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ABSTRACT 
 

Two studies were conducted with the primary aim of assessing whether children 

with ASD and AD/HD have atypical STM processes (processes related to storing and 

retrieving information over a brief timeframe), including deficiencies in the ability to 

use inner speech in the service of STM performance. The first study (Study 1) looked at 

the basis for improvements in STM performance and interference effects in typically 

developing (TD) children and provided a normative sample from which to predict the 

performance of children with ASD and AD/HD (Study 2) on two tasks – one involving 

readily nameable pictures and one involving difficult-to-name abstract shapes. Two 

interference conditions (irrelevant speech and irrelevant visual noise), along with a no-

interference condition, were administered within both tasks. 

Consistent with previous research, results involving TD children showed age-

related improvements in STM. Additionally, irrelevant speech affected STM for both 

nameable pictures and abstract designs. This is consistent with research showing 

children over age 7 attempt to recode visually-perceived information (in this case, even 

hard-to-name visual stimuli) verbally to augment STM performance. Irrelevant visual 

noise negatively affected STM only for abstract designs and not for nameable pictures. 

Results from Study 2 demonstrated that, for nameable pictures, performance was 

linked to cognitive ability. Children with ASD performed as well as predicted by the 

performance of TD children when verbal abilities were taken into account and lower 

than predicted when perceptual reasoning abilities were taken into account. Children 

with AD/HD showed the opposite pattern, wherein they performed as predicted when 

perceptual reasoning abilities were taken into account and lower than predicted for their 

verbal reasoning ability. Both groups of children showed interference effects similar to 

the TD group, though STM performance was at lower levels. Results did not provide 

any evidence to suggest that children with ASD or AD/HD utilise compensatory 
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processes, including an over-reliance on visual means to mediate success on STM tasks. 

Cognitive abilities were not associated with performance for children with ASD or 

AD/HD on the abstract designs tasks. Concept formation abilities were implicated as an 

area of weakness in both groups of children. Overall, results provide evidence that both 

children with ASD and AD/HD are able to use inner speech to augment STM 

performance, although they may perform at lower levels than TD children. The 

distinction between performance for children with ASD and AD/HD based on verbal 

and perceptual reasoning abilities for the nameable pictures task appears to represent a 

novel finding to dissociate between these two developmental disabilities. 
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CHAPTER ONE 

 
Introduction and Literature Review: An Overview of Autism Spectrum Disorder, 

Attention-Deficit/Hyperactivity Disorder, and Short-term Memory 

 
 This chapter will provide a review of the defining characteristics and aetiology 

for the two disorders under study, autism spectrum disorder (ASD) and Attention-

Deficit/Hyperactivity Disorder (AD/HD). This is presented in the first two sections 

below. The third section provides a review of the literature underpinning the studies 

reported in succeeding chapters in the form of an overview of short-term memory 

development in children, what is understood about short-term memory in children with 

ASD and AD/HD, and the relationship of inner speech to short-term memory. The final 

section provides an outline and aims of the experimental studies that follow. 

Autism 

Definition 

 According to the Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Edition, Text Revision (DSM-IV-TR; American Psychiatric Association, 2000), 

Autistic Disorder is classified as one of five pervasive developmental disorders 

(PDDs).1 The behavioural characteristics for diagnosis of PDDs cluster into three main 

areas: difficulties with communication, difficulties with reciprocal social interaction 

skills, and an inflexible, often stereotyped quality to behaviour, interests, and activities. 

The most common PDDs are Autistic Disorder, Asperger’s Disorder, and PDD Not 

Otherwise Specified.2 To receive a diagnosis of Autistic Disorder, a child must show 

symptoms in all three criterion areas. 

 To receive a diagnosis of Asperger’s Disorder, a child must have impairments in 

social interaction skills accompanied by restricted or repetitive behaviour and interests, 

                                                 
1 The DSM Fifth Edition was released just prior to submission of this thesis. However, the children 
involved in the current research were diagnosed under the DSM-IV, and so the DSM-IV framework 
remains relevant to this thesis. 
2 The two other PDDs are Rett’s Disorder and Childhood Disintegrative Disorder, both extremely rare 
conditions that are characterised by a regression of skills after a period of normal development for at least 
several months after birth. 
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but no significant delays in language or cognitive development. A diagnosis of PDD 

Not Otherwise Specified also requires deficits in reciprocal social interaction skills, but 

is accompanied by either communication impairments or restrictive, stereotyped 

behaviour. These individuals cannot have met criteria for another subtype of PDD, such 

as Asperger’s Disorder, which could be because of subthreshold symptomatology or late 

age of onset. Notwithstanding, PDD behaviours are generally observable from a 

preschool age. 

In recent years, researchers and clinicians alike have been moving to the use of 

new terminology for the three most common PDDs: autism spectrum disorder. The new 

term reflects the results of a decade of research that has failed to consistently identify 

inherent markers of the disorder that justify the subtypes. While differences are often 

found between children on the spectrum in terms of intelligence or language ability, 

these differences have been found to not represent different manifestations of the 

disorder itself (e.g., Beglinger & Smith, 2001; Verté, Geurts, Roeyers, Oosterlaan, & 

Sergeant, 2006). ASD is a disorder that manifests in social/communicative impairments 

and absorptive interests and behaviours of varying severity, which may have a 

secondary association with level of intelligence, language, and the like. 

Prevalence 

ASDs are about four times more common in males than females (Bryson, Clark, 

& Smith, 1988; U.S. Department of Health and Human Services, 2009).  While this 

ratio has held relatively constant over the years, prevalence rates have been reported to 

be dramatically on the rise. Twenty years ago, most researchers reported a prevalence 

rate of about 1 per 1,000, but the prevalence of autism has skyrocketed in recent years. 

According to The Centers for Disease Control and Prevention’s recent review of 8 year 

olds in the United States, approximately 1 in 110 children have an ASD (U.S. 

Department of Health and Human Services, 2009). A report commissioned by the 
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Australian Advisory Board on Autism Spectrum Disorders published in 2007 (using 

2005 data) indicated a prevalence rate of 1 in 160 children between the ages of 6 and 12 

had an ASD (Australian Advisory Board on Autism Spectrum Disorders, 2007). Most 

professionals attribute the bulk of the increase in prevalence to broadened diagnostic 

criteria and better recognition of the disorder, although there has been some concern 

expressed of potential laxity in the diagnostic process, particularly where access to 

funding for intervention and other services may be dependent on a DSM-IV-TR 

diagnosis (Volkmar, Lord, Bailey, Schultz, & Klin, 2004). In addition, the common 

comorbidities (e.g., anxiety, intellectual disability, poor motor skills) associated with 

ASD can make it incredibly complex to diagnose accurately. Some researchers have not 

discounted the suggestion that the incidence of ASD may actually be on the rise (e.g., 

see review by Wing & Potter, 2002). 

Aetiology 

 The exact cause(s) have not yet been determined but ASD is now conceptualised 

as a neurodevelopmental disorder present from birth or shortly after birth. 

Advancements in genetic research in the past decade provide strong evidence that ASD 

is a disorder involving many genes. Twin studies have often indicated 90% heritability 

for ASD (Anderson & Hoshino, 2005; but see Hallmayer et al., 2011). The disorder 

manifests in neurochemical and neuroanatomical differences, which give rise to the 

behavioural symptoms observed (Klinger, Dawson, & Renner, 2003; Rutter, 2005). 

Atypical levels of serotonin and dopamine have been found in persons with ASD and 

some studies have reported cerebellar and brainstem abnormalities, including 

differences in brain volume over development (Courchesne, 2004; Schmahmann, 1994; 

Volkmar et al., 2004). Additionally, some evidence supports ASD as a condition that 

may have other causative mechanisms, such as prenatal and perinatal insults (e.g., low 

birth weight, intrauterine infections and toxins) (Hallmayer et al., 2011; Klinger et al., 
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2003). In uncovering the aetiology of ASD, both biological research and behavioural 

studies act to mutual benefit. 

Psychological Theories and Models of ASD 

 Three main theories to understanding ASD have emerged in the past two 

decades. In the mid-1980s, a group of three researchers published a paper suggesting 

that the social and communicative impairments of ASD could be best understood as a 

“theory of mind” deficit (Baron-Cohen, Leslie, & Frith, 1985). According to this theory, 

children with ASD have a particular cognitive deficit in their ability to impute mental 

states to others; they lack the ability to theorise what others think or feel and therefore 

cannot predict what others will do. This theory has been exemplified in tasks such as the 

“Sally-Anne” task, where a child is faced with a short story involving two characters 

and a simple plot. One character (Sally) leaves the room and the other (Anne) moves 

Sally’s toy to another location. When Sally returns, the child is asked where Sally will 

look to find her toy. Typically developing children and children with intellectual 

disabilities most often indicate that Sally will look for her toy in the location she left it, 

appreciating the difference in mind states - that beliefs held in Sally’s mind are different 

from those in their own mind. However, children with ASD do not appear to appreciate 

this difference in mental beliefs and indicate that Sally would look in the location it was 

moved to while she was out of the room (Baron-Cohen et al., 1985). 

 The proposal of a theory of mind deficit provided a robust explanation for many 

of the core social and communicative deficits seen in children with ASD. For example, 

both joint attention and pretend play require an ability to make inferences about others’ 

mental states in order to predict their behaviour. However, further research suggested 

that the theory was limited in its ability to explain other features of ASD, including 

atypical “spiky” profiles on IQ tests and a tendency for children to have very restricted 

interests and a preoccupation with parts of objects. Thus, the “weak central coherence” 
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theory of ASD emerged (Frith & Happé, 1994). These researchers continued to support 

the notion of “mind-blindness” (the theory of mind deficit) as a specific modular deficit 

underlying ASD. Adding to that theory, however, they postulated that there was a 

particular cognitive style for many people with ASD that consisted of a preference for 

focusing on small, specific, or local details while problem-solving, over global, holistic 

approaches to problem-solving. This position has been supported by research, including, 

for example, one line of research showing enhanced performance on embedded figures 

tests in children with ASD compared to neurotypical children (Happé & Frith, 2006; 

Keehn et al., 2009). The theory of weak central coherence as a processing characteristic 

of those affected by ASD expanded on the theory of an inherent modular impairment 

specific to mentalising others’ states of mind. 

 Williams, Goldstein, Carpenter, and Minshew (2005) referred to this theory in 

interpreting the results of their study of verbal and visuospatial working memory in high 

functioning children, adolescents, and adults with autism. Verbal memory tasks 

comprised number/letter repetition tasks and visuospatial memory tasks comprised a 

Corsi block type task and the Finger Windows task from the Wide Range Assessment of 

Memory and Learning (WRAML). These tasks were chosen specifically because they 

did not require complex processing. Results indicated that performance in individuals 

with autism was the same as performance in neurotypical controls for the verbal 

working memory tasks but performance was lower than controls on visuospatial 

working memory tasks. Researchers argued that impaired verbal working memory 

reported in other studies of individuals with autism could have been due to the more 

complex nature of the tasks used in those studies. That is, individuals with autism 

appear capable of using verbal working memory, but they have a specific impairment in 

the  spontaneous use of organisational strategies that support memory (see also 

Williams & Minshew, 2008). Thus, as the complexity of the material for processing 
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increases, memory performance decreases. The authors argued that neurotypical 

individuals might have applied strategic processes to the visuospatial working memory 

tasks, such as using self-talk to assist in storage of information, which individuals with 

autism lack. The use of strategic approaches to mediating success with increasingly 

complex problems was thus highlighted as key to understanding the performance of 

individuals with autism on working memory tasks generally. While aspects of this new 

“complex information processing model” of autism are consistent with the central 

coherence model, in regards to children with ASD’s deficiencies in conceptual 

reasoning, organisation, and planning, it provides a more descriptive umbrella-like 

terminology that accounts not only for a “local vs global” processing style, but for the 

extended set of processing deficits, including sensory, motor, and planning impairments 

(Minshew & Williams, 2008). 

 The third important theory to emerge in the last two decades is a theory of 

executive dysfunction. Executive functions include our higher-order thinking skills such 

as impulse control, emotional control, sustained attention, planning and organisation, 

and flexibility (the ability to adjust to changes in plans, rules, and routines). Executive 

function impairment in ASD has been theorised to principally explain the third of the 

diagnostic triad of impairments in ASD (i.e., a tendency to have a restricted range of 

interests and repetitive behaviour) (Hill, 2004). Ozonoff and colleagues (Ozonoff & 

Jensen, 1999; Pennington & Ozonoff, 1996) suggested that children with ASD have 

particular executive functioning impairments in planning and flexibility (resulting in the 

characteristic perseveration apparent in so many children affected). In a later review of 

the literature, Hill (2004) also found support for widespread planning impairments 

(measured by such tasks as the Tower of Hanoi) and flexibility impairments (measured 

using tests such as the Wisconsin Card Sorting Test) in children and adults with ASD. 

Measures of inhibition have yielded disparate findings. A study by Verté, Geurts, 
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Roeyers, Oosterlaan and Sergeant (2005), for example, revealed significant impairments 

in all five executive functions measured (planning, flexibility, visual working memory, 

verbal fluency, and inhibition), when children with ASD were compared to neurotypical 

children (but see Ozonoff & Strayer, 1997). 

In the past several years, several researchers have tested this theory of executive 

dysfunction as causal to ASD by conducting studies on EF with very young children 

with ASD, whilst comparing their performance to chronological- and mental-age 

(“ability”) matched children with developmental disabilities and mental-age matched 

typically developing children. Results of these studies suggest that executive 

dysfunction is found in children with developmental disabilities generally and is not 

specific only to children with ASD, as children with ASD often perform equivalent to 

mental-age matched (i.e., younger) typically developing children and to chronological- 

and mental-age matched developmentally delayed children (e.g., Griffith, Pennington, 

Wehner, & Rogers, 1999; Kenworthy, Yerys, Anthony, & Wallace, 2008; Yerys, 

Hepburn, Pennington, & Rogers, 2007).  

Convergence of Psychological and Biological Research 

 The increasing availability of neuroimaging technology has led researchers to 

challenge theories suggesting a modular or “single core deficit” cause for ASD. 

Volkmar and colleagues (2004), in their review of autism research, noted that findings 

intimate a complex interrelationship of impairments in persons with ASD, with 

widespread brain involvement, including areas associated with visual-spatial processing, 

motor functioning, attention, perception (including face processing), and social 

motivational processes. 

There is also evidence suggesting that individuals with ASD process information 

differently to neurotypical individuals. For example, in an n-back test of working 

memory (Koshino et al., 2005), adults with ASD and neurotypical adults were asked to 
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identify when a letter presented was the same as the one presented one previous (1-back 

task) or the same as the one presented two previous (2-back). Persons with ASD showed 

decreased activation in left frontal brain regions and activated more right prefrontal and 

parietal regions as well as posterior occipital regions compared to neurotypical persons. 

It was theorised that neurotypical adults coded the letters phonetically, while those with 

ASD coded the letters visually.  

Kana, Keller, Cherkassky, Minshew and Just (2006) studied adults’ brain 

activation via fMRI while the participants read and interpreted low-imagery and high-

imagery sentences (e.g., “The number eight when rotated 90 degrees looks like a pair of 

spectacles”) as true or false. While performance was similar between adults with ASD 

and neurotypical persons, the adults with ASD activated parietal-occipital regions even 

in the low-imagery condition, suggesting they were relying more on visual processes 

than language processes to mediate success in all tasks. 

As exemplified in the studies above, thought and action in humans often requires 

the involvement of several brain regions simultaneously or in rapid, interrelated 

succession. Neuropsychology research has provided an indication of the preferred 

specialisation of functions associated with particular brain regions in unimpaired 

individuals (Kolb & Whishaw, 1998). Visuospatial functioning is typically associated 

with the parietal regions of the brain and includes visuomotor guidance of movement, 

mental rotation and imagery, and mental arithmetic. Motor functioning is associated 

with both frontal and parietal regions of the brain. Attention is also associated with 

frontal regions, but other regions of the brain are activated depending on the nature of 

task (Knudsen, 2007). Tasks requiring divided attention, short-term memory, or 

working memory are typically localised to frontal regions, but parietal regions may be 

activated in spatial tasks and temporal regions may be activated in recognition tasks, 

including auditory tasks (Kolb & Whishaw, 1998). The occipital cortex at the rear of the 
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brain specialises in processing visual information (Kastner & Ungerleider, 2000). Thus, 

neuroimaging studies comparing brain region involvement in unimpaired individuals to 

those with ASD have yielded useful information towards understanding the aetiology of 

ASD. 

Attention-Deficit/Hyperactivity Disorder 
 

Definition 

 
Attention-Deficit/Hyperactivity Disorder (AD/HD) is currently classified in the 

DSM-IV-TR within the same section as the Disruptive Behavior Disorders (American 

Psychiatric Association, 2000). Reformulations of the disorder have taken place as a 

result of research and changing conceptual views over the past 50 or more years. 

Currently, there are three subtypes of AD/HD within DSM-IV-TR, along with a fourth 

diagnostic category rarely used, which is termed Attention-Deficit/Hyperactivity 

Disorder Not Otherwise Specified (American Psychiatric Association, 1994). The three 

main subtypes of AD/HD are: Predominantly Inattentive Type, Predominantly 

Hyperactive-Impulsive Type, and Combined Type.  

Symptom lists in the DSM-IV-TR are grouped into two domains: inattention and 

hyperactivity/impulsivity. Individuals must display a minimum of six symptoms in one 

of the two domains in order to receive a diagnosis. Those who display six or more 

symptoms in both domains meet criteria for a Combined Type diagnosis. In addition, 

impairments must be seen in more than one environment (i.e., not just at home, school, 

or work) and must cause marked impairment in the individual’s functioning in at least 

one setting (e.g., socially or academically). DSM-IV-TR does not allow for individuals 

to be diagnosed with both AD/HD and ASD (i.e., the presence of a Pervasive 

Developmental Disorder is an exclusion for AD/HD). However, in practice, some 

clinicians have given dual diagnoses, as research has not shown that having AD/HD is 
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inconsistent with ASD or that associations between the two are ubiquitous. Indeed, 

within DSM-5, dual diagnosis has been formally acknowledged. 

 Although “inattention” has become a key behavioural diagnostic feature for the 

disorder, studies conducted over the past two decades have failed to pinpoint a specific 

aspect of attention that is impaired in individuals with AD/HD. Instead, research has 

often shown clusters of impairments in the areas of inhibition (poor impulse control), 

self-regulation, and more generally, executive functioning (Barkley, 2003b; Bayliss & 

Roodenrys, 2000). Some theorists have even argued that AD/HD – Predominantly 

Hyperactive-Impulsive Type (HI Type) is merely a precursor of the Combined Type and 

have questioned whether the Predominantly Inattentive Type (PI Type) might better be 

represented as a disorder with different underlying impairments than the HI Type 

(Barkley, 2003a; Milich, Balentine, & Lynam, 2001).  

Although there is a specification that AD/HD symptoms be present before the 

age of 7, this criterion has come under scrutiny by researchers and clinicians, as this age 

was chosen arbitrarily. Research studies over the past decade have shown that many 

symptoms (particularly of inattention) may not be detected that early, as they are 

difficult to measure until later in childhood (Kieling et al., 2010).  

Prevalence 

 When the DSM-IV was published, AD/HD was estimated to have a prevalence 

of between 3 and 7% in children (American Psychiatric Association, 1994). Polanczyk 

and colleagues’ recent meta-analysis (Polanczyk, de Lima, Horta, Biederman, & Rohde, 

2007) indicated a worldwide prevalence rate in children and adolescents of 5.29%. 

Overall prevalence rates in North America and Europe were not significantly different, 

although there was significant variability in the prevalence rates by study (ranging from 

approximately 2% to 12%). Such differences, which are commonly reported, are 

thought to be the result of differences in the methodology employed for diagnosis (e.g., 
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using parents or teachers as informants, using different criteria and cutoff points for 

establishing symptom severity) (Barkley, 2003a; Polanczyk et al., 2007). 

 The male to female ratio for AD/HD has stayed consistent over the past several 

decades at roughly 3:1 (Barkley, 2003a). Some researchers have argued, however, that 

the behavioural symptoms of males and females with AD/HD are different and that 

females may be under-diagnosed. The main reasons cited for this include the tendency 

of females to display less hyperactive behaviour (although they may be hyperverbal) 

and less externalizing behaviour generally such as severe oppositionality, which tends to 

bring a child to the attention of professional diagnosticians (Barkley, 2003a; Nadeau, 

Littman, & Quinn, 2006). 

Aetiology 

Despite AD/HD being diagnosed in terms of its behavioural manifestation, it is 

currently conceptualised as a neurobiological or neurodevelopmental disorder present 

from birth (Bradshaw & Sheppard, 2000; Purper-Ouakil, Ramos, Lepagnol-Bestel, 

Gorwood, & Simonneau, 2011). Family and twin studies have indicated that AD/HD is 

highly heritable (at least 80%), although several prenatal and perinatal risk factors have 

also been identified for the disorder (e.g., prenatal exposure to alcohol or tobacco, very 

low birth weight, overexposure to lead) (Barkley, 2003a; Coolidge, Thede, & Young, 

2000; Levy & Hay, 2001). Current research suggests that a common pathway for 

AD/HD appears to be a disturbance in the prefrontal cortical-striatal-cerebellar network 

of the brain (Bradshaw & Sheppard, 2000). Brain structure differences are often seen, as 

are neurochemical disturbances, particularly in the dopaminergic and noradrenergic 

systems (Barkley, 2003a). 

Psychological Theories and Models of AD/HD 

 
Two main models to explain the origins and nature of AD/HD currently 

dominate the literature. Both models implicate executive functions, the abilities guided 
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primarily by the frontal lobes of the brain. One model (Barkley, 1997; Quay, 1997; 

Smith, Barkley, & Shapiro, 2006) asserts that an impairment in inhibition is the 

underlying executive function deficit in AD/HD. Individuals with the disorder have very 

limited ability to prevent a pre-potent response. Barkley has argued that AD/HD is 

much more a disorder of inhibition than a disorder of attention (Barkley, 2003b; Smith 

et al., 2006). This inhibitory deficit is purported to result in downstream negative effects 

to other executive functions including working memory, emotional control, and 

planning. As a result of this primary deficit, children have a “temporal myopia” where 

they over-focus on immediate rewards and consequences over long-term ones. 

The main competing theory of the origins of AD/HD and its symptoms proposes 

a primary working memory deficit (Alderson, Rapport, Hudec, Sarver, & Kofler, 2010; 

Rapport, Chung, Shore, & Isaacs, 2001). Proponents of this theory argue that working 

memory functions are upstream of inhibitory processes; in order for an action to be 

executed or inhibited, information must gain access to the senses via working memory 

and be evaluated there. While both models have much empirical support and provide 

clinically useful explanations for the disorder, recent research by Alderson and 

colleagues (2010), provides further support for the working memory deficit model. 

These researchers examined the directional relationships between working memory and 

behavioural inhibition using a visuospatial working memory task, a phonological 

working memory task, and a stop-signal task as a measure of inhibition. They found that 

visuospatial working memory mediated the relationship between group membership 

(AD/HD and typically developing children) and behavioural inhibition (performance on 

the stop-signal task). Conversely, inhibition did not mediate the relationship between 

group membership and either phonological working memory or visuospatial working 

memory. Their study also replicated much previous research indicating that individuals 

with AD/HD have more impairment on visuospatial working memory tasks compared to 
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phonological working memory tasks (Martinussen, Jayden, Hogg-Johnson, & Tannock, 

2005; Rapport et al., 2008; Roodenrys, 2006; Willcutt, Doyle, Nigg, Faraone, & 

Pennington, 2005). 

Despite the utilitarian value of executive dysfunction theories of AD/HD, 

Willcutt and colleagues’ (2005) meta-analysis of 83 research studies of executive 

functioning in individuals with AD/HD highlighted the fact that not all persons with 

AD/HD have executive function impairments. In order for executive dysfunction to be 

considered the primary cause of AD/HD (or any disorder, for that matter), it must be 

present in most individuals and account for a substantial proportion of the variance in 

symptoms of the disorder. The meta-analysis revealed that the strongest effects were 

seen in tasks including inhibition and visuospatial working memory. However, less than 

half of the children with AD/HD had a significant impairment on any one task 

measuring executive functioning. Therefore, Willcutt et al. argued that executive 

impairment in and of itself is not sufficient to explain all cases of AD/HD and support 

was given for models that favour multiple-pathways or multiple-deficits over those 

favouring single-core-deficit hypotheses. 

Convergence of Psychological and Biological Research 

 
In addition to the behavioural research noted above, neuroimaging studies have 

also highlighted different patterns of cognitive processing for children and adults with 

AD/HD compared to neurotypical persons - patterns that also implicate visuospatial 

brain region involvement. In a study of adults with AD/HD, PET imaging was used 

during a paced auditory serial addition task (i.e., adding a series of numbers presented 

orally) (Schweitzer et al., 2000). Participants with AD/HD performed more poorly on 

the task. While neurotypical control adults showed changes in regional cerebral blood 

flow in frontal and temporal regions, persons with AD/HD showed more diffuse 

changes, which primarily occurred in the occipital (extrastriate) regions responsible for 
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visual processing. Patterns of activation between the two groups suggested to the 

authors that neurotypical adults primarily used right frontal brain regions (executive 

functions) and temporal regions (phonological loop for rehearsal) to mediate 

performance whilst persons with AD/HD had inadequate sub-vocal rehearsal processes 

(i.e., poor use of self-directed speech) and attempted, unsuccessfully, to use visual 

imagery/visuospatial skills to perform the task. 

Silk et al. (2005) used fMRI to study activation patterns in adolescents with 

AD/HD while they completed a mental rotation task. Compared to the neurotypical 

control group, adolescents with AD/HD showed reduced levels of activation in frontal 

and parietal areas. Vance et al. (2007) found no differences in accuracy or response time 

between pre-pubertal boys with AD/HD and a control group in their study of mental 

rotation. However, the AD/HD group showed underactivation in the right parietal 

cortex, including parieto-occipital areas, compared to neurotypical control persons, 

suggesting a deficit in right hemisphere striatal and parietal function. 

Combining knowledge gained from both behavioural and neurological studies of 

individuals with AD/HD increases the likelihood of isolating causes of the disorder and 

underlying regions of impairment and furthering treatment options. Consistently, the 

research shows that one area of functioning impaired in children with AD/HD is 

working memory. With noted differences in both frontal and parietal regions reported in 

the imaging literature for individuals with AD/HD, further study of the processes 

underlying short-term memory in these individuals is warranted. 

Overlap Between ASD and AD/HD 

In Ronald, Simonoff, Kuntsi, Asherson and Plomin’s (2008) study of over 6,000 

families with 8-year-old twins, significant correlations were found between ASD and 

AD/HD behavioural traits as measured by parent and teacher questionnaires. This 

significant correlation held even after controlling for sex, IQ, and conduct-related 
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symptoms, all of which have been associated with both ASD and AD/HD (e.g., male 

bias, lower IQ). Between 72 and 96% of the phenotypic correlation was explained by 

genetic influences. More recent research with younger children has found a significant 

relationship between ASD and AD/HD behaviour exists in children as young as 2 years 

of age (Ronald, Edelson, & Asherson, 2010). However, despite the high comorbidity of 

these two disorders (with many estimates between 30 and 50%) and indications of 

genetic links between the two, there is not yet an extensive and consistent literature 

identifying associations in cognition (Leyfer et al., 2006; Ronald et al., 2008).  

As noted above, executive dysfunction has been implicated in both ASD and 

AD/HD. Earlier research suggested the possibility of a double dissociation of deficits 

between the two disorders, with deficits in inhibition pronounced in children with 

AD/HD and deficits in planning, flexibility, and working memory more common in 

children with ASD (Ozonoff & Jensen, 1999; Pennington & Ozonoff, 1996). However, 

more recent research, which controlled for confounding factors such as comorbidity 

with externalising disorders, failed to replicate this double dissociation (Geurts, Verté, 

Oosterlaan, Roeyers, & Sergeant, 2004). The authors of this more recent study found 

evidence of executive function (EF) impairment in both disorders, with more global 

impairments in EF in children with ASD. 

Bradshaw and Sheppard (2000) argued that many developmental disorders, 

including ASD and AD/HD, are frontostriatal disorders. The frontostriatal system is a 

network of brain regions primarily located in the prefrontal cortex, with important 

connections to the striatum of the basal ganglia. The authors note the importance of this 

system for various executive functions impaired in these disorders, including planning 

(dorsolateral prefrontal cortex), inhibition (lateral orbitofrontal cortex), and initiation of 

action (anterior cingulate and supplemental motor area). Their argument is that the 

frontostriatal system is compromised in both disorders, but any particular manifestation 
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of disorder is dependent on specific and individual genetic and environmental effects. 

With both disorders showing impairment in working memory (an executive function 

requisite to wide ranging aspects of learning and daily functioning), there is value in 

further study of the processes underlying short-term memory function in children with 

ASD and AD/HD. Increasing our understanding of these children’s STM function may 

have social, learning, and economic benefits. 

 
Short-term Memory 

 
Overview 

 
Memory in general refers to our capacity to acquire, consolidate, store, and 

retrieve information about our world (Romine & Reynolds, 2004; Tranel & Damasio, 

2002). Although both short- and long-term memory systems exist for the preservation of 

information, short-term memory is considered to be a much more limited system in that 

only small amounts of information can be stored and processed. Two classes of theories 

have been proposed to explain the loss of information from short-term memory - that 

short-term memory traces merely fade quickly over time (Baddeley, 2000) and that 

short-term memory traces are negatively impacted by interference (Oberauer & 

Lewandowsky, 2008; Schneider & Pressley, 1997).  

Many models of short-term memory abound, but perhaps the most well-known 

is Alan Baddeley’s model, first formulated in collaboration with Graham Hitch in the 

1970s (Baddeley & Hitch, 1974). These researchers hypothesized that there are at least 

two kinds of short-term memory systems, incorporated within a larger working memory 

system; they termed this a “working memory” system in order to better describe it in 

terms of what they felt was its primary function. The two types of short-term memory 

systems include the “phonological loop” that stores and processes verbal information 

and the “visuospatial sketchpad” that handles visual and spatial information. These are 

controlled by an overseer-type system called the “central executive.” The central 
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executive is currently construed as an attentional control system with limited capacity. 

Its role is in higher-level, cognitively demanding, effortful processes such as strategy 

selection and organisation and inhibiting attention towards irrelevant stimuli. Evidence 

from many sources, including neuroimaging and factor analytic studies, has 

corroborated Baddeley’s theory of separable phonological and visuospatial memory 

systems3 (Alloway, Gathercole, & Pickering, 2006; Fassbender & Schweitzer, 2006; 

Kane et al., 2004; Shah & Miyake, 1996; Smith, Jonides, & Koeppe, 1996).  

According to Baddeley’s model (Baddeley, 1999), the phonological loop is 

comprised of two components. There is a short-term phonological store that can hold 

verbal memory traces for a few seconds. These traces will rapidly fade unless the 

second component, articulatory rehearsal, is engaged. Rehearsal is either a vocal or sub-

vocal repetition of the verbal information. It is hypothesised that information can enter 

the phonological loop directly (through hearing speech) or indirectly. Information 

entering the phonological loop indirectly would include visual information (e.g., words 

in print or other nameable stimuli) that is then recoded into a phonological form. 

The visuospatial sketchpad is also a limited storage and processing system. It is 

theorised to be responsible for holding and manipulating visual (what) and spatial 

(where) information in the short-term. Evidence has been found to support the 

fractionation of visuospatial memory into two components. Using neuroimaging 

techniques, Smith and Jonides (1997) found visual (object) memory tasks activated left 

posterior parietal and premotor regions of the brain, as well as the inferotemporal area. 

                                                 
3 A more recent revision of Baddeley’s model has seen the addition of a fourth component, the 

“episodic buffer,” which acts as a temporary storage system, controlled by the central executive, 

integrating information from the phonological and visuospatial subsystems, as well as from long-term 

memory (Baddeley, 2000). This component is not central to the issues considered in this thesis on the 

purported limitations in STM in children with AD/HD and ASD. 

 



Chapter 1 

19 
 

Spatial memory tasks, however, activated right posterior parietal and right frontal 

(premotor) regions. In addition, occipital regions were activated only in spatial memory 

tasks. Behavioural studies using interference techniques (interference tasks require 

participants to do something concurrently whilst remembering the relevant stimuli – for 

example, to view irrelevant pictures or tap blocks) have also provided support for the 

separation of the visuospatial system into two components (e.g., Della Sala, Gray, 

Baddeley, Allamano, & Wilson, 1999). 

Short-term Memory in Children With ASD and AD/HD 

Dysfunction in one particular EF, working memory, has been implicated in both 

ASD and AD/HD (Belleville, Ménard, Mottron, & Ménard, 2006; Martinussen et al., 

2005; Roodenrys, 2006). However, working memory is complex, as illustrated by the 

review of Baddeley’s model, and there are claims of impairment in specific working 

memory components for both ASD and AD/HD.  

Recent meta-analyses by two groups of researchers have reported evidence that 

individuals with AD/HD have markedly greater deficits in visuospatial as compared to 

phonological working memory (Martinussen et al., 2005; Roodenrys, 2006; Willcutt et 

al., 2005). Martinussen and colleagues’ (2005) very comprehensive review of research 

from 1997 through 2003 included 26 studies of children with AD/HD or significant 

AD/HD symptomatology, having an IQ above 70. Studies of verbal (e.g., digit span, 

word span) and/or spatial (e.g., Corsi blocks) working memory tasks indicated both 

subsystems of working memory to be impaired, but that a greater deficit was evident in 

the visuospatial component of working memory. Rapport et al. (2008) corroborated the 

findings of the 2005 meta-analyses with their study of 8- to 12-year-old neurotypical 

children and children with AD/HD. Children with AD/HD performed more poorly  

compared to neurotypical children on both visuospatial and phonological working 

memory tasks, but visuospatial performance was the more impaired of the two. 
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Although spatial (location) skills have been found to be impaired in individuals 

in ASD (Williams, Goldstein, & Minshew, 2006; Williams et al., 2005), some 

researchers have postulated that individuals with ASD may preferentially use visual 

(form) skills in the service of what are typically deemed verbal working memory tasks. 

In the assessment of the use of rehearsal (also known variously in the literature as self-

directed speech or inner speech) in verbal short-term or working memory tasks in 

persons with ASD, some research has suggested limitations in the ability of persons 

with ASD to use inner speech (Joseph, Steele, Meyer, & Tager-Flusberg, 2005; 

Maybery, Whitehouse, Durkin, & Comerford, 2007; Whitehouse, Maybery, & Durkin, 

2006), corresponding with theories of possible compensatory visual skills in this 

population (Grandin, 1995; Hurlburt, Happé, & Frith, 1994; Kunda & Goel, 2008). 

While impairments in working memory have also been found in children with AD/HD, 

research on sub-vocal rehearsal or inner speech has tended to focus on the relationship 

of inner speech to behavioural regulation (e.g., the amount and type of self-directed 

speech that occurs during problem-solving). 

Inner speech as a moderator of problem-solving. 

Current conceptualisations of inner speech are heavily influenced by Vygotskian 

theory (Vygotsky, 1962). Language in the very young child is viewed as highly 

egocentric due to an immature ability to differentiate between speech for oneself and 

speech for others. A toddler’s behaviour is mediated by the language of others. A 

developmental shift takes place between toddlerhood and the preschool years as the pre-

schooler begins to use “private speech”, speech for oneself, but spoken aloud (Winsler, 

Diaz, Atencio, McCarthy, & Chabay, 2000). The pre-schooler uses a mixture of overt 

task-irrelevant and task-relevant speech. Task-relevant speech is a self-regulatory 

behaviour that can assist with problem solving (e.g., enhancing one’s ability to monitor, 

plan, and sustain attention). Over the course of the preschool years, typical children 
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come to appreciate the difference between speech for oneself and speech for others, 

which results in their move from using private speech to the use of “inner speech” 

(Winsler et al., (2000). Inner speech is whispered or inaudible  task-relevant speech that 

continues to have self-regulatory purposes and can therefore assist with problem-

solving, but can also be used to assist performance on other tasks such as memory and 

reasoning tasks. It is well established that children develop the ability to use verbal 

rehearsal (one form of inner speech) to assist in remembering information around the 

age of 7 (Flavell, Beach, & Chinsky, 1966; Gathercole, Adams, & Hitch, 1994; Hitch, 

Halliday, Schaafstal, & Heffernan, 1991), with recent research suggesting that some 

evidence of inner speech use is evident even earlier than 7 (Tam, Jarrold, Baddeley, & 

Sabatos-DeVito, 2010). 

Research to date has yielded contradictory results towards determining whether 

children with ASD spontaneously use inner speech to mediate performance on problem 

solving tasks (Joseph et al., 2005; Williams, Happé, & Jarrold, 2008). Children with 

AD/HD appear to spontaneously use private speech, or overt self-talk, but it is not clear 

that this is beneficial for them in terms of performance on problem-solving tasks 

(Winsler, Abar, Feder, Schunn, & Rubio, 2007). Studies examining performance (e.g., 

accuracy) on executive functioning tasks thought to rely on inner speech such as the 

Wisconsin Card Sorting Test (WCST), Tower of Hanoi, n-back, and self-ordered 

pointing in persons with ASD and AD/HD have occasionally shown these groups to 

perform similarly to neurotypical persons. However, several studies have utilised 

paradigms that more directly impinge on inner speech or sub-vocal rehearsal and 

evidence has been found of impairment or differential processing patterns in persons 

with ASD (Comerford, 2005; Joseph et al., 2005; Wallace, Silvers, Martin, & 

Kenworthy, 2009). Neuroimaging evidence has further suggested that persons with 

ASD may be utilising visuospatial compensatory means to mediate performance on 
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tasks that are considered to be verbally based (Kana et al., 2006; Koshino et al., 2005). 

Anecdotal behavioural evidence abounds that persons with ASD have a preference for 

processing information visually (Hurlburt et al., 1994). Temple Grandin, an adult 

woman with ASD, has frequently discussed this processing preference (Grandin, 1995). 

Clinicians working with persons affected by ASD frequently report successful use of 

picture-symbol systems (e.g., Boardmaker) to assist in communication and behavioural 

management. Indeed, these observations have just recently been connected and put 

forward as a new hypothesis to account for cognition in individuals with ASD; Kunda 

and Goel (2010) formulated their “thinking in pictures” hypothesis, which posits that 

whilst typically developing individuals use both verbal and visual mental 

representations to solve problems, a “subset” of individuals with ASD is preferentially 

biased towards using visual representations over verbal. 

In relation to inner speech in AD/HD, there is evidence from both behavioural 

and neuroimaging research that persons with AD/HD also use self-talk and inner speech 

in atypical ways (e.g., not progressing at the same rate in the internalisation of overt 

private speech) and that they attempt, at least for some verbally based tasks, to recruit 

visuospatial regions of the brain (e.g., Schweitzer et al., 2000). 

Inner speech in children with ASD. 

Joseph, Steele, Meyer, and Tager-Flusberg (2005) studied working memory 

using a self-ordered pointing task to compare children with ASD and neurotypical 

children. Children were presented with a set of pictures on a page and required to point 

to one picture. On each page that followed, children were required to point to a different 

picture, until all pictures had been chosen, without repetition. The pictures changed 

position on each page so that children could not rely on memory for the spatial locations 

of the selected pictures. One set of stimuli comprised abstract black and white designs 

that were not easily nameable. Children with ASD did as well on this task as typical 
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children. On a set of concrete, nameable pictures, typical children showed better 

performance as compared to their performance on the abstract design ordering task. 

This was theoretically due to them being able to name the stimuli and use an 

articulatory-based rehearsal system to remember their previously chosen responses. 

However, children with ASD did not show better performance on the nameable 

condition, suggesting that they were not using inner speech to transform pictures into 

words in order to rehearse them. 

Comerford (Comerford, 2005; Maybery et al., 2007) compared typically 

developing children’s performance to that of children with ASD on a modified 

computerised version of the WCST. Four conditions were presented in counterbalanced 

order: requiring children to stay silent, asking them to verbalise their strategies as they 

worked (utterances were audio recorded), requiring them to repeat the word “Monday” 

throughout, and requiring them to open and close their mouths in time with a 

metronome (mimicking the motor movement of the talk conditions without requiring 

language). Typical children’s performance dropped during the articulatory suppression 

(AS) condition where they repeated “Monday” and improved during the relevant talk 

condition, presumably reflecting the benefits of the ability to use language in rehearsal 

to mediate performance. Children with ASD did not demonstrate a change in 

performance under the various conditions, providing further evidence that children with 

ASD do not readily recruit inner speech to assist performance.  

In a series of experiments, Whitehouse, Maybery, and Durkin (2006) also 

demonstrated similar findings when studying children with ASD and typical children. In 

one experiment, children were asked to recall pictures for which the names were either 

short (one syllable) or long (three or more syllables). Typically developing children 

recalled more short words than long words, demonstrating the oft-replicated 

phenomenon known as the word-length effect. However, children with ASD did not 
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show an advantage for the recall of short words. In another experiment, children were 

asked to perform 20 simple written arithmetic calculations when the function (addition 

or subtraction) and equal signs were omitted. Children were required to alternate the 

function for each problem (i.e., add, then subtract, then add, and so on). Arithmetic was 

completed in either a silent or an AS condition; under AS, children had to repeat the 

word “Monday” in time to a metronome set at one beat per second. In a previous study, 

Baddeley, Chincotta, and Adlam (2001) demonstrated that performance on this 

alternating arithmetic task appeared to rely heavily on the use of inner speech to 

regulate the task. Whitehouse et al. found that neurotypical control children were 

negatively affected by AS, such that they needed significantly more time to complete 

the problems. Children with ASD, on the other hand, did not have a slower response 

time during the AS condition. 

In a re-analysis of the Whitehouse et al. alternating arithmetic task data, 

Lidstone, Fernyhough, Meins, and Whitehouse (2009) found that a specific cognitive 

profile was associated with the performance of children with ASD under AS. Children 

were separated into two cognitive profile groups: Children who showed at least a 2.5 

year difference between nonverbal mental age and verbal mental age (with nonverbal 

being the higher of the two) were grouped together; the remainder of the children 

formed a second grouping. The result of analyses with this re-grouping (diagnostic 

group by even/uneven cognitive profile) showed that the children with ASD for whom 

nonverbal age exceeded verbal age were the ones who did not have a slower response 

time for the AS condition relative to the silent condition. Both the neurotypical control 

children and the children with ASD with the more even cognitive profile showed similar 

levels of interference (reflected in slowed responding) under AS. There were no 

significant correlations between interference effects and language level (verbal mental 

age), indicating that the lack of interference in the ASD subgroup with uneven cognitive 
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profiles was not explained solely by language level. Thus, this re-analysis suggested that 

poor verbal skills relative to nonverbal skills, in the context of ASD, might be an 

important component in understanding the development and use of inner speech in these 

children. 

Holland and Low (2010) replicated the arithmetic switching task findings of 

Whitehouse et al. (2006) and conducted further testing of the inner speech deficiency 

hypothesis by having children complete arithmetic task-switching and a Tower of Hanoi 

task while under articulatory suppression or visuospatial suppression (performing a 

concurrent tapping task with the non-dominant hand). Response times for both tasks 

were slower for children with ASD under visuospatial suppression (VSS), but not AS, 

relative to a no-interference control condition, while response times were slower for 

typically developing children under both types of interference relative to the control 

condition. The finding that children with ASD were not significantly more negatively 

affected by VSS than typically developing children suggested that children with ASD 

do not over-rely on visuospatial skills in problem solving. However, the lack of a 

response time cost when simultaneously completing an AS task in children with ASD 

provided further support for the theory that they do not use inner speech to mediate 

success in task-switching tasks, as neurotypical children do. 

Also using articulatory suppression, Wallace and colleagues (2009) tested the 

performance of children with ASD on the Tower of London task. While AS negatively 

affected performance for neurotypical adolescents relative to a control condition, it did 

not decrease performance for adolescents with ASD. Performance on the control 

condition for those with ASD was similar to the performance of typically developing 

children under AS. Together, the results presented above support the theory that 

children with ASD either lack inner speech or have a developmental delay in the use of 
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inner speech to mediate performance on many problem solving tasks, including memory 

tasks. 

In contrast to these findings, some researchers have reported results indicating 

that children with ASD use inner speech to the same extent as typically developing 

children. Russell, Jarrold, and Henry (1996) measured the word length effect for one 

syllable and three syllable orally presented words in children with ASD, children with 

cognitive delays (“moderate learning difficulties”), and younger typically developing 

children. Children’s recall of the stimuli was tested under two response options: verbal 

recall and nonverbal recall. In nonverbal recall, children were presented with all nine 

possible stimulus words as pictures (in a 3x3 array) and asked to point to the items in 

the correct serial order. Results indicated that children with ASD showed a word length 

effect that was comparable to or greater than that of control children matched on verbal 

ability, regardless of response type (verbal or nonverbal). This was taken as evidence 

that children with autism could “utilize the articulatory loop in a similar way to 

normally developing children” (p. 683). Although their results appear to counter those 

outlined above, it is important to note that the presentation of the words in this study 

was auditory. Thus, any preference children with ASD have for processing information 

visually (e.g., as assessed in tasks such as remembering nameable pictures or words in 

print) would be limited by the oral presentation of stimuli. In order for them to use 

visual means for short-term memory, the stimuli would have to be transferred from one 

representation (aural language) to another (visual), which may have posed a unique 

challenge for them. In addition, the groups were matched on mental age; the mean 

chronological age of the typically developing children was 75.3 months (6 years) and 

the mean age of the group of children with ASD was double that at 148.6 months (12 

years). Thus, the authors’ conclusion, equating the abilities of children with autism to 
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“normally developing children,” should have at the very least included a limitation to 

younger normally developing children. 

Further evidence suggesting that children with ASD use inner speech to assist 

short-term memory as well as non-ASD children matched on chronological and verbal 

mental age came from a Williams, Happé, and Jarrold (2008) study. Their study 

assessed for the phonological-similarity effect by requiring children to remember series 

of single-syllable (1) visually-similar nameable pictures, (2) phonetically-similar 

nameable pictures, and (3) control pictures which were neither visually similar nor had 

phonetically similar names. Previous studies have consistently found that children over 

the age of 7 years have more difficulty remembering sequences of pictorial stimuli with 

phonetically-similar names (e.g., cat, bat, mat) than remembering sequences of control 

pictures. Conversely, before the age of 7, children show a visual-similarity effect, where 

their recall for items that look similar (e.g., a pen, knife, and bat) is poorer than their 

recall for control items (Hitch, Halliday, Schaafstal, & Schraagen, 1988; Hitch, Woodin, 

& Baker, 1989). The argument has been made that very young children utilise primarily 

visually-based means to remember pictorial information, whereas older children transfer 

visual information into the articulatory rehearsal system to enhance performance. 

Results of the Williams et al. study indicated that children with ASD over the 

age of 7 showed the phonological-similarity effect similar to the control group. 

Williams et al. concluded that “children with ASD do not differ from the comparison 

individuals with moderate learning difficulties in their ability to spontaneously recruit 

inner speech to mediate the experimental short-term memory task” (p. 56). Particular 

design issues in this study are of relevance when considering whether children with 

ASD truly have “intact inner speech use” as suggested by the title of this research paper. 

Groups in this study were, on average, cognitively delayed (mean full-scale IQ 74.8), 

but there was enormous variation (from the lowest possible IQ score of 45 up to 134). 
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The issue of priming is also of relevance when interpreting the results of this study. 

Children in this study were asked to name each picture prior to the actual test, in order 

to ensure they were using the expected single syllable word (e.g., bat, rather than 

baseball bat). Thus, unwittingly, this paradigm may have encouraged children with ASD 

to convert the visual material into phonological form and to use that form for rehearsal, 

where they otherwise may not have spontaneously done so. In the Whitehouse et al. 

(2006) study, a marginally significant word-length effect emerged for children with 

ASD in a condition where they were asked to name the pictures as they viewed them. 

Their word-length effect was smaller than that of typically developing children, but did 

suggest that with some “priming,” children with ASD can recruit articulatory rehearsal 

processes with some success. Priming has also been identified to enhance performance 

of very young typically developing children whose “ability to use inner speech … has 

not fully developed” (Hitch et al., 1991, p.220) 

Inner speech in children with AD/HD. 

As noted above, research on inner speech in children with AD/HD has tended to 

focus on the developmental course of the internalisation of self-directed speech for 

behavioural regulation. For example, Winsler et al. (2000) completed a two-year 

longitudinal study of 3 year olds, comparing those with behavioural concerns to those 

without, as they completed problem-solving tasks. The authors further contextualised 

the need for their research by citing research highlighting how those with early 

behavioural difficulties are at risk for continued difficulties into elementary school and 

for a diagnosis of AD/HD. Children’s verbalisations while constructing a puzzle were 

recorded at four points in time, with verbalisations coded as being task-irrelevant, task-

relevant, partially internalised, or silent. Children with the greatest task success in their 

study showed a developmental pattern of increased internalisation of speech, increased 

success with silence, and decreased irrelevant speech over time. The behaviourally at-
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risk children were found to use more spontaneous, overt private speech than the 

comparison children while working on the problem-solving activities. Further, in 

contrast with the control group, the frequency of their private (overt) speech increased 

over time. The authors indicated that their results suggested a non-normative 

developmental pattern for the internalisation of private speech in behaviourally at-risk 

preschoolers.  

In a further study, Winsler, Abar, Feder, Schunn, and Rubio (2007) videotaped 

the spontaneous use of self-directed speech in children with ASD, children with 

AD/HD, and typically developing children while they completed a computerized WCST 

and another problem-solving task. Overall, children with AD/HD (and ASD) were 

found to use the same amount and quality of spontaneous self-directed speech as typical 

children. Consistent with previous research, it was found that typical children’s overt 

private speech negatively correlated with their age. However, this pattern was not 

significant for children with AD/HD or ASD. The researchers also calculated the 

probability of children’s success during times when they were talking or silent. Typical 

children were more likely to get an item right on the WCST when they were silent. 

However, the opposite pattern emerged for children with ASD, who were more likely to 

be correct when they were talking. Children with AD/HD were more likely to get an 

item wrong when they were talking. The authors suggested that children with ASD are 

able to use overt self-talk to enhance their performance on at least some tasks. They did 

not offer an interpretation of the results for children with AD/HD, but simply cited 

previous research indicating delays in the internalisation of private speech for children 

with AD/HD. 

Certainly, there have been disparate findings in the literature regarding the use 

of inner speech in problem-solving tasks amongst children with AD/HD and children 

with ASD. Reasons for dissimilar results may include the type of task and design 
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parameters of the study (e.g., type of interference, modality of presentation of stimuli), 

the age of the children involved, and their cognitive and language levels of functioning. 

Considering the widespread implications of inner speech use and STM to daily 

functioning, including educational achievement, further study is warranted. 

Aims and Organisation of the Thesis 

In summary, the main goal of this research was to better understand short-term 

memory processes in children with two developmental disabilities, ASD and AD/HD, 

including possible dissociations between the two disorders related to verbal and visual 

short-term memory in the presence of interference. This research extends the existing 

literature for two highly comorbid disorders in an important area related to learning and 

cognition. Research has suggested that both groups of children may have abnormal or 

impaired ability to use inner speech in the service of short-term memory, accompanied 

by compensatory processing methods or functions. However, results have been 

disparate to date, particularly as to whether individuals with ASD use inner speech to 

assist short-term memory function. Even less is known about the relationship of inner 

speech to short-term memory in children with AD/HD, despite the finding that these 

children are generally delayed in their internalisation of self-directed speech (Winsler et 

al., 2000). 

Several methodological issues from previous research studies have been 

addressed in the two experiments reported in this thesis, including assessing for 

pervasive developmental disorder traits in the children with AD/HD, AD/HD symptoms 

in children with ASD, and excluding children with intellectual impairment, who would 

be expected to have significant executive functioning impairments, including poor 

short-term memory. More rigorous methodologies may assist in narrowing the 

neurobiological heterogeneity common to both disorders, which may then inform other 
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domains of research (e.g., genetic studies), where subgrouping children with 

neurodevelopmental conditions is common. 

In addition to research benefits, understanding the processing differences in 

short-term memory in children with ASD and AD/HD could have important social and 

economic benefits. The learning and social situations for which short-term memory 

processes are relevant ranges widely from such activities as those found in the regular 

classroom setting to those at a sports lesson. Approaches to instruction or therapy for 

these children may be impacted by such research.  

The main research question forming the basis of the studies was whether 

children with ASD and AD/HD show impairment in the use of inner speech and 

whether they use compensatory or alternative means for the short-term storage and 

maintenance of material. In order to address this main question, two studies were 

designed. Chapter 2 details a study of the development of short-term memory in 

typically developing children aged 6 to 12 years. In order to understand short-term 

memory development and processes in children with AD/HD and ASD, we needed first 

to examine these processes in typically developing children. The related literature on 

short-term memory development is reviewed as an introduction to Chapter 2. 

In this first study, two computer-based memory span tasks were designed - one 

presented pictures of easily nameable concrete objects and the other presented abstract 

designs, meant to be difficult to name. Due to the nature of the stimuli, each task could 

be completed with varying amounts of reliance on verbal and visual short-term memory 

processes. Auditory and visual interference conditions, as well as a control or natural 

condition, allowed for an assessment of the extent to which children relied on verbal or 

visual processes for each of the two tasks. This initial study enabled an assessment of 

changes with age in the development of STM for difficult-to-name visual information as 

well as easy-to-name stimuli and changes with age in the extent to which verbal 
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mediation is used in STM for both types of information. This study also enabled an 

assessment of the use of dynamic visual noise (DVN) as a means of visual interference 

in STM tasks with children, which had not been undertaken before. Further, the memory 

tasks were designed to counter several limitations of previous research in this area. 

Thus, a wide age range of children were included, children were not required to make a 

response to the interfering stimuli, and they were not primed with the images in advance 

of the tasks. These design considerations and more are described in detail in Chapter 2. 

This first study formed the basis for the second study presented in Chapter 3. In 

the second study, children with ASD and children with AD/HD between the ages of 8 

and 13 years completed the same memory span tasks (with the same interference 

conditions) in an attempt to understand whether they have an impaired ability to use 

verbally based processes to mediate performance on tasks requiring short-term storage 

and recall of material. This study also allowed the investigation of whether children 

with ASD and children with AD/HD preferentially use visually based processes to 

mediate performance on such tasks. A general discussion of the overall findings of this 

thesis, including consideration for commonalities and dissociations in STM processes 

for children with ASD and children with AD/HD, and future directions for study is 

provided in Chapter 4. 
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CHAPTER TWO 

 

Interference Effects and the Development of Short-term Memory 

 

 Short-term memory refers to our ability to encode, store, and retrieve 

information across brief periods of time. As reviewed in Chapter 1, Baddeley and Hitch 

(1974) formulated a model of short-term memory (often termed “working memory”) 

that has proven to be quite robust. In its current form, Baddeley’s model fractionates 

memory into subsystems: the phonological loop holds verbal information, the 

visuospatial sketchpad holds visual and spatial information, an episodic buffer 

integrates verbal and visuospatial representations, and a central executive coordinates 

the entire system (Baddeley, 2000; Baddeley, Allen, & Hitch, 2010).  

 Much of the research assessing the veracity of Baddeley’s theory of separate 

verbal and visuospatial short-term memory systems has utilised interference 

methodology. While being asked to remember items, participants are concurrently 

presented with extraneous information that either is to be ignored or requires some 

response. A decrement in memory performance is commonly observed even when 

interfering stimuli are to be ignored (Quinn & McConnell, 1996; Salamé & Baddeley, 

1982). Typically, adult performance is more negatively affected by interference from 

the same modality (verbal or visuospatial) than from an alternate modality (Baddeley, 

Lewis, & Vallar, 1984; Logie, 1986; but see Jones, Farrand, Stuart, & Morris, 1995). 

However, less is known about interference effects in children. 

Short-term memory is known to increase throughout childhood, reaching its 

maximum in early adulthood (Hale, Bronik, & Fry, 1997; Hulme, Thomson, Muir, & 

Lawrence, 1984; Siegel & Ryan, 1989). Factors proposed to account for this increase 

include the development of strategic processes such as rehearsal (Flavell et al., 1966; 

Gathercole et al., 1994). There is considerable evidence that young children depend on 

visual coding to remember drawings of nameable objects, but around the age of 7 
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develop a verbal recoding strategy and rehearsal to augment short-term memory (e.g., 

Hitch et al., 1988). Others, however, have argued that short-term memory development 

depends critically on non-strategic factors such as inhibitory processes involved in 

resisting interference from distractors (Dempster, 1981; Hale et al., 1997). If 

interference control is key to age-related changes in memory, younger children would 

be expected to show more detriment in performance on short-term memory tasks when 

interfering stimuli are present compared to older children. This should be the case 

regardless of the modality of the task (visual or verbal). In contrast, if the development 

of verbal recoding and rehearsal is the key contributor to improvements in remembering 

nameable stimuli, then interference effects would be domain-specific and interfering 

verbal stimuli should have a more pronounced effect for older than very young children. 

As intriguing as these propositions are to shedding light on the development of memory, 

few studies have directly investigated them. 

Tam, Jarrold, Baddeley and Sabatos-DeVito (2010) compared 6- and 8-year-

olds’ memory spans. In one experiment, the memory tasks included pictorial stimuli 

with names that were either phonologically similar or phonologically dissimilar to 

assess for the presence of a phonological similarity effect (PSE). This is an effect 

wherein more phonologically dissimilar items can be remembered compared to 

phonologically similar items and is commonly seen in children of at least 8 years of age. 

Recall in the Tam et al. task was verbal and children were asked to name each stimulus 

prior to completing the memory tasks to ensure they were using the correct name. 

Secondary tasks required either verbal or nonverbal processing. In the verbal secondary 

task, participants were required to name the colour of circles that appeared on the 

screen, one at a time. In the nonverbal task, the circles appeared one at a time on the left 

or right side of the screen and participants made a simple key press on the same side as 

the circle. A PSE was evident in both groups of children, but the 8-year-olds showed a 
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larger effect when it was measured in absolute scores (versus when the PSE was coded 

in proportional terms, where differences were not significant). This provided evidence 

that children younger than age 7 do, in fact, use verbal recoding strategies. However, 

evidence of phonological coding in the 6-year-olds might be explained by the methods 

employed, wherein children initially labelled then verbally recalled the pictures. The 

authors acknowledged that this might have prompted more recoding in younger children 

than might naturally occur at that age. Indeed, there was some evidence of reduced 

phonological coding of the pictures for the 6-year-olds, in that the effect of the verbal 

secondary task was less pronounced for them. Or, stated another way, the 8-year-olds 

had better developed verbal recoding and rehearsal strategies and blocking rehearsal 

through the requirement to process a verbal secondary task impacted them more. In 

contrast, both groups were equally affected by the visual secondary task, which Tam et 

al. argued might reflect disruption to a domain-general attentional-refreshment 

maintenance mechanism. The authors concluded that there are two maintenance 

mechanisms at work in the development of short-term memory: (1) phonological 

rehearsal, which exists by age 6, but increases rapidly in efficiency through to 8 years of 

age and (2) attentional refreshing, which is in place by age 6 and shows no measurable 

change in efficiency to age 8. The most likely cause of increased efficiency in rehearsal 

was speculated to be increased speech rate. 

Although Tam et al. (2010) found similar levels of interference effects in a 

sample of 6- and 8-year-olds when the secondary task was visual, 8-year-olds were 

more affected by interference than 6-year-olds during a verbal secondary task. In 

contrast, the results of two earlier studies showed a reduction in verbally based 

interference with increasing age. Hale, Bronik, and Fry (1997) compared the effects of 

interference on short-term memory in 8-, 10-, and 19-year-olds. Their experiments 

included a digit span task involving visual presentation and verbal recall, as well as a 
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spatial recall task for locations of Xs in a 4x4 grid. In the secondary-task interference 

conditions, participants verbally indicated the colour of each digit or X as it was 

presented (verbal response) or they pointed to the colour on a colour palette (spatial 

response). The researchers found domain-specific interference effects that decreased as 

a function of age. However, only 8-year-olds showed cross-domain interference. The 

authors suggested that age-related improvements in short-term memory are dependent 

not only on an increased reliance on strategic processes such as rehearsal but also on the 

ability to ignore interfering stimuli. The ability to resist interference is seen to be 

dependent on the maturity of executive functions within the frontal lobes and is 

consistent with Baddeley’s central executive component of working memory. Results of 

Hale et al.’s study suggest that maturity of this executive function may take place 

between 8 and 10 years of age. 

Elliott (2002) studied the magnitude of irrelevant-speech and irrelevant-sound 

effects across four age-bands ranging from 8-year-olds to young adults. Participants 

were administered a digit span task presented visually and with typed responses. In 

addition to a silent condition, interference conditions included steady state (repeated 

tone or word) and changing state (multiple tones or words) stimuli. In contrast to Hale et 

al. (1997), participants in Elliott’s study were not required to respond to the interfering 

stimuli. Elliott found that changing-state interference had a more negative impact on 

span than steady-state interference and that this effect was more pronounced for 8-year-

olds compared to adults. Elliot argued that older children and adults might be more able 

to limit the distraction from changing-state interference by means of better attentional 

control. The results of both Hale et al. and Elliot, indicating decreasing effects of 

interference with age, appear inconsistent with those of Tam et al., which showed 

similar levels of cross-domain interference and increasing levels of domain-specific 

interference across age groups. However, it should be noted that the oldest children in 



Chapter 2 

38 
 

the Tam et al. study were 8 years of age, whilst the youngest in the other two studies 

were of this age. Consistent amongst all three studies was a finding that 8-year-olds 

showed some unique pattern of performance compared to children of other ages. 

However, this finding was most tenuous in the Tam et al. study, wherein the differential 

interference effect for 8-year-olds was only observed in the verbal secondary task 

condition. Thus, it remains unclear whether something unusual occurs in the 

development of children’s STM around 8 years of age. 

In an attempt to resolve these disparities, the current study assessed interference 

effects across a wider age-range that included a younger age group than the Elliot 

(2002) and Hale et al. (1997) studies and an older group than used in the Tam and 

colleagues’ (2010) study. This enabled us to see the full developmental trajectory of 

interference effects and to disentangle the factors proposed to explain the development 

of short-term memory. In addition, in the Hale et al. and Tam et al. studies, the 

secondary tasks involved making a response to the presented stimuli. Tasks that require 

responses necessarily require some form of resource sharing, making it difficult to 

disentangle resource limitations from inhibitory control. The inhibition of interfering 

stimuli, arguably, is not possible in tasks where the interfering stimuli require a 

response. Thus, to properly assess interference control, we used interfering stimuli that 

could be ignored (cf. Elliott). Verbal and visual interference conditions combined with 

memory tasks using either familiar pictorial stimuli (amenable to verbal coding) or 

abstract designs (expected to invoke visual short-term memory) provided a novel 

approach to addressing the domain-specificity or -generality of interference effects. 

Further, any use of verbal coding was spontaneous since children were not asked to 

name the pictorial stimuli either prior to or during the task.   

Short-term memory was measured in 6-7-year olds, 8-9-year-olds, and 10-12-

year-olds on two tasks, one using nameable pictures of concrete objects and the other 
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using difficult-to-name abstract designs. Interference conditions included irrelevant 

speech (IS) and irrelevant visual noise (IVN), along with a no-interference (N) 

condition. The use of IS (e.g., hearing a repeated word like “Monday” or a stream of 

words in an unknown language) as a means of interfering with verbal short-term 

memory is well supported (Salamé & Baddeley, 1982; Weisz & Schlittmeier, 2006). 

Reliable techniques for interfering with visual short-term memory have been more 

difficult to manufacture. Dynamic visual noise (DVN), a continually changing display 

of “static” (black and white dots), has been found to interfere with visual imagery in 

adults, particularly when the change rate for the DVN is high (e.g., Andrade, Kemps, 

Werniers, May, & Szmalec, 2002). More recently, DVN has also been shown to 

interfere with visual short-term memory when precise details of stimuli need to be 

remembered (Darling, Della Sala, & Logie, 2007; Dean, Dewhurst, & Whittaker, 2008; 

Dent, 2010). 

If verbal recoding and rehearsal of visual stimuli comes online around the age of 

8, we expect that children in this age group will show an emerging susceptibility to 

verbal interference on a nameable picture task compared to younger children, who will 

be unaffected by verbal interference. Alternatively, if a more general improvement in a 

non-strategic process such as interference control best explains the developmental 

increase in short-term memory, there should be a reduction in the detrimental effect of 

interference with increasing age from the youngest through to oldest groups, regardless 

of the type of interfering stimuli (verbal or visual) used. 

Other than an unpublished study by Staples, Ford, and das Gupta (cited in 

Andrade et al., 2002), to our knowledge this is the first study to investigate interference 

effects in children’s visual short-term memory. The DVN paradigm was used to explore 

whether interference is modality specific. According to Baddeley and Hitch’s working 

memory model (Baddeley & Hitch, 1974), DVN should selectively interfere with visual 
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short-term memory only. Additionally, an interference control argument would predict a 

reduction in interference with age across both nameable pictures and abstract design 

tasks.  

Method 

Participants 

Twenty-seven 6-7-year-old children (15 girls), 37 8-9-year-olds (16 girls), and 

32 10-12-year-olds (22 girls) were recruited primarily from government schools in 

Perth, Australia. All children were confirmed by parent report to have no mental or 

learning disorder. Group characteristics are presented in Table 1. The groups did not 

differ significantly in Verbal Comprehension, F(2,93) = .268, p = .233, ηp
2 = .006, or 

Perceptual Reasoning, F(2,93) = 2.12, p = .126, ηp
2 = .044, scores, which were 

estimated using the Vocabulary, Similarities, Matrix Reasoning, and Picture 

Completion subtests of the Wechsler Intelligence Scale for Children-IV (WISC-IV; 

Wechsler, 2003). 

Apparatus and Stimuli 

Tasks were programmed using Revolution software and presented on a 17 in. 

touch-sensitive monitor controlled by a laptop computer. External loudspeakers 

positioned either side of the monitor provided sound during the IS condition. Volume 

was set within normal speaking range. 

Table 1 

Means (and SDs) for Age and WISC-IV Composite Scores
a
 

 6-7 year olds 
n = 27 

8-9 year olds 
n = 37 

10-12 year olds 
n = 32 

Age in years 6.41 (.50) 8.54 (.51) 11.00 (.50) 

WISC-IV Verbal 
Comprehension  

104.52 (14.38) 104.54 (13.16) 102.53 (10.20) 

WISC-IV Perceptual 
Reasoning  

105.44 (10.56) 102.46 (10.37) 99.63 (11.55) 

aCalculated using the method recommended by Sattler (2001, p. 256) for correlated subtests. 
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Stimuli for the nameable pictures task were black-and-white line drawings of 

common objects selected for high name agreement from the San Diego Center for 

Research in Language International Picture-Naming Project. A set of 138 pictures with 

either two- or three-syllable names was chosen, with the main criteria being those which 

had a high familiarity and name agreement (i.e., readily recognised items and 

consistently named the same). No pictures were repeated within any one condition. 

Stimuli for the abstract task were 102 Attneave-type shapes (Attneave & Arnoult, 1956; 

Collin & McMullen, 2002) with 6-20 points, presented in black on a white background. 

No shape was repeated within each condition. Items were presented in 16 cm2 boxes. 

The memory tasks were matched as to mode of presentation and timing of item 

presentation. Nameable pictures were used in preference to printed words to avoid a 

potential confound related to reading ability.  

Forms of Interference 

The two forms of interference were matched as to duration and placement in 

relation to the memory items. Audio files for the IS condition were created using online 

text-to-speech software. Tibetan words were joined to create 1000–1200 ms sound files. 

Seventy audio files were created and selected randomly without repetition for each task. 

For the IVN condition, DVN appeared within each stimulus box and consisted of 225 

dots – 112 white and 113 black. The change rate was 83% per second, which is 

considerably more than other studies, which have tended to use a 5% to 10% change 

rate, up to a maximum of 50% (Darling et al., 2007; Dean et al., 2008; McConnell & 

Quinn, 2004) 

Design and Procedure 

Parents provided written consent and children gave either verbal or written 

consent prior to testing.  
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The memory tasks were computerised serial-order recall tasks. For each task, 

recall was assessed under three conditions: N (no interference), IS (Tibetan words), and 

IVN (DVN). Children completed the three conditions for one memory task, the WISC-

IV subtests, then the three conditions for the remaining memory task. Across children, 

the order of the two memory tasks and of the three conditions was counterbalanced. 

The nameable pictures task included two practice trials and three test trials with 

a set size of one item, two practice and three test trials with a set size of two items, and 

then three test trials for each successive increase in set size up to a maximum of six 

items. On each trial, the correct number of empty boxes was presented simultaneously 

across the top of the screen and stimulus items were presented in these boxes one at a 

time in serial order. Stimuli were presented for 800 ms each, and separated by 

interstimulus intervals of 1200 ms, during which the IS or IVN was presented. IVN was 

presented in all boxes simultaneously during the interstimulus intervals. The 2 second 

timeframe was deemed adequate for encoding and naming based on a review of 

previous studies, where children of similar ages to the current study (4 through 11 

years) showed response times to naming that were below 2 seconds and when given 

recall tasks for pictures in which the stimulus items were presented within a 2 second 

window, were able to perform successfully for at least initial span lengths administered 

(e.g., Hitch et al., 1988; Hitch et al., 1989; Tipper, Bourque, Anderson, & Brehaut, 

1989). 

In the N condition, a blank screen with no sound was presented during the 

interstimulus intervals. Following the presentation of the final item, a new screen 

appeared with the correct number of empty boxes across the top. All of the correct items 

were shown on the bottom of the screen simultaneously, along with an equal number of 

foils, in random order. Children selected their responses via the touch-sensitive monitor, 

in serial order. Items were scored as correct if they were recalled in the correct serial 
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position. Testing was discontinued when a child failed to recall any of the three test 

sequences correctly at a given list length. The abstract design task was administered and 

scored in an identical fashion, but the maximum list length was five items, given the 

greater difficulty of recalling these stimuli.  

Results 

Calculating Recall Scores 

The partial credit load scoring method recommended by Conway and colleagues (2005) 

was utilised. Within each trial, a point was given for each correctly recalled item (in 

correct serial order), regardless of whether all items in that trial were remembered 

correctly. The scores from all trials were then summed to give a recall score. The total 

possible score on the nameable pictures task was 63 and on the abstract designs task 

was 45. 

Memory for Nameable Pictures 

 Means and within-subjects confidence intervals for scores from the memory 

tasks are presented in Figure 1. A 3 (condition: N, IS, IVN) x 3 (age-group) ANOVA 

was conducted on scores from the nameable pictures task. There were significant main 

effects of condition, F(2,92) = 5.25, p = .006, ηp
2 = .054, and age-group, F(2,92) = 

37.48, p < .001, ηp
2 = .449. Bonferroni-corrected t tests comparing the three conditions 

indicated that performance in the IS condition was lower than performance in the N, 

t(94) = 3.61, p < .001, and IVN, t(95) = 2.45, p = .016, conditions, which did not differ 

(p = .376). Refer to Figure 1, Panel A for means. Follow-up t tests comparing the three 

age groups showed that 6-7-year-olds scored significantly lower than 8-9-year-olds, 

t(61) = 6.26, p < .001, who in turn had lower scores than 10-12-year-olds, t(67) = 2.50, 

p = .015 (see Table 2 for means). Although the interaction between condition and age 

group was non-significant (p = .08), there was a trend towards an age-related difference 

in the magnitude of interference effects. Given the suggestion from the literature that 8-
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year-olds may show a unique pattern of responding, this trend was explored further. 

Follow-up analyses of the effect of condition within each age group revealed a 

significant effect for 8-9-year-olds, F(2,36) = 6.82, p = .002, ηp
2 = .159, and 10-12-year-

olds, F(2,31) = 3.75, p = .029, ηp
2 = .108, but not 6-7-year-olds, F(2,25) = .05, p = .950, 

ηp
2 = .002. However, given the overall interaction was statistically non-significant, these 

results need to be treated with caution. 

Panel A: Nameable pictures 
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Figure 1. Mean scores for the three conditions as a function of memory task. Maximum 
items correct for nameable pictures was 63 and for abstract designs was 45. Error bars 
represent within-subjects confidence intervals. 
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Memory for Abstract Designs 

 A 3 (condition) x 3 (age-group) ANOVA conducted on scores from the abstract 

designs task yielded significant main effects for condition, F(2,93) = 4.74, p = .010, ηp
2 

= .048 and age-group, F(2,93) = 20.88, p < .001, ηp
2 = .310. Follow-up t tests indicated 

that recall was better in the N condition than in the IVN, t(95) = 3.29, p = .001, and IS, 

t(95) = 2.64, p = .01, conditions, which did not differ (p = .634). See Figure 1 Panel B 

for means. Comparisons across age-groups revealed that 6-7-year-olds had lower scores 

than 8-9-year-olds, t(62) = 4.26, p < .001, who in turn had lower scores than 10-12-

year-olds, t(67) = 2.68, p < .01. Refer to Table 2 for means. The interaction between 

condition and age group was not significant (p = .46). 

Table 2 

Means (and SDs) for Age and Short-term Memory Scores 

 6-7 year olds 
n = 27a 

8-9 year olds 
n = 37 

10-12 year olds 
n = 32 

Age in years 6.41 (.50) 8.54 (.51) 11.00 (.50) 

Nameable Pictures  25.51 (10.88) 42.42 (10.32) 48.52 (9.86) 

Abstract Designs  8.47 (3.72) 14.37 (6.44) 18.79 (7.25) 

aData are missing for one 6-year-old for one of the nameable conditions, due to failure 
of the computer to record the information. 

Discussion 

The aim of this study was to better understand the basis for typically developing 

children’s increase in short-term memory through childhood. Previous research has 

found evidence to support improvements in verbal rehearsal and the development of 

verbal recoding of visual stimuli as contributing to short-term memory improvements 

(Gathercole et al., 1994; Hitch et al., 1988; Tam et al., 2010). However, other 

researchers have argued that improvements in executive functions – in particular, the 
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ability to control attention and ignore interference – are more central to improvements 

in children’s short-term memory (Elliott, 2002; Hale et al., 1997; Jenkins, Myerson, 

Hale, & Fry, 1999). The current study assessed children from 6 through 12 years of age 

in order to consider the complete developmental progression of short-term memory and 

to disentangle these two possible explanations. If verbal recoding and rehearsal of visual 

stimuli comes online by the age of 8, we expected 8-year-olds to show an emerging 

susceptibility to verbal interference (IS) on nameable pictures, compared to 6-year-olds, 

who would not show a detriment with interference. Alternatively, if improvement in 

interference control best explains the development of children’s short-term memory, 

then interference effects should decrease with increasing age, regardless of the type of 

stimuli used. 

Consistent with previous research (e.g., Hale et al., 1997; Siegel & Ryan, 1989; 

Tam et al., 2010), children in this study showed age-related improvements in short-term 

memory. Also, short-term memory for nameable pictures was impaired by IS but not 

IVN, indicating that verbal STM was selectively impaired by verbal interference. In 

contrast, short-term memory for abstract designs was impaired by both IS and IVN, 

suggesting that children were not only using visual maintenance, but were trying, with 

some success, to label and rehearse the designs verbally. The finding that both IS and 

IVN impaired STM for abstract designs is consistent with previous research indicating 

that children over the age of 7 use verbal recoding and rehearsal to augment memory for 

visual stimuli (Hitch et al., 1991; Hitch et al., 1989). Indeed, this finding was recently 

reported in children as young as age 6 (Tam et al., 2010). 

Importantly, however, this study failed to find a significant difference in the 

extent of interference on recall of stimuli for the three age groups; that is, interference 

was consistent across all three age groups. This was regardless of type of stimuli to be 

remembered – nameable pictures or abstract designs. Contrary to the findings of Hale et 
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al. (1997) and Elliot (2002), no age group showed a pattern of interference that 

differentiated it from other age groups. Results, therefore, do not support the argument 

for improvements in interference control being the main factor in children’s STM 

development. However, even though interference effects did not decrease with age, it is 

possible that with a larger sample size, there would have been sufficient increase in 

power to detect group differences in the magnitude of interference. Indeed, there was a 

trend towards an interaction between condition and age group in the nameable pictures 

task. Closer examination of this trend revealed that there was no effect of condition for 

the youngest children, but there was for the two older age groups, suggesting that the 

youngest children were not affected by interference at all. Regardless, age differences in 

magnitude of interference effects are small and most importantly, do not suggest a 

reduction in interference with increasing age. 

Contrary to both Tam et al. (2010) and Hale et al. (1997), domain-general 

(cross-domain) effects were not found for visual interference (i.e., the DVN); that is, 

DVN did not interfere with performance of the verbal STM task. This could be 

explained by the methods employed; both Tam et al. and Hale et al. required a response 

to the secondary stimuli, whereas in the current study, a response was not required. 

Tasks that require responses necessarily require some degree of resource-sharing and 

this could certainly result in domain-general interference effects in relation to STM. 

Although Elliott (2002) did not require a response to her secondary stimuli (irrelevant 

speech or tones), participants were required to type their responses to the primary task 

(remembering digits presented one at a time on a monitor) using the number pad on a 

keyboard. The finding of a greater detriment in performance amongst 8-year-olds 

compared to the older participants could be due to a secondary factor such as demands 

related to less developed visuospatial-motor skills. The discrepant findings of these 
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studies highlight that understanding the development of children’s short-term memory 

requires careful consideration of processing demands. 

An important and novel finding of this study was that DVN selectively 

interfered with memory for abstract designs. Early research with adults suggested that 

DVN might interfere with performance only for visual imagery tasks. The finding that 

DVN adversely affected children’s memory in a visually-based, serial-order task 

provides further evidence that visual short-term memory can be impacted by DVN. A 

high change rate might be important, but another critical factor may well be in whether 

the task requires the retention of precise details (Dean et al., 2008). This appeared to be 

the case in the present study where the visual stimuli were novel, not easily recoded, 

and not easily related to information in long-term memory. The domain-specific effect 

of DVN suggests strongly that its effects are not due solely to aspects of sequential 

processing or to the imposition of a general load on interference control. Therefore, 

DVN might be a better measure for assessing non-verbal interference in children than 

methods used previously. To our knowledge this is the first study to replicate the 

unpublished work, cited above (Staples, Ford, and das Gupta, cited in Andrade et al., 

2002), which confirms DVN as an effective means of interference in visual short-term 

memory in children. This opens the door to new research on the underlying structure of 

children’s visual short-term memory, which has to date been less tractable than spatial 

short-term memory. 

As noted above, IS affected short-term memory for both stimulus classes, while 

IVN affected short-term memory only for the abstract designs. This pattern of results is 

difficult to accommodate under a unitary model of short-term memory such as that of 

Jones and colleagues that argues against the fractionation of verbal and visuospatial 

memory (Jones, Farrand, Stuart, & Morris, 1995). According to such theory, verbally- 

or visually-based interference should interfere with both verbally- and visually-based 
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STM tasks, as modality does not come into play. The fact that IVN interfered with 

memory for abstract designs (but not nameable pictures), suggests that it was an 

appropriate interference technique capable of producing interference. Thus, results of 

this study are more easily explained under a short-term memory model that includes 

modality-specific subsystems, such as that of Baddeley and Hitch (1974), and provides 

further evidence that children beyond the age of 6 utilise both visual and verbal codes 

where possible to assist in the retention of information. 

Although some researchers have made arguments for disparate rates of 

development in rehearsal/verbal recoding and interference control in children based on 

findings of unique patterns of performance in specific age-groups  (e.g., Hale et al., 

1997), current findings do not explicitly support this. Rather, findings support a more 

primary role for improvements in rehearsal and verbal recoding over interference 

control in the development of STM and a more gradual, quantitative improvement over 

a more qualitative, stage-like developmental progression. This is not to deny a role for 

improvements in interference control contributing to developmental improvements in 

STM, but does suggest that interference control is not the critical factor driving age-

related changes in STM across this age group.  

The findings of modality-specific interference and age-related improvements in 

short-term memory, accompanied by evidence that verbal rehearsal and verbal recoding 

of visual stimuli is evident in typically developing children by the age of 6, were used in 

a subsequent study (reported in Chapter 3), to inform our understanding of the nature of 

short-term memory development in children with ASD and AD/HD. Data from the 

current study were used to generate norms against which the performance of children 

with ASD and AD/HD was assessed. This is reported in Chapter 3. The current finding 

of interference effects on a nameable pictures task when inner speech is impeded (via 
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IS) confirmed that the paradigms developed for this study were appropriate for studying 

the issue of inner speech use in children with ASD and AD/HD.
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CHAPTER THREE 

 

Limitations in Short-term Memory Functioning in Children with Autism 

Spectrum Disorder and Attention-Deficit/Hyperactivity Disorder 

 

Both Attention-deficit/Hyperactivity Disorder (AD/HD) and autism spectrum 

disorder (ASD) are neurodevelopmental disorders with an early onset and distinct over-

representation of boys to girls. Impairments in executive functioning have often been 

cited in research studies of both conditions; this research was reviewed in depth in 

Chapter 1 (e.g., see Leyfer et al., 2006; Rommelse, Geurts, Franke, Buitelaar, & 

Hartman, 2011; Ronald et al., 2008). In particular, planning, flexibility, and verbal and 

spatial working memory impairments are often found in individuals with ASD, whilst 

inhibition, verbal and visuospatial working memory impairments are seen in those with 

AD/HD (Belleville et al., 2006; Martinussen et al., 2005; Pennington & Ozonoff, 1996; 

Roodenrys, 2006). Despite high comorbidity between the two disorders and evidence 

for shared genetic aetiology, there is not yet an extensive and consistent literature 

identifying associations in cognition (Leyfer et al., 2006; Rommelse, Franke, Geurts, 

Hartman, & Buitelaar, 2010; Ronald et al., 2008). 

 As discussed previously, short-term memory (STM) supports the encoding, 

storage, and retrieval of information across brief periods of time. In relation to verbal 

STM, children develop an ability to rehearse (use self-talk or inner speech) to remember 

incoming information around the age of 7 (Flavell et al., 1966; Gathercole et al., 1994; 

Schneider & Pressley, 1997, but see Tam et al., 2010). Supporting the importance of 

verbal recoding and/or verbal rehearsal for memory performance, individuals show a 

decrease in verbal memory performance when presented with competing (interfering) 

verbal stimuli, even if the stimuli are to be ignored (Quinn & McConnell, 1996; Salamé 

& Baddeley, 1982). Interference tends to be modality-specific. That is, verbal 

interference tasks tend to interfere with verbal memory and visual interference tasks 
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interfere with visual memory (Baddeley et al., 1984; Logie, 1986). However, some 

cross-domain (domain-general) effects have been found in a few studies of typically 

developing children’s short-term memory. For example, Hale and colleagues (Hale et 

al., 1997) found evidence of cross-domain interference in a group of 8-year-olds (but 

not 10-year-olds or young adults) for both verbal and spatial memory span. This subject 

was addressed in the study reported in Chapter 2. The results of this study of typically 

developing 6- to 12-year-olds indicated domain-specific interference for a STM task 

involving nameable pictures and cross-domain effects for a STM task involving abstract 

designs. That is, irrelevant speech and irrelevant visual stimuli (dynamic visual noise) 

both interfered with memory for abstract visual information, suggesting that children 

used both verbal and visual codes to assist in their memory for this type of information. 

Visual interference stimuli, on the other hand, did not interfere with children’s memory 

for nameable pictures, but verbal interference stimuli did; that is, cross-domain 

interference effects were not found for verbal memory. 

 Certainly, the use of inner speech has been widely documented in studies 

assessing typical short-term memory development and function. However, research to 

date has yielded contradictory results towards determining whether children with ASD 

spontaneously use inner speech to mediate performance on memory and problem 

solving tasks. As reviewed in Chapter 1, a number of studies have suggested 

impairment in the use of inner speech in children with ASD, whereas others have found 

no such evidence of impairment (e.g., Russell et al., 1996; Williams et al., 2008). 

However, methodology may have contributed to differences in findings (see Chapter 2 

for a discussion of this issue). Of the limited studies on children with AD/HD in this 

area, research suggests they appear to spontaneously use inner speech, at least overtly as 

self-talk, but it does not appear to mediate success on tasks (Winsler et al., 2007). Thus, 

children with AD/HD might also have difficulty with inner speech and this area of 
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functioning might, therefore, represent part of an overlap between the two 

neurodevelopmental disorders. More research is needed to inform our understanding of 

short-term memory development and functioning in these two groups of children. 

The main aim of this study was to investigate whether children with ASD and 

AD/HD are impaired in terms of inner speech usage. To assess this, children completed 

short-term memory tasks that were either readily amenable to inner speech use or less 

so. A secondary aim of this study was to investigate whether children with ASD and 

AD/HD showed any compensatory processes (e.g., an over-reliance on visual means to 

support short-term memory). Thus, both within-modality and cross-modality 

interference was assessed for the two STM tasks used in the first study (Chapter 2) – 

readily nameable pictures of concrete objects and difficult-to-name Attneave-type 

abstract designs. As in the first study, interference conditions included irrelevant speech 

(IS) and irrelevant visual noise (IVN), along with a no-interference natural (N) 

condition. This methodology was recently highlighted in Kunda and Goel’s (2010) 

review of the literature for children with ASD. In developing their “thinking in pictures” 

hypothesis of cognition in individuals with ASD, they argued that a subset of 

individuals with the disorder preferentially use visual mental representations to process 

tasks that most TD individuals process with verbal means. The authors reviewed over 

40 studies, including those using n-back paradigms, serial recall, visual search, spatial 

recall, false belief, and visual recall. They argued that a majority of the results could be 

explained within the context of whether tasks were amenable to being solved visually 

and/or verbally. The authors suggested that in order to further test their hypothesis, 

future studies of cognition in individuals with ASD should include not only verbal tasks 

or visual tasks in isolation, but those with a dual task paradigm or that otherwise give 

consideration to the means by which tasks could be processed (i.e., by visual vs. verbal 

strategies). To our knowledge this is the first study to investigate interference effects in 
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visual short-term memory in children with ASD and AD/HD. Moreover, the inclusion 

of both visual and verbal interference enabled us to address the question of whether 

compensatory processes were involved in these children’s STM performance. 

Historically, most studies involving children with developmental disabilities 

have utilised matched-samples methodology, with age and IQ being matched between 

participant groups; if not matched, analyses have tended to control for IQ by utilising 

analysis of covariance (ANCOVA). Recently, however, many researchers have begun to 

point out inherent weaknesses in these approaches (Jarrold & Brock, 2004; Mervis & 

Klein-Tasman, 2004; Thomas et al., 2009). In children with neurodevelopmental 

disorders, IQ must be considered an outcome of the disorder. Dennis and colleagues 

(2009) argued that IQ “is always confounded with and/or by the condition” (p.331). 

Controlling for IQ may, therefore, remove an inherent part of the disorder (and, thus, of 

the dependent variable of interest) itself. Consequently, researchers are finding benefit 

in the use of regression-based methods in studies of developmental disorders wherein a 

large sample of TD children is used as the comparison group. The dependent variables 

of interest are regressed onto predictors such as age, sex, and intellectual ability for the 

TD children. This provides a regression equation that allows one to generate expected 

scores for each individual in the group(s) of interest, based on the same predictors. The 

expected performance scores are then subtracted from the actual scores in order to 

obtain a residual for each child in the group of interest, which is then standardised by 

dividing by the standard error of the regression estimate. ANOVAs can then be 

conducted on these standardised residuals for each of the two tasks (nameable pictures 

and abstract designs) for each group (ASD and AD/HD), independently, to assess 

whether the group of interest’s performance is significantly different to that expected 

based on the TD sample. Further, because combining IQ (using Full Scale IQ) is 

problematic in studies with developmentally disabled children, analyses in the current 
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study will be conducted with verbal comprehension (VC) and perceptual reasoning (PR) 

aspects of IQ taken into account separately. As noted by Jarrold and colleagues (Jarrold, 

Baddeley, & Phillips, 2007), “[standardisation] based on a combined regression in the 

typical group will … tend to underestimate the relative importance of these measures in 

the clinical groups” (p.239), where VC and PR abilities are less closely related. 

If children with ASD are not using inner speech to assist in STM performance, 

they should perform below levels predicted by the performance of TD children on a 

nameable pictures recall task. However, under IS, children with ASD would be 

expected to perform at the level predicted by the performance of TD children under IS. 

That is, interference by IS should remove the inner speech advantage for STM 

performance that TD children theoretically have. In addition, if children with ASD are 

preferentially using visual processes to mediate performance on the STM tasks, then 

they should show poorer performance during IVN on the nameable pictures task than 

that predicted by TD children; IVN would interfere with any visual mnemonic strategy. 

Continuing in this vein, children with ASD should perform as predicted by the 

performance of TD children on the abstract designs task (without interference), as both 

groups would be primarily using visual processes. Under IS and IVN, children with 

ASD would also be expected to perform as predicted by the performance of TD 

children, unless it is the case that TD children are able to use verbal recoding and inner 

speech to assist in their STM for the abstract designs. If that was the case, children with 

ASD might then be expected to perform better than predicted under IS, as IS would 

remove the theoretical inner speech advantage (verbal recoding and rehearsal of visual 

stimuli) for TD children. Following the same logic, under IVN, children with ASD 

would perform lower than predicted by TD children’s performance, as TD children 

would still have inner speech available to them to mediate performance, which children 

with ASD theoretically lack. 
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In terms of performance for children with AD/HD, this study is more 

exploratory in nature. However, given evidence of atypical development of inner 

speech, including delayed internalisation of self-talk, children with AD/HD may show a 

similar pattern of performance to children with ASD on the nameable pictures task. 

Further, given their known impairments in visuospatial working memory, they may be 

more impaired on the abstract designs tasks (for at least the natural and IS conditions) 

than would be predicted by the performance of TD children; IVN may interfere with the 

theoretical visuospatial advantage on this task for TD children, leaving both groups 

equivalent in performance under IVN. These patterns will be explored in relation to 

WISC-IV verbal comprehension and perceptual reasoning separately. This allows us to 

see if the pattern of interference changes depending on whether verbal comprehension 

or perceptual reasoning is taken into account. Such a pattern might be expected if group 

differences are driven by differences in either verbal or perceptual reasoning ability 

between the groups.  

Method 

Participants 

One hundred and nine typically developing children (48 boys) aged between 6;0 

and 13;9 were recruited primarily from government schools in the Perth metropolitan 

area. All children were confirmed by parent report to have had no previous mental or 

learning disorder. These children (92 of whom were in the earlier study of TD children 

reported in Chapter 2) comprised the standardisation group for the memory tasks. 

Twenty-seven children with ASD (20 boys) between the ages of 8;1 and 13;4 and 22 

children with AD/HD (14 boys) between the ages of 7;5 and 13;10 formed the 

developmental disabilities groups. An additional eight children with comorbid 

diagnoses were recruited but subsequently excluded from the study, because their 

numbers were too small to form a meaningful independent group and it was not possible 
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to determine that they would correctly typify either the ASD or AD/HD group. Of the 

27 children with ASD, 14 had a diagnosis (by parent report) of Autistic Disorder, 5 had 

Pervasive Developmental Disorder Not Otherwise Specified, and 8 had Asperger’s 

Disorder. Of the 22 children with AD/HD, 12 had the Combined type, 4 had the 

Predominantly Inattentive Type, 2 had the Predominantly Hyperactive/Impulsive Type, 

and 4 families were unsure of the subtype. Children with ASD and AD/HD were 

recruited from various agencies throughout the Perth area as well as throughout regional 

Western Australia. Most children with AD/HD came into the study via referral from 

medical practitioners specialising in AD/HD diagnosis. Issues of 

overdiagnosis/misdiagnosis of AD/HD often cited as concerning in North America were 

not seen to be of concern within the Australian context, where different cultural and 

economic factors prevail. All children with ASD or AD/HD were assessed using the 

Autism Diagnostic Observation Scale (ADOS) Module 3 or Module 4 (Lord et al., 

2000) in order to evaluate for current symptomotology in children with ASD and 

significant comorbid ASD-like symptomotology in children with AD/HD. The Conners 

3rd Edition (Conners, 2008) Parent Rating Form was used to help confirm AD/HD 

symptomotology and to assess for comorbidity in the children with ASD. The Social 

Communication Questionnaire (SCQ) (Rutter, Bailey, Berument, Lord, & Pickles, 

2006) was used to help assess current and lifetime symptoms in children with ASD. 

Any children normally on stimulant medication were required to refrain from taking 

medication on the day of the assessment.  

Group characteristics are presented in Table 2. ANOVAs with the single factor 

of group indicated no significant differences in WISC-IV Verbal Comprehension (VC) 

scores, F(2,155) = 1.73, p = .18, ηp
2 = .022, between children with ASD, children with 

AD/HD, and TD children. There was a significant group difference in the WISC 

Perceptual Reasoning (PR) scores, F(2,155) = 3.60, p = .03, ηp
2 = .044. The children 
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with AD/HD had significantly lower PR scores than the TD children (p = .008) and 

showed a trend for lower scores than the children with ASD (p = .06). However, this 

group difference was not of concern for statistical purposes due to the treatment of VC 

and PR scores in the regression-based method of data analysis. Children with ASD had 

significantly higher ADOS Total (Social Interaction + Communication) scores than 

children with AD/HD, F(1,47) = 25.68, p < .001, ηp
2 = .353. The mean Lifetime SCQ 

score for children with ASD was 24.04, which is well above the recommended cut-off 

of 15 given by the authors for indicating a high likelihood of ASD. Several of the 

children with ASD had a current ADOS Communication + Social Interaction Total 

Score (range 0-14) that fell below the diagnostic cut-off for ASD. Of those, however, 

only five children also had a SCQ Lifetime score below 15. This was not of concern in 

this study, given the rigorous, requisite multi-disciplinary diagnostic standards present 

in Western Australia; current sub-threshold symptomotology evident for some children 

on the ADOS was most likely due to intervention received subsequent to original 

diagnosis. Both children with ASD and children with AD/HD had elevated scores on the 

Conners 3 DSM-IV-TR subscales for ADHD Inattentive and ADHD Hyperactive-

Impulsive behaviour. There were no group differences on the Inattentive subscale, 

F(1,47) = .43, p = .517, ηp
2 = .009, but children with AD/HD displayed significantly 

more Hyperactive-Impulsive behaviours, F(1,47) = 4.01, p = .05, ηp
2 = .079. 

Apparatus and Stimuli 

The memory tasks and apparatus were the same as in the study of typically 

developing children described in Chapter 2. 

Tests 

A four-subtest (i.e., Vocabulary, Similarities, Matrix Reasoning, and Picture 

Completion) short form of the Wechsler Intelligence Scale for Children-IV (WISC-IV) 
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Table 2 
Means (and SDs) for Age, WISC-IV Composite Scores

a
, and Screening Measures 

 ASD 
n = 27 

AD/HD 
n = 22 

TD 
n = 109 

Age in years 10.52 (1.81) 10.36 (1.73) 8.98 (2.10) 

WISC-IV Verbal 
Comprehension  

98.56 (14.57) 98.73 (13.66) 102.95 (13.21) 

WISC-IV Perceptual 
Reasoning  

101.19 (12.58) 94.18 (12.60) 102.29 (13.10) 

ADOS Communication + 
Social Interaction Total 

5.52 (3.44) 1.55 (1.44)  

SCQ Lifetime 24.04 (4.60)b   

SCQ Current 13.84 (5.76)c  3.94 (4.11)d 

SNAP-IV Inattentive   0.56 (0.54)e 

SNAP-IV Hyperactive-
Impulsive 

  0.33 (0.39)e 

Conners 3 DSM-IV-TR ADHD 
Inattentive 

68.59 (2.34) 72.82 (2.40)  

Conners 3 DSM-IV-TR ADHD 
Hyperactive-Impulsive 

70.70 (2.17) 75.59 (2.60)  

 
aCalculated using the method recommended by Sattler (2001, p. 256) for correlated subtests. bData are 
missing for three children. cData are missing for eight children. dData are missing for five children. eData 
are missing for four children. 
 

(Wechsler, 2003) was used to estimate each child’s cognitive ability. In order to screen 

for symptoms associated with ASD, parents of TD children were asked to complete the 

40-item Current behaviour form of the Social Communication Questionnaire (SCQ). In 

order to screen for symptoms associated with AD/HD, parents of TD children were also 

asked to complete the 26-item Multimodality Treatment Study (MTA) SNAP-IV 

questionnaire. Typically developing children scored well below the recommended cut-

off score of 15 on the SCQ and well below the recommended cut-off score of 1.0 on the 

SNAP-IV subscales. See Table 2 for means. 
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The Conners 3 Parent Rating Form was completed by parents of children with 

ASD or AD/HD and the SCQ was completed by parents of children with ASD. The 

ADOS was administered to all children with ASD or AD/HD to assess for presence and 

severity of current ASD-like behaviours. 

Design and Procedure 

Parents provided written consent and children gave either verbal or written 

consent prior to testing. All testing was done individually in a quiet room at the child’s 

school or home, or at the university. The computerised tasks were the same as in the 

study outlined in Chapter 2. 

Results 
 

Screening for Outliers 

 
The variables age, WISC VC, and WISC PR were analysed for skewness and 

kurtosis within each of the three groups. Overall, skewness and kurtosis were 

acceptable, ranging from -.519 to .234 and from –1.307 to .774, respectively (Schmider, 

Ziegler, Danay, Beyer, & Bühner, 2010). WISC VC and WISC PR scores and the raw 

memory scores were then scanned for univariate outliers; outliers were defined as any 

score greater than 3 SD from the mean. No outliers were found in WISC VC or PR 

within any group. Three outliers were found in the memory scores (two high scores in 

TD children and one high score in a child with AD/HD). These were replaced with the 3 

SD cut-off value for the respective variable. Data were then screened for multivariate 

outliers with Mahalanobis distance set at p < .001 and six degrees of freedom 

(representing the six variables entered into the regression analyses). No multivariate 

outliers were identified. 

Memory for Nameable Pictures and Abstract Designs in ASD and AD/HD 

Although the main analytical approach to this study lies with the regression-

based method, a repeated measures ANOVA was performed on the memory scores for 
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each task and condition in order to gain an understanding of how each of these groups 

of children performed on the memory tasks overall. Thus, an ANOVA with the single 

factor of condition (N, IS, IVN) was run on the performance of children with ASD for 

the nameable pictures task. Results indicated no significant differences between 

performance on the three conditions (p = .14). A similar ANOVA run on the 

performance of children with AD/HD for the nameable pictures also yielded no 

significant differences between conditions (p = .13). Refer to Figure 2, Panel A for 

means for the children with ASD and Panel B for means for the children with AD/HD. 

Panel A: Children with ASD 

Panel B: Children with AD/HD 

Figure 2. Mean scores for the three conditions of the nameable pictures memory task.  
Maximum items correct for nameable pictures was 63. Error bars represent within-
subjects confidence intervals. 
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For the abstract designs task, an ANOVA with the single factor of condition was 

run on the performance of children with ASD. Results indicated no significant 

differences between performance on the three conditions (p = .18). A similar ANOVA 

run on the performance of children with AD/HD for abstract designs also yielded no 

significant differences between conditions (p = .17). Refer to Figure 3, Panels A and B 

for respective means of the two groups.  

 

 

Panel A: Children with ASD  

 

Panel B: Children with AD/HD 

Figure 3. Mean scores for the three conditions of the abstract designs task. Maximum 
items correct for abstract designs was 45. Error bars represent within-subjects 
confidence intervals. 
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The pattern of means on the three conditions of the nameable pictures task for both 

children with ASD and children with AD/HD appears similar to the means presented in 

Chapter 2 (Figure 1, Panel A) for TD children. However, the small samples of children 

in the developmental disabilities groups might have contributed to the failure to achieve 

significant differences in performance between conditions. The pattern of means for the 

three conditions of the abstract designs task for both the ASD and AD/HD groups did 

not appear particularly similar to that of the TD children. Thus, use of the regression-

based trajectory method allowed for a more thorough analysis of the performance of 

children with ASD and AD/HD on these STM tasks. 

Regression Analyses 

To establish the parameters of the regression equations based on TD children, 12 

separate regression analyses were conducted on the TD children alone. Two analyses 

were conducted for each of the six dependent variables (two STM tasks with three 

interference conditions for each task), one analysis including WISC VC as a predictor 

and the other including WISC PR instead. In addition to the independent variables of 

WISC VC and WISC PR, performance on each of the six dependent variables was also 

estimated after accounting for the independent variables age, sex, order of task 

presentation, order of condition presentation, and an age-squared variable, which 

allowed for a non-linear effect of age4. These regression analyses provided the 

coefficients that were used to create a regression equation for each dependent variable, 

which was then used to generate predicted scores for the two groups of children with 

developmental disabilities. 

Memory in children with ASD. 

Predicted and actual mean scores are presented in Table 3. Standardised residuals were 

                                                 
4Categorical variables: sex (male = 1; female = 2), order of task presentation (nameable pictures first = 1; 
abstract designs first = 1), order of condition presentation (N-IS-IVN = 1; N-IVN-IS = 2; IS-N-IVN = 3; 
IS-IVN-N = 4; IVN-N-IS = 5; IVN-IS-N = 6). 
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calculated by subtracting the predicted performance from the actual performance for 

each child and then dividing the result by the standard error of the regression estimate. 

Based on the regression analyses done with the inclusion of the WISC VC independent 

variable, a 3 x 2 ANOVA was then conducted on the standardised residuals from the 

nameable pictures task, with condition (N, IS, IVN) as a within-subjects factor and 

group (ASD, TD) as a between-subjects factor. There was no significant effect of group 

(p = .121), indicating that when one takes verbal abilities into account (as well as age, 

sex, and order of presentation), children with ASD do as well as would be predicted by 

TD performance on the nameable pictures task. There was also no significant effect of 

condition (p = .653), nor a significant interaction between group and condition (p = 

.627). In contrast, after running the regression analysis with WISC PR accounted for, a 

3 x 2 ANOVA conducted on the standardised residuals revealed a significant effect of 

group, F(1, 133) = 4.67, p = .032, ηp
2 = .034, with no significant effect of condition (p = 

.530). There was no significant interaction between group and condition (p = .508). 

Thus, after taking perceptual reasoning abilities into account, children with ASD do 

worse than would be predicted by TD performance on the task involving nameable 

pictures, across all interference conditions. 

A 3 (condition: N, IS, IVN) x 2 (group: TD, ASD) ANOVA conducted on the 

standardised residuals from the abstract designs task with WISC VC accounted for 

indicated a significant effect of group, F(1, 134) = 9.01, p = .003, ηp
2 = .063, a 

significant effect of condition, F(1, 134) = 4.85, p = .009, ηp
2 = .035, and a significant 

interaction, F(1, 134) = 4.92, p = .008, ηp
2 = .035. Single-sample follow-up t tests 

comparing residuals for the children with ASD against zero (i.e., the performance of the 

TD group) showed significant effects for both the N, t(26) = 2.79, p = .010, and IS 

conditions, t(26) = 3.88, p = .001, but not the IVN condition, p = .437. Thus, children 
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Table 3 

Predicted Mean (and SD) Memory Scores for the Clinical Groups Against Actual Mean 

Scores for the Nameable Picture and Abstract Designs STM Tasks, Under Natural, IS, 

and IVN 

 
 ASD 

n = 27 
AD/HD 
n = 22 

Predicted Actual Predicted Actual 

VC PR  VC PR  

Nameable Task N 47.41 
(6.81) 

48.80 
(6.47) 

43.44 
(13.51) 

47.10 
(6.46) 

46.21 
(6.94) 

43.45 
(14.33) 

Nameable Task IS 43.21 
(6.42) 

44.27 
(7.19) 

39.52 
(16.67) 

42.72 
(7.33) 

41.91 
(8.11) 

35.77 
(15.23) 

Nameable Task IVN 46.58 
(9.24) 

47.67 
(7.67) 

44.44 
(13.79) 

46.70 
(8.04) 

45.81 
(8.15) 

41.27 
(16.05) 

Abstract Task N 18.90 
(4.47) 

19.58 
(4.53) 

14.67 
(7.72) 

18.67 
(4.05) 

18.01 
(4.86) 

13.77 
(7.40) 

Abstract Task IS 17.71 
(5.14) 

18.53 
(5.02) 

12.52 
(7.20) 

17.32 
(4.47) 

16.68 
(5.50) 

12.73 
(8.96) 

Abstract Task IVN 15.85 
(4.60) 

16.66 
(3.99) 

14.41 
(9.82) 

15.89 
(4.15) 

15.29 
(4.53) 

11.55 
(8.49) 

 

with ASD performed significantly lower than would be predicted by TD performance in 

both the natural and IS conditions, but performed as expected in the IVN condition. 

A 3 (condition: N, IS, IVN) x 2 (group: TD, ASD)  ANOVA conducted on the 

standardised residuals from the abstract designs task with WISC PR accounted for 

revealed significant effects of group, F(1, 134) = 14.46, p < .001, ηp
2 = .097, and 

condition, F(1, 134) = 5.60, p = .004, ηp
2 = .040, as well as a significant interaction 

effect, F(1, 134) = 5.40, p = .005, ηp
2 = .039. Follow-up t tests comparing residuals for 

the children with ASD against zero (i.e., the performance of the TD group) for each 

condition showed significant effects for N, t(26) = 3.27, p = .003 and IS, t(26) = 4.61, p 

< .001, but not IVN, p = .214. Again, children with ASD performed significantly lower 

than would be predicted by TD performance on both the N and IS conditions. Taken 
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together, these results suggest that regardless of verbal or perceptual abilities, children 

with ASD do more poorly than would be predicted by TD performance on a memory 

task for abstract designs without interference present and when irrelevant speech is 

present; their performance on an abstract designs task with IVN present was as 

predicted, regardless of verbal or perceptual abilities. 

Memory in children with AD/HD. 

The same series of regression analyses was conducted for memory performance 

in children with AD/HD, with WISC VC and WISC PR included as independent 

variables in separate regression analyses and other variables (age, sex, and order of 

presentation) included in both. A 3 x 2 ANOVA with condition (N, IS, and IVN) as a 

within-subjects factor and group (TD, AD/HD) as a between-subjects factor was 

conducted on the standardised residuals derived from the nameable pictures task with 

WISC VC accounted for. Results revealed a significant effect of group, F(1,128) = 5.41, 

p = .022, ηp
2 = .041, but no significant effect of condition (p = .668), and no significant 

interaction (p = .635). A 3 x 2 ANOVA of the same design conducted on the 

standardised residuals derived from the nameable pictures task, but with WISC PR 

accounted, for revealed no significant effects of group (p = .053), condition (p = .618), 

or their interaction (p = .602). These results indicate that children with AD/HD did as 

well on the memory tasks as would be predicted by TD performance when their 

perceptual reasoning abilities were accounted for, but did more poorly than predicted 

when their verbal abilities were accounted for. 

A 3 (condition: N, IS, IVN) x 2 (group: TD, AD/HD) ANOVA conducted on the 

standardised residuals derived from the abstract design task with WISC VC accounted 

for in the regression analysis indicated a significant effect of group, F(1,129) = 12.15, p 

= .001, ηp
2 = .086, but no significant effect of condition (p = .842), and no significant 

interaction (p = .833). A similar analysis conducted on the standardised residuals with 
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WISC PR accounted for found a significant effect of group, F(1,129) = 9.72, p = .003, 

ηp
2 = .070, but no significant effect of condition (p = .809), and no significant 

interaction (p = .829). Thus, children with AD/HD did more poorly than predicted by 

TD performance on the abstract designs task regardless of either their verbal or 

perceptual reasoning abilities. 

To address the possibility that children with AD/HD and/or children with ASD 

have a specific weakness in sequential skills (Pennington & Ozonoff, 1996; Romine & 

Reynolds, 2004), a similar set of ANOVAs was run using standardised residuals but 

with memory scores calculated based on a “position-free” method of scoring. An item 

was scored as correct if it appeared in the response, regardless of which serial position it 

occupied. The pattern of results was the same using this method of data analysis. 

Group comparisons. 

A series of ANOVAs on the standardised residuals were conducted with the 

factors of condition (N, IS, IVN) and group (AD/HD, ASD) to test for differences 

between memory performance across the two groups. Separate ANOVAs were run for 

the nameable pictures task with VC accounted for and with PR accounted for. Likewise, 

two ANOVAs were run on the abstract designs task. In all four analyses, there were no 

main effects of group or interactions of group with condition (all p >.05), indicating that 

the pattern of performance was similar across the two groups. 

Memory and Cognitive Ability 

Correlation analyses between cognitive ability (WISC VC, WISC PR) and 

memory performance in the six different conditions for the TD group revealed a 

significant relationship between WISC VC and the natural condition of the nameable 

pictures task, r(107) = .198, p = .040. There were no other significant correlations 

within that group (all p > .10). Likewise, there were no significant correlations between 

cognitive ability and memory scores within each of the two groups of children with 
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developmental disabilities. However, there was a trend towards a significant 

relationship for the children with ASD between WISC VC and the natural condition of 

the nameable pictures task, r(25) = .351, p = .072, and a trend for children with AD/HD 

towards a significant relationship between WISC PR and the IVN condition of the 

nameable pictures task, r(20) = .389, p = .073. 

Discussion 

This study examined the use of inner speech in short-term memory performance 

in children with ASD and AD/HD as well as any potential compensatory processes such 

as an over-reliance on visual representations to facilitate performance on tasks that are 

typically mediated verbally. This was accomplished through the use of a regression-

based method, analysing children’s performance on STM tasks. The visual stimuli were 

readily amenable to naming or difficult to name abstract designs. Patterns of results for 

both groups of developmentally disordered children were analysed separately for each 

of verbal abilities and perceptual reasoning abilities (i.e., entered as variables in separate 

regression analyses), in view of the tendency for these groups to have atypical, uneven 

cognitive profiles. 

For nameable pictures, predictions were based on the theory that children with 

ASD do not use inner speech. Thus, they should perform below levels predicted by the 

performance of TD children on the natural condition, as predicted by the performance of 

TD children on the IS condition (IS would remove the rehearsal advantage of TD 

children), and below levels predicted on the IVN condition (if they are preferentially 

using visual mental representations to mediate performance, due to IVN interfering with 

their visual strategies). Based on evidence that children with AD/HD show atypical 

development of inner speech, including delayed internalisation of self-talk, it was 

predicted that they would show a pattern of performance similar to children with ASD 

on these tasks. 
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Results indicated that for nameable pictures, children with ASD performed as 

predicted by the performance of TD children when verbal abilities were taken into 

account but lower than predicted when perceptual reasoning abilities were taken into 

account. Conversely, children with AD/HD showed poorer performance compared to 

that predicted by TD children’s performance when their verbal abilities were accounted 

for, but as predicted by TD performance when their perceptual reasoning abilities were 

accounted for. In other words, where poor performance for each group was evident, it 

had a different basis. Performance of children with ASD was linked to their WISC-IV 

VC IQ, while performance of children with AD/HD was linked to their WISC-IV PR 

IQ. 

Children with ASD performed as well as expected by their verbal abilities, but 

when perceptual reasoning abilities were taken into account, they underperformed on 

the nameable pictures task relative to what would be predicted based on TD 

performance; that is, their performance on this memory task was not constrained by 

their perceptual reasoning abilities, but appeared constrained by their verbal abilities. 

Thus, the fact that the performance of children with ASD did not differ from that 

predicted by TD performance when verbal abilities were accounted for (i.e., there was 

no effect of group, nor an interaction between condition and group), and the fact that the 

TD children did show evidence of inner speech use (see the study reported in Chapter 

2), suggests that the children with ASD were indeed recruiting inner speech in the 

service of short-term memory tasks with nameable stimuli (i.e., they showed similar 

patterns of interference). Further, results suggest that the difficulty for children with 

ASD is not merely one of diminished general capacity, as when verbal abilities are 

accounted for, differences cease to be present. These results cannot be easily explained 

in terms of a “thinking in pictures” (TiP) hypothesis (cf. Kunda & Goel, 2011), which 

would argue that children with ASD, having a bias towards processing information 
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visually, should theoretically be able to perform similarly to that predicted by TD 

performance on both natural and IS conditions (by using visual mnemonics, regardless 

of use of inner speech), but would underperform under IVN due to the disruption of 

their visual processing strategies. Further evidence negating a TiP account to explain 

current results are also discussed below in relation to the abstract designs task. We 

suggest an alternate and perhaps more parsimonious explanation for the results seen in 

the nameable pictures task might be found by considering the task demands of the 

WISC VC subtests used (Similarities and Vocabulary). Both of these subtests require 

verbal concept formation (e.g., “How are a chair and a table alike?” or “What is a 

democracy?”). Thus, one might conclude that children with ASD are limited in this area 

of functioning, which then impacts upon short-term memory for nameable stimuli. 

Concept formation allows us to organise ideas, facts, and such, into a category, which 

allows us to generalise along the lines of “things that go together.” For example, we can 

consider the concept of democracy without having to consider each related idea or fact 

such as voting, laws, parliament, citizenship, and the like. Short-term memory would be 

enhanced by concept formation abilities – relating images viewed to knowledge (other 

facts, ideas, etc.) in long-term memory.  

These results also more in keeping with the conclusions of recent researchers 

such as Lidstone et al. (1994) and Williams and colleagues (Rapport et al., 2001; 

Williams et al., 2008) who have found evidence for inner speech use in children with 

ASD and relationships between verbal ability and performance. Lidstone and colleagues 

found that children with ASD who had a much lower verbal mental age compared to 

nonverbal mental age (by at least 2.5 years) performed atypically compared to TD 

children on a STM task with verbal interference, whereas children with an even 

cognitive profile performed at a similar level to  TD children. Moreover, Williams and 

colleagues found that children with ASD showed a phonological similarity effect (PSE) 
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similar to children with “moderate learning difficulties” (i.e., children with a mean IQ of 

approximately 75). Although an uneven cognitive profile (verbal ability lower than 

nonverbal ability) was associated with the magnitude of the PSE (i.e., a smaller PSE), 

verbal mental age itself was the better predictor of the magnitude of PSE, which the 

researchers concluded provided evidence for verbal mental age as a “critical predictor of 

covert verbal mediation” of STM in these children. Further evidence to support this line 

of reasoning comes from the finding in the current study that WISC verbal reasoning 

ability correlated with performance in the nameable pictures natural condition for TD 

children with a similar trend evident for children with ASD (but no suggestion of such a 

correlation for children with AD/HD, indicating this is not necessarily a generalisable 

relationship for all children). 

Findings from this study also suggest that children with ASD are not over-reliant 

on visual processes to mediate success on STM tasks with readily nameable stimuli. 

Compared to what was predicted by TD children’s performance, they under-performed 

for their perceptual reasoning abilities and were not selectively impaired by IVN; if 

children with ASD were preferentially predisposed to use visual mental representations 

to mediate performance, then we would have expected them to perform poorer than 

predicted by TD performance during IVN because IVN would have interfered with their 

visual mnemonics. Successful performance for TD individuals on nameable pictures 

involved the use of verbal strategies, as IS but not IVN interfered with their 

performance. Children with ASD appeared to be constrained by their verbal abilities on 

the nameable pictures task and were not able to compensate with visual strategies to 

mediate successful performance. 

Results, at first glance, showing no group difference on the standardised 

residuals in memory performance between children with ASD and children with 

AD/HD, would seem to suggest support for the hypothesis that children with AD/HD 
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would perform similarly to children with ASD. However, their similar performance 

came about for different reasons. Children with AD/HD underperformed on short-term 

memory tasks with nameable pictures when verbal abilities were taken into account and 

performed as expected when perceptual reasoning abilities were taken into account. 

This suggests that their poor performance on nameable pictures was not due to 

limitations in verbal ability. Rather, their performance on this STM task appears 

constrained by their perceptual reasoning abilities, as when perceptual reasoning is 

accounted for, children with AD/HD perform as expected based on the performance of 

TD children (there being no significant effect of group, nor an interaction between 

group and condition in the analysis of the residuals). The finding that performance is 

related to perceptual reasoning ability in the children with AD/HD is, to some degree, in 

keeping with previous research indicating that these children tend to have weakness in 

visuospatial working memory and capacity (e.g., Martinussen et al., 2005). The WISC-

IV Matrix Reasoning and Picture Completion subtests require abstract reasoning, visual 

perceptual, and visual organisational abilities. Weakness in these areas could certainly 

be expected to impact upon STM performance with tasks involving (nameable) pictures. 

Further evidence to support this argument comes from the finding of a trend for children 

with AD/HD to show a relationship between WISC perceptual reasoning ability and 

scores from the IVN condition of the nameable pictures task (the lack of such 

correlation in TD children or children with ASD indicates this is not a potential 

relationship for all children). 

Predictions for performance on the abstract designs task were based on the same 

theory of impaired inner speech and preferential use of visual strategies in children with 

ASD. Thus, it was expected they would perform as predicted by the performance of TD 

children (without interference), as both they and the TD children would be primarily 

using visual mental representations to mediate task success. On tasks with IS or IVN, 
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children with ASD were expected to perform as predicted by TD children’s 

performance, unless it was the case that TD children were using verbal recoding of the 

visual stimuli and inner speech to assist with the tasks and that it was necessary to 

mediate success. Given the impairments often observed in their visuospatial working 

memory, children with AD/HD were predicted to be more impaired on recall for 

abstract designs than would be predicted by the performance of TD children for both 

natural and IS conditions.  

Children with ASD did not perform as well as would be predicted by the 

performance of TD children in the abstract designs task. They performed lower than 

would be predicted on both the natural and IS conditions, but as predicted on the IVN 

condition. In contrast to the pattern for nameable pictures, for this task, neither verbal 

nor perceptual reasoning abilities accounted for their poor performance. The previous 

study of TD children reported in Chapter 2 indicated that TD children appeared to use 

both verbal and visual processes to mediate success on the abstract designs task, as they 

were negatively affected by both IS and IVN. Again, the “thinking in pictures” 

hypothesis does not easily explain these results. According to this hypothesis, children 

with ASD would be expected to perform more poorly than TD children on the natural 

condition, as the TD children may have attempted to verbally recode the stimuli to 

augment performance on this task (as evidenced by the fact that IS interfered with their 

performance, as did IVN). Continuing in this vein, children with ASD should have 

performed similar to TD children on the abstract designs task under IS, as IS would 

remove any inner speech advantage that the TD children might have on this task. 

However, this was not the pattern of results observed for children with ASD, who 

actually performed more poorly on both the natural and IS conditions (regardless of 

verbal or perceptual reasoning ability). One possible explanation of the findings for 

children with ASD is that they do not utilise any particular strategic processes to 
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mediate success when trying to remember abstract information. A weakness in terms of 

memory for abstract designs in the children with ASD could primarily be the result of 

inherent limitations in abstract reasoning - the ability to form concepts, categorise 

information, and initiate novel thoughts or actions. Notably, verbal concept formation 

was hypothesised above to be a potential explanatory factor for the performance of 

these children on the nameable pictures task. Thus, it is possible that concept formation, 

regardless of modality, is a weakness in children with ASD, which then impacts on their 

success at STM tasks. Certainly, many studies of concept formation abilities in children 

with ASD have shown weaknesses in this area (Klinger & Dawson, 2001; Ropar & 

Peebles, 2007; Scott & Baron-Cohen, 1996). Minshew, Meyer, and Goldstein (2002) 

noted the following: 

Difficulty with concept formation appears to be expressed in other cognitive 

domains in individuals with autism. In the memory domain, individuals with 

autism have been found to be less able to use cognitive organizing strategies 

necessary for remembering large amounts of information or for detecting and 

using the organization of material that is inherently complex. (p. 332) 

Based on these findings, future studies are needed to measure concept formation or 

categorisation ability in children with ASD and to assess whether this ability acts as a 

predictor of short-term memory performance in these children. Whilst the “thinking in 

pictures” hypothesis appears at first quite logical and robust in explaining many of the 

findings of previous research (and much of the general anecdotal behaviour of 

individuals with ASD), current research suggests that rather than preferential use of 

visual representations per se as a mediator of performance, concrete thinking is perhaps 

the mediator of performance. “Pictures” form a concrete mental representation. 

Difficulties, consequently, would arise for individuals with ASD when concrete mental 

representations do not suffice for problem solving and abstract reasoning or concept 

formation becomes requisite to success. However, following along with this argument, 
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one might question why children with ASD were not impaired across all three 

conditions of the abstract designs task (i.e., including IVN). One explanation would be 

that IVN interferes with the ability to link an Attneave-type shape (those used in the 

abstract designs task) to concepts from long-term memory. Typically developing 

children have the ability to use concept formation abilities, detecting and organising 

complex information in order to augment STM performance. These abilities are then 

negatively impacted by the presence of concurrent IVN. Past research has shown DVN 

to interfere with tasks requiring visual imagery and precise visual details (e.g., animal 

size comparisons, memory for precise font, and memory for hard-to-name coloured 

texture patterns) in TD individuals. 

Children with AD/HD also had poorer performance than would be predicted by 

that of TD children across all three conditions of the abstract designs task, regardless of 

verbal or perceptual reasoning abilities. This pattern of results prevents any strong 

conclusions as to whether or not they were trying to use verbal and/or visual strategies 

similar to TD children, albeit unsuccessfully. Evidence for use of self-talk has been 

found in children with AD/HD (e.g., Winsler et al., 2007), although it has not been 

associated with task success in the same manner as with TD children. For the children 

with AD/HD in this study, their generalised poor performance on the abstract designs 

tasks may be due to limitations in capacity, reasonably in the visuospatial domain, 

(given the abstract visual nature of the stimuli); this is an area previously known to be a 

weakness for these children (e.g., Belleville et al., 2006; Martinussen et al., 2005).  

Given the ostensibly conflicting results on STM functioning in children with 

ASD and AD/HD to date, the various theories offered to explain such functioning for 

both groups of children, and the pattern of results found in this study, it is prudent that 

future studies give consideration to a few key issues. Firstly, researchers are encouraged 

to consider the potential influences of uneven cognitive profiles commonly seen in 
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children with ASD and AD/HD; the predominant statistical methodology which 

controls for IQ in children with developmental disabilities could very likely be skewing 

results and inadvertently limiting our understanding of the nature of these conditions 

(Alderson et al., 2010; Dennis et al., 2009). For example, in this study, conclusions 

based on group comparisons alone would have indicated that there were no differences 

in performance between children with ASD and children with AD/HD. However, the 

method used in this study revealed subtle but potentially key differences between the 

two groups of children associated with verbal and perceptual reasoning abilities. 

Secondly, although there was minimal evidence at best for this in the current study, 

there remains a possibility that children with developmental disabilities might apply 

atypical strategies compared to TD children when performing tasks (cf. Kunda & Goel, 

2011). Consideration should therefore be given to whether the content of a particular 

task is amenable to processing with alternate means (e.g., visual vs verbal). 

In summary, this study sought to examine inner speech through STM 

performance in children with ASD and children with AD/HD and, if impaired 

performance was found, to attempt to determine whether any compensatory processes 

were at work (e.g., an over-reliance on visual processes to mediate success on all types 

of task). Both groups of children showed some evidence for the use of inner speech in 

the service of STM tasks and did not show evidence of compensatory processes that 

over-rely on one modality over another. Children with ASD appear to have difficulties 

in STM that could relate to poor concept formation, whilst children with AD/HD appear 

to have difficulties that are more indicative of difficulties with overall visuospatial 

capacity. Thus, although both disorders have strong genetic links and comorbidity, 

current research suggests STM performance in these two groups of children is mediated 

by different underlying issues. Therapists, teachers and others working with either 

group of children may benefit from keeping in mind that task performance (e.g., success 
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in an academic project) may not arise through the use of the same processes and 

strategies of typically developing peers. Further, children with ASD may benefit from 

having more examples provided during instruction and from having complex tasks 

broken down into constituent components, to compensate for apparent difficulties with 

complex, novel information processing. Children with AD/HD may benefit from the use 

of more language to increase comprehension of visually-based tasks.          
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CHAPTER FOUR 

General Discussion 

 In this final chapter, the findings of the two studies reported within this thesis 

are considered within the context of the broader research on short-term memory 

development and function, the research on inner speech development and function in 

children with ASD and AD/HD with particular reference to psychological theories and 

models attempting to account for ASD and AD/HD, and research on the proposed 

overlap between the two disorders. 

Models of Short-term Memory and Theories of Short-term Memory Development 

 Results of the study of typically developing (TD) children reported in Chapter 2, 

showing irrelevant speech (IS) interfered with memory for both nameable pictures and 

abstract designs, whilst irrelevant visual noise (IVN) interfered only with memory for 

abstract designs, provided support for the modality-specific working memory model of 

Baddeley and Hitch (Baddeley, 2000; Baddeley & Hitch, 1974) and were not in keeping 

with the object-oriented episodic record (O-OER) model of Jones and colleagues 

(1995). Baddeley and Hitch’s model purports that there are two subsystems for storing 

and processing information - the phonological loop and the visuospatial sketchpad - 

along with a central executive, which integrates information between the two and with 

long-term memory. In contrast, Jones and colleagues’ model argues against the 

fractionation of memory into subsystems. This model is process-oriented, in that it 

asserts that incoming information to be remembered, regardless of presentation type 

(e.g., pictorial or auditory), is stored as successive events. These researchers argue that 

the brain retains information about serial order by forming linkages from one stimulus 

to the next, based on there being a mismatch between one stimulus and the subsequent 

one. Thus, serial order is key to this model, as successive stimuli are compared to 

previous. Further, changing state interference (vs steady state interference) interferes 
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with memory for any serial information, including pictorial and/or auditory, because it 

introduces competition for the same serial resources being used to retain the to-be-

remembered stimuli. That is, interference, particularly changing state interference, 

automatically competes for attention, as each interfering stimulus is compared to that 

previous and analysed for mismatch. In the current study, despite tasks being in serial 

order format and both the visual and auditory forms of interference being changing-

state, a domain-general interference effect across both types of task (as predicted by an 

O-OER model) was not found. The fact that IS interfered with memory for both 

nameable pictures and abstract designs could be explained within the framework of the 

O-OER model. That is, there would be competition for resources to process and 

organise both the to-be-remembered stimuli and the IS, as both contain serial order cues 

(IS was a changing state, serial order interference stimulus because it consisted of 

various, changing syllables). However, IVN interfered only with memory for abstract 

designs and not nameable pictures. Considering the change rate of 83% of black-and-

white dots per second employed in this study, the dynamic visual noise should certainly 

qualify as changing state stimuli, as each stimulus presented would have registered in 

the brain as a mismatch to that viewed previously. It should be acknowledged that Jones 

and colleagues (Jones, Alford, Bridges, Tremblay, & Macken, 1999; Jones & Macken, 

1995) found when the amount of change from one stimulus to the next in the changing-

state interference becomes too great (e.g., using widely disparate pitched semitones or 

multiple voices heard simultaneously), the level of disruption actually decreases. They 

argued that this was due to too much disparity between each interfering stimulus, which 

results in a situation where the stimuli no longer form one coherent stream. The effect is 

a reduction in interference beyond a certain degree of mismatch between successive 

stimuli, as fewer of the stimuli are competing for the same serial resources. Notably, 

however, in the Jones and colleagues’ experiments, although the amount of interference 
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stopped increasing and actually began to decrease in magnitude with increasing degrees 

of mismatch between the stimuli used in the changing-state interference, significant 

levels of interference remained, when compared to control conditions. Thus, under the 

O-OER model, one should still expect significant levels of interference in the current 

study for both IS and IVN for both types of memory task. Current findings can, 

however, be accommodated within the Baddeley and Hitch model. The finding of a 

domain-specific effect of IVN on the abstract designs task and a general effect of IS on 

both nameable pictures and abstract designs can be explained within the context of the 

Baddeley and Hitch model, as it is also consistent with literature showing that children 

beyond the age of 6 use both verbal recoding and rehearsal where possible to augment 

memory for visual stimuli (Hitch et al., 1991; Hitch et al., 1989; Tam et al., 2010). 

 The study of TD children reported in Chapter 2 found no evidence of a decrease 

in interference effects with increasing age. When considering theories that attempt to 

account for the development of STM capacity, these findings are consistent with 

research arguing for a primacy of verbal recoding/rehearsal processes (e.g., Hitch et al., 

1988) over improvements in inhibitory processes such as interference control (e.g., Hale 

et al., 1997) as key to STM development through childhood. Age-related improvements 

were found in STM, but there was no statistical interaction between age-group and 

condition (natural, IS, IVN) for either of the two memory tasks. These findings were in 

contrast to research that has reported selectively greater interference effects in particular 

age bands of children (Elliott, 2002; Hale et al., 1997) and pose a particular challenge 

for the argument that an improvement in interference control is key to STM 

development. However, having said that, although the interaction between age-group 

and condition was non-significant, closer examination suggests that there may be some 

evidence of a change occurring between age 6 and 8, as there were no significant 

interference effects in the 6-7-year-old group on the nameable pictures task, but the 
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interference effects were significant in the 8-9-year-old group and 10-12 year-old-

group. This supports research arguing for the importance of the development of verbal 

recoding and rehearsal in explaining the development of STM memory capacity. 

Current results provided further evidence that children are certainly able to recode 

visually-presented information verbally, at least by the age of 7 (e.g., Gathercole et al., 

1994; Tam et al., 2010). Overall, however, results of the first study suggest that 

improvement in STM from 6 through 12 years of age follows a gradual, quantitative 

process rather than a step- or stage-like process resulting from qualitative differences in 

functioning within certain age-bands. Results do not deny a role for interference control 

in the development of STM, but do not provide support for its primacy as a causative 

factor. 

Inner Speech: Development and Function in Children with ASD and AD/HD 

 Previous research has indicated that very young children rely heavily on visual 

resources to assist in STM but that around the age of 7, TD children develop the ability 

to recode visually presented information verbally and use verbal rehearsal to augment 

STM (e.g., Hitch et al., 1991). Use of inner speech or self-talk for the purposes of verbal 

rehearsal has been argued to be a primary factor contributing to the development of 

STM (Gathercole et al., 1994; Winsler, Diaz, & Montero, 1997) and results of the study 

reported in Chapter 2 were consistent with this. 

 In the study of children with ASD and AD/HD reported in Chapter 3, results 

suggested the children with developmental disabilities were using inner speech, 

although their performance was not always at the level that would be predicted by the 

performance of typically developing children. Using a regression-based approach 

wherein verbal and perceptual reasoning abilities were accounted for separately, 

children with ASD were found to perform as expected (based on the performance of a 

TD sample of children) on a nameable pictures task, when verbal comprehension 
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abilities were taken into account, but to perform lower than expected when  perceptual 

reasoning abilities were taken into account. This indicates that the verbal 

comprehension ability of the children with ASD was limiting their performance on the 

nameable task. The finding that children with ASD showed similar patterns of 

interference as TD children, albeit at a lower level overall, is in keeping with those 

researchers, including Russell et al. (1996) and Williams et al. (2008), who argue that 

children with ASD are able to use inner speech. The constraints related to verbal 

comprehension abilities amongst the children with ASD could possibly be due to a 

weakness in concept formation – the ability to relate incoming information to existing 

knowledge in long-term memory, which would assist STM by “pegging” new 

information to existing knowledge via the forming of associations. In the case of the 

current study, children’s memory for the pictures could be augmented by having the 

ability to use associative skills to store the stimuli presented (e.g., seeing a picture of a 

cat and associating it with concepts such as furry, animal, and pet). 

Contrary to the performance of children with ASD, children with AD/HD 

performed as would be predicted by the performance of TD children when perceptual 

reasoning was accounted for on the nameable picture task, but lower than predicted 

when verbal comprehension abilities were accounted for. This indicates that the 

perceptual reasoning ability of the children with AD/HD was limiting their performance 

on the nameable task. The implications of this finding are discussed more fully below in 

the section entitled Psychological Theories and Models of AD/HD. 

In relation to inner speech in children with AD/HD, results did not support our 

hypothesis that delayed internalisation of inner speech (cf. Winsler et al., 2007; Winsler 

et al., 2000) would equate to an inability to use inner speech to facilitate STM; results 

suggest that children with AD/HD were using inner speech in a similar way to TD 
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children (in that their performance under interference was similar to the pattern 

observed for the TD children, albeit lower). 

Psychological Theories and Models of ASD 

 Children with ASD underperformed when perceptual reasoning abilities were 

accounted for on a nameable pictures task and also underperformed regardless of 

abilities on an abstract pictures task, but performed as expected when verbal abilities 

were accounted for on a nameable pictures task. Moreover, children with ASD showed 

similar patterns of interference to TD children. Given that results suggested that TD 

children were using inner speech to enhance performance on the STM tasks used in this 

study (see Chapter 2), this pattern of results suggests that children with ASD are able to 

use inner speech.  Furthermore, children with ASD were not found to be overly reliant 

on visual representations to mediate performance on the STM tasks, as IVN did not 

interfere with their performance on nameable pictures. If children with ASD were 

overly reliant on the use of visual mnemonics, IVN would have interfered with their 

performance, due to competition for the same resources (whereas IS would not be 

expected to interfere). Thus, results do not provide unmitigated support for a “thinking 

in pictures” account of ASD that argues for a bias against verbal and towards visual 

processing. Perhaps children with ASD do prefer to use visual processes over verbal 

ones in the service of STM, but the results of the current study indicate that they are not 

unable to use verbal processes and are not overly reliant on visual processes.  

Current results (i.e., underperformance on STM tasks compared to TD children 

under some circumstances) were somewhat in keeping with an EF account of ASD. 

Executive functions involve our higher order thinking skills, such as planning, 

organisation, attention, and impulse control. Concept formation (associative, novel 

problem solving), is another aspect of higher order thinking. Specifically, in the children 

observed in this study, deficits in concept formation seemed manifest. Children with 
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ASD performed as predicted by TD children’s performance on the nameable pictures 

task when verbal abilities were taken into account, but not perceptual reasoning abilities 

(i.e., their performance was constrained by their WISC-IV verbal reasoning abilities, 

which require concept formation). Performance for both children with ASD and AD/HD 

on the abstract designs task was lower than predicted by TD children’s performance, 

regardless of verbal or perceptual ability). Again, concept formation would be a 

requisite ability for success on the abstract designs task. This task involved novel shapes 

with no known representations in long-term memory. Therefore, new concepts would 

need to be formed in order to store the designs in memory. 

At first glance, results for children with ASD appear quite consistent with the 

tenets of the weak central coherence theory (Frith & Happé, 1994), which argues that 

individuals with ASD tend to focus on “local” aspects (small, specific details) over 

“global” aspects (a holistic approach) when problem-solving. Thus, their difficulties 

present particularly within complex problem-solving tasks, including those requiring 

conceptual reasoning and planning. However, although we agree on this theory’s 

explanation for the “downstream” behaviours seen (i.e., poor performance on some 

measures of cognition, EF, and memory), we argue that the “upstream” cause for the 

impairments is not a tendency so much to focus on local over global details (cf. Frith & 

Happé, 1994) or to “think in pictures” per se (cf. Kunda & Goel, 2011), but is due to a 

weakness in abstraction and concept formation, which creates the sense of a preferential 

focus on detail, when it is more so a limitation in the ability to deal with novel, 

complex, concepts, regardless of whether they are verbal or visual. This results in the 

“black-and-white” thinking and a preference for visual supports as concrete aids to 

comprehension (e.g., comic strips or picture symbols to explain routines and social 

behaviour) commonly observed. Even the difficulties attributed to “mindblindness” 

within the theory of mind literature (Baron-Cohen et al., 1985) may be redefined by 
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considering that imputing mental states to others requires abstraction, concept 

formation, and novel problem solving abilities. Minshew and colleagues (e.g., Minshew, 

Goldstein, Muenz, & Payton, 1992; Minshew et al., 2002) have conducted several 

studies for which the results support inherent weaknesses in concept formation in 

individuals with ASD, using tasks, amongst others, that require one to engage in 

categorization and free sorting such as the Goldstein-Scheerer Object Sorting Test. They 

have thus developed a “complex information processing model” that seeks to explain 

children with ASD’s impairment in conceptual reasoning, organisation, and planning 

(Minshew & Williams, 2008). Results of the current study support the tenets of this 

model. 

Psychological Theories and Models of AD/HD 

Children with AD/HD in the current study performed more poorly on a 

nameable pictures task than would be expected based on the performance of TD 

children when differences in verbal abilities were taken into account, but as predicted 

when perceptual reasoning abilities were taken into account. For the abstract designs 

task, children with AD/HD performed more poorly under all conditions regardless of 

verbal or perceptual abilities. Keeping in mind that the subtests of the WISC-IV PR 

(Matrix Reasoning and Picture Completion) utilised in this study required abstract 

reasoning, visual perception, and visual organisation, results suggest that impairment in 

a cluster of visually-based abilities, including those above, are key to explaining 

underlying difficulties within the disorder. 

Deficits in executive functions, which include working memory, have been 

theorised by several researchers as causal in explaining the cluster of behaviours and 

impairments observed in individuals with AD/HD (e.g., Alderson et al., 2010; Rapport 

et al., 2001). Oft researched and implicated in past studies as an area of weakness for 

children with AD/HD is visuospatial storage/rehearsal and visuospatial working 
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memory (Alderson et al., 2010; Martinussen et al., 2005; Rapport et al., 2001). Visually-

based memory would be compromised by the same cluster of weaknesses noted above: 

abstract reasoning, visual perception, and visual organisation, and could also be 

compromised by weaknesses in novel problem solving and concept formation abilities. 

Visual perception allows us not only to identify incoming visual stimuli, but to 

integrate, organise, and categorise stimuli for storage and recall; visual perception and 

cognition are interrelated (Hendee, 1997). Visual perception, requisite in WISC-IV 

perceptual reasoning tasks and visual tasks generally, includes not only visuospatial 

abilities, but visual analysis, discrimination, integration, spatial relations, speed, and 

figure ground, amongst other things. These constructs are highly interrelated and any 

one task could doubtfully ever require (and therefore discretely measure) only one 

perceptual ability (cf. Martin, 2006). In sum, children with AD/HD appear to not have 

generalised executive function deficits or specific visuospatial working memory 

deficits, but to be generally compromised in visual perceptual skills and processes, 

including the ability to visually identify, categorise, and store information presented 

visually in order to augment STM performance. Quite possibly, WISC PR abilities 

failed to account for the differences in performance for children with AD/HD on the 

abstract designs task because the novel shapes had no existing representations in long-

term memory; representations had to be formed and this would have relied heavily upon 

visual abilities. 

Overlap Between ASD and AD/HD 

Consistent with previous research showing a marked overlap in behavioural 

traits between children with ASD and children with AD/HD (e.g., Ronald et al., 2010; 

Ronald et al., 2008), the current results reported in Chapter 3 show elevated levels of 

impairment on behavioural measures of inattention and hyperactivity for both groups of 

children. However, the groups could still be differentiated on the extent of hyperactive 
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behaviour, with children with AD/HD showing markedly more hyperactive-impulsive 

behaviour. The groups were also differentiated on the extent of ASD-like behaviour as 

assessed using the ADOS. 

The children with developmental disabilities both showed impairment in STM, 

which is sometimes incorporated under the umbrella term of executive functioning (EF). 

Executive functioning impairments have often been implicated in studies of children 

with ASD and AD/HD, although there has been suggestion of more memory difficulties 

in children with ASD compared to children with AD/HD and comparatively more 

global impairment in EF generally in children with ASD (Geurts et al., 2004; Ozonoff & 

Jensen, 1999). Current results indicate that whereas impairment for readily nameable 

stimuli was associated with verbal comprehension abilities in children with ASD, 

impairment for the same stimuli in children with AD/HD was associated with perceptual 

reasoning abilities. To our knowledge, this is a novel finding in the area of cognition 

concerning differentiation of the two disorders. This distinction between the two 

disorders could have implications for intervention and accommodations in academic and 

vocational settings. 

Both groups of children were also impaired in STM for difficult-to-name 

Attneave-type shapes, but impairments were not associated with cognitive abilities. 

However, there were differences observed in the patterns of impairment for the two 

groups. Children with AD/HD were impaired generally when their performance was 

compared to that predicted by TD children, whereas children with ASD were impaired 

only under the natural and IS conditions. This further indicates differences in cognition 

between children with AD/HD and ASD, possibly related to more overall impairment in 

areas of visual perception in children with AD/HD. Overall, results highlight the 

importance of considering factors such as verbal and perceptual reasoning abilities 

separately when studying children with neurodevelopmental disorders, as well as 
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considering the nature and structure of the tasks themselves and whether they may be 

open to different strategic approaches or processes. For example, previous research has 

often shown no performance differences between comparison groups on tasks, yet 

functional brain imaging studies have indicated that different approaches seem to be 

taken by different groups of children, whether they be TD or with ASD or AD/HD (e.g., 

Vance et al., 2007). Further, the majority of studies involving children with ASD or 

AD/HD have considered only Full Scale IQ, without accounting for verbal and 

perceptual IQ separately, and this methodology may have masked important differences 

between groups. 

Limitations and Future Directions 

Findings from the current study on children with ASD and AD/HD, whilst 

intriguing in the conclusions they suggest, must be considered within the context of the 

small samples of children who participated. A small sample can result in inadequate 

power to detect small group differences. This limitation was particularly relevant for the 

investigation of possible group differences in susceptibility to different types of 

interference in Study 2, as one-way ANOVAs did not yield significant differences 

between conditions for the two groups of children with developmental disabilities. 

Replication with larger samples of children is needed. 

Some children with ASD in this study had a sub-threshold level of symptoms for 

ASD diagnosis according to current ADOS assessment. It should be kept in mind that 

the ADOS is only one component of a diagnostic assessment. It should never be used 

alone for diagnostic purposes. As such, it was not undertaken in this study to “re-

diagnose” a child, but merely to gain a measure of current symptom severity. Given the 

mandatory, multi-disciplinary assessment procedure required in Western Australia, 

which includes assessment by a paediatrician, psychologist, and speech pathologist, 

these children certainly must have met diagnostic criteria according to DSM-IV criteria 
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at the time they were diagnosed. However, it remains possible that our sample is, 

overall, more mildly affected than the general population of children with ASD (without 

intellectual disability). Further, it is not clear what effect, if any, intervention may have 

had on cognitive functioning in these children. 

Finally, it is difficult to compare findings of this study to much of the previous 

research when methodology between studies varies so markedly. We support the current 

trend in studies of developmental disabilities to use regression-based developmental 

approaches involving a large comparison sample of TD children and for analyses that 

consider verbal and perceptual reasoning abilities separately. That is, careful 

consideration needs to be given to the possibility that the relationship between Full 

Scale IQ, an oft-used and accepted measure of cognition in TD children, and 

performance on behavioural measures of interest may not be the same in groups of 

children with developmental disabilities, whose verbal and perceptual reasoning 

abilities may be less closely related (Jarrold et al., 2007; Kunda & Goel, 2011). 

Additionally, considering the possibility that there may be differences between how a 

task could be processed to obtain a successful outcome compared with how it normally 

is by TD children, consideration should be given to strategy use amongst children with 

developmental disabilities. 

Future research is required to further explore the theory that in order to be 

successful at STM tasks which TD children readily solve verbally, children with ASD 

would rely more on visual processes, whereas children with AD/HD would rely more on 

verbal processes to mediate success. One way of approaching this would be via a study 

of phonological and visual similarity effects in samples of children with ASD and 

AD/HD, comparing them to the performance of TD children. In TD children beyond the 

age of about 7 years, fewer phonologically similar pictures are recalled than visually 

similar pictures. Theoretically, this is because very young children do not yet rehearse 



Chapter 4 
 

92 
 

verbally. Thus, children under age 7 typically experience a visual similarity effect in 

that they recall fewer pictures when they look alike (e.g., a pen, knife, and ruler oriented 

the same way) as compared to when they sound alike (e.g., rat, cat, bat). To date, there 

has been only one study assessing the visual similarity effect (VSE) and phonological 

similarity effect (PSE) on serial recall in children with ASD (Williams et al., 2008) and 

there are no known studies involving children with AD/HD. Going beyond replication, a 

new study could add to the literature by not priming children in having them name 

pictures in advance (thus perhaps unwillingly cueing them to use a verbal rehearsal 

strategy) and not overtly preventing children from articulating labels of pictures during 

the presentation phase (as in Williams et al.). This would enable their natural strategic 

approaches to be measured. Further, in the Williams et al. study, children had to provide 

verbal responses, which may have cued them to adopt a less-natural but available 

strategy. 

A further study of the theory of deficient concept formation could include novel 

categorisation tasks that would be standardised on a large group of TD children of 

varying ages initially. For example, children could be presented with two separate tasks 

requiring categorisation – one involving readily nameable pictures and one involving 

abstract shapes, which they would be asked to sort into groups that “go together best.” 

Performance by TD children on these two tasks would then be regressed onto predictors 

including age, sex, and cognitive ability. The resultant regression equation would allow 

the researcher to then predict performance scores for each child with AD/HD and ASD. 

Standardised residuals, calculated by dividing the standard error of the regression 

estimate into the difference between the expected and actual performance scores, would 

provide a normative basis for exploring the novel problem solving, concept formation 

abilities of children with ASD and AD/HD. ANOVAs could be conducted on these 

standardised residuals for each of the two categorisation tasks (nameable pictures and 
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abstract designs) for each group of children (ASD and AD/HD), independently, to 

assess whether that group’s performance is significantly different to that expected based 

on the TD sample. Again, as with the current study, analysing children’s performance 

on categorisation tasks in separate analyses for each of verbal and perceptual IQ as 

predictors (rather than Full Scale IQ) would be prudent. 

Conclusions 

The research presented in this thesis examined the development of STM, including the 

use of inner speech, in TD children and the use of inner speech in children with ASD 

and AD/HD. Results for TD children replicated findings showing age-related 

improvements in STM and highlighted the importance of the development of verbal 

recoding and rehearsal to STM performance in TD children. Dynamic visual noise was 

found to be an effective means of interference to the performance of TD children on a 

STM task that used difficult-to-name designs as stimuli. Results of the study of children 

with ASD and AD/HD indicate that both groups were able to use inner speech to assist 

in STM performance and did not show compensatory processes (no over-reliance on 

verbal or visual processes). On a nameable pictures task, performance was linked to 

either verbal (i.e., in the case of children with ASD) or perceptual (i.e., in the case of 

children with AD/HD) cognitive ability, which acted as a constraint on STM 

performance. Concept formation was implicated as an area of potential weakness in 

both groups of children (perhaps more so in children with ASD) that could explain the 

pattern of performance across STM tasks. Further research assessing this possibility is 

recommended.
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Appendix A 

Common Verbal Labels for Visual Stimuli Used in Chapters 2 and 3 

Jumper (T-shirt) Rabbit 
Fountain Pumpkin 

City Pizza 
Circle Pirate 

Yoyo Pillow 
Window Picture (Painting) 
Windmill Penguin 
Whistle Pencil 

Wheelchair Peanut 
Wardrobe (Cupboard) Peacock 

Walrus Paper 
Vacuum (Vacuum cleaner) Palm Tree 

Tweezers Bucket 
Turtle (Tortoise) Parcel (Package) 

Turkey Ostrich (Emu) 
Towel Orange 

Toothbrush Onion 
Toilet Necklace 

Toaster Mushroom 
Tiger Mountain 

Table Monkey 
Needle (Syringe) Mirror 

Squirrel Medal 
Spider Magnet 

Snowman Lobster 
Slingshot Lizard 

Skateboard Lipstick 
Shower Lion 

Shovel (Spade) Lightning 
Seesaw Lighthouse 

Seahorse Light bulb (Light) 
Scorpion Lemon 

Scissors Ladder 
Sandwich Puzzle (Jigsaw puzzle) 

Saddle Jacket (Jumper) 

Ruler Iron 
Rocket Igloo 
Robot High chair (Baby chair) 

Rainbow Helmet 

Hammer Guitar 
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Glasses Handcuffs 
Giraffe Hamburger (Burger) 

Football Lawnmower 
Flower Microscope 
Finger Octopus 
Feather Piano 

Drawer Pineapple 
Dragon Pyramid 
Dolphin Screwdriver 
Doctor Skeleton 

Dentist Strawberry 
Chimney Submarine 
Cherry Telescope 

Hanger (Coat hanger) Tomato 

Castle Umbrella 
Carrot Unicorn 
Candle Volcano 
Camel Zebra 

Cactus Banana 
Button Barbecue 
Bottle Binoculars 
Basket Butterfly 

Barrel Camera 
Bandaid Cigarette (Smoke) 
Balloon Dinosaur 

Backpack (Bag) Elephant 

Bottle (Baby bottle) Fireman (Firefighter) 
Baby Apple 
Arrow Anchor 
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Appendix B 

Samples of the Abstract Designs Used in Chapters 2 and 3 

   

   


