal damage.  These findings are mirrored in the animal literature: Van Elzakker, 

O'Reilly, and Rudy (2003) found that whilst typical rats were able to solve a transitive 

inference task involving odour discrimination, rats with hippocampal damage were impaired 

at the same task.  Hippocampal lesions have also been found to disrupt the performance of 

pigeons in a transitive inference task involving visual stimuli (Lazareva, Kandray, & Acerbo, 

2015).  Despite other evidence demonstrating the rostro-lateral prefrontal cortex to be more 

strongly activated than the hippocampus during a visual transitive inference task (Wendelken 

& Bunge, 2010), it does appear that hippocampal damage has a detrimental effect on 

performance in this kind of task, which has led to the conclusion that the hippocampus 

supports the representational flexibility required to be successful at transitive inference. 
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 This kind of flexible cognition can also be seen to extend to the domain of social 

cognition, and transitive inference may be essential for success in social interactions.  For 

instance, for a successful social interaction to take place between a group of people, there 

must be a basic level of awareness of the relations between the people in the group (e.g. who 

already knows one another, whether anyone is socially dominant, what preferences people in 

the group may have etc.) (Rubin, Watson, Duff, & Cohen, 2014).  Evidence of awareness of 

these kinds of social relations has been found in early human development.  One-year old 

infants were shown videos depicting dominance interaction behaviour between three animal 

puppets.  They were then shown a video of an interaction between puppets that had been 

previously seen, but not together.  These interactions were either congruous or not with the 

original dominance interaction with which they were presented.  Infants looked significantly 

longer to the incongruous interactions, demonstrating their awareness of this as an 

unexpected event, and therefore of the social hierarchy of the puppets (Gazes, Hampton, & 

Lourenco, 2017).   

 Awareness of social relations has also been found to aid transitive inference in non-

human animals.  Maclean, Merritt, and Brannon (2008) administered a transitive inference 

task using visual stimuli to two different species of lemur: ringtailed lemurs, who are highly 

social animals, and less social mongoose lemurs.  The ringtailed lemurs’ performance was 

significantly better than that of the mongoose lemurs, which led to the conclusion that their 

superior performance occurred as a result of their high sociability.  This was also found by 

Bond, Wei, and Kamil (2010), who tested four different species of corvid on a visual 

transitive inference task.  Pinyon jays, who were the most social of the species tested, were 

found to be the most accurate on transitive pairs. 
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 Libben and Titone (2008) postulate two ways of solving the transitive inference task.  

One of these is by employing a conjunctive strategy, in which the entire hierarchy is encoded.  

Another way of solving these tasks is via an associative strategy, in which different 

associative strengths are assigned to the different stimuli, based on their position in the 

sequence.  This strategy would have the effect of making transitive pairs containing the end 

stimuli much easier than the middle pairs; for example in the A+E- pair, A is always 

reinforced and E is never reinforced, whereas in the B+D- pair, both stimuli have been 

equally reinforced (i.e. A+B-, but B+C-, and C+D-, but D+E-), causing both B and D to be 

assigned the same associative strength.  This means that investigation of the level of accuracy 

in the BD pair can potentially highlight the strategy being used by participants.   Typical 

adult humans have been found to use a conjunctive strategy in carrying out such tasks 

(Moses, Villate, & Ryan, 2006), whereas non-human animals tend to use an associative, pair-

by-pair strategy (von Fersen, Wynne, Delius, & Staddon, 1991), suggesting that language is 

important in the construction of hierarchical strategies.  This would suggest that individuals 

with reduced language abilities would also tend to use an associative strategy. 

Several studies demonstrate a link between transitive inference performance and 

ASD.  Solomon et al. (2015) carried out a transitive inference task with high-functioning 

adolescents with ASD, who were matched with typically-developing adolescents.  

Participants were trained on adjacent pairs of stimuli from an overall hierarchy consisting of 

coloured ovals, while they were scanned using fMRI.  The group with ASD were found to 

perform the task just as well as the typical group; however, results from fMRI showed that 

functional connectivity between the hippocampus and caudate was positively associated with 

transitive inference performance for only the ASD group.  Silverman, Gastrell, Karras, 

Solomon, and Crawley (2013) administered a transitive inference task to mice who had been 

bred as an animal model of ASD, in which adjacent pairs of visual stimuli were presented on 
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a touchscreen.  The ASD-model mice were able to learn the training pairs to a level 

comparable with that of a group of typical mice, but were found to be impaired in 

discriminating between the transitive pair A-E.  Solomon, Frank, Smith, Ly, and Carter 

(2011) found that high-functioning adults with ASD used a conjunctive strategy to solve a 

transitive inference task.  Although this appears to be in contrast with other findings from 

ASD, it may point to language ability in ASD as a mitigating factor in success on the task. 

The following study aimed to investigate whether the problems previously found with 

transitive inference in ASD are borne out in individuals with ASD and reduced language.  

Previous findings that transitive inference is diminished by hippocampal damage, along with 

the social difficulties seen in ASD, predicted diminished performance in transitive inference 

tasks in individuals with ASD.  Another prediction was that, in the event that they were able 

to solve a transitive inference task, individuals with ASD would not be as likely to develop a 

conjunctive strategy based on the overall hierarchy of the stimuli.   

4.3. Experiment 3: Transitive inference 

4.4. Method  

4.4.1. Participants  

A total of forty-nine school-aged children were recruited, comprising two groups.  

Twenty-five children (nineteen males and six females) aged between eleven and sixteen with 

an autism spectrum disorder were recruited from four special educational secondary schools 

in the London area.  All participants in this group had a confirmed diagnosis of an autism 

spectrum disorder, according to school records of each child’s statement of special needs.  

Where possible, this diagnosis was supported by scores obtained from completion by teachers 

of the Social Responsiveness Scale (SRS, Constantino, 2005).  Participants in this group also 
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had reduced language ability, which was confirmed by scores obtained from completion by 

the researcher of the British Picture Vocabulary Scale: Third Edition (BPVS-III, Dunn, Dunn, 

& Styles, 2009). 

To form the comparison group, twenty-four children (twelve boys and twelve girls) 

aged between six and eleven were recruited from two mainstream primary schools, also in the 

London area.  As reported by the schools, none of these children had any developmental or 

learning difficulties, which was confirmed by completion by teachers of the SRS, and 

displayed verbal ability within the typical range for their age; this was confirmed by 

completion by the researcher of the BPVS-III for each child. 

The study was approved by the City, University of London Ethics committee, and 

informed consent was obtained first from the headteacher of each participating school 

(Appendices 1 & 2), and then from each child’s parent or carer (Appendix 3).  Verbal assent 

was also obtained from each child before each testing session began. 

Typically-developing participants (TD group) were matched on non-verbal ability to 

participants with an autism spectrum disorder (ASD group), to within three points on Ravens 

Coloured Progressive Matrices (RCPM, Raven, 1958).  Independent t-tests were carried out 

using age and psychometric data from each group, which found no significant difference 

between the groups on non-verbal ability.  Significant differences were found between the 

groups on age and verbal ability.  Table 4.1 shows age and psychometric data for both 

groups. 
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Table 4.1. Participant characteristics: Experiment 3 (Means and Standard Deviations) 

 TD (n =24) ASD (n =25) t p Cohen’s d 

Age (months) 100.2 (14.13) 163.38 (14.3) -15.55 < .001 4.44 

   Range 83-131 142-190    

SRS 20.46 (15.16) 77.35 (22.28) -10.04 < .001 2.99 

   Range 0-62 36-111    

NVA 26.63 (5.42) 24.36 (5.77) 1.42 .163 0.41 

   Range 15-35 15-34    

   Percentile 48.79 (33.8) 12.57 (22.27)    

VA 108.5 (16.02) 79.36 (21.22) 5.41 < .001 1.55 

   Range 74-139 34-122    

   Percentile 49.92 (27.3) .57 (1.5)    

Note.  SRS = Social Responsiveness Scale (raw score), cutoff 70; NVA = Non-verbal ability (Raven’s Coloured Progressive 

Matrices, raw score); VA = Verbal ability (British Picture Vocabulary Scale-III, raw score). 

 

4.4.2. Materials and Design  

The stimuli used were based on a paradigm developed by Maclean et al. (2008).  The 

original study used a set of seven stimuli, which were presented in pairs, to create six training 

pairs.  However, the current study used only five of the original stimuli, to create four 

training pairs (Fig 4.1).  This was done to limit the time required for participants to 

concentrate on the experiment, particularly for those with attentional difficulties. 

The individual stimuli were presented as a pair on a white screen, using E-Prime 

software on a 15” Dell touchscreen laptop computer.  Pairs of stimuli were presented in 

sequential order.  Participants were required to find the “higher-ranked” of the pair by 

touching it on-screen (i.e. A > B, and B > C etc.).  If the “higher ranked” stimulus was 

chosen, positive feedback was given on-screen; specifically a “smiley face” was displayed.  If 

the “incorrect” stimulus was chosen however, negative feedback was displayed; this took the 

form of a “frowny face” (Fig 3.2).   
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A practice phase was given initially, to confirm that the instructions had been 

understood by the participant.  In the case of less verbally-able participants, this phase also 

served to model the required behaviour for them so that they could simply copy the 

experimenter, rather than having to process verbal instructions.  After this, three training 

blocks were presented; these increased in complexity with each block.  After the training 

blocks, one test block followed directly after.  Following the main transitive inference task, 

participants were also given a task to measure their awareness of the overall ordinal sequence 

of stimuli. 

Participants’ responses were collected via the touchscreen facility on the computer.  

During the training phase, accuracy, reaction time, and number of attempts were measured.  

During the test phase, accuracy and reaction time were measured.  During the test of 

awareness of the ordinal sequence, the distance from the actual position in the sequence was 

measured.  Data were analysed using SPSS 23.0. 

 

D E 

Example training pairs 

A B 

Ordinal sequence of stimuli 

A B C D E 

B D 

Example test pairs 

A E 

Figure 4.1.  Examples of stimuli, and training and test pairs.  A-E indicates hierarchical sequence.  Positive reinforcement was 

given for choosing the higher-ranking of the pair.   
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4.4.3. Procedure  

Participants were tested individually, as part of the normal school day, in a quiet room 

away from their usual classroom.  Participants sat in front of the computer screen and it was 

first confirmed that they were happy to begin the task.  Participants were provided with 

simple instructions about the task, which did not give them any information about the 

presence of an ordinal sequence: “You’ll see two pictures together - touching one of them 

will show you a smiley face and touching the other one will show a sad face, and you need to 

find the smiley”. 

On the first practice trial, the experimenter showed the participant how to register a 

choice of stimulus on the screen.  This was done by touching one of the images on the screen 

itself.  During the first practice trial, the experimenter purposefully touched the “incorrect” 

stimulus on the screen, and the negative feedback appeared on the screen.  The next practice 

trial was then displayed, however this time the experimenter purposefully chose the “correct” 

stimulus of the pair.  This procedure was carried out in order to observe that the participant 

fully understood the difference between positively and negatively reinforced stimuli.  On the 

third practice trial, the participant was encouraged to make the choice themselves.  If the 

participant correctly chose the reinforced stimulus, they were then encouraged to “find as 

many smileys as you can”.  If at this stage the participant did not fully understand the 

contingencies of the task, the main experiment did not begin and the testing session was 

terminated.  This did not occur with any participants from either group. 

When it had been confirmed that the participant was happy to continue, the main 

experiment began.  Three training blocks were presented.  The first training block consisted 

of adjacent pairs (A+B-, B+C-, C+D-, D+E-) presented sequentially for 8 trials each.  The 

left/right position of the stimuli were counterbalanced so that the positively reinforced 
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stimulus appeared on the left side and the right side an equal number of times.  A criterion of 

75% for each pair was set.  If this was attained on the first attempt, the next training block 

was started; if not, the same training block was presented again.  The experiment allowed 

participants to attempt each training block a maximum of three times before it continued 

automatically to the next block.  The second training block consisted of a slightly more mixed 

presentation: the first two pairs (A+B- & B+C-) were presented in a random order for 16 

trials, and then the next two pairs (C+D- & D+E-) were presented in a random order for 16 

trials.  The criterion was again set at 75% for each pair, with the block repeated twice more if 

this was not attained.  For the third training block, all four pairs of stimuli were presented in a 

random order; again, the criterion was set at 75%, and the block repeated twice more if this 

was not attained. 

After the training phase was completed, the test phase began directly after it; this 

consisted of a total of 20 trials.  During this block, each previously seen pair of stimuli 

(“Adjacent”) was presented for 2 trials.  Participants were also presented with 12 trials of 

previously unseen pairs of stimuli.  These were made up of previously trained individual 

stimuli, which were re-paired to create “Non-adjacent” or “transitive” stimuli (A+C-, A+D-, 

A+E-, B+D-, B+E-, C+E-).   

Figure 4.2.  Presentation of stimuli during ordinal sequence 

task: Experiment 3.  
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On-screen feedback during the test phase was given in the same way as the training 

phase.  Participants were also given verbal encouragement throughout the task.  After the 

main task, the test of awareness of the ordinal sequence was presented.  All the pictures were 

shown together on the screen (Fig 4.2), and participants were asked to “put them in order”, by 

touching each picture on the screen, from A to E.  Touching a picture would make it 

disappear from the screen.  Participants did this until no pictures were left on-screen.  

4.5. Results  

4.5.1. Training blocks 

4.5.1.1. Accuracy  

Mean accuracy scores were compared across the three training blocks.  The data are 

displayed in Table 4.2.  A 2 (Group) x 3 (Block) mixed repeated measures ANOVA was 

used.  Mauchly’s test indicated that the assumption of sphericity had been violated (X²(2) = 

9.58, p = .008), therefore degrees of freedom were corrected using Greenhouse-Geisser 

estimates of sphericity (ε = .84).  No significant interaction was found between Block x 

Group: F(1.68, 79.12) = 0.64, p = .504, ηp
2 = .01.  However, there was a significant main 

effect of Group: F(1, 47) = 5.55, p = .023, ηp
2 = .11.  There was also a significant main effect 

of Block: F(1.68, 79.12) = 30.78, p < .001, ηp
2 = .40.  

Table 4.2.  Accuracy scores for training phase: Experiment 3 (Means and Standard Deviations) 

Block TD (n = 24) ASD (n = 25) Cohen’s d 

1 .95 (.04) .89 (.10) 0.79 

2 .83 (.14) .73 (.16) 0.67 

3 .78 (.19) .73 (.18) 0.27 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 
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4.5.1.2. Accuracy compared to chance  

Additional tests were carried out to determine whether performance was significantly 

above chance across the training blocks.  A one-sample t-test was carried out, with the chance 

level set at 0.5.  Participants in the TD group performed significantly above chance in all 

training blocks (Block 1: t(23) = 54.53, p < .001, d = 11.13; Block 2: t(23) = 11.88, p < .001, 

d = 2.43; Block 3: t(23) = 7.3, p < .001, d = 1.49).  Participants in the ASD group also 

performed significantly above chance across all the blocks (Block 1: t(24) = 19.46, p < .001, 

d = 3.89; Block 2: t(24) = 7.0, p < .001, d = 1.4; Block 3: t(24) = 6.2, p < .001, d = 1.24). 

4.5.1.3. Reaction time  

Mean reaction times for correct trials were compared across the three training blocks; 

the data are displayed in Table 4.3.  A 2 (Group) x 3 (Block) mixed repeated measures 

ANOVA was used.  Mauchly’s test indicated that the assumption of sphericity had been 

violated (X²(2) = 18.78, p < .001), therefore degrees of freedom were corrected using 
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Figure 4.3.  Accuracy (M ± SEM) for training blocks: Experiment 3.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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Greenhouse-Geisser estimates of sphericity (ε = .75).  A significant interaction was found 

between Block x Group: F(1.5, 70.4) = 4.68, p = .020, ηp
2 = .09.  There was also a significant 

main effect of Group: F(1, 47) = 12.29, p = .001, ηp
2 = .21, and a significant main effect of 

Block: F(1.5, 70.4) = 17.3, p < .001, ηp
2 = .27.  Due to the interaction found, post-hoc tests 

were carried out.  Independent t-tests were used to compare the reaction times for each 

training block.  There was no significant difference in reaction time for the first training 

block: t(47) = 1.77, p = .082, d = 0.51.  There was a significant difference in reaction time for 

the last two training blocks: Block 2: t(47) = 3.46, p = .001, d = 0.99; Block 3: : t(47) = 3.13, 

p = .003, d = 0.89. 

Table 4.3.  Reaction times for correct trials of training phase: Experiment 3 (Means and Standard Deviations) 

Block TD (n = 24) ASD (n = 25) Cohen’s d 

1 1811.7 (313.03) 1595.64 (510.37) 0.51 

2 2401.75 (664.66) 1779.47 (594.39) 0.99 

3 2723.36 (1082.3) 1884.07 (776.28) 0.89 

Note.  TD = Typically developing; ASD = Autism spectrum disorder.  Reaction time (ms).  

 

 

 

Figure 4.4.  Reaction times (M ± SEM) for correct trials: training blocks of Experiment 3.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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4.5.1.4. Number of attempts  

The mean number of attempts were compared across the three training blocks.  The 

data are displayed in Table 4.4.  A 2 (Group) x 3 (Block) mixed repeated measures ANOVA 

was used.  Mauchly’s test indicated that the assumption of sphericity had been violated (X²(2) 

= 46.88, p < .001), therefore degrees of freedom were corrected using Greenhouse-Geisser 

estimates of sphericity (ε = .61).  No significant interaction was found between Block x 

Group: F(1.22, 57.35) = 0.36, p = .591, ηp
2 = .01, and there was no main effect of Group: 

F(1, 47) = 1.06, p = .307, ηp
2 = .02.  However, there was a significant main effect of Block: 

F(1.22, 57.35) = 54.65, p < .001, ηp
2 = .54. 

Table 4.4.  Number of attempts per training block: Experiment 3 (Means and Standard Deviations) 

Block TD (n = 24) ASD (n = 25) Cohen’s d 

1 1.02 (.07) 1.09 (.19) 0.49 

2 1.40 (.36) 1.62 (.39) 0.59 

3 2.08 (.97) 2.16 (.90) 0.09 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 
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Figure 4.5.  Number of attempts (M ± SEM) for each training block of Experiment 3. 

TD = Typically developing; ASD = Autism spectrum disorder. 
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4.5.2. Training pairs 

4.5.2.1. Accuracy  

Mean accuracy scores were compared for the four training pairs.  The data are 

displayed in Table 4.5.  A 2 (Group) x 3 (Pair) mixed repeated measures ANOVA was used.  

No significant interaction was found between Block x Pair: F(3, 141) = 0.30, p = .817, ηp
2 = 

.01.  As previously reported, there was a significant main effect of Group: F(1, 47) = 5.55, p 

= .023, ηp
2 = .11.  There was also a significant main effect of Pair: F(3, 141) = 16.00, p < 

.001, ηp
2 = .25.  

Table 4.5.  Accuracy scores for training pairs: Experiment 3 (Means and Standard Deviations) 

Pair TD (n = 24) ASD (n = 25) Cohen’s d 

AB .89 (.09) .82 (.15) 0.57 

BC .82 (.14) .77 (.12) 0.38 

CD .80 (.17) .71 (.15) 0.56 

DE .91 (.13) .83 (.16) 0.55 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 
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Figure 4.6.  Accuracy (M ± SEM) for training pairs: Experiment 3.  

TD = Typically developing; ASD = Autism spectrum disorder. 
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4.5.2.2. Reaction time  

Mean reaction times for correct trials were compared for the four training pairs; the 

data are displayed in Table 4.6.  A 2 (Group) x 4 (Pair) mixed repeated measures ANOVA 

was used.  Mauchly’s test indicated that the assumption of sphericity had been violated (X²(5) 

= 23.57, p < .001), therefore degrees of freedom were corrected using Greenhouse-Geisser 

estimates of sphericity (ε = .81).  No significant interaction was found between Pair x Group: 

F(2.42, 113.8) = 2.89, p = .050, ηp
2 = .06.  There was a significant main effect of Group: F(1, 

47) = 12.29, p = .001, ηp
2 = .21, and a significant main effect of Pair: F(2.42, 113.8) = 9.81, p 

< .001, ηp
2 = .17.   

Table 4.6.  Reaction times for correct trials of training pairs: Experiment 3 (Means and Standard Deviations) 

Block TD (n = 24) ASD (n = 25) Cohen’s d 

AB 2017.65 (404.29) 1785.07 (604.08) 0.45 

BC 2670.59 (1062.43) 1888.48 (636.2) 0.89 

CD 2485.73 (864.81) 1809.41 (850.2) 0.79 

DE 2075.12 (459.85) 1529.27 (449.77) 1.20 

Note.  TD = Typically developing; ASD = Autism spectrum disorder.  Reaction time (ms).  

 

  

Figure 4.7.  Reaction times (M ± SEM) for correct trials of training pairs: Experiment 3.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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4.5.3. Test phase 

4.5.3.1. Accuracy 

The effect of trial type and test pair on mean accuracy scores was first examined.  Due 

to the existence of unequal numbers of pairs for each trial type (i.e. four adjacent and six 

transitive pairs), the normal SPSS repeated measures procedure could not be used.  Here the 

suggestion of IBM Support ‘How to specify an ANOVA model in SPSS with nested repeated 

measures factors’ (http://www-01.ibm.com/support/docview.wss?uid=swg21480571) was 

used, which yielded a significant three-way interaction: F(1, 470) = 2.41, p = .001, ηp
2 = .09.  

Subsequent analyses of two-way interactions and main effects were carried out using 

standard methods. 

4.5.3.2. Trial type: Accuracy 

Mean accuracy scores were compared for the two trial types, Adjacent and Transitive.  

The data are displayed in Table 4.7.  A 2 (Group) x 2 (Trial Type) mixed repeated measures 

ANOVA was used.  No significant interaction was found between Trial Type x Group: F(1, 

47) = 0.01, p = .921, ηp
2 < .01, and there was no significant effect of Trial Type: F(1, 47) = 

0.72, p = .401, ηp
2 = .02.  However, there was a significant effect of Group: F(1, 47) = 4.78, p 

= .034, ηp
2 = .10. 

Table 4.7.  Accuracy scores for test phase: Experiment 3 (Means and Standard Deviations) 

 TD (n = 24) ASD (n = 25) Cohen’s d 

Adjacent .77 (.17) .66 (.24) 0.53 

Transitive .80 (.18) .68 (.22) 0.60 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 

 

 

http://www-01.ibm.com/support/docview.wss?uid=swg21480571
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4.5.3.3. Trial type: Accuracy compared to chance 

Additional tests were carried out to determine whether the performance was 

significantly above chance for both groups for the two trial types.  A one-sample t-test was 

used, with the chance level set at 0.5.  Participants in the TD group performed significantly 

above chance for both trial types (Adjacent: t(23) = 7.47, p < .001, d = 1.53; Transitive: t(23) 

= 8.08, p < .001, d = 1.65).  Participants in the ASD group also performed significantly above 

chance for both trial types (Adjacent: t(24) = 3.29, p = .003, d = 0.66; Transitive: t(24) = 

4.26, p < .001, d = 0.85). 

4.5.3.4. Test pairs: Accuracy 

Mean accuracy scores were compared for the test pairs.  The data are displayed in 

Table 4.8.  A 2 (Group) x 10 (Pair) mixed repeated measures ANOVA was used.  Mauchly’s 

test indicated that the assumption of sphericity had been violated (X²(44) = 63.95, p = .027), 

therefore degrees of freedom were corrected using Greenhouse-Geisser estimates of 
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Figure 4.8.  Accuracy (M ± SEM) for test phase: Experiment 3.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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sphericity (ε = .76).  No significant interaction was found between Pair x Group: F(6.84, 

321.65) = 0.52, p = .817, ηp
2 = .01.  There was a significant main effect of Group: F(1, 47) = 

4.85, p = .033, ηp
2 = .09, and a significant main effect of Pair: F(6.84, 321.65) = 4.01, p < 

.001, ηp
2 = .08. 

Table 4.8.  Accuracy scores for test pairs: Experiment 3 (Means and Standard Deviations) 

Pair TD (n = 24) ASD (n = 25) Cohen’s d 

AB .90 (.25) .72 (.38) 0.56 

BC .67 (.41) .62 (.39) 0.12 

CD .63 (.42) .60 (.41) 0.07 

DE .88 (.30) .70 (.41) 0.50 

AC .73 (.42) .68 (.32) 0.13 

AD .73 (.33) .62 (.39) 0.30 

AE .88 (.22) .82 (.32) 0.23 

BD .65 (.43) .56 (.30) 0.24 

BE .90 (.25) .72 (.29) 0.66 

CE .90 (.21) .70 (.38) 0.65 

Note.  TD = Typically developing; ASD = Autism spectrum disorder. 
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Figure 4.9.  Accuracy (M ± SEM) for adjacent pairs of test phase: Experiment 3.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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4.5.3.5. Test pairs: Accuracy compared to chance 

Additional tests were carried out to determine whether performance for the test pairs 

was significantly above chance for both groups.  A one-sample t-test was used, with the 

chance level set at 0.5.  Participants in the TD group performed significantly above chance 

for the adjacent AB and DE pairs (AB: t(23) = 7.62, p < .001, d = 1.56; DE: t(23) = 6.04, p < 

.001, d = 1.23), but performed at chance level for BC and CD pairs (BC: t(23) = 2.00, p = 

.057, d = 0.41; CD: t(23) = 1.45, p = .162, d = 0.30).  Participants in the ASD group also 

performed significantly above chance for the adjacent AB and DE pairs (AB: t(24) = 2.86, p 

= .009, d = 0.57; DE: t(24) = 2.45, p = .022, d = 0.49), but performed at chance level for BC 

and CD pairs (BC: t(24) = 1.54, p = .136, d = 0.31; CD: t(24) = 1.23, p = .233, d = 0.24). 

Participants in the TD group performed significantly above chance for all transitive 

pairs other than the BD pair (AC: t(23) = 2.70, p = .013, d = 0.55; AD: t(23) = 3.41, p = .002, 

d = 0.70; AE: t(23) = 8.31, p < .001, d = 1.70; BD: t(23) = 1.66, p = .110, d = 0.34; BE: t(23) 
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Figure 4.10.  Accuracy (M ± SEM) for transitive trials of test phase: Experiment 3.   

TD = Typically developing; ASD = Autism spectrum disorder. 
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= 7.62, p < .001, d = 1.56; CE: t(23) = 9.35, p < .001, d = 1.91).  Participants in the ASD 

group performed significantly above chance for all transitive pairs other than the AD and BD 

pairs (AC: t(24) = 2.82, p = .009, d = 0.56; AD: t(24) = 1.54, p = .136, d = 0.31; AE: t(24) = 

5.02, p < .001, d = 1.00; BD: t(24) = 1.00, p = .327, d = 0.20; BE: t(24) = 3.77, p = .001, d = 

0.75; CE: t(24) = 2.62, p = .015, d = 0.52). 

4.5.3.6. AE pair compared to BD pair 

The outer transitive pair, A+E-, was compared to the inner pair, B+D-.  A 2 (Group) x 

2 (Pair) mixed repeated measures ANOVA was used.  No significant interaction was found 

between Pair x Group: F(1, 47) = 0.06, p = .801, ηp
2 < .01.  There was no significant main 

effect of Group: F(1, 47) = 1.00, p = .322, ηp
2 = .02.  However, there was a significant effect 

of Pair: F(1, 47) = 16.11, p < .001, ηp
2 = .26. 

4.5.3.7. BD pair 

Accuracy for the two groups on the middle B+D- pair was compared using an 

independent t-test.  There was no significant difference found between the groups: t(47) = 

0.81, p = .420, d = 0.23. 

4.5.3.8. Reaction time 

The effect of trial type and test pair on mean reaction time scores for correct trials was 

examined.  The data are displayed in Table 4.9.  Due to the existence of unequal numbers of 

pairs for each trial type (i.e. four adjacent and six transitive pairs), the normal SPSS repeated 

measures procedure could not be used.  As with the analysis of accuracy data, the suggestion 

of IBM Support ‘How to specify an ANOVA model in SPSS with nested repeated measures 

factors’ (http://www-01.ibm.com/support/docview.wss?uid=swg21480571) was used, which 

http://www-01.ibm.com/support/docview.wss?uid=swg21480571
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yielded no significant three-way interaction: F(1, 470) = 1.38, p = .129, ηp
2 = .05; therefore 

no subsequent analyses were carried out. 

Table 4.9.  Reaction times for correct adjacent trials: Experiment 3 (Means and Standard Deviations) 

Pair TD (n = 24) ASD (n = 25) Cohen’s d 

AB 2543.04 (2590.07) 1991.3 (1898.66) 0.24 

BC 2816.77 (1572.17) 2348.54 (2259.94) 0.24 

CD 2824.69 (2086.11) 2905.0 (3203.49) 0.03 

DE 3016.38 (1712.45) 1837.5 (1165.31) 0.80 

AC 2933.81 (1784.18) 2211.88 (2867.43) 0.30 

AD 2533.25 (2091.98) 2200.18 (1549.46) 0.18 

AE 2409.23 (1920.59) 1633.76 (1278.87) 0.48 

BD 3316.33 (2254.9) 2069.42 (1379.97) 0.67 

BE 2700.38 (1737.94) 1557.32 (684.4) 0.87 

CE 3259.44 (1702.59) 2902.82 (4423.72) 0.11 

Note.  TD = Typically developing; ASD = Autism spectrum disorder.  Reaction time (ms).  

 

4.5.4. Awareness of ordinal sequence 

4.5.4.1. Accuracy  

Mean accuracy scores were compared for distance of stimuli from actual position in 

the ordinal sequence.  The data are displayed in Table 4.10.  A 2 (Group) x 5 (Position) 

mixed repeated measures ANOVA was used.  Mauchly’s test indicated that the assumption of 

sphericity had been violated (X²(9) = 26.78, p = .002), therefore degrees of freedom were 

corrected using Greenhouse-Geisser estimates of sphericity (ε = .81).  No significant 

interaction was found between Position x Group: F(3.23, 151.86) = 2.00, p = .111, ηp
2 = .04.  

However, there was a significant effect of Position: F(3.23, 151.86) = 3.51, p = .014, ηp
2 = 

.07, and also a significant effect of Group: F(1, 47) = 11.16, p = .002, ηp
2 = .19. 
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Table 4.10.  Awareness of ordinal sequence: Experiment 3 (Means and Standard Deviations) 

 TD (n = 24) ASD (n = 25) Cohen’s d 

A 0.67 (1.17) 2.00 (1.56) 0.96 

B 0.88 (1.00) 1.44 (1.16) 0.52 

C 0.54 (0.66) 0.88 (0.83) 0.45 

D 1.04 (1.08) 1.52 (0.96) 0.47 

E 0.58 (1.18) 1.32 (1.35) 0.58 

Note.  TD = Typically developing; ASD = Autism spectrum disorder.   

Distance from actual position in ordinal sequence. 

 

 

 

 4.5.5. Correlations 

 Correlational data are presented in Table 4.11.  Analysis of each group separately 

revealed no correlations.  Analysis of both groups together revealed no correlations between 

age at test and performance for the adjacent or transitive pairs.  However, a significant 

positive correlation was found between age at test and performance for the ordinal sequence 

task, with older participants tending to score more highly (indicating poorer performance).  
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Figure 4.11.  Accuracy (M ± SEM) for ordinal sequence task: Experiment 3.  TD = Typically 

developing; ASD = Autism spectrum disorder.  Distance = distance from actual position in the 

sequence.  Position = actual position in the sequence.  
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No correlations were found between either severity of autism symptoms, or non-verbal 

ability, and performance on adjacent or transitive pairs, or the ordinal sequence task.  Verbal 

ability was also not correlated with performance on the adjacent or transitive pairs but was 

found to be significantly negatively correlated with performance on the ordinal sequence 

task; participants with higher scores on the BVPS-III obtained lower scores on the ordinal 

sequence task (indicating more accurate performance). 

 

Table 4.11.  Correlations between psychometric data and test phase (adjacent and transitive trials): Experiment 3 

 TD ASD Both 

 Adj Trans Dist Adj Trans Dist Adj Trans Dist 

Age (months) -.02 .13 -.14 .21 .36 -.31 -.18 -.15 .32* 

SRS .03 -.06 -.07 .06 .42 -.29 -.14 -.11 .26 

NVA .08 .03 -.30 -.12 -.05 .07 .01 .04 -.19 

VA .12 -.18 -.33 .06 -.04 -.03 .21 .10 -.39** 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Both = TD and ASD groups together; SRS = Social 

Responsiveness Scale (raw score); NVA = Non-verbal ability (Raven’s Coloured Progressive Matrices, raw score); VA = 

Verbal ability (British Picture Vocabulary Scale-III, raw score); Adj = Adjacent trials; Trans = Transitive trials; Dist = 

Distance from actual position.  ** significant at p < .01; * significant at p < .05.   

 

4.6. Discussion 

Experiment 3 adapted a test of relational memory, the transitive inference task, in 

order to test relational memory in children with ASD and reduced language.  Participants 

were presented with pairs of stimuli in sequential order and were required to choose the 

“higher-ranked” of the two; this stimulus of the pair was positively reinforced on-screen.  

Four adjacent pairs of stimuli were presented during the training phase.  After training was 

completed, participants were presented with a test phase in which the previously seen 

adjacent stimuli were re-paired to create new, non-adjacent pairs which required inference 

from the adjacent pairs about the relations between them to solve.  Participants were required 
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to use knowledge gained during the training phase about which stimulus of an adjacent pair 

was positively reinforced. 

Accuracy for the training blocks was compared, which found that while the TD group 

was significantly more accurate overall, both groups became significantly less accurate across 

the blocks, indicating that both groups found the task more difficult as the trials became more 

randomly interspersed.  However, it was still found that both groups performed significantly 

above chance across all the training blocks.  Analysis of reaction time demonstrated that the 

TD group took significantly longer to respond overall than the ASD group, with this 

difference being more pronounced in the two final training blocks.  It was also found that 

both groups’ reaction time increased as the blocks went along.  No significant differences 

were found between the groups in the number of attempts required to reach criterion at each 

block: both groups required significantly more attempts as the training blocks went on, 

reflecting the increasing difficulty of the training phase.  Analysis of the individual training 

pairs was also carried out.  Overall, the TD group was significantly more accurate at the 

training pairs, although it was shown that both groups were significantly less accurate for the 

middle pairs (BC and CD). 

For the test phase, a significant three-way interaction between trial type, test pair, and 

group led to subsequent analyses.  It was demonstrated that the TD group’s performance was 

significantly more accurate overall than the ASD group, regardless of whether the stimuli 

were adjacent or transitive.  However, a significant effect of test pair indicated that both 

groups found certain pairs more difficult than others.  Analysis was therefore carried out to 

compare the performance on the test pairs to chance level.  During the adjacent trials, it was 

found that both the TD group and the ASD group performed significantly above chance for 

pairs containing end stimuli (i.e. AB and DE), but performed at chance for the two inner pairs 
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(BC and CD).  During the transitive trials, the TD group performed significantly above 

chance for all but the BD pair, whereas the ASD group performed significantly above chance 

for all but the AD and BD pairs.  Performance of the groups on specific transitive pairs was 

also compared; performance for the “outer” pair (AE) was compared to that of the “inner” 

pair (BD).  No overall group difference was found, but it was shown that both groups 

performed significantly more accurately for the “outer” pair. 

The end task was included as a measure of whether participants had been aware of the 

overall ordinal sequence of the stimuli.  All the pictures were presented, and participants were 

required to put them in order on the screen.  The distance from the actual position in the 

sequence was compared between the groups; the TD group was found to be significantly 

more accurate overall, and it was also found that both groups were more accurate with the 

end stimuli.  

When considering these findings alongside previous research, several interesting 

issues arise.  Analysis of the training phase showed that although the performance of the TD 

group was significantly more accurate overall, the ASD group were still able to perform 

significantly above chance, indicating that they were able to learn the training pairs 

effectively.  Despite this, both groups appeared to find the task more difficult as the training 

blocks continued.  This was also reflected in the significantly increased reaction time and 

number of attempts required for both groups.  The first training block presented the stimuli in 

sequential order, the second presented the stimuli in a slightly more random order, and the 

third training block presented all adjacent stimulus pairs in random order.  This pattern of 

behaviour for both groups across the blocks may therefore indicate that they were not fully 

aware of the overall ordinal sequence before the trials were presented in random order.  This 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

133 
 

contrasts with the prediction that the TD group would be aware of the ordinal sequence, 

whereas the ASD group would be unaware. 

This pattern of results was mirrored in the test phase; the performance of the TD 

group was significantly more accurate overall.  This appears to partially fit with previous 

research from the animal literature, showing that more social animals perform significantly 

more accurately in transitive inference tasks (Maclean et al., 2008; Bond et al., 2010).  

Despite this, both groups performed well above chance overall for the adjacent and transitive 

trial types, which contrasts with previous research findings in which transitive inference was 

impaired in ASD (e.g. Silverman et al., 2013). 

Further analysis of the individual pairs was indicative of the strategies each group 

may have been using to solve the task.  During the training phase, it was found that both 

groups found the middle pairs (BC & CD) significantly more difficult.  This would appear to 

suggest that both groups were using an associative strategy rather than encoding the entire 

ordinal sequence in memory; an associative strategy predicts a higher difficulty for middle 

pairs, due to the individual stimuli being reinforced and non-reinforced an equal number of 

times.  This was also found in the test phase, in which performance on the extreme end pair 

(AE) was compared to that of the extreme inner pair (BD).  Use of a flexible relational 

strategy predicts that there would be no difference in performance on these two pairs, as the 

entire stimulus sequence has been encoded, whereas use of an associative strategy predicts 

performance at chance for the inner pair.  Both groups were significantly more accurate on 

the AE pair, and both performed at chance for the BD pair; therefore it can be inferred that 

both groups were using an associative strategy.  This went against expectation for the 

typically-developing participants, who were predicted to use a flexible relational strategy.  It 

also seems to fit with previous research that showed that awareness of relations between 
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object pairs was only adult-like at age ten (Townsend, Richmond, Vogel‐Farley, & Thomas, 

2010), although analysis of the end task given to participants demonstrated that the TD group 

were significantly more aware of the overall ordinal sequence. 

The findings from the ASD group would appear to confirm the prediction that 

individuals with ASD and reduced language do use an associative strategy to solve a 

transitive inference task (e.g. Wynne et al., 1995).  The findings also fit with previous 

research linking the activity of the hippocampus in individuals with ASD with transitive 

inference abilities (Solomon et al., 2015).  These findings contrast with research from high-

functioning adults with ASD, who were able to use a flexible relational strategy to solve the 

transitive inference task (Solomon et al., 2011).  However, it suggests that language may be 

an important factor in strategy choice for this task.  In the comparison of performance for the 

end task, in which participants were asked to rearrange the previously seen pictures in order, 

the ASD group were found to be significantly less accurate at reconstructing the overall order 

of the stimuli, which may suggest that although not adult-like in their transitive inference 

abilities, typically-developing children may use higher-order inferential reasoning to solve 

the task, and is consistent with the idea that language is important in the construction of 

relational strategies. 
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Chapter 5: Study 3: Visual paired comparison in Autism Spectrum Disorder 

5.1. Introduction 

The aim of this study was to employ a non-verbal method of measuring relational 

binding, in order to examine whether there are any differences between individuals with ASD 

and typical individuals in the way relational stimuli are visually explored.  This was done 

with a preferential looking task, or visual paired comparison task, which simply involves 

measuring looking behaviour, without any directions to memorise information, or 

administration of an explicit recognition task.  In this way it should be possible to investigate 

the relational memory of both individuals who are verbally-able, and those who are less so, 

thereby bringing together more coherently the findings of impairments in the domain of 

relational binding in those with ASD. 

5.2. Visual paired comparison 

Awareness of the way a pair of presented stimuli relate to each other can be 

investigated by testing visual novelty preference.  In a typical example of this kind of task, a 

single object is presented, and then after a short delay that same object is presented again 

alongside a completely new object.  If there is recognition of which stimulus is old and which 

is new, a novelty preference will be demonstrated, in which participants will look 

significantly longer at the new stimulus (Slater & Bremner, 2003, p.117).  This awareness has 

been demonstrated in the earliest months of life; Fantz (1964) presented a pair of stimuli ten 

times in succession to typically-developing infants aged between two and four months old.  

Each trial consisted of one pattern that stayed constant across all the trials, and one pattern 

that was completely new for each trial.  Corneal reflections were measured to determine 

which of the pair was being fixated on, and it was found that the infants fixated on the novel 
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pattern for significantly longer than the constant, thereby indicating recognition of a familiar 

stimulus and therefore longer exploration of a novel stimulus. 

In a similar study, three-month old participants were shown a pair of stimuli, then one 

of the pair was shown on its own for a familiarisation period.  After this the pair was shown 

again, and the looking time measured and compared to the looking time during the first 

presentation of the pair.  The study found that the stimulus which was not used for the 

familiarisation period was looked at for longer.  Although this study did not use a completely 

novel stimulus as one of the pair at the end of the familiarisation period, it does display a kind 

of novelty preference, in that the infants habituated to a single stimulus, and the less familiar 

stimulus elicited increased looking time when the pair were seen together again (Saayman, 

1964).  A novelty preference will usually be demonstrated regardless of whether the 

background on which the stimulus is presented stays the same or changes between 

familiarisation and test (Milewski & Siqueland, 1975) (although see Jones, Pascalis, Eacott, 

& Herbert, 2011). 

The current study assessed the incidental encoding and retrieval of the arbitrary 

association between an item and the context in which it is presented.  Performance on this 

kind of task has been shown to be adversely affected in a human participant with discrete 

hippocampal damage (Pascalis, Hunkin, Holdstock, Isaac, & Mayes, 2004).  Pascalis, 

Hunkin, Bachevalier, and Mayes (2009) also investigated novelty preference in rhesus 

monkeys; the eye movements of a group of typically-developed monkeys were compared to 

those of hippocampally-damaged monkeys.  When the background on which the stimuli were 

presented stayed the same between familiarisation and test, both groups showed a similar 

novelty preference.  However, only the typically-developed monkeys showed a novelty 

preference when the background changed between familiarisation and recognition; the 
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hippocampally-damaged monkeys tended to look at each stimulus in the pair for 

approximately the same amount of time.  This appeared to show that when these monkeys 

saw a familiar stimulus against a new background, it was perceived as a completely new 

stimulus.  Within the same study, the task was also carried out with a human participant who 

had hippocampal damage, and the results were compared to those of a group of matched 

participants.  The same pattern of results was found: the comparison group showed a 

significant novelty preference in both conditions, whereas the hippocampally-damaged 

participant showed a novelty preference only when the background stayed the same (Pascalis 

et al., 2009). 

Eichenbaum, Yonelinas, and Ranganath (2007) assert that the hippocampus processes 

two sets of converging information from 1) the perirhinal and lateral entorhinal cortices, 

which process information about a stimulus, and 2) the parahippocampal and medial 

entorhinal cortices, which process information about the context in which the stimulus is 

presented.  The hippocampus is responsible for encoding information about both sets of 

information.  Pascalis et al.’s (2004) study appears to support this assertion.  The perirhinal 

cortex, which was intact in both the hippocampally-damaged human and the monkeys, 

appeared to be sufficient to enable recognition in the same-context condition, where a fused, 

inflexible representation was adequate to enable recognition of a stimulus in the same 

context.  However, since it does not allow for a flexible representation of the item and 

context, the perirhinal cortex was not able to support recognition of the item in the different-

context condition.  This appeared to indicate that participants with damaged hippocampi were 

processing the stimulus as a whole; the background and object appeared to constitute an 

inflexible, fused representation, which meant that when only the background was changed, 

the stimulus was viewed as completely novel, even though one element of it (the object) had 

been seen before.  In contrast, typical individuals appear to process the object and 
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background flexibly and are able to represent the discrete parts of the stimulus together, as 

well as separately.  As the hippocampally-damaged monkeys did not show this novelty 

preference when the background changed, the authors concluded that these findings upheld 

the idea that the hippocampus supports the formation of flexible rather than fixed object-

background associations. 

Following the procedure devised by Pascalis et al. (2009), Experiments 4 and 5 tested 

the existence of a flexible novelty preference in ASD by measuring eye movements.  Photos 

of everyday objects were shown against different coloured or patterned backgrounds, and the 

background on which the objects were presented was manipulated to create two conditions: a 

same-context condition, where the background on which the pair of objects was presented 

was the same as the background on which the single object was presented, and a different-

context condition, where the background on which the pair of objects was presented was 

different to the background on which the single object was presented. 

Since individuals with ASD demonstrate memory patterns that are consistent with 

compromised hippocampal function, the prediction for the current study was that there would 

be no significant difference in novelty preference between the groups in the same-context 

condition, with both groups showing a novelty preference significantly above chance.  

Conversely, the prediction for the different-context condition was that typically-developing 

individuals would show a significant novelty preference, whereas individuals with ASD 

would show no significant novelty preference, with their looking times being approximately 

equal for each of the pair of items.  In Experiment 4, a group of high-functioning adults with 

ASD and a matched group of typical individuals were tested.  In Experiment 5, a group of 

school-aged children with ASD, and a group of typically-developing children were tested. 
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5.3. Experiment 4: Visual Paired Comparison in Adults 

5.4. Method  

5.4.1. Participants 

A total of thirty-nine participants were recruited for the experiment.  Twenty-one 

individuals (eighteen males and three females) with ASD, and eighteen typical individuals 

(fourteen males and four females) were tested.  All individuals were recruited from the 

Autism Research Group’s existing database of participants.  The comparison group was 

matched to the ASD group to within two points of Full-Scale IQ, which was measured using 

the Weschler Adult Intelligence Scale (WAIS-R-UK or WAIS-III-UK).  All participants in 

the ASD group had a clinical diagnosis according to the ICD-10 or DSM-IV-TR criteria for 

Asperger syndrome.  Before testing commenced, approval was obtained from the ethics 

committee of City, University of London.  Table 5.1 shows age and psychometric data for 

both groups.  Independent t-tests were carried out using age and psychometric data from each 

group, which found no significant differences between the groups on any of the factors. 

Table 5.1. Participant characteristics: Experiment 4 (Means and Standard Deviations) 

 TD (n =18) ASD (n =21) t   p   Cohen’s d 

Age (years) 42.36 (13.58) 40.81 (11.78) 0.38 .705 0.12 

   Range 20-60 26-67    

VIQ 111.06 (16.97) 110.33 (15.68) 0.14 .891 0.04 

   Range 76-138 74-135    

PIQ 104.06 (17.77) 105.81 (17.33) -0.31 .757 0.10 

   Range 73-136 74-132    

FIQ 108.94 (18.58) 109.38 (17.29) -0.08 .940 0.02 

   Range 74-135 73-134    

Note.  VIQ = Verbal IQ (Wechsler Adult Intelligence Scale - Revised (WAIS-R) or Wechsler Adult Intelligence Scale - 3rd 

UK ed. (WAIS-IIIUK); PIQ = Performance IQ (WAIS-R or WAIS-IIIUK); FIQ = Full-scale IQ (WAIS-R or WAIS-IIIUK). 
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5.4.2. Materials and Design 

Stimuli were created for the study using GIMP Image Manipulation software and 

were based on the method utilised by Pascalis et al. (2009): stimuli consisted of pairs of 

photos of everyday, easily recognisable objects, set against either a plain coloured or 

patterned background.  All objects and backgrounds were novel on each trial.  The pairs of 

objects were matched for size, brightness and complexity, and each object and background 

together measured approximately 10cm x 10cm (Figure 5.1).  Items were presented using E-

Prime software on a 15” Toshiba laptop computer screen, and participants’ eye movements 

were measured via a head mounted ETL-500 “Iscan” eye tracker, which records stimulus 

fixation by measuring corneal reflection. 

Data were analysed using a MATLAB program, and SPSS 23.0.  The experiment used 

a 2 x 2 mixed repeated measures design, with a repeated measures variable of Context (Same 

x Different).  In the same context condition the background on which the objects were 

displayed stayed the same between familiarisation and recognition, and in the different 

context condition the background changed between familiarisation and recognition.  The 

between-subjects variable was Group (TD x ASD).  

Figure 5.1.  Presentation of stimuli: a) same context; b) different context 
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5.4.3. Procedure 

Participants sat in front of a computer screen wearing the head-mounted eye tracker, 

which was calibrated to each participant’s eye movements.  A single object on either a 

coloured or patterned background was presented in the middle of a white screen for 5 seconds 

(the familiarisation phase) which was followed by a delay of 1 second in which a blank 

screen was displayed, after which a pair of objects were presented together on-screen for a 

further 5 seconds (the recognition phase).  One of these objects had been displayed in the 

previous familiarisation phase.  The length of intervals for the familiarisation and recognition 

phases was based on previous findings that these times were sufficient to elicit a novelty 

preference (Pascalis et al., 2004; 2009). 

24 trials were presented in total, which comprised 12 trials of the same context 

condition, and 12 trials of the different context condition.  Trials from the two conditions 

were mixed and presented in a random order.  The position of the familiar stimulus on either 

the left or the right of the screen was counterbalanced across trials, in order to allow for any 

possible bias in general looking direction.  Four versions of the experiment were created, 

which ensured that across participants each object had been seen as either the new or old 

object in the familiarisation phase, and also as either in the left or right position during the 

recognition phase.  Matched participants saw the same version, and each version was used at 

least once. 

An information sheet was given to each participant (Appendix 4), which included 

information about the experiment, and a consent form (Appendix 5).  After informed consent 

was obtained, verbal instructions were given to participants that they would see a series of 

pictures, and that they should “look at the screen as if you were watching TV”, as per the 
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instructions given by Pascalis et al. (2009).  This was to try to ensure looking behaviour 

which was as naturalistic as possible under the circumstances. 

5.5. Results 

5.5.1. Total looking time during recognition phase 

Mean total looking times were analysed using SPSS 23.0, and are set out in Table 5.2.  

For each condition, independent t-tests were carried out to determine whether there was a 

significant difference between groups in the total time spent exploring the stimuli during the 

recognition phase.  Analysis of these data showed that the groups spent a similar amount of 

time exploring the stimuli in each condition: Same t(37) = 1.19, p = .241, d = 0.38; Different 

t(37) = 1.53, p = .135, d = 0.49. 

Table 5.2.  Total looking time during recognition phase: Experiment 4 (Means and Standard Deviations) 

 TD (n = 18) ASD (n =21) Cohen’s d 

Total 3952.5 (489.1) 3731.9 (474.77) 0.46 

Same 3938.33 (516.7) 3740.95 (515.05) 0.38 

Different 3966.67 (534.75) 3722.86 (462.54) 0.49 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Same = Same context condition;  

Different = Different context condition.  Looking time (ms). 

 

5.5.2. Novelty preference  

Data were analysed using SPSS 23.0, following the paradigm used by Pascalis et al. 

(2009), in which novelty preference was analysed.  This was defined as the mean time spent 

looking at the novel stimulus as a proportion of the total looking time during the presentation 

of the pair of objects (recognition phase).  The data are set out in Table 5.3.  A 2 (Group) x 2 

(Context) mixed repeated measures ANOVA was used.  No significant interaction was found 
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between Group and Context: F(1, 37) = 0.23, p = .634, ηp
2 = .01.  The main effect of Group 

was also found to be non-significant: F(1, 37) = 0.05, p = .822, ηp
2 < .01.  However, a 

significant main effect of Context was found: F(1, 37) = 4.88, p = .033, ηp
2 = .12. 

Table 5.3.  Novelty preference: Experiment 4 (Means and Standard Deviations). 

 TD (n = 18) ASD (n =21) Cohen’s d 

Same .61 (.10) .61 (.12) 0.0 

Different .58 (.11) .57 (.12) 0.1 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Same = Same context condition;  

Different = Different context condition.  Fixation time as a proportion of total looking time during  

recognition phase. 

 

5.5.3. Novelty preference compared to chance 

Additional tests were carried out to determine whether the novelty preferences 

exhibited were significantly above chance.  A one-sample t-test was carried out, with the 

chance level set at 0.5.  Participants in the TD group showed a novelty preference 

significantly above chance in both conditions: Same t(17) = 4.52, p < .001, d = 1.07; 

Different t(17) = 3.25, p = .005, d = 0.77.  Participants in the ASD group also showed a 
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Figure 5.2.  Fixation time (M ± SEM) for novel stimulus as a proportion of total looking time 

during recognition phase: Experiment 4.  TD = Typically developing; ASD = Autism spectrum 

disorder. 
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novelty preference significantly above chance in both conditions: Same t(20) = 4.14, p = 

.001, d = 0.9; Different t(20) = 2.60, p = .018, d = 0.57. 

5.6. Discussion: Experiment 4 

Experiment 4 aimed to replicate with high-functioning adults with ASD a previous 

study carried out by Pascalis et al. (2009), which measured and compared the eye movements 

of hippocampally-damaged participants and typical participants, and found that when the 

context in which a stimulus is presented stays the same between familiarisation and test, both 

groups showed a comparable novelty preference, whereas when the context was changed 

between familiarisation and test, only the comparison group showed a novelty preference that 

was significantly higher than chance levels.  The prediction for Experiment 4 was that, since 

individuals with ASD show similar memory impairments to individuals with comprised 

hippocampal function, they would also show no novelty preference when the background on 

which a stimulus is presented changes between familiarisation and test. 

Total looking times were compared during the recognition phase for each group, and 

no significant differences were found between the groups in the total length of time spent 

exploring the paired stimuli.  This means that any differential looking behaviour pertaining to 

novelty preference could not simply be attributed to one group having been exposed to the 

stimuli for longer. 

Analysis of novelty preference showed no significant interaction between group and 

context, and no significant difference between the groups; both groups looked significantly 

longer at the novel stimulus when the background stayed the same, contrary to the 

expectation that the only TD group would show the same level of novelty preference in both 

conditions.  In addition to these findings, it was demonstrated that the novelty preferences 
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exhibited by each group were significantly above chance in both conditions.  This conflicted 

with the prediction that significant novelty preferences would be exhibited for all except the 

ASD group in the different context condition. 

5.7. Experiment 5: Visual Paired Comparison in Children 

5.8. Method 

5.8.1. Participants 

A total of forty-five school-aged children were recruited, comprising two groups.  

Twenty-one children (sixteen males and five females) aged between twelve and sixteen with 

an autism spectrum disorder were recruited from four special educational secondary schools 

in the London area.  All participants in this group had a confirmed diagnosis of ASD, 

according to school records of each child’s statement of special needs.  Where possible, this 

diagnosis was supported by scores obtained from completion by teachers of the Social 

Responsiveness Scale (SRS, Constantino, 2005).  Participants in this group also had reduced 

language, which was confirmed by scores obtained from completion by the researcher of the 

British Picture Vocabulary Scale: Third Edition (BPVS-III, Dunn, Dunn, & Styles, 2009). 

To form the comparison group, twenty-four children (thirteen boys and eleven girls) 

aged between seven and eleven were recruited from two mainstream primary schools, also in 

the London area.  As reported by the schools, none of these children had any developmental 

or learning difficulties, which was confirmed by completion by teachers of the SRS, and 

displayed verbal ability within the typical range for their age; this was confirmed by 

completion by the researcher of the BPVS-III for each child. 
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The study was approved by the City, University of London Ethics committee, and 

informed consent was obtained first from the headteacher of each participating school 

(Appendices 1 & 2), and then from each child’s parent or carer (Appendix 3).  Verbal assent 

was also obtained from each child before the testing session began. 

Typically-developing participants (TD group) were matched on non-verbal ability to 

participants with ASD (ASD group), to within 2 points on Ravens Coloured Progressive 

Matrices (RCPM, Raven, 1958).  Independent t-tests were carried out using age and 

psychometric data from each group, which found no significant difference between the 

groups on non-verbal ability.  However, significant differences were found between the 

groups on age, severity of autism symptoms, and verbal ability.  Table 5.4 shows age and 

psychometric data for both groups. 

Table 5.4. Participant characteristics: Experiment 5 (Means and Standard Deviations) 

 TD (n =24) ASD (n =21) t   p   Cohen’s d 

Age (months) 99.61 (16.21) 166.1 (14.63) -14.36 < .001 4.31 

   Range 82-138 143-192    

SRS 17.63 (14.89) 82.07 (16.92) -12.24 < .001 4.04 

   Range 0-62 47-111    

NVA 25.33 (4.82) 24.71 (4.8) 0.43 .669 0.13 

   Range 15-35 16-34    

   Percentile 42.01 (28.18) 9.75 (18.6)    

VA 106.46 (15.46) 92.43 (20.31) 2.63 .012 0.78 

   Range 74-132 56-125    

   Percentile 48.54 (27.89) .65 (1.29)    

Note.  SRS = Social Responsiveness Scale (raw score, cutoff = 70); NVA = Non-verbal ability (Raven’s Coloured 

Progressive Matrices, raw score); VA = Verbal ability (British Picture Vocabulary Scale-III, raw score). 
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5.8.2. Materials and Design 

The stimuli used were identical to those in Experiment 4.  The items were presented 

using E-Prime software on a 15” Dell laptop computer screen, and participants’ eye 

movements were measured via a screen-mounted Tobii X1 Light eye tracker, recording 

stimulus fixations via corneal reflection.  There were several reasons for the decision to use 

this eye tracker rather than the head-mounted eye tracker previously used in Experiment 4.  

As testing was being carried out in the children’s schools, a portable method of measuring 

eye movements was necessary.  This method was also felt to be less intrusive for those 

children in the ASD group who displayed sensitivity to certain tactile stimuli.  The conditions 

(Same x Different context) were identical to those of Experiment 4.  Data were analysed 

using MATLAB, and SPSS 23.0. 

5.8.3. Procedure 

Participants were seated in front of the computer screen; the screen-mounted eye 

tracker was then calibrated to the individual’s eye movements.  The familiarisation and 

recognition phases were identical to those of Experiment 4 regarding length of intervals, 

number of trials, counterbalancing, and presentation to matched participants. 

Participants were tested individually in a designated testing room in their school, as 

part of their regular school day.  After verbal assent was obtained from the participant, verbal 

instructions were given (as per Experiment 4) that they would see some pictures, and that 

they should “look at the screen as if you were watching TV”. 

5.9. Results 

5.9.1. Total looking time during recognition phase 
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Mean total looking times were analysed using SPSS 23.0, and are presented in Table 

5.5.  For each condition, independent t-tests were carried out to determine whether there was 

a significant difference between groups in the total time spent exploring the stimuli in the 

recognition phase.  Analysis of these data showed that the groups spent a significantly 

different amount of time exploring the stimuli in each condition: Same t(43) = 3.04, p = .004, 

d = 0.90; Different t(43) = 3.34, p = .002, d = 1.00. 

Table 5.5.  Total looking time during recognition phase: Experiment 5 (Means and Standard Deviations) 

 TD (n =24) ASD (n =21) Cohen’s d 

Total 2348.64 (737.02) 1613.58 (789.38) 0.96 

Same 2304.58 (743.75) 1590.3 (833.09) 0.90 

Different 2392.69 (746.32) 1636.87 (771.83) 1.00 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Same = Same context condition;  

Different = Different context condition.  Looking time (ms). 

 

5.9.2. Novelty preference  

Data were analysed using SPSS 23.0, according to the paradigm used by Pascalis et 

al. (2009), in which novelty preference was measured.  The data are displayed in Table 5.6.  

This was defined as the mean time spent looking at the novel stimulus as a proportion of the 

total looking time during the presentation of the pair of objects.  A 2 (Group) x 2 (Context) 

mixed repeated measures ANOVA was used.  No significant interaction was found between 

Group and Context: F(1, 43) = 2.24, p = .142, ηp
2 = .05.  There was no significant main effect 

of Group: F(1, 43) = 3.04, p = .088, ηp
2 = .07; however there was a significant main effect of 

Context: F(1, 43) = 11.59, p = .001, ηp
2 = .21. 
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Table 5.6.  Novelty preference: Experiment 5 (Means and Standard Deviations). 

 TD (n =24) ASD (n =21) Cohen’s d 

Same .58 (.09) .64 (.08) 0.70 

Different .55 (.08) .56 (.11) 0.10 

Note.  TD = Typically developing; ASD = Autism spectrum disorder; Same = Same context condition;  

Different = Different context condition.  Fixation time as a proportion of total looking time during  

recognition phase. 

 

5.9.3. Novelty preference compared to chance  

Additional tests were carried out to determine whether the novelty preferences 

exhibited were significantly above chance.  A one-sample t-test was carried out, with the 

chance level set at 0.5.  Participants in the TD group showed a novelty preference 

significantly above chance in both conditions: Same t(23) = 4.55, p < .001, d = 0.93; 

Different t(23) = 3.40, p = .002, d = 0.69.  Participants in the ASD group also showed a 

novelty preference significantly above chance in both conditions: Same t(20) = 8.61, p < 

.001, d = 1.88; Different t(20) = 2.80, p = .011, d = 0.61. 
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Figure 5.3.  Fixation time (M ± SEM) for novel stimulus as a proportion of total looking time 

during recognition phase: Experiment 5.  TD = Typically developing; ASD = Autism spectrum 

disorder. 
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5.10. Discussion 

Experiment 5 aimed to replicate the previous study carried out with adults with ASD.  

Total looking times during the recognition phase for each group were first compared, and 

there was a significant difference found between the groups in the total length of time spent 

exploring the paired stimuli, with the TD group exploring the stimuli for a significantly 

longer time.  This finding runs contrary to that of the previous study and has the potential to 

imply that differential looking behaviour pertaining to novelty preference can be attributed to 

one group having been exposed to the stimuli for longer.  However, this should be negated by 

the fact that analysis of novelty preference was based on the proportion of the total time spent 

exploring the novel stimulus, rather than any absolute numbers based on the amount of time 

for which the stimuli were presented. 

Analysis of novelty preference showed no significant interaction between group and 

context, and no significant main effect of group.  However, there was a significant difference 

in the proportion of time spent looking at the novel stimulus dependent on the context, with 

both groups looking significantly longer at the novel stimulus when the background stayed 

the same.  Again, this was contrary to the expectation that only the control group would show 

the same level of novelty preference in both conditions.  However, these findings mirror 

those from Experiment 4, in which high-functioning adults with ASD also looked longer at 

the novel stimulus in the same context condition.  In addition to this, again mirroring the 

results from the adults, it was demonstrated that the novelty preferences exhibited by each 

group were significantly above chance in both conditions. 
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5.11.  Discussion of Experiments 4 and 5 

Experiments 4 and 5 adapted a visual paired comparison task from a previous study 

that demonstrated that compromised hippocampal function leads to a difficulty in processing 

the context in which a stimulus is presented (Pascalis et al., 2009).  Pictures of objects were 

shown against different backgrounds in two conditions: a same-context condition, in which 

the background on which the pair of objects was presented stayed the same between 

familiarisation and test, and a different-context condition, in which the background changed 

between familiarisation and test.  Since individuals with ASD demonstrate memory patterns 

that are consistent with compromised hippocampal function, the prediction for the current 

study was that both typically-developing individuals and those with ASD would show a 

significant novelty preference in the same-context condition, whilst in the different-context 

condition only the typically developing individuals would show a significant novelty 

preference, whereas the looking times for individuals with ASD would be approximately 

equal for each of the pair of items. 

Experiment 4 administered a visual paired comparison task to adults with ASD and 

compared them to typical adults matched on full-scale IQ.  It was found that both groups 

looked longer at the novel stimulus when the background stayed the same between 

familiarisation, with no group differences found.  It was also demonstrated that both groups 

showed a novelty preference significantly above chance in both the same- and different-

context conditions.  Experiment 5 administered the identical task to children with ASD and 

reduced language, and a group of typically-developing children, matched on non-verbal 

mental ability.  The same pattern of results was partially found; no group difference in 

novelty preference was found, with both groups again looking significantly longer at the 

novel stimulus when the background stayed the same between familiarisation and test.  A 
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group difference was found however, between the total time taken to explore the pair of 

stimuli during the test phase, showing that the typically-developing participants explored the 

stimuli for significantly longer.  However, this difference would not account for any 

differential novelty preference, as the analysis was based on the proportion of the total 

looking time, rather than absolute numbers based on the length of presentation of the stimuli. 

Experiment 4 and 5’s findings on novelty preference deviate from the study on which 

they were based (Pascalis et al., 2009), and the reasons for this need to be carefully 

considered.  Findings from both experiments parallel each other, showing that the task was 

successful in eliciting a significant novelty preference from both groups in both conditions, 

and thereby demonstrating the task to be an effective incidental and non-verbal measure of 

relational binding, and therefore hippocampal function. 

It is possible, despite previous findings that individuals with ASD display memory 

impairments consistent with compromised hippocampal function, that they may be 

cognitively unrelated to individuals with hippocampal damage.  These findings would 

therefore appear to shift the focus from the medial temporal lobe as the region responsible for 

ASD-related memory difficulties, and perhaps shift attention back towards possible 

dysfunction in the frontal lobes.  Alternatively, it may be possible that in individuals with 

ASD, the functions of the hippocampus are selectively compromised, with some remaining 

intact. 
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Chapter 6: General Discussion 

6.1. Aims of the research 

The aim of the current research was to develop a set of non-verbal tasks that test 

relational memory, to examine the level of this ability in children with ASD and reduced 

language.  It aimed to replicate the characteristic impairments in relational memory which 

were previously found in high-functioning individuals on the autism spectrum, in order to 

generalise these impairments to the autism spectrum as a whole. 

The research aimed to achieve this objective by developing behavioural paradigms 

from the animal literature on relational memory, which necessarily measure this kind of 

memory non-verbally, and adapt them for use with individuals with ASD across the whole of 

the spectrum, regardless of linguistic ability.  This aimed to provide paradigms which would 

be suitable for all participants with ASD and provide more rigorous tests of relational 

memory in ASD, independent of the level of functioning of the individual. 

6.1.1. Experiments 1 and 2 

Experiment 1 administered a test of configural memory, a biconditional 

discrimination task, to typically-developing participants, and participants with ASD and 

reduced language abilities.  In this task, awareness of how the stimuli were configured was 

required for success.  During the training phase, the TD group was found to be more accurate 

overall, although it was also found that the ASD group performed the discrimination 

significantly above chance levels, indicating that they were also able to learn the 

discrimination effectively.  During the test phase of the biconditional discrimination task, the 

TD group was again found to be significantly more accurate overall, which contrasts with 

predictions.  Despite this, it was still found that the ASD group performed well above chance 
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levels, indicating that they also had encoded the configuration of the stimuli sufficiently to 

able to solve the task.  This finding aligns with the prediction that individuals with ASD 

would be able to solve a task of biconditional discrimination, and also fits with previous 

research from the animal literature, in which rats with hippocampal lesions were able to learn 

a biconditional discrimination (Sanderson et al, 2006; Aggleton et al., 2007). 

Experiment 2 administered a structural discrimination task to participants; this task 

also requires an awareness of the configuration of stimuli but includes an additional spatial 

component: both stimuli have the same configuration of elements but are arranged differently 

spatially.  To be able to choose the reinforced stimulus, there must be an awareness of the 

spatial arrangement.  This kind of task is thought to be mediated by the hippocampus 

(Aggleton & Pearce, 2001), and led to the prediction for Experiment 2 that, as individuals 

with ASD show a similar patterning of memory impairments as those with compromised 

hippocampal function, they would also be impaired on this task. 

The findings from Experiment 2 partly confirm this prediction.  During the training 

phase, no group differences were found; both groups’ performance became less accurate 

across the training blocks, and both groups’ reaction time increased across the blocks.  

However, a difference was found when comparing both groups’ performance to chance 

levels: the TD group performed the discrimination well above chance levels for all the 

training blocks, whereas the ASD group performed at chance for the final training block, 

suggesting that the ASD group were not able to learn the discrimination as readily.  Similar 

results were found from analysis of the test phase.  No overall group differences were found 

in either accuracy or reaction time, although planned comparisons highlighted a difference.  

For the familiar trials (stimuli pairs on which they had been previously trained), both groups 

performed significantly above chance.  However, for the novel stimuli, (stimulus pairs from 
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the training phase which were re-paired to create new stimulus pairs), only the TD group 

performed significantly above chance.  This appears to confirm the prediction that the ASD 

group would display a difficulty with the novel trials, and therefore with the spatial 

component of the task. 

Throughout both experiments, participants were presented with a concurrent test of 

simple discrimination.  This was done to control for any potential difference in discrimination 

of basic visual stimuli.  No differences were found between the groups for either experiment 

in accuracy, performance above chance levels, or reaction time.  This demonstrated that the 

ASD group were just as able as the TD group to discriminate between basic visual stimuli; 

therefore any differences in performance for experimental trials could not be accounted for 

by individual differences in basic visual discrimination. 

These findings demonstrate this task to be an effective test of relational memory in 

ASD, and partially align with previous research from participants with hippocampal 

dysfunction, in which hippocampal lesions led to impairment in tasks which required 

awareness of the specific spatial arrangement of visual stimuli, such as structural 

discrimination tasks (Sanderson et al, 2006; Aggleton et al., 2007), but not other configural 

discrimination tasks such as the biconditional discrimination.  These findings therefore 

strengthen the view that the relational memory difficulties seen in ASD are potentially due to 

compromised hippocampal function. 

6.1.2. Experiment 3 

Experiment 3 administered another test of relational memory, the transitive inference 

task, to typically-developing participants, and participants with ASD and reduced language 

abilities.  Participants were first trained on four adjacent pairs of stimuli that were presented 
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in sequential order.  The test phase consisted of the previously seen adjacent stimuli, along 

with new stimulus pairs created by re-pairing the adjacent stimuli to create pairs that required 

inference from the adjacent pairs about the relations between them to solve.  Participants 

were required to use the knowledge gained during the training phase about which stimulus of 

an adjacent pair was reinforced.  The prediction was that, since previous research showed that 

transitive inference is impaired in those with hippocampal damage, along with previous 

research from the animal literature that sociability plays a role in transitive inference, there 

would be impaired performance in transitive inference in individuals with ASD and reduced 

language.  A further prediction was that, in the event that they were able to solve a transitive 

inference task, that they would use an associative, pair-by-pair strategy to solve the task. 

The findings from Experiment 3 largely confirm this prediction.  During the training 

phase, it was found that while the typically-developing participants were more accurate 

overall, both groups performed well above chance levels, but also found the middle training 

pairs equally difficult, appearing to indicate that an associative strategy was being used by 

both groups, rather than encoding of the whole sequence in memory.  This finding carried 

through to the test phase, which found that, although the typically-developing participants 

were significantly more accurate overall, and both groups performed well above chance 

overall for the two trial types (adjacent and transitive), both groups performed the inner 

transitive (BD) pair at chance level.  This is a strong indication that both groups were using 

an associative strategy.  During the end task however, in which participants were asked to 

rearrange the previously seen pictures in order, the ASD group were found to be less accurate 

at reconstructing the overall order of the stimuli, suggesting that the typically-developing 

participants may have encoded the whole sequence; this is consistent with the idea that 

language is important in the construction of relational strategies. 
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These findings deviate from those found by Solomon et al. (2011), which showed that 

adults with ASD used a flexible relational strategy to solve the transitive inference task.  

However, as that study used high-functioning, linguistically-able adults with ASD, it would 

suggest that language ability may be a factor in strategy choice.  This task would appear to be 

an effective test of relational memory in ASD and may help to further strengthen the view of 

relational memory impairments in ASD as caused by potentially compromised hippocampal 

function. 

6.1.3. Experiments 4 and 5 

Experiment 4 administered an incidental test of relational memory to typically adults 

and high-functioning adults with ASD, adapting a task which tested the existence of a novelty 

preference by measuring eye movements.  Photos of everyday objects were shown against 

different coloured or patterned backgrounds, and the background on which the objects were 

presented was manipulated to create two conditions: a same-context condition, in which the 

background on which the pair of objects was presented was the same as the background on 

which the single object was presented, and a different-context condition, in which the 

background on which the pair of objects was presented was different to the background on 

which the single object was presented.  The prediction for Experiment 4 was that, since 

individuals with ASD demonstrate memory patterns that are consistent with compromised 

hippocampal function, they would display no novelty preference in the different-context 

condition.  Contrary to predictions, no group differences were found in Experiment 4, with 

both groups displaying a significant novelty preference in both conditions. 

Experiment 5 administered the identical test of implicit relational memory to 

typically-developing children and children with ASD and reduced language abilities.  Again, 

the prediction was that the ASD group would show no novelty preference when the 
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background on which a stimulus was presented changed from familiarisation to test.  

Findings from Experiment 5 deviated from previous research, but mirrored those of 

Experiment 4, in that both groups displayed a significant novelty preference in both 

conditions. 

This task was successful in eliciting a significant novelty preference from both groups 

in both conditions, demonstrating the task to be an effective incidental and non-verbal 

measure of relational binding.  Taken on their own, the findings that there was no impairment 

in context-based novelty preference may suggest that individuals with ASD are cognitively 

unrelated to individuals with hippocampal damage.  However, considering the findings from 

the previous experiments, it may be possible that in individuals with ASD, the functions of 

the hippocampus are selectively compromised, with some remaining intact. 

6.2. Relation to relational memory research 

Research into relational memory in ASD demonstrates characteristic impairments, 

such as impaired recognition of combinations of features of visual stimuli (Bowler, Gardiner 

& Gaigg, 2008; Bowler et al., 2014; Ring et al., 2015), and lack of ability to use category 

information to aid free recall (Bowler, Matthews & Gardiner, 1997).  These abilities appear 

to be mediated by the hippocampus, the brain region that encodes items and their relations for 

flexible later use (Eichenbaum, 2000; Opitz, 2010; Bird, 2017).  The characteristic 

impairments found in ASD appear to point to a potential dysfunction with the hippocampus 

(Nicolson et al., 2006; Cooper et al., 2017).  Overall, the current research appears to 

strengthen this view.  Experiments 1, 2, and 3 largely replicate previous findings of relational 

memory impairments in high-functioning individuals with ASD.  Although the findings from 

Experiments 4 and 5 appear to contrast with previous findings, they may imply a dissociation 

between different levels of awareness of relations between items.  Individuals with ASD may 
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demonstrate implicit awareness of the relations whilst also demonstrating an impairment in 

their ability to explicitly use these relations in order to solve a test of relational memory.   

6.3. Limitations of the current research 

 There were several limitations that were encountered as part of the current research.  

Chief among these was the issue of matching participants.  The original intention was to test 

several different groups, matched on different psychometric measures: a typically-developing 

group of children matched on age, non-verbal and verbal ability with a high-functioning 

group of children with ASD, and a group of children with a non ASD-related intellectual 

disability, such as Down syndrome, matched on age, non-verbal and verbal ability with a 

lower-functioning group of children with ASD.  However, it was not possible to recruit 

enough participants for each group to function as a sufficient comparison for the groups that 

were used; matching was only able to take place between typically-developing children and 

children with ASD on non-verbal ability.  This meant that there was the possibility that the 

general level of functioning was lower in the ASD group, and that any individual differences 

found could have been attributed to this.  As this was known about at the recruitment stage, 

care was taken to match children on a non-verbal task that was very similar to the 

experimental tasks, hoping to equate the groups’ ability and therefore negate the potential that 

the typically-developing group would be at an advantage for the experimental tasks. 

Another limitation found was that, although originally conceived as a way of adapting 

non-verbal tests of relational memory that could be used with participants at all levels of 

language ability, verbal instructions (though simple) still made up part of the task procedures.  

This means that, although the ASD group were found to have significantly reduced language 

abilities compared to the typically-developing group, the tasks could not be used with those 

participants who were completely non-verbal.  This is a known issue when recruiting from 
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special populations, and unfortunately makes it very difficult to conclude that impairments 

found within the tested group are applicable across the whole of the autism spectrum.  

6.4. Future directions 

 Because of the limitations found in the current research, there are various 

opportunities for future research to potentially support the findings demonstrated here.  To try 

to extend these findings, recruitment should be expanded to include more verbally-able 

children with ASD, as well as children with a non ASD-related intellectual disability, such as 

Down syndrome.  This would mean that more rigorous matching can take place, and the view 

that the differences found here are not simply due to differences in the general level of 

functioning can be further strengthened. 

 Also, as these were measures of relational memory, an ability demonstrated to be 

mediated by the hippocampus, it may be beneficial to administer the adapted paradigms 

detailed here, including task procedures, to hippocampally-damaged human participants.  

This would have the potential to bolster the view that the tasks used in the current research 

are effective measures of relational memory. 

6.5. Conclusion 

Evidence from memory studies demonstrating impaired relational processing has 

most commonly been based on the learning of verbal material (such as lists of words) by 

verbally-able participants with ASD, who are matched to a control group on full-scale IQ 

scores, which limited commentary on the universality of these difficulties across the 

spectrum.  This research aimed to adapt non-verbal tests of relational memory for use with 

individuals with ASD who also have language deficits.  This research has shown the 

paradigms adapted here to be effective measures of relational memory, which are suitable for 
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use with all individuals with ASD, at any level of functioning.  These findings extend the 

previous research demonstrating characteristic impairments in relational memory in high-

functioning individuals with ASD, to include individuals with ASD who would be considered 

lower-functioning.  The research also supports the view that individuals with ASD have 

potentially compromised hippocampal function. 

  



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

162 
 

References 

Acuna, B.D., Eliassen, J.C., Donoghue, J.P., & Sanes, J.N. (2002).  Frontal and parietal lobe 

activation during transitive inference in humans.  Cerebral Cortex, 12(12), 1312-1321.  

doi: 10.1093/cercor/12.12.1312 

Addis, D.R., Wong, A.T., & Schacter, D.L. (2007).  Remembering the past and imagining the 

future: common and distinct neural substrates during event construction and elaboration. 

Neuropsychologia, 45(7), 1363-1377.  doi: 10.1016/j.neuropsychologia.2006.10.016 

Aggleton, J.P., & Pearce, J.M. (2001).  Neural systems underlying episodic memory: insights 

from animal research.  Philosophical Transactions of the Royal Society of London B: 

Biological Sciences, 356(1413), 1467-1482.  doi: 10.1098/rstb.2001.0946 

Aggleton, J.P., Poirier, G.L., Aggleton, H.S., Vann, S.D., & Pearce, J.M. (2009).  Lesions of the 

fornix and anterior thalamic nuclei dissociate different aspects of hippocampal-dependent 

spatial learning: implications for the neural basis of scene learning.  Behavioral 

Neuroscience, 123(3), 504.  doi: 10.1037/a0015404 

Aggleton, J.P., Sanderson, D.J., & Pearce, J.M. (2007).  Structural learning and the hippocampus.  

Hippocampus, 17(9), 723-734.  doi: 10.1002/hipo.20323 

Alvarado, M.C., & Bachevalier, J. (2000).  Revisiting the maturation of medial temporal lobe 

memory functions in primates.  Learning & Memory, 7(5), 244-256.  doi: 

10.1101/lm.35100 

Alvarado, M.C., Malkova, L., & Bachevalier, J. (2016).  Development of relational memory 

processes in monkeys.  Developmental Cognitive Neuroscience, 22, 27-35.  doi: 

10.1016/j.dcn.2016.10.007 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

163 
 

Alvarado, M.C., Wright, A.A., & Bachevalier, J. (2002).  Object and spatial relational memory in 

adult rhesus monkeys is impaired by neonatal lesions of the hippocampal formation but 

not the amygdaloid complex.  Hippocampus, 12(4), 421-433.  doi: 10.1002/hipo.1115 

Alvarado, M.C., & Rudy, J.W. (1992).  Some properties of configural learning: An investigation 

of the transverse-patterning problem.  Journal of Experimental Psychology: Animal 

Behavior Processes, 18(2), 145.  doi: 10.1037/0097-7403.18.2.145 

American Psychiatric Association. (1952).  Diagnostic and statistic manual: Mental disorders.  

Washington, DC: Author. 

American Psychiatric Association. (1968).  Diagnostic and statistic manual of mental 

disorders (2nd ed.).  Washington, DC: Author. 

American Psychiatric Association. (1980).  Diagnostic and statistical manual of mental 

disorders (3rd ed.).  Washington, DC: Author. 

American Psychiatric Association. (1987).  Diagnostic and statistical manual of mental 

disorders (3rd ed., rev.).  Washington, DC: Author. 

American Psychiatric Association. (1994).  Diagnostic and statistical manual of mental disorders 

(4th ed.).  Washington, DC: Author. 

American Psychiatric Association. (2000).  Diagnostic and statistical manual of mental 

disorders (4th ed., text rev.).  Washington, DC: Author. 

American Psychiatric Association. (2013).  Diagnostic and statistical manual of mental 

disorders: DSM-5.  Washington, D.C: Author. 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

164 
 

Asperger, H. (1944).  Die “Autistischen Psychopathen” in Kindersalter.  Archive fur Psychiatrie 

und Nervenkrankheiten, 117(1), 76-136.  doi: 10.1007/BF01837709 

Atance, C.M., & O'Neill, D.K. (2001).  Episodic future thinking.  Trends in Cognitive Sciences, 

5(12), 533-539.  doi: 10.1016/S1364-6613(00)01804-0 

Bachevalier, J., & Mishkin, M.T. (1994).  Effects of selective neonatal temporal lobe lesions on 

visual recognition memory in rhesus monkeys.  Journal of Neuroscience, 14(4), 2128-

2139.  doi: 10.1523/JNEUROSCI.14-04-02128.1994 

Bachevalier, J., & Vargha-Khadem, F. (2005).   The primate hippocampus: ontogeny, early insult 

and memory.  Current Opinion in Neurobiology, 15(2), 168-174.  doi: 

10.1016/j.comb.2005.03.015 

Bailey, A., Le Couteur, A., Gottesman, I., Bolton, P., Simonoff, E., Yuzda, E., & Rutter, M. 

(1995).  Autism as a strongly genetic disorder: evidence from a British twin study.  

Psychological Medicine, 25(1), 63-77.  doi: 10.1017/S0033291700028099 

Baird, G., Simonoff, E., Pickles, A., Chandler, S., Loucas, T., Meldrum, D., & Charman, T. 

(2006).  Prevalence of disorders of the autism spectrum in a population cohort of children 

in South Thames: the Special Needs and Autism Project (SNAP).  The Lancet, 368(9531), 

210-215.  doi: 10.1016/S0140-6736(06)69041-7 

Baron-Cohen, S., Leslie, A.M., & Frith, U. (1985).  Does the autistic child have a “theory of 

mind”?  Cognition, 21(1), 37-46.  doi: 0.1016/0010-0277(85)90022-8 

Baron-Cohen, S., Scott, F.J., Allison, C., Williams, J., Bolton, P., Matthews, F.E., & Brayne, C. 

(2009).  Prevalence of autism-spectrum conditions: UK school-based population 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

165 
 

study.  The British Journal of Psychiatry, 194(6), 500-509.  doi: 

10.1192/bjp.bp.108.059345 

Bauman, M., & Kemper, T.L. (1985).  Histoanatomic observations of the brain in early infantile 

autism.  Neurology, 35(6), 866-874.  doi: 10.1212/WNL.35.6.866 

Bayley, P.J., Wixted, J.T., Hopkins, R.O. & Squire, L.R. (2008).  Yes/no recognition, forced-

choice recognition, and the human hippocampus.  Journal of Cognitive Neuroscience, 

20(3), 505-512.  doi: 10.1162/jocn.2008.20038 

Belmonte, M.K., & Bourgeron, T. (2006).  Fragile X syndrome and autism at the intersection of 

genetic and neural networks.  Nature Neuroscience, 9(10), 1221.  doi: 10.1038/nn1765 

Bennetto, L., Pennington, B.F., & Rogers, S.J. (1996).  Intact and impaired memory functions in 

autism.  Child Development, 67(4), 1816-1835.  doi: 10.1111/j.1467-

8624.1996.tb01830.x 

Bettelheim, B. (1967).  The Empty Fortress.  Simon and Schuster, NY. 

Bigham, S., Boucher, J., Mayes, A., & Anns, S. (2010).  Assessing recollection and familiarity in 

autistic spectrum disorders: Methods and findings.  Journal of Autism and Developmental 

Disorders, 40(7), 878-889.  doi: 10.1007/s10803-010-0937-7 

Bird, C.M. (2017).  The role of the hippocampus in recognition memory.  Cortex, 93, 155-165.  

doi: 10.1016/j.cortex.2017.05.016 

Bond, A.B., Kamil, A.C., & Balda, R.P. (2003).  Social complexity and transitive inference in 

corvids.  Animal Behaviour, 65(3), 479-487.  doi: 10.1006/anbe.2003.2101 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

166 
 

Bond, A., Wei, C, & Kamil, A. (2010).  Cognitive representation in transitive inference: A 

comparison of four corvid species.  Behavioural Processes, 85(3), 283-292.  doi: 

10.1016/j.beproc.2010.08.003 

Boucher, J. (1981).  Immediate free recall in early childhood autism: another point of behavioural 

similarity with the amnesiac syndrome.  British Journal of Psychology, 72(2), 211-215.  

doi: 10.1111/j.2044-8295.1981.tb02177.x 

Boucher, J., & Anns, S. (2018).  Memory, learning and language in autism spectrum disorder.  

Autism & Developmental Language Impairments, 3, 1-13.  doi: 

10.1177/2396941517742078 

Boucher, J. & Bowler, D.M. (2008).  Memory in Autism: Theory and evidence.  Cambridge: 

CUP. 

Boucher, J., & Lewis, V. (1989).  Memory impairments and communication in relatively able 

autistic children.  Journal of Child Psychology and Psychiatry, 30(1), 99–122.  doi: 

10.1111/j.1469-7610.1989.tb00771 

Boucher, J., & Mayes, A. (2012).  Memory in ASD: have we been barking up the wrong tree?  

Autism, 16(6), 603-611.  doi: 10.1177/1362361311417738 

Boucher, J., Mayes, A., & Bigham, S. (2012).  Memory in autistic spectrum 

disorder.  Psychological Bulletin, 138(3), 458.  doi: 10.1037/a0026869 

Boucher, J., & Warrington, E.K. (1976).  Memory deficits in early infantile autism: some 

similarities to the amnesiac syndrome.  British Journal of Psychology, 67(1), 73-87.  doi: 

doi.org/10.1111/j.2044-8295.1976.tb01499.x 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

167 
 

Boukhris, T., Sheehy, O., Mottron, L., & Bérard, A. (2016).  Antidepressant use during 

pregnancy and the risk of autism spectrum disorder in children.  JAMA Pediatrics, 170(2), 

117-124.  doi: 10.1001/jamapediatrics.2015.3356 

Bowler, D.M. (1992).  “Theory of Mind” in Asperger’s syndrome.  Journal of Child Psychology 

and Psychiatry, 33(5), 877-893.  doi: 10.1111/j.1469-7610.1992.tb01962.x 

Bowler, D.M. (2007).  Autism Spectrum Disorders: Psychological Theory and Research. 

Chichester:  John Wiley. 

Bowler, D.M., Gaigg, S.B., Gardiner, J.M. (2008a).  Effects of related and unrelated context on 

recall and recognition by adults with high-functioning autism spectrum disorder.  

Neuropsychologia, 46(4), 993-999.  doi: 10.1016/j.neuropsychologia.2007.12.004 

Bowler, D.M., Gaigg, S.B., & Gardiner, J.M. (2008b).  Subjective organisation in the free recall 

learning of adults with Asperger’s syndrome.  Journal of Autism and Developmental 

Disorders, 38(1), 104-113.  doi: 10.1007/s10803-007-0366-4 

Bowler, D.M., Gaigg, S.B., & Gardiner, J.M. (2009).  Free recall learning of hierarchically 

organised lists by adults with Asperger’s syndrome: additional evidence for diminished 

relational processing.  Journal of Autism and Developmental Disorders, 39(4), 589-595.  

doi: 10.1007/s10803-008-0659-2 

Bowler, D.M., Gaigg, S.B., & Gardiner, J.M. (2010).  Multiple list learning in adults with autism 

spectrum disorder: parallels with frontal lobe damage or further evidence of diminished 

relational processing?  Journal of Autism and Developmental Disorders, 40(2), 179-187.  

doi: 10.1007/s10803-009-0845-x 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

168 
 

Bowler, D.M., Gaigg, S.B., & Gardiner, J.M. (2014).  Binding of multiple features in memory by 

high-functioning adults with autism spectrum disorder.  Journal of Autism and 

Developmental Disorders, 44(9), 2355-2362.  doi: 10.1007/s10803-014-2105-y 

Bowler, D.M., Gaigg, S.B., & Lind, S.E. (2011).  Memory in autism: binding. Self and brain.  In 

Roth, I. & Rezaie, P. (Eds.).  Researching the autism spectrum: contemporary 

perspectives.  Cambridge: Cambridge University Press. 

Bowler, D.M., Gardiner, J.M. & Berthollier, N. (2004).  Source memory in adolescents and 

adults with Asperger's syndrome.  Journal of Autism and Developmental Disorders, 

34(5), 533-542.  doi: 10.1007/s10803-004-2548-7 

Bowler, D.M., Gardiner, J.M., & Gaigg, S.B. (2007).  Factors affecting conscious awareness in 

the recollective experience of adults with Asperger’s syndrome.  Consciousness and 

Cognition, 16(1), 124-143.  doi: 10.1016/j.concog.2005.12.001 

Bowler, D.M., Gardiner, J.M., & Grice, S.J. (2000).  Episodic memory and remembering in 

adults with Asperger syndrome.  Journal of Autism and Developmental Disorders, 30(4), 

295-304.  doi: 10.1023/A:1005575216176 

Bowler, D.M., Limoges, E., & Mottron, L. (2009).  Different verbal learning strategies in autism 

spectrum disorder: evidence from the Rey Auditory Verbal Learning Test.  Journal of 

Autism and Developmental Disorders, 39(6), 910-915.  doi: 10.1007/s10803-009-0697-4 

Bowler, D.M., Matthews, N.J., Gardiner, J.M. (1997).  Asperger’s syndrome and memory: 

similarity to autism but not amnesia.  Neuropsychologia, 35(1), 65-70.  doi: 

10.1016/j.concog.2005.12.001 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

169 
 

Bowler, D.M., Poirier, M., Martin, J.S., & Gaigg, S.B. (2016).  Nonverbal short-term serial order 

memory in autism spectrum disorder.  Journal of Abnormal Psychology, 125(7), 886.  

doi: 10.1037/abn0000203 

Brezis, R.S. (2015).  Memory integration in the autobiographical narratives of individuals with 

autism.  Frontiers in Human Neuroscience, 9, 76.  doi: 10.3389/fnhum.2015.00076 

Brezis, R.S., Galili, T., Wong, T., & Piggot, J.I. (2014).  Impaired social processing in autism and 

its reflections in memory: A deeper view of encoding and retrieval processes.  Journal of 

Autism and Developmental Disorders, 44(5), 1183-1192.  doi: 10.1007/s10803-013-1980-

y 

Brown, J., Aczel, B., Jiménez, L., Kaufman, S.B., & Grant, K.P. (2010).  Intact implicit learning 

in autism spectrum conditions.  Quarterly Journal of Experimental Psychology, 63(9), 

1789-1812.  doi: 10.1080/17470210903536910 

Brown, M.W., & Aggleton, J.P.  (2001).  Recognition memory: What are the roles of the 

perirhinal cortex and hippocampus?  Nature Reviews Neuroscience, 2(1), 51-57.  doi: 

10.1038/35049064 

Brown, G.D.A., Neath, I. & Chater, N., (2007).  A temporal ratio model of memory.  

Psychological Review, 114(3), 539-576.  doi: 10.1037/0033-295X.114.3.539 

Bruck, M., London, K., Landa, R., & Goodman, J. (2007).  Autobiographical memory and 

suggestibility in children with autism spectrum disorder.  Development and 

Psychopathology, 19(1), 73-95.  doi: 10.1017/S0954579407070058 

Brugha, T., Cooper, S.A., McManus, S., Purdon, S., Smith, J., Scott, F.J., Spiers, N., & Tyrer, F. 

(2012).  Estimating the prevalence of autism spectrum conditions in adults: extending the 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

170 
 

2007 Adult Psychiatric Morbidity Survey.  The Information Centre for Health and Social 

Care, National Health Service, UK.  

Burack, J.A., Iarocci, G., Flanagan, T.D., & Bowler, D.M. (2004).  On mosaics and melting pots: 

Conceptual considerations of comparison and matching strategies.  Journal of Autism and 

Developmental Disorders, 34(1), 65-73.  doi: 10.1023/B:JADD.0000018076.90715.00 

Busby, J., & Suddendorf, T. (2005).  Recalling yesterday and predicting tomorrow.  Cognitive 

Development, 20(3), 362-372.  doi: 10.1016/j.cogdev.2005.05.002 

Canitano, R. (2007).  Epilepsy in autism spectrum disorders.  European Child & Adolescent 

Psychiatry, 16(1), 61-66.  doi: 10.1007/s00787-006-0563-2 

Chalfonte, B.L. & Johnson, M.K. (1996).  Feature memory and binding in young and old adults.  

Memory and Cognition, 24(4), 403-416.  doi: 10.3758/BF03200930 

Chaput, V., Amsellem, F., Urdapilleta, I., Chaste, P., Leboyer, M., Delorme, R., & Goussé, V. 

(2013).  Episodic memory and self-awareness in Asperger Syndrome: analysis of memory 

narratives.  Research in Autism Spectrum Disorders, 7(9), 1062-1067.  doi: 

10.1016/j.rasd.2013.05.005 

Chen, J., Leong, Y.C., Honey, C.J., Yong, C.H., Norman, K.A., & Hasson, U. (2017).  Shared 

memories reveal shared structure in neural activity across individuals.  Nature 

Neuroscience, 20(1), 115.  doi: 10.1038/nn.4450 

Chuileann, S.N., & Quigley, J. (2013).  Assessing recollection and familiarity in low functioning 

autism.  Journal of Autism and Developmental Disorders, 43(6), 1406-1422.  doi: 

10.1007/s10803-012-1697-3 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

171 
 

Clifford, S., Dissanayake, C., Bui, Q.M., Huggins, R., Taylor, A.K., & Loesch, D.Z. (2007).  

Autism spectrum phenotype in males and females with fragile X full mutation and 

premutation.  Journal of Autism and Developmental Disorders, 37(4), 738-747.  doi:  

10.1007/s10803-006-0205-z 

Cohen, J. (1988).  Statistical Power Analysis for the Behavioural Sciences.  Hillsdale, NJ: 

Lawrence Erlbaum. 

Constantino, J.N. (2003).  Validation of a brief quantitative measure of autistic traits: comparison 

of the social responsiveness scale with the autism diagnostic interview-revised.  Journal 

of Autism and Developmental Disorders, 33(4), 427.  doi:  10.1023/A:1025014929212 

Constantino, J.N. (2005).  Social Responsiveness Scale (SRS).  Torrance, CA: Western 

Psychological Services. 

Cooper, R.A., Plaisted-Grant, K.C., Baron-Cohen, S., & Simons, J.S. (2016).  Reality monitoring 

and metamemory in adults with autism spectrum conditions.  Journal of Autism and 

Developmental Disorders, 46(6), 2186-2198.  doi: 10.1007/s10803-016-2749-x 

Cooper, R.A., Plaisted-Grant, K.C., Baron-Cohen, S., & Simons, J.S. (2017).  Eye movements 

reveal a dissociation between memory encoding and retrieval in adults with 

autism.  Cognition, 159, 127-138.  doi: 10.1016/j.cognition.2016.11.013 

Cooper, R.A., Plaisted-Grant, K.C., Hannula, D.E., Ranganath, C., Baron-Cohen, S., & Simons, 

J.S. (2015).  Impaired recollection of visual scene details in adults with autism spectrum 

conditions.  Journal of Abnormal Psychology, 124(3), 565.  doi: 10.1037/abn0000070 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

172 
 

Cooper, R.A., Richter, F.R., Bays, P.M., Plaisted-Grant, K.C., Baron-Cohen, S., & Simons, J.S. 

(2017).  Reduced hippocampal functional connectivity during episodic memory retrieval 

in autism.  Cerebral Cortex, 27(2), 888-902.  doi: 10.1093/cercor/bhw417 

Crane, L., & Goddard, L. (2008).  Episodic and semantic autobiographical memory in adults with 

autism spectrum disorders.  Journal of Autism and Developmental Disorders, 38(3), 498-

506.  doi: 10.1007/s10803-007-0420-2 

Crane, L., Goddard, L., & Pring, L. (2013).  Autobiographical memory in adults with autism 

spectrum disorder: The role of depressed mood, rumination, working memory and theory 

of mind.  Autism, 17(2), 205-219.  doi: 10.1177/1362361311418690 

Crane, L., Lind, S.E., & Bowler, D.M. (2013).  Remembering the past and imagining the future 

in autism spectrum disorder.  Memory, 21(2), 157-166.  doi: 

10.1080/09658211.2012.712976 

Crane, L., Pring, L., Jukes, K., & Goddard, L. (2012).  Patterns of autobiographical memory in 

adults with autism spectrum disorder.  Journal of Autism and Developmental 

Disorders, 42(10), 2100-2112.  doi: 10.1007/s10803-012-1459-2 

Damasio, A.R., & Maurer, M.G. (1978).  A neurological model for childhood autism.  Archives 

in Neurology, 35(12), 777–786.  doi: 10.1001/archneur.1978.00500360001001 

Davachi, L. (2006).  Item, context and relational episodic encoding in humans.  Current Opinion 

in Neurobiology, 16(6), 693-700.  doi: 10.1016/j.conb.2006.10.012 

Davidson, T.L., McKernan, M.G., & Jarrard, L.E. (1993).  Hippocampal lesions do not impair 

negative patterning: A challenge to configural association theory.  Behavioral 

Neuroscience, 107(2), 227.  doi: 10.1037/0735-7044.107.2.227 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

173 
 

Davis, H. (1992).  Transitive inference in rats (Rattus norvegicus).  Journal of Comparative 

Psychology, 106(4), 342.  doi: 10.1037/0735-7036.106.4.342 

Dawson, G., Meltzoff, A.N., Osterling, J., & Rinaldi, J. (1998).  Neuropsychological correlates of 

early symptoms of autism.  Child Development, 69(5), 1276-1285.  doi: 10.1111/j.1467-

8624.1998.tb06211.x 

Dawson, G., Munson, J., Estes, A., Osterling, J., McPartland, J., Toth, K., Carver, L., & Abbott, 

R. (2002).  Neurocognitive function and joint attention ability in young children with 

autism spectrum disorder.  Child Development, 73(2), 345-358.  doi: 10.1111/1467-

8624.00411 

Delis, D.C., Kramer, J.H., Kaplan, E., & Ober, B.A. (1987).  CVLT, California Verbal Learning 

Test: Adult Version: Manual.  Psychological Corporation. 

DeLong, G.R. (1992).  Autism, amnesia, hippocampus and learning.  Neuroscience and 

Biobehavioral Reviews, 16(1), 63-70.  doi: 10.1016/S0149-7634(05)80052-1 

DeLong, G.R., & Heinz, E.R. (1997).  The clinical syndrome of early‐life bilateral hippocampal 

sclerosis.  Annals of Neurology, 42(1), 11-17.  doi: 10.1002/ana.410420105 

DeVito, L.M. & Eichenbaum, H. (2010).  Distinct contributions of the hippocampus and medial 

prefrontal cortex to the "what-where-when" components of episodic-like memory in 

mice.  Behavioral Brain Research, 215(2), 318-325.  doi: 10.1016/j.bbr.2009.09.014 

Duncan, K., Doll, B.B., Daw, N.D., & Shohamy, D. (2018).  More Than the Sum of Its Parts: A 

Role for the Hippocampus in Configural Reinforcement Learning.  Neuron, 98(3), 645-

657.  doi: 10.1016/j.neuron.2018.03.042 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

174 
 

Dunn, L.M., Dunn, D.M. and Styles, B., (2009).  British Picture Vocabulary Scale, 3rd edn.  

London: GL Assessment. 

Dusek, J.A., & Eichenbaum, H. (1997).  The hippocampus and memory for orderly stimulus 

relations.  Proceedings of the National Academy of Sciences, 94(13), 7109-7114.  doi: 

10.1073/pnas.94.13.7109 

Ehlers, S., Nydén, A., Gillberg, C., Sandberg, A.D., Dahlgren, S.O., Hjelmquist, E., & Odén, A. 

(1997).  Asperger syndrome, autism and attention disorders: A comparative study of the 

cognitive profiles of 120 children.  Journal of Child Psychology and Psychiatry, 38(2), 

207-217.  doi: 10.1111/j.1469-7610.1997.tb01855.x 

Eichenbaum, H., (2000).  A cortical-hippocampal system for declarative memory.  Nature 

Reviews Neuroscience, 1(1), 41-50.  doi: 10.1038/35036213 

Eichenbaum, H. (2001).  The hippocampus and declarative memory: cognitive mechanisms and 

neural codes.  Behavioural Brain Research, 127(1-2), 199-207.  doi: 10.1016/S0166-

4328(01)00365-5 

Eichenbaum, H., Yonelinas, A.R., & Ranganath, C. (2007).  The medial temporal lobe and 

recognition memory.  Annual Review of Neuroscience, 30, 123-152.  doi: 

10.1146/annurev.neuro.30.051606.094328 

Elzakker, M. Van, O'Reilly, R.C., & Rudy, J.W. (2003).  Transitivity, flexibility, conjunctive 

representations, and the hippocampus.  I. An empirical analysis.  Hippocampus, 13(3), 

334-340.  doi:10.1002/hipo.10083 

Fantz, R.L. (1964).  Visual experience in infants: Decreased attention to familiar patterns relative 

to novel ones.  Science, 146(3644), 668-670.  doi: 10.1126/science.146.3644.668 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

175 
 

Ferretti, F., Adornetti, I., Chiera, A., Nicchiarelli, S., Valeri, G., Magni, R., Vicari, S. and Marini, 

A. (2018).  Time and narrative: an investigation of storytelling abilities in children with 

Autism Spectrum Disorder.  Frontiers in Psychology, 9, 944.  doi: 

10.3389/fpsyg.2018.00944 

Fersen, L. von, Wynne, C.D., Delius, J.D., & Staddon, J.E. (1991).  Transitive inference 

formation in pigeons.  Journal of Experimental Psychology: Animal Behavior Processes, 

17(3), 334.  doi: 10.1037/0097-7403.17.3.334 

Filley, C.M., Young, D.A., Reardon, M.S., & Wilkening, G.N. (1999).  Frontal lobe lesions and 

executive dysfunction in children.  Cognitive and Behavioral Neurology, 12(3), 156-160.  

Retrieved from https://journals.lww.com/cogbehavneurol/pages/default.aspx 

Francis, A., Msall, M., Obringer, E., & Kelley, K. (2013).  Children with autism spectrum 

disorder and epilepsy.  Pediatric Annals, 42(12), 264-269.  doi: 10.3928/00904481-

20131122-10 

Frank, M.J., Rudy, J.W., Levy, W.B., & O’Reilly, R.C. (2005).  When logic fails: Implicit 

transitive inference in humans.  Memory & Cognition, 33(4), 742-750.  doi: 

10.3758/BF03195340 

Frith, U. (2003).  Autism: Explaining the Enigma, Oxford: Blackwell  

Gaigg, S.B., Bowler, D.M., Ecker, C., Calvo‐Merino, B., & Murphy, D.G. (2015).  Episodic 

recollection difficulties in ASD result from atypical relational encoding: behavioral and 

neural evidence.  Autism Research, 8(3), 317-327.  doi: 10.1002/aur.1448 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

176 
 

Gaigg, S.B., Bowler, D.M., & Gardiner, J.M. (2014).  Episodic but not semantic order memory 

difficulties in autism spectrum disorder: Evidence from the historical figures 

task.  Memory, 22(6), 669-678.  doi: 10.1080/09658211.2013.811256 

Gaigg, S.B., Gardiner, J.M., & Bowler, D.M. (2008).  Free recall in autism spectrum disorder: 

The role of relational and item-specific encoding.  Neuropsychologia, 46(4), 983-992.  

doi: 10.1016/j.neuropsychologia.2007.11.011 

Gardiner, J.M., Bowler, D.M., & Grice, S.J. (2003).  Further evidence of preserved priming and 

impaired recall in adults with Asperger's syndrome.  Journal of Autism and 

Developmental Disorders, 33(3), 259-269.  doi: 10.1023/A:1024450416355 

Gazes, R.P., Hampton, R.R., & Lourenco, S.F. (2017).  Transitive inference of social dominance 

by human infants.  Developmental Science, 20(2), e12367.  doi: 10.1111/desc.12367 

Ghetti, S., & Bunge, S.A. (2012).  Neural changes underlying the development of episodic 

memory during middle childhood.  Developmental Cognitive Neuroscience, 2(4), 381-

395.  doi: 10.1016/j.dcn.2012.05.002 

Gillan, D.J. (1981).  Reasoning in the chimpanzee: II. Transitive inference.  Journal of 

Experimental Psychology: Animal Behavior Processes, 7(2), 150.  doi: 10.1037/0097-

7403.7.2.150 

Goddard, L., Howlin, P., Dritschel, B., & Patel, T. (2007).  Autobiographical memory and social 

problem-solving in Asperger syndrome.  Journal of Autism and Developmental 

Disorders, 37(2), 291-300.  doi: 10.1007/s10803-006-0168-0 

Goddard, L., Dritschel, B., Robinson, S., & Howlin, P. (2014).  Development of autobiographical 

memory in children with autism spectrum disorders: Deficits, gains, and predictors of 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

177 
 

performance.  Development and Psychopathology, 26(1), 215-228.  doi: 

10.1017/S0954579413000904 

Goddard, L., O’Dowda, H., & Pring, L. (2017).  Knowing me, knowing you: Self defining 

memories in adolescents with and without an autism spectrum disorder.  Research in 

Autism Spectrum Disorders, 37, 31-40.  doi: 10.1016/j.rasd.2017.02.002 

Gollin, E.S., Saravo, A., & Salten, C. (1967).  Perceptual distinctiveness and oddity-problem 

solving in children.  Journal of Experimental Child Psychology, 5(4), 586-596.  doi: 

10.1016/0022-0965(67)90052-5 

Greene, A.J., Spellman, B.A., Levy, W.B., Dusek, J.A., & Eichenbaum, H.B. (2001).  Relational 

learning with and without awareness: Transitive inference using nonverbal stimuli in 

humans.  Memory & Cognition, 29(6), 893-902.  doi: 10.3758/BF03196418 

Groom, M.J., Kochhar, P., Hamilton, A., Liddle, E.B., Simeou, M., & Hollis, C. (2017).  

Atypical processing of gaze cues and faces explains comorbidity between autism 

spectrum disorder (ASD) and attention deficit/hyperactivity disorder (ADHD).  Journal 

of Autism and Developmental Disorders, 47(5), 1496-1509.  doi: 10.1007/s10803-017-

3078-4 

Hannula, D.E. & Ranganath, C. (2008).  Medial temporal lobe activity predicts successful 

relational memory binding.  The Journal of Neuroscience, 28(1), 116-124.  doi: 

10.1523/JNEUROSCI.3086-07.2008 

Hannula, D.E., & Ranganath, C. (2009).  The eyes have it: hippocampal activity predicts 

expression of memory in eye movements.  Neuron, 63(5), 592-599.  doi: 

10.1016.j.neuron.2009.08.025 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

178 
 

Happé, F.G. (1993).  Communicative competence and theory of mind in autism: A test of 

relevance theory.  Cognition, 48(2), 101-119.  doi: 10.1016/0010-0277(93)90026-R 

Happé, F., Ronald, A., & Plomin, R. (2006).  Time to give up on a single explanation for autism.  

Nature Neuroscience, 9(10), 1218.  doi: 10.1007/s10803-005-0039-0 

Happé, F., & Frith, U. (2006).  The weak coherence account: detail-focused cognitive style in 

autism spectrum disorders.  Journal of Autism and Developmental Disorders, 36(1), 5-25.  

doi: 10.1007/s10803-005-0039-0 

Heckers, S., Zalesak, M., Weiss, A.P., Ditman, T., & Titone, D. (2004).  Hippocampal activation 

during transitive inference in humans.  Hippocampus, 14(2), 153-162.  doi: 

10.1002/hipo.10189 

Hermelin, B., & O’Connor, N. (1970).  Psychological experiments with autistic children. Oxford: 

Pegamon Press. 

Hill, E.L. (2004).  Executive dysfunction in autism.  Trends in Cognitive Sciences, 8(1), 26-32.  

doi: 10.1016/j.tics.2003.11.003 

Holdstock, J.S., Mayes, A.R., Isaac, C.L., Gong, Q., & Roberts, N. (2002).  Differential 

involvement of the hippocampus and temporal lobe cortices in rapid and slow learning of 

new semantic information.  Neuropsychologia, 40(7), 748-768.  doi: 10.1016/S0028-

3932(01)00192-0 

Holdstock, J.S., Mayes, A.R., Roberts, N., Cezayirli, E., Isaac, C.L., O'reilly, R.C., & Norman, 

K.A. (2002).  Under what conditions is recognition spared relative to recall after selective 

hippocampal damage in humans?  Hippocampus, 12(3), 341-351.  doi: 

10.1002/hipo.10011 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

179 
 

Hopf, L., Quraan, M.A., Cheung, M.J., Taylor, M.J., Ryan, J.D., & Moses, S.N. (2013).  

Hippocampal lateralization and memory in children and adults.  Journal of the 

International Neuropsychological Society, 19(10), 1042-1052.  doi: 

10.1017/S1355617713000751 

Hughes, C., Russell, J., & Robbins, T.W. (1994).  Evidence for executive dysfunction in autism.  

Neuropsychologia, 32(4), 477-492.  doi: 10.1016/0028-3932(94)90092-2 

Hunt, R.R., & Einstein, G.O. (1981).  Relational and item-specific information in 

memory.  Journal of Verbal Learning and Verbal Behavior, 20(5), 497-514.  doi: 

10.1016/S0022-5371(81)90138-9 

Jolliffe, T., & Baron-Cohen, S. (1999).  A test of central coherence theory: linguistic processing 

in high-functioning adults with autism or Asperger syndrome: is local coherence 

impaired?  Cognition, 71(2), 149-185.  doi: 10.1016/S0010-0277(99)00022-0 

Jones, E.J., Gliga, T., Bedford, R., Charman, T., & Johnson, M.H. (2014).  Developmental 

pathways to autism: a review of prospective studies of infants at risk.  Neuroscience & 

Biobehavioral Reviews, 39, 1-33.  doi: 10.1016/j.neubiorev.2013.12.001 

Jones, E.J.H., Pascalis, O., Eacott, M.J., & Herbert, J.S. (2011).  Visual recognition memory 

across contexts.  Developmental Science, 14(1), 136-147.  doi: 10.1111/j.1467-

7687.2010.00964.x 

Jones, C.R., Simonoff, E., Baird, G., Pickles, A., Marsden, A.J., Tregay, J., Happé, F. and 

Charman, T. (2018).  The association between theory of mind, executive function, and the 

symptoms of autism spectrum disorder.  Autism Research, 11(1), 95-109.  doi: 

10.1002/aur.1873 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

180 
 

Jones, W., & Klin, A. (2013).  Attention to eyes is present but in decline in 2–6-month-old 

infants later diagnosed with autism.  Nature, 504(7480), 427.  doi: 10.1038/nature12715 

Joseph, R.M., Steele, S.D., Meyer, E., & Tager-Flusberg, H. (2005).  Self-ordered pointing in 

children with autism: failure to use verbal mediation in the service of working memory?  

Neuropsychologia, 43(10), 1400-1411.  doi: 10.1016/j.neuropsychologia.2005.01.010 

Kanner, L. (1943).  Autistic disturbances of affective contact.  Nervous Child, 2(3), 217-50.  

Retrieved from http://psycnet.apa.org/record/1943-03624-001 

Kanner, L. (1949).  Problems of nosology and psychodynamics of early infantile autism.  

American Journal of Orthopsychiatry, 19(3), 416-426.  doi: 10.1111/j.1939-

0025.1949.tb05441.x 

Kesner, R.P., & Hopkins, R.O., (2006).  Mnemonic functions of the hippocampus: A comparison 

between animals and humans.  Biological Psychology, 73(1), 3-18.  doi: 

10.1016/j.biopsycho.2006.01.004 

Klein, A.M., Zwickel, J., Prinz, W., & Frith, U. (2009).  Animated triangles: An eye tracking 

investigation.  Quarterly Journal of Experimental Psychology, 62(6), 1189-1197.  doi: 

10.1080/17470210802384214 

Klein, S.B., Chan, R.L., & Loftus, J. (1999).  Independence of episodic and semantic self-

knowledge: The case from autism.  Social Cognition, 17(4), 413-436.  doi: 

10.1521/soco.1999.17.4.413 

Klein, S.B., Loftus, J., & Kihlstrom, J.F. (2002).  Memory and temporal experience: The effects 

of episodic memory loss on an amnesic patient's ability to remember the past and imagine 

the future.  Social Cognition, 20(5), 353-379.  doi: 10.1521/soco.20.5.353.21125 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

181 
 

Konkel, A., & Cohen, N.J. (2009).  Relational memory and the hippocampus: representations and 

methods.  Frontiers in Neuroscience, 3(2), 166.  doi: 10.3389/neuro.01.023.2009 

Koski, J., Olson, I.R., & Newcombe, N.S. (2013).  Tracking the eyes to see what children 

remember.  Memory, 21(3), 396-407.  doi: 10.1080/09658211.2012.735241 

Lazareva, O.F., Kandray, K., & Acerbo, M.J. (2015).  Hippocampal lesion and transitive 

inference: Dissociation of inference‐based and reinforcement‐based strategies in pigeons.  

Hippocampus, 25(2), 219-226.  doi: 10.1002/hipo.22366 

Lee, A., Hobson, R.P., & Chiat, S. (1994).  I, you, me, and autism: An experimental study.  

Journal of Autism and Developmental Disorders, 24(2), 155-176.  doi: 

10.1007/BF02172094 

Lee, A.C., Scahill, V.L., & Graham, K.S. (2007).  Activating the medial temporal lobe during 

oddity judgment for faces and scenes.  Cerebral Cortex, 18(3), 683-696.  doi: 

10.1093/cercor/bhm104   

Libben, M., & Titone, D. (2008).  The role of awareness and working memory in human 

transitive inference.  Behavioural Processes, 77(1), 43-54.  doi: 

10.1016/j.beproc.2007.06.006 

Lind, S.E. (2010). Memory and the self in autism: A review and theoretical 

framework.  Autism, 14(5), 430-456.  doi: 10.1177/1362361309358700 

Lind, S.E., & Bowler, D.M. (2009).  Recognition memory, self-other source memory, and 

theory-of-mind in children with autism spectrum disorder.  Journal of Autism and 

Developmental Disorders, 39(9), 1231.  doi: 10.1007/s10803-009-0735-2 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

182 
 

Lind, S.E., & Bowler, D.M. (2010).  Episodic memory and episodic future thinking in adults with 

autism.  Journal of Abnormal Psychology, 119(4), 896.  doi: 10.1037/a0020631 

Lind, S.E., Williams, D.M., Bowler, D.M., & Peel, A. (2014).  Episodic memory and episodic 

future thinking impairments in high-functioning autism spectrum disorder: An underlying 

difficulty with scene construction or self-projection?  Neuropsychology, 28(1), 55.  doi: 

10.1037/neu0000005 

Lind, S.E., Williams, D.M., Raber, J., Peel, A., & Bowler, D.M. (2013).  Spatial navigation 

impairments among intellectually high-functioning adults with autism spectrum disorder: 

Exploring relations with theory of mind, episodic memory, and episodic future 

thinking.  Journal of Abnormal Psychology, 122(4), 1189.  doi: 10.1037/a0034819 

Lipsitt, L.P., & Serunian, S.A. (1963).  Oddity-problem learning in young children.  Child 

Development, 34(1), 201-206.  doi: 10.2307/1126840 

Losh, M., & Capps, L. (2003).  Narrative ability in high-functioning children with autism or 

Asperger's syndrome.  Journal of Autism and Developmental Disorders, 33(3), 239-251.  

doi: 10.1023/A:1024446215446 

Loth, E., Gómez, J.C., & Happé, F. (2011).  Do high-functioning people with autism spectrum 

disorder spontaneously use event knowledge to selectively attend to and remember 

context-relevant aspects in scenes?  Journal of Autism and Developmental Disorders, 

41(7), 945-961.  doi: 10.1007/s10803-007-0412-2 

Loveland, K.A., Bachevalier, J., Pearson, D.A. & Lane, D.M. (2008).  Fronto-limbic functioning 

in children and adolescents with and without autism.  Neuropsychologia, 46(1), 49-62.  

doi: 10.1016/j.neuropsychologia.2007.08.017 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

183 
 

Maclean, E.L., Merritt, D.J., & Brannon, E.M. (2008).  Social Complexity Predicts Transitive 

Reasoning in Prosimian Primates.  Animal Behaviour, 76(2), 479-486.  doi: 

10.1016/j.anbehav.2008.01.025 

Mullally, S.L., & Maguire, E.A. (2014).  Memory, imagination, and predicting the future: a 

common brain mechanism?  The Neuroscientist, 20(3), 220-234.  doi: 

10.1177/1073858413495091  

Maister, L., Simons, J.S., & Plaisted-Grant, K. (2013).  Executive functions are employed to 

process episodic and relational memories in children with autism spectrum 

disorders.  Neuropsychology, 27(6), 615.  doi: 10.1037/a0034492 

Malik, S., Vinukonda, G., Vose, L.R., Diamond, D., Bhimavarapu, B.B., Hu, F., Zia, M.T., 

Hevner, R., Zecevic, N. & Ballabh, P. (2013).  Neurogenesis continues in the third 

trimester of pregnancy and is suppressed by premature birth.  Journal of Neuroscience, 

33(2), 411-423.  doi: 10.1523/JNEUROSCI.4445-12.2013 

Mattison, M.L., Dando, C.J., & Ormerod, T.C. (2015).  Sketching to remember: Episodic free 

recall task support for child witnesses and victims with autism spectrum disorder.  

Journal of Autism and Developmental Disorders, 45(6), 1751-1765.  doi: 

10.1007/s10803-014-2335-z 

Matson, J.L., Kozlowski, A.M., Hattier, M.A., Horovitz, M., & Sipes, M. (2012).  DSM-IV vs 

DSM-5 diagnostic criteria for toddlers with autism.  Developmental Neurorehabilitation, 

15(3), 185-190.  doi: 10.3109/17518423.2012.672341 

Mayes, A.R., Holdstock, J.S., Isaac, C.L., Hunkin, N.M., & Roberts, N. (2002).  Relative sparing 

of item recognition memory in a patient with adult‐onset damage limited to the 

hippocampus.  Hippocampus, 12(3), 325-340.  doi: 10.1002/hipo.1111 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

184 
 

McDonnell, C.G., Valentino, K., & Diehl, J.J. (2017).  A developmental psychopathology 

perspective on autobiographical memory in autism spectrum disorder.  Developmental 

Review, 44, 59-81.  doi: 10.1016/j.dr.2017.01.001 

Meyer, B.J., Gardiner, J.M., & Bowler, D.M. (2014).  Directed forgetting in high-functioning 

adults with autism spectrum disorders.  Journal of Autism and Developmental Disorders, 

44(10), 2514-2524.  doi: 10.1007/s10803-014-2121-y 

Milewski, A.E., & Siqueland, E.R. (1975).  Discrimination of color and pattern novelty in one-

month human infants.  Journal of Experimental Child Psychology, 19(1), 122-136.  doi: 

10.1016/0022-0965(75)90154-X 

Miller, J.F., Neufang, M., Solway, A., Brandt, A., Trippel, M., Mader, I., Hefft, S., Merkow, M., 

Polyn, S.M., Jacobs, J. and Kahana, M.J. (2013).  Neural activity in human hippocampal 

formation reveals the spatial context of retrieved memories.  Science, 342(6162), 1111-

1114.  doi: 10.1126/science.1244056 

Millward, C., Powell, S., Messer, D., & Jordan, R. (2000).  Recall for self and other in autism: 

Children's memory for events experienced by themselves and their peers.  Journal of 

Autism and Developmental Disorders, 30(1), 15-28.  doi: 10.1023/A:1005455926727 

Minshew, N.J., & Goldstein, G. (2001).  The pattern of intact and impaired memory functions in 

autism.  The Journal of Child Psychology and Psychiatry and Allied Disciplines, 42(8), 

1095-1101.  doi: 10.1017/S0021963001007867 

Montaldi, D., & Mayes, A.R. (2010).  The role of recollection and familiarity in the functional 

differentiation of the medial temporal lobes.  Hippocampus, 20(11), 1291-1314.  doi: 

10.1002/hipo.20853 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

185 
 

Monti, J.M., Cooke, G.E., Watson, P.D., Voss, M.W., Kramer, A.F., & Cohen, N.J. (2014).  

Relating hippocampus to relational memory processing across domains and delays.  

Journal of Cognitive Neuroscience, 27(2), 234-245.  doi: 10.1162/jocn_a_00717 

Moses, S.N., Ostreicher, M.L., Rosenbaum, R.S., & Ryan, J.D. (2008).  Successful transverse 

patterning in amnesia using semantic knowledge.  Hippocampus, 18(2), 121-124.  doi: 

10.1002/hipo.20378 

Moses, S.N., Ryan, J.D., Bardouille, T., Kovacevic, N., Hanlon, F.M., & McIntosh, A.R. (2009).  

Semantic information alters neural activation during transverse patterning performance.  

Neuroimage, 46(3), 863-873.  doi: 10.1016/j.neuroimage.2009.02.042 

Moses, S.N., Villate, C., & Ryan, J.D. (2006).  An investigation of learning strategy supporting 

transitive inference performance in humans compared to other species.  

Neuropsychologia, 44(8), 1370-1387.  doi: 10.1016/j.neuropsychologia.2006.01.004 

Mottron, L., Belleville, S. & Menard, E. (1999).  Local Bias in Autistic Subjects as Evidenced by 

Graphic Tasks: Perceptual Hierarchization or Working Memory Deficit?  Journal of 

Child Psychology and Psychiatry, 40(5), 743-755.  doi: 10.1111/1469-7610.00490 

Mottron, L., Burack, J.A., Stauder, J.E., & Robaey, P. (1999).  Perceptual processing among 

high-functioning persons with autism.  The Journal of Child Psychology and Psychiatry 

and Allied Disciplines, 40(2), 203-211.  doi: 10.1111/1469-7610.00433 

Mottron, L., Morasse, K., & Belleville, S. (2001).  A study of memory functioning in individuals 

with autism.  The Journal of Child Psychology and Psychiatry and Allied 

Disciplines, 42(2), 253-260.  doi: 10.1017/S0021963001006722 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

186 
 

Mou, Y., Province, J.M., & Luo, Y. (2014).  Can infants make transitive inferences?  Cognitive 

Psychology, 68, 98-112.  doi: 10.1016/j.cogpsych.2013.11.003 

Murray, M.J., Mayes, S.D. & Smith, L.A. (2011).  Brief Report: Excellent Agreement Between 

Two Brief Autism Scales (Checklist for Autism Spectrum Disorder and Social 

Responsiveness Scale) Completed Independently by Parents and the Autism Diagnostic 

Interview-Revised.  Journal of Autism and Developmental Disorders, 41(11), 1586-1590.  

doi: 10.1007/s10803-011-1178-0 

Nagode, J.C., & Pardo, J.V. (2002).  Human hippocampal activation during transitive inference.  

Neuroreport, 13(7), 939-944.  doi: 10.1097/00001756-200205240-00008 

Neath, I., & Surprenant, A.M. (2003).  Human Memory, Belmont, CA: Wadsworth. 

Nemanic, S., Alvarado, M.C., & Bachevalier, J. (2004).  The hippocampal/parahippocampal 

regions and recognition memory: insights from visual paired comparison versus object-

delayed nonmatching in monkeys.  Journal of Neuroscience, 24(8), 2013-2026.  doi: 

10.1523/JNEUROSCI.3763-03.2004 

Nemeth, D., Janacsek, K., Balogh, V., Londe, Z., Mingesz, R., Fazekas, M., Jambori, S., Danyi, 

I. & Vetro, A. (2010).  Learning in autism: implicitly superb.  PloS one, 5(7), e11731.  

doi: 10.1371/journal.pone.0011731 

Newcombe, N., Huttenlocher, J., Drummey, A.B., & Wiley, J.G. (1998).  The development of 

spatial location coding: Place learning and dead reckoning in the second and third years.  

Cognitive Development, 13(2), 185-200.  doi: 10.1016.S0885-2014(98)90038-7 

Ngo, C.T., Newcombe, N.S., & Olson, I.R. (2018).  The ontogeny of relational memory and 

pattern separation.  Developmental Science, 21(2), e12556.  doi: 10.1111/desc.12556 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

187 
 

Nicolson, R., DeVito, T.J., Vidal, C.N., Sui, Y., Hayashi, K.M., Drost, D.J., Williamson, P.C., 

Rajakumar, N., Toga, A.W., & Thompson, P.M. (2006).  Detection and mapping of 

hippocampal abnormalities in autism.  Psychiatry Research: Neuroimaging, 148(1), 11-

21.  doi: 10.1016/j.psychresns.2006.02.005 

Okuda, J., Fujii, T., Ohtake, H., Tsukiura, T., Tanji, K., Suzuki, K., Kawashima, R., Fukuda, H., 

Itoh, M. & Yamadori, A. (2003).  Thinking of the future and past: The roles of the frontal 

pole and the medial temporal lobes.  Neuroimage, 19(4), 1369-1380.  doi: 

10.1016/S1053-8119(03)00179-4 

Olsen, R.K., Moses, S.N., Riggs, L., & Ryan, J.D. (2012).  The hippocampus supports multiple 

cognitive processes through relational binding and comparison.  Frontiers in Human 

Neuroscience, 6, 146.  doi: 10.3389/fnhum.2012.00146 

Olson, I.R., Page, K., Moore, K.S., Chatterjee, A., & Verfaellie, M. (2006).  Working memory 

for conjunctions relies on the medial temporal lobe.  Journal of Neuroscience, 26(17), 

4596-4601.  doi: 10.1523/JNEUROSCI.1923-05.2006 

Opitz, B. (2010).  Neural binding mechanisms in learning and memory.  Neuroscience & 

Biobehavioral Reviews, 34(7), 1036-1046.  doi: 10.1016/j.neubiorev.2009.11.001 

O’Reilly, R.C. & Rudy, J.W. (2001).  Conjunctive representations in learning and memory: 

principle of cortical and hippocampal function.  Psychological Review, 108(2), 311-345.  

doi: 10.1037/0033-295X.108.2.311 

O'Shea, A.G., Fein, D.A., Cillessen, A.H., Klin, A., & Schultz, R.T. (2005).  Source memory in 

children with autism spectrum disorders.  Developmental Neuropsychology, 27(3), 337-

360.  doi: 10.1207/s15326942dn2703_3 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

188 
 

Østby, Y., Tamnes, C.K., Fjell, A.M., & Walhovd, K.B. (2012).  Dissociating Memory Processes 

in the Developing Brain: The Role of Hippocampal Volume and Cortical Thickness in 

Recall after Minutes versus Days.  Cerebral Cortex, 22(2), 381-390.  doi: 

10.1093/cercor/bhr116 

Overman, W., Bachevalier, J., Miller, M., & Moore, K. (1996).  Children's performance on 

“animal tests” of oddity: Implications for cognitive processes required for tests of oddity 

and delayed nonmatch to sample.  Journal of Experimental Child Psychology, 62(2), 223-

242.  doi: 10.1006/jecp.1996.0029 

Overman, W.H., Pate, B.J., Moore, K., & Peuster, A. (1996).  Ontogeny of place learning in 

children as measured in the radial arm maze, Morris search task, and open field task.  

Behavioral Neuroscience, 110(6), 1205.  doi: 10.1037//0735-7044.110.6.1205 

Overman, W., Pierce, A., Watterson, L., & Coleman, J.K. (2013).  Use of a non-navigational, 

non-verbal landmark task in children.  International Journal of Behavioral 

Development, 37(6), 485-497.  doi: 10.1177/0165025413493876 

Ozonoff, S., Strayer, D.L., McMahon, W.M., & Filloux, F. (1994).  Executive function abilities 

in autism and Tourette syndrome: An information processing approach.  Journal of Child 

Psychology and Psychiatry, 35(6), 1015-1032.  doi: 10.1111/j.1469-7610.1994.tb01807.x 

Pascalis, O., & Bachevalier, J. (1999).  Neonatal aspiration lesions of the hippocampal formation 

impair visual recognition memory when assessed by paired-comparison task but not by 

delayed nonmatching-to-sample task.  Hippocampus, 9(6), 609-616.  doi: 

10.1002/(SICI)1098-1063(1999)9:6<609::AID-HIPO1>3.0.CO;2-A 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

189 
 

Pascalis, O., Hunkin, N.M., Bachevalier, J., Mayes, A.R. (2009).  Change in background context 

disrupts performance on visual paired comparison following hippocampal damage.  

Neuropsychologia, 47(10), 2107-2113.  doi: 10.1016/j.neuropsychologia.2009.04.001 

Pascalis, O., Hunkin, N.M., Holdstock, J.S., Isaac, C.L. & Mayes, A.R. (2004).  Visual paired 

comparison performance is impaired in a patient with selective hippocampal lesions and 

relatively intact item recognition.  Neuropsychologia, 42(10), 1293-1300.  doi: 

10.1016/j.neuropsychologia.2004.03.005 

Pellicano, E. (2010).  The Development of Core Cognitive Skills in Autism: A 3-Year 

Prospective Study.  Child Development, 81(5), 1400-1416.  doi: 

10.1073/pnas.1014076108 

Peterson, C.C., & Siegal, M. (1995).  Deafness, conversation and theory of mind.  Journal of 

Child Psychology and Psychiatry, 36(3), 459-474.  doi: 10.1111/j.1469-

7610.1995.tb01303.x 

Peterson, C.C., & Siegal, M. (2000).  Insights into theory of mind from deafness and autism.  

Mind & Language, 15(1), 123-145.  doi: 10.1111/1468-0017.00126 

Piven, J., Bailey, J., Ranson, B.J., & Arndt, S. (1998).  No difference in hippocampus volume 

detected on magnetic resonance imaging in autistic individuals.  Journal of Autism and 

Developmental Disorders, 28(2), 105-110.  doi: 10.1023/A:1026084430649 

Poirier, M., Martin, J.S., Gaigg, S.B., & Bowler, D.M. (2011).  Short-term memory in autism 

spectrum disorder.  Journal of Abnormal Psychology, 120(1), 247.  doi: 

10.1037/a0022298 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

190 
 

Preston, A.R., Shrager, Y., Dudukovic, N.M., & Gabrieli, J.D. (2004).  Hippocampal 

contribution to the novel use of relational information in declarative memory.  

Hippocampus, 14(2), 148-152.  doi: 10.1002/hipo.20009 

Race, E., Keane, M.M., & Verfaellie, M. (2011).  Medial temporal lobe damage causes deficits in 

episodic memory and episodic future thinking not attributable to deficits in narrative 

construction.  Journal of Neuroscience, 31(28), 10262-10269.  doi: 

10.1523/JNEUROSCI.1145-11.2011 

Rai, D., Lee, B.K., Dalman, C., Golding, J., Lewis, G., & Magnusson, C. (2013).  Parental 

depression, maternal antidepressant use during pregnancy, and risk of autism spectrum 

disorders: population based case-control study.  Bmj, 346, f2059.  doi: 10.1136/bmj.f2059 

Raven, J.C. (1976).  Raven’s coloured progressive matrices.  Karami A. Tehran: Ravansanji, 

1388. 

Raymond, G.V., Bauman, M.L., & Kemper, T.L. (1995).  Hippocampus in autism: a Golgi 

analysis.  Acta Neuropathologica, 91(1), 117-119.  doi: 10.1007/s004010050401 

Reed, J.M., & Squire, L.R. (1999).  Impaired transverse patterning in human amnesia is a special 

case of impaired memory for two-choice discrimination tasks.  Behavioral 

Neuroscience, 113(1), 3-9.  doi: 10.1037/0735-7044.113.1.3 

Reichenberg, A., Gross, R., Weiser, M., Bresnahan, M., Silverman, J., Harlap, S., Rabinowitz, J., 

Shulman, C., Malaspina, D., Lubin, G., Knobler, H.Y., Davidson, M. & Susser, E. (2006).  

Advancing Paternal Age and Autism.  Archives of General Psychiatry, 63(9), 1026–1032.  

doi: 10.1001/archpsyc.63.9.1026 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

191 
 

Renner, P., Klinger, L.G., & Klinger, M.R. (2000).  Implicit and explicit memory in autism: Is 

autism an amnesic disorder?  Journal of Autism and Developmental Disorders, 30(1), 3-

14.  Doi: 10.1023/A:1005487009889 

Richmond, J., & Nelson, C.A. (2009).  Relational memory during infancy: evidence from eye 

tracking.  Developmental Science, 12(4), 549-556.  doi: 10.1111/j.1467-

7687.2009.00795.x 

Richmond, J.L., & Pan, R. (2013).  Thinking about the future early in life: The role of relational 

memory.  Journal of Experimental Child Psychology, 114(4), 510-521.  doi: 

10.1016/j.jecp.2012.11.002 

Rickard, T.C., & Grafman, J. (1998).  Losing their configural mind: Amnesic patients fail on 

transverse patterning.  Journal of Cognitive Neuroscience, 10(4), 509-524.  doi: 

10.1162/089892998562915 

Riggins, T. (2014).  Longitudinal investigation of source memory reveals different 

developmental trajectories for item memory and binding.  Developmental Psychology, 

50(2), 449.  doi: 10.1037/a0033622 

Ring, M., Gaigg, S.B., & Bowler, D.M. (2015).  Object‐location memory in adults with autism 

spectrum disorder.  Autism Research, 8(5), 609-619.  doi: 10.1002/aur.1478 

Ring, M., Gaigg, S.B., & Bowler, D.M. (2016).  Relational Memory Processes in Adults with 

Autism Spectrum Disorder.  Autism Research, 9(1), 97-106.  doi: 10.1002/aur.1493 

Ring, M., Derwent, C.L.T., Gaigg, S.B., & Bowler, D.M. (2017).  Structural learning difficulties 

implicate altered hippocampal functioning in adults with autism spectrum 

disorder.  Journal of Abnormal Psychology, 126(6), 793.  doi: 10.1037/abn0000277 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

192 
 

Robinson, S., Howlin, P., & Russell, A. (2017).  Personality traits, autobiographical memory and 

knowledge of self and others: A comparative study in young people with autism spectrum 

disorder.  Autism, 21(3), 357-367.  doi: 10.1177/1362361316645429 

Roth, I. (2010).  The Autism Spectrum in the 21st Century: Exploring Psychology, Biology and 

Practice.  London: The Open University. 

Rubin, R.D., Watson, P.D., Duff, M.C., & Cohen, N.J. (2014).  The role of the hippocampus in 

flexible cognition and social behavior.  Frontiers in Human Neuroscience, 8, 742.  doi: 

10.3389/fnhum.2014.00742 

Rudy, J.W., Keith, J.R., & Georgen, K. (1993).  The effect of age on children's learning of 

problems that require a configural association solution.  Developmental Psychobiology, 

26(3), 171-184.  doi: 10.1002/dev.420260304 

Rudy, J.W., & Sutherland, R.J. (1989).  The hippocampal formation is necessary for rats to learn 

and remember configural discriminations.  Behavioural Brain Research, 34(1), 97-109.  

doi: 10.1016/S0166-4328(89)80093-2 

Ryan, J.D., Althoff, R.R., Whitlow, S., & Cohen, N.J. (2000).  Amnesia is a deficit in relational 

memory.  Psychological Science, 11(6), 454-461.  doi: 10.1111/1467-9280.00288 

Ryan, J.D., & Cohen, N.J. (2004).  Processing and short-term retention of relational information 

in amnesia.  Neuropsychologia, 42(4), 497-511.  doi: 

10.1016/j.neuropsychologia.2003.08.011 

Saayman, G., Ames, E.W. & Moffett, A. (1964).  Response to novelty as an indicator of visual 

discrimination in the human infant.  Journal of Experimental Child Psychology, 1(2), 

189-198.  doi: 10.1016/0022-0965(64)90021-9 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

193 
 

Salmond, C.H., Ashburner, J., Connelly, A., Friston, K.J., Gadian, D.G., & Vargha‐Khadem, F. 

(2005).  The role of the medial temporal lobe in autistic spectrum disorders.  European 

Journal of Neuroscience, 22(3), 764-772.  doi: 10.1111/j.1460-9568.2005.04217.x 

Sanderson, D.J., Pearce, J.M., Kyd, R.J., & Aggleton, J.P. (2006).  The importance of the rat 

hippocampus for learning the structure of visual arrays.  European Journal of 

Neuroscience, 24(6), 1781-1788.  doi: 10.1111/j.1460-9568.2006.05035.x 

Sandin, S., Schendel, D., Magnusson, P., Hultman, C., Surén, P., Susser, E., Grønborg, T., 

Gissler, M., Gunnes, N., Gross, R. & Henning, M. (2016).  Autism risk associated with 

parental age and with increasing difference in age between the parents.  Molecular 

Psychiatry, 21(5), 693.  doi: 10.1038/mp.2015.70 

Scoville, W.B., & Milner, B. (1957).  Loss of recent memory after bilateral hippocampal lesions. 

Journal of Neurology, Neurosurgery, and Psychiatry, 20(1), 11.  doi: 

10.1136/jnnp.20.1.11 

Shah, A., & Frith, U. (1993).  Why do autistic individuals show superior performance on the 

block design task?  Journal of Child Psychology and Psychiatry, 34(8), 1351-1364.  

doi:10.1111/j.1469-7610.1993.tb02095.x 

Shalom, D.B. (2003).  Memory in autism: review and synthesis.  Cortex, 39(4), 1129-1138.  doi: 

10.1016/S0010-9452(08)70881-5 

Silverman, J.L., Gastrell, P.T., Karras, M.N., Solomon, M., & Crawley, J.N. (2015).  Cognitive 

abilities on transitive inference using a novel touchscreen technology for mice.  Cerebral 

Cortex, 25(5), 1133-1142.  doi: 10.1093/cercor/bht293 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

194 
 

Slater, A. & Bremner, G. (2003).  An Introduction to Developmental Psychology.  Malden, MA: 

Blackwell. 

Sluzenski, J., Newcombe, N.S., & Kovacs, S.L. (2006).  Binding, relational memory, and recall 

of naturalistic events: A developmental perspective.  Journal of Experimental 

Psychology: Learning, Memory, and Cognition, 32(1), 89-100.  doi: 10.1037/0278-

7393.32.1.89 

Smith, B.J., Gardiner, J.M. & Bowler, D.M. (2007).  Deficits in free recall persist in Asperger 

Syndrome despite training in the use of list-appropriate learning strategies.  Journal of 

Autism and Developmental Disorders, 37(3), 445-454.  doi: 10.1007/s10803-006-0180-4 

Smith, C., & Squire, L.R. (2005).  Declarative memory, awareness, and transitive inference.  

Journal of Neuroscience, 25(44), 10138-10146.  doi: 10.1523/JNEUROSCI.2731-

05.2005 

Solomon, M., Frank, M.J., Smith, A.C., Ly, S., & Carter, C.S. (2011).  Transitive inference in 

adults with autism spectrum disorders.  Cognitive, Affective, & Behavioral Neuroscience, 

11(3), 437-449.  doi: 10.3758/s13415-011-0040-3 

Solomon, M., Ragland, J.D., Niendam, T.A., Lesh, T.A., Beck, J.S., Matter, J.C., Frank, M.J. & 

Carter, C.S. (2015).  Atypical learning in autism spectrum disorders: a functional 

magnetic resonance imaging study of transitive inference.  Journal of the American 

Academy of Child & Adolescent Psychiatry, 54(11), 947-955.  doi: 

10.1016/j.jaac.2015.08.010 

Solomon, M., McCauley, J.B., Iosif, A.M., Carter, C.S., & Ragland, J.D. (2016).  Cognitive 

control and episodic memory in adolescents with autism spectrum disorders.  

Neuropsychologia, 89, 31-41.  doi: 10.1016/j.neuropsychologia.2016.05.013 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

195 
 

Souchay, C., Wojcik, D.Z., Williams, H.L., Crathern, S., & Clarke, P. (2013).  Recollection in 

adolescents with autism spectrum disorder.  Cortex, 49(6), 1598-1609.  doi: 

10.1016/j.cortex.2012.07.011 

Squire, L.R., & Zola-Morgan, S. (1991).  The medial temporal lobe memory system.  Science, 

253(5026), 1380-1386.  doi: 10.1126/science.1896849 

Steiger, J.H. (2004).  Beyond the F test: effect size confidence intervals and tests of close fit in 

the analysis of variance and contrast analysis.  Psychological Methods, 9(2), 164.  doi: 

10.1037/1082-989X.9.2.164 

Sumiyoshi, C., Kawakubo, Y., Suga, M., Sumiyoshi, T., & Kasai, K. (2011).  Impaired ability to 

organize information in individuals with autism spectrum disorders and their 

siblings.  Neuroscience Research, 69(3), 252-257.  doi: 10.1016/j.neures.2010.11.007 

Summers, J.A., & Craik, F.I.M. (1994).  The effects of subject-performed tasks on the memory 

performance of verbal autistic children.  Journal of Autism and Developmental Disorders, 

24(6), 773-783.  doi: 10.1007/BF02172285 

Sutherland, R.J., & Rudy, J.W. (1989).  Configural association theory: The role of the 

hippocampal formation in learning, memory, and amnesia.  Psychobiology, 17(2), 129-

144.  doi: 10.3758/BF03337828 

Tager-Flusberg, H., (1991).  Semantic processing in the free recall of autistic children: further 

evidence for a cognitive deficit.  British Journal of Developmental Psychology, 9(3), 417-

430.  doi: 10.1111/j.2044-835X.1991.tb00886.x 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

196 
 

Tager‐Flusberg, H. (1992).  Autistic children's talk about psychological states: Deficits in the 

early acquisition of a theory of mind.  Child Development, 63(1), 161-172.  doi: 

10.1111/j.1467-8624.1992.tb03604.x 

Tager-Flusberg, H., & Caronna, E. (2007).  Language disorders: autism and other pervasive 

developmental disorders.  Pediatric Clinics of North America, 54(3), 469-481.  doi: 

10.1016/j.pcl.2007.02.011 

Townsend, E.L., Richmond, J.L., Vogel‐Farley, V.K., & Thomas, K. (2010).  Medial temporal 

lobe memory in childhood: Developmental transitions.  Developmental Science, 13(5), 

738-751.  doi: 10.1111/j.1467-7687.2009.00935.x 

Travers, B.G., Klinger, M.R., Mussey, J.L., & Klinger, L.G. (2010).  Motor‐linked implicit 

learning in persons with autism spectrum disorders.  Autism Research, 3(2), 68-77.  doi: 

10.1002/aur.123 

Tromp, D., Meunier, H., & Roeder, J.J. (2015).  Transitive inference in two lemur species 

(Eulemur macaco and Eulemur fulvus).  American Journal of Primatology, 77(3), 338-

345.  doi: 10.1002/ajp.22349 

Tulving, E. (2002).  Episodic memory: From mind to brain.  Annual Review of Psychology, 

53(1), 1-25.  doi: 10.1146/annurev.psych.53.100901.135114 

Utsunomiya, H., Takano, K., Okazaki, M., & Mitsudome, A. (1999).  Development of the 

temporal lobe in infants and children: analysis by MR-based volumetry.  American 

Journal of Neuroradiology, 20(4), 717-723.  Retrieved from 

http://www.ajnr.org/content/ajnr/20/4/717.full.pdf 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

197 
 

Vargha-Khadem, F., Gadian, D.G., & Mishkin, M. (2001).  Dissociations in cognitive memory: 

the syndrome of developmental amnesia.  Philosophical Transactions of the Royal 

Society of London B: Biological Sciences, 356(1413), 1435-1440.  Doi: 

10.1098/rstb.2001.0951 

Vargha-Khadem, F., Gadian, D.G., Watkins, K.E., Connelly, A., Van Paesschen, W., & Mishkin, 

M. (1997).  Differential effects of early hippocampal pathology on episodic and semantic 

memory.  Science, 277(5324), 376-380.  doi: 10.1126/science.277.5324.376 

Vasconcelos, M. (2008).  Transitive inference in non-human animals: An empirical and 

theoretical analysis.  Behavioural Processes, 78(3), 313-334.  doi: 

10.1016/j.beproc.2008.02.017 

Volkmar, F.R., Paul, R., Klin, A. & Cohen, D. (2005).  Handbook of Autism and Developmental 

Disorders (Vol 1), Hoboken, NJ: Wiley. 

Wechsler, D. (1981).  Wechsler Adult Intelligence Scale - Revised (WAIS-R).  New York, NY: 

The Psychological Corporation. 

Wechsler, D. (2000).  Wechsler Adult Intelligence Scale - 3rd UK ed. (WAIS-III UK). London, 

UK: The Psychological Corporation. 

Wendelken, C., & Bunge, S.A. (2010).  Transitive inference: distinct contributions of 

rostrolateral prefrontal cortex and the hippocampus.  Journal of Cognitive Neuroscience, 

22(5), 837-847.  doi: 10.1162/jocn.2009.21226 

Williams, D.L., Goldstein, G., & Minshew, N.J. (2005).  Impaired memory for faces and social 

scenes in autism: Clinical implications of memory dysfunction.  Archives of Clinical 

Neuropsychology, 20(1), 1-15.  doi: 10.1016/j.acn.2002.08.001 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

198 
 

Williams, D.L., Goldstein, G., & Minshew, N.J. (2006).  The profile of memory function in 

children with autism.  Neuropsychology, 20(1), 21.  doi: 10.1037/0894-4105.20.1.21 

Wimmer, H., Perner, J. (1983).  Beliefs about beliefs: Representation and constraining function 

of wrong beliefs in young children’s understanding of deception.  Cognition, 13(1), 103-

128.  doi: 10.1016/0010-0277(83)90004-5 

Wing, L. (1981).  Asperger's syndrome: a clinical account.  Psychological Medicine, 11(1), 115-

129.  doi: 10.1017/S0033291700053332 

Wing, L. (1991).  The relationship between Asperger’s syndrome and Kanner’s autism, in Frith, 

U. (ed.).  Autism and Asperger Syndrome.  Cambridge: CUP. 

Wing, L. (1992).  Manifestations of social problems in high-functioning autistic people. In 

Schopler, E. & Mesibov, G.B. (1992).  High-functioning individuals with autism.  

Springer US. 

Wing, L., & Gould, J. (1979).  Severe impairments of social interaction and associated 

abnormalities in children: Epidemiology and classification.  Journal of Autism and 

Developmental Disorders, 9(1), 11-29.  doi: 10.1007/BF01531288 

Wojcik, D.Z., Moulin, C.J., & Souchay, C. (2013).  Metamemory in children with autism: 

Exploring “feeling-of-knowing” in episodic and semantic 

memory.  Neuropsychology, 27(1), 19.  doi: 10.1037/a0030526 

World Health Organisation (1992).  ICD-10 Classifications of Mental and Behavioural Disorder: 

Clinical Descriptions and Diagnostic Guidelines. Geneva. World Health Organisation. 

Wright, B.C., & Smailes, J. (2015).  Factors and processes in children's transitive deductions.  

Journal of Cognitive Psychology, 27(8), 967-978.  doi: 10.1080/20445911.2015.1063641 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

199 
 

Wynne, C.D.L. (1995).  Reinforcement accounts for transitive inference performance.  Animal 

Learning & Behavior, 23(2), 207-217.  doi: 10.3758/BF03199936 

Yerys, B.E., Hepburn, S.L., Pennington, B.F. & Rogers, S.J. (2007).  Executive function in 

preschoolers with autism: evidence consistent with a secondary deficit.  Journal of Autism 

and Developmental Disorders, 37(6), 1068-1079.  doi: 10.1007/s10803-006-0250-7 

Yim, H., Dennis, S.J., & Sloutsky, V.M. (2013).  The development of episodic memory: Items, 

contexts, and relations.  Psychological Science, 24(11), 2163-2172.  doi: 

10.1177/0956797613487385 

Zeamer, A., Heuer, E., & Bachevalier, J. (2010).  Developmental trajectory of object recognition 

memory in infant rhesus macaques with and without neonatal hippocampal lesions.  

Journal of Neuroscience, 30(27), 9157-9165.  doi: 10.1523/JNEUROSCI.0022-10.2010 

Yonelinas, A.P. (2002).  The Nature of Recollection and Familiarity: A Review of 30 Years of 

Research.  Journal of Memory and Language, 46(3), 441-517.  doi: 

10.1006/jmla.2002.2864 

Zola, S.M., Squire, L.R., Teng, E., Stefanacci, L., Buffalo, E.A., & Clark, R.E. (2000).  Impaired 

recognition memory in monkeys after damage limited to the hippocampal 

region.  Journal of Neuroscience, 20(1), 451-463.  doi: 10.1523/JNEUROSCI.20-01-

00451.20 

 

 

 

 



RELATIONAL MEMORY IN CHILDREN WITH AUTISM SPECTRUM DISORDER AND REDUCED LANGUAGE 
 

200 
 

Appendices 

Appendix 1: Letter of consent to autism schools 

 

 

 

 

 

        

Date:  

 

 

Dear [name], 

I am currently undertaking a research project within the Autism Research Group at City 

University London.  As you will know, investigations involving children who have developmental delay 

in addition to autism has been relatively neglected, with research tending to focus on individuals at the 

higher-functioning end of the spectrum.  This is regrettable because better understanding of the learning 

and memory difficulties experienced by these young people would provide valuable input to remedial 

interventions and make some small contribution to improved quality of life for them and their families. 

I am writing to ask whether you would be willing to help me recruit some young people from 

[school name] to take part in this study, and subsequently to allow me to test them individually in 

school.  I am looking for participants between the ages of 11 and 16, with a diagnosis of autism and 

mild to moderate learning difficulties.  If you are willing to make an initial contact with parents on my 

behalf, and if parents give their fully informed consent for me to see their child in school, I would visit 

them for approximately four short sessions throughout the term (at the discretion of yourself and their 

teacher).   

The tasks all involve the presentation of simple visual stimuli on a touchscreen computer; 

participants are rewarded with stickers at the end of each task.  We have many years of experience of 

working with a broad age range of children, and young people with diverse behaviours.  Children 

usually enjoy working with us; however, if they show reluctance at any time, there is no obligation for 

them to continue.   Individual results and names are not used in any documents or reports resulting from 

the study.   

I would be more than happy to meet with staff and parents to discuss my research further, 

without any obligation on their part, and to answer any questions they may have.  Please do not hesitate 

to contact me if you have any further questions; I look forward to hearing from you.  

 

Kind regards 

THE AUTISM RESEARCH GROUP 

Department of Psychology 

City University 

Northampton Square 

London EC1V 0HB 

 

020 7040 8544 

 

 

Name and address 
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Claire Thomas 

City University London 

Email:   
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Appendix 2: Letter of consent to mainstream schools 

 

 

 

 

        

Date:  

 

Dear [name], 

I am currently undertaking a research project within the Department of Psychology at City 

University London.  I am very interested learning and memory in school-aged children.    I believe that 

better understanding of the learning and memory characteristics in young people would provide 

valuable input to learning in school, and possibly help to provide remedial interventions for those who 

need it.  

I am writing to ask whether you would be willing to help me recruit some young people from 

[school name] to take part in this study, and subsequently to allow me to test them individually in 

school.  I am looking for typically-developing participants between the ages of 4 and 11.  If you are 

willing to make an initial contact with parents on my behalf, and if parents give their fully informed 

consent for me to see their child in school, I would visit them for approximately four short sessions 

throughout the term (at the discretion of yourself and their teacher). 

The activities involve the presentation of simple visual stimuli on a touchscreen computer; 

participants are rewarded with stickers at the end of each task.  We have many years of experience of 

working with a broad age range of children, and young people at all levels of ability.  Children are 

usually happy to work with us, and enjoy the fact that they are helping to contribute to science.  

However, if they show reluctance at any time, there is no obligation for them to continue.   Individual 

results and names are not used in any documents or reports resulting from the study.   

I would be more than happy to meet with staff and parents to discuss my research further, 

without any obligation on their part, and to answer any questions they may have.  Please do not hesitate 

to contact me if you have any further questions; I look forward to hearing from you.  

 

Kind regards 

Claire Thomas 

City University London 

Email:   
 

  

Department of Psychology 

City University 

Northampton Square 

London EC1V 0HB 

 

020 7040 8380 

 

 

Name and address 
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Appendix 3: Parent/carer consent letter 

 

 

 

Claire Thomas 

Tel:  

  

 

Dear Parent, 

 

I am currently undertaking research which looks at learning and memory in children.  My work 

involves comparing the memory performance of children who are typically developing, with the 

performance of children who have developmental disorders such as autism.  I have been in contact with 

[HT] at [SCHOOL NAME], who gives the research [THEIR] full support, and so I am now writing to 

you in order to seek permission to include your child in this research.  The research will be carried out 

during the school day, and I will work with your child’s teacher to ensure that there is minimal 

disruption to the school day; also, if your child seems reluctant any point, they would not be compelled 

to participate.  The tasks involve choosing between simple geometric shapes on a touchscreen computer.  

Stickers will be given to each child who takes part, and at the end of the research, children will also 

receive a £5 book token and a certificate of achievement from City University. 

 

All information collected is strictly confidential, names of participants are replaced with codes, 

and only group averages are reported, meaning that no one child’s data are published.  At the end of 

testing I will be happy to come into the school to provide feedback on the overall findings of the 

research, and if you would like feedback on your child’s performance on any of the tasks, I would be 

able to provide this.   

 

I would be very grateful if you would give permission for your child to participate in this 

research, using the form attached.  Research such as this provides important input into the field of 

developmental disorders and also has practical application to special needs education.  If you would 

like more information or have any questions about this research, please do not hesitate to contact me on 

 or , or at my email address .  Alternatively 

you may contact me by post at the above address.  

 

Yours sincerely 

Department of Psychology 

City University 

Northampton Square 

London EC1V 0HB 
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Claire Thomas 

Postgraduate Researcher 

Department of Psychology 

City University London 

 

 

 

 

 

City University Research Project – Parental Consent Form 

 

This research has been approved by the Research and Ethics Committee of the Department of Psychology of 

City University London (project approval number PSYETH 11/12 010/015). 

If you have any comments, concerns or observations about the conduct of the study, please contact Peter Aggar, 

the Secretary to the Committee, quoting the above project approval number. 

 

Postal Address:    Peter Aggar 

Secretary to Psychology Department Research and Ethics Committee 

School Office 

Schools of Arts and Social Sciences 

City University 

Northampton Square 

London EC1V 0HB 

Telephone:     

 

 

 

Form to be returned by ………………… 

Please fill in the details below: 

 

Your child’s name: ………………………………………………………… 

Please delete as applicable: 

Department of Psychology 

City University 

Northampton Square 

London EC1V 0HB 
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I DO/DO NOT want my child to take part………………………………… (Your signature) 

If you would like your child to take part, please fill in the details below: 

 

Do you give permission for your child’s school to have individual feedback on your child’s 

performance in the tasks? YES     

 NO   

 

Do you give permission for the Autism Research Group to contact you again about future research?         

  

 YES     

 NO   
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Appendix 4: Consent form for adults - visual paired comparison task 

 
 

 

 

 

 

Consent Form 
 

Title of Project: Flexible Relational Processing in Adults with Autism Spectrum Disorder. 

 

Name of Researcher. Claire Thomas and Dermot Bowler 

 

 

Please initial the boxes to indicate that you have read the relevant sections of this consent form. 

        

 

 

I confirm that I have read the information sheet for the above named study. I have had the opportunity to 

consider the information and ask questions and have had these answered satisfactorily by one of the 

researchers. 

 

 

I understand what I will be asked to do during the study.   

 

 

I understand that my participation is voluntary and that I am free to withdraw at any time, without giving 

any reason. 

 

 

I understand that all individual information collected about me in this study will be kept strictly 

confidential. The information collected about me will only be used for research purposes and my personal 

details will only be available to members of the Autism Research Group.  

 

 

I understand that the results of this study may be shared with other research groups but that these results 

would be anonymised. My personal details will never be passed on to other researchers unless I give my 

written consent. 

 

I agree to take part in this study. 

 

 

____________________  ______________  ___________________ 

 

Name of Participant Date   Signature 

 

___________________     ______________           ___________________ 

 

Name of Person Taking      Date   Signature 

Consent 

  

THE AUTISM RESEARCH GROUP 

Department of Psychology 

City University 

Northampton Square 

London EC1V 0HB 

 

+44  7040  8544 
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Appendix 5: Information sheet for adults – visual paired comparison task 

 

 

Flexible Relational Processing in Adults with Autism Spectrum Disorder 

 

Claire Thomas 

Professor Dermot Bowler 

 

This study examines the way you look at single pictures and pairs of pictures. You will be presented with a 

sequence of pictures presented either singly or in pairs and asked to look at them. Your eye movements will be 

measured by a small device attached to a baseball cap that you will be asked to wear. 

For your participation you will be paid a rate of £8 per hour and any expenses you incurred on travelling here will 

be reimbursed.  

If you are in any way uncomfortable with this study or would prefer not to participate you do not have to take 

part. It is also important that you understand that you are free to stop the study at any time and that you will not 

suffer any penalty for doing so. If you feel you do not understand what we are asking you to do, please do not 

hesitate to ask for advice. If you would like to take a break at any time, or stop testing and go home, you are free 

to do so without any penalty. 

 

All individual information collected about you will be kept strictly confidential and will not be shown to other 

people with your name attached unless you give your permission in writing; however it is possible that data may 

be re-used as part of a wider project in the future. We anticipate writing up our findings to be published in an 

academic journal, however please note that confidentiality of all participants will be maintained – all of the data 

obtained from individual participants is immediately made anonymous, and results are only reported that relate to 

group averages – so no one individual’s data is published. 

The information collected about you will only be used for research purposes and will only be viewed by those 

involved in this study including Claire Thomas and Professor Dermot Bowler from City University. If you have 

any questions please just ask either in person, by telephone (  or email ( . 

You will be fully debriefed at the end of the study (or before should you decide to withdraw). We hope to publish 

findings from this study in an academic journal and overall results (i.e. not individual) from the study will be 

available on request. 

 

 or telephone  

The study will take place in DG10 (Ground Floor Social Sciences Building) and take around 30 minutes for you 

to complete. 

 

If there is an aspect of the study which concerns you, you may make a complaint. City University has established 

a complaints procedure via the Secretary to the Research Ethics Committee. To complain about the study, you 

need to phone  You can then ask to speak to the Secretary of the Ethics Committee and inform 

them that the name of the project is Flexible Relational Processing in Adults with Autism Spectrum Disorder. 

You could also write to the Secretary at:  

 

Anna Ramberg - Secretary to Senate Ethics Committee  

CRIDO 

City University 

Northampton Square 

London, EC1V 0HB  

Email:    

 

           THE AUTISM RESEARCH GROUP 

 

   




