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RESUMO

Garcia, R. B. (2013)Memodria de trabalho visuoespacial em adultos e e@ncas com
dificuldades de aprendizageniese de Doutorado, Faculdade de Filosofia, Cadnel
Letras de Ribeirdo Preto, Universidade de Sao PRitheirdo Preto.

A memoria de trabalho visuoespacial possui sulmseste especializados na retencéo
temporaria de caracteristicas visuais e localizacéspaciais. Recentemente, diversas
pesquisas procuram elucidar os mecanismos de agigr(oubinding) de caracteristicas na
memoria e como objetos integrados sdo temporari@ma@nmazenados. Nesta tese,
abordamos duas questdes amplas: Qual a naturezprésentacdes integradas na memoria
de trabalho? H& um déficit especifico na integragéoinformacdes em individuos com
dificuldades de aprendizagem? No Estudo 1, adyllwens (estudantes universitarios)
realizaram tarefas de recordar localizacbes, objetoconjuncdes objeto-localizacdo em
diferentes condi¢cGes experimentais de interferémia poderia ser uma tarefa concorrente
visual ou espacial. Uma clara dissociacdo duplaliservada: a discriminacdo de movimento
dificultou a recordacgéo de localizagbes e a didnagéo de cores interferiu na recordacdo dos
objetos. Tal interferéncia seletiva também foi obsga na memadria para conjuncdo objeto-
localizag&o, indicando que representacdes integrddpendem da atualizagéo de tracos de
memoria especificos. No Estudo 2, criancas constinamos especificos de aprendizagem —
dislexia e transtorno de aprendizagem nao-verbANW) — foram comparadas a criancas
com desenvolvimento tipico em trés tarefas queiaxiga recordacdo em ordem direta e
inversa de sequéncias de localizacfes, cores argidgs cores-localizacdes. Criancas com
TANV apresentaram déficits de memoéria para locafea e cores, especialmente quando as
localizagcBes deveriam ser recordadas em ordemsiayvernao houve diferencas entre grupos
na tarefa de cor-localizacéo. Os padrdes observaaloscordacdo de cores e localizagbes em
separado ndo foram observados quando essas infiesatpveriam ser recordadas de
maneira integrada, sugerindo a especificidade deepsos de integracdo de caracteristicas.
Por fim, no Estudo 3, dois grupos de criancas esvoride transtornos de aprendizagem
(verbal e ndo-verbal) foram comparadas a criangadesenvolvimento tipico em tarefas que
exigiam memaria para cores, formas e conjuncéesdaor. Foi observado que ambos os
grupos com dificuldades de aprendizagem apresemtama déficit de memdria para a
conjuncao forma-cor, com memdria preservada pamsa formas separadamente. ISso traz
evidéncias adicionais que problemas de memoéria gampncdes podem ser generalizados
para diversas populagdes com dificuldades de ap@yem e desenvolvimento atipico.
Resumindo, nosso conjunto de resultados estdoadéaacom uma perspectiva associativa da
conjuncao owinding, isto é, representacdes integradas resultam algheg associativas entre
diferentes tipos de tracos ativados. A memoriardbatho visuoespacial parece funcionar
com informacdes de ambos 0s niveis —caracteridicgisas e objetos integrados.

Palavras-chave: Memoria de curto prazo. Memoriaamp@nal. Memoria visual. Transtornos
de aprendizagem.



ABSTRACT

Garcia, R. B. (2013)Visuospatial working memory in young adults andcimlidren with
learning difficulties Tese de Doutorado, Faculdade de Filosofia, Ca@nei Letras de
Ribeiréo Preto, Universidade de S&o Paulo, Ribd#réto.

Visuospatial working memory (VSWM) comprises spbsa subsystems devoted to storage
of visual features and spatial locations. Recemélgearch has been focused on understanding
feature binding in memory and how bound objectstangporarily held in working memory.
In the current thesis we have addressed two broagtigns: What is the nature of bound
visual representations in working memory? Is treespecific deficit in binding in individuals
with learning difficulties? In Study 1, young adulvere required to recall locations, objects
and object-location bindings under visual or spatmacurrent task conditions. A clear double
dissociation pattern was observed: movement digtation mainly disrupted location
memory, whereas colour discrimination mainly disegp object memory. Such selective
interference was also observed for object-locatimemory, suggesting that bound object
representations depend on the updating of spdeditire information. In Study 2, two groups
of children with specific learning disabilities -ydexia and nonverbal learning disability
(NLD) — were compared to typically developing chdd in three tasks that required forward
and backward recall of locations, colours, and eelocation bindings. Only children with
NLD have impairments in memory for locations antbacs, especially in backward recall of
locations, and there were no group differencestlier colour-location binding task. The
patterns seen in recall of locations and coloupasdely were no longer present when these
features had to be recalled together, suggestmgghcificity of binding processes. Finally, in
Study 3, two groups of children at-risk of learnidigabilities (verbal and nonverbal) were
compared to typically developing children in VSWH fcolours, shapes, and shape-colour
bindings. It was observed that memory for shapetadbinding is impaired in both groups at
risk of learning disabilities, whereas memory faher shapes or colours are spared. This
provides further support that problems in memongdirnig may be widespread across different
populations with learning difficulties and atypiai#velopment. In summary, taken together,
our results are in line with an associative viewbaiding — bound object representation
results from associative links between differempiety of features. VSWM seems to operate on
both feature- and object-level information.

Keywords: Short-term memory. Working memory. VisNe@mory. Learning disabilities.
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CHAPTER 1

WORKING MEMORY AND
VISUOSPATIAL COGNITION
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1.1 The theoretical framework

Several everyday life activities are based on Jedra visuospatial thinking and
depend on temporary storage and processing ofnafiion. For example, activities that
involve verbal comprehension, reasoning, problenvisg mental calculation, visual
imagery, spatial orientation and interaction whk surrounding environment. The concept of
working memory refers to the cognitive system thgppports online cognition, enabling the
temporary maintenance and processing of informatlaring cognitive tasks (Baddeley,
2007; Cornoldi & Vecchi, 2003; Logie, 1995). Severmdels of the functional structure and
mechanisms of working memory have been proposed(f@xtensive review, see Miyake &
Shah, 1999a), and the comparative analysis by Miyakd Shah (1999b, pp. 448-449)
suggests a consensus that working memory is nattary system, that is, a domain-general
component of cognition, but rather a complex aadritented system.

The concept of a system comprising a set of speethicomponents is the cornerstone
of the multicomponent model proposed by Baddeley Hiich (1974), further revised by
Baddeley and collaborators (Baddeley, 1986, 2000,/22012; Baddeley & Logie, 1999;
Logie, 1995, 2011a). This model is based on a laapy of research in neuropsychology,
experimental and developmental psychology. Severapirical evidences support the
fractionation of working memory into subsystems;tsas specific deficits found in patients
with brain injuries (Della Sala & Logie, 1993, 2Q0&elective interference effects on storage
of information (Baddeley, 1986; Logie, 1995), anffedent developmental rates of working
memory components observed in children (Hitch, 199@ie & Pearson, 1997; Pickering,
Gathercole, Hall, & Lloyd, 2001).

The development of the multicomponent model hasnbsteongly influenced by
neuropsychological research. Major contributiongivee from the double dissociation
technigue used to support the assumption of indbpere between two cognitive functions
(Shallice, 1988; see also Teuber, 1955). By comgagroups of patients with specific brain
lesions, a double dissociation is observed wheraimpents in one function do not affect the
other and vice versa. For example, a group of pi& has an impaired cognitive function '1'
and normal function '2', whereas a group B has abroognitive function '1' and an
impairment in function '2". In this case, theresiiong support that these cognitive functions
are independent and have different neural subst(Steallice, 1988; but for criticisms, see the
volume 39, issue 1, @ortex2003).
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The search for functional double dissociations dretean experimental method widely
used in working memory research — the dual-taslcquore. When performing a given
memory task, a participant should also performracaoent task, usually with a low memory
load, but with a specific cognitive demand. Theoradle is that if both tasks share cognitive
resources, then the concurrent task has a diseupfifect on memory. By comparing two
memory tasks in two concurrent task conditions, care identify whether two memory tasks
require different cognitive resources. Thus, thal goto simulate the effects of a brain injury
in healthy individuals — a selective disruption pgrformance in memory tasks (Baddeley,
2012; Baddeley & Hitch, 1974).

Neuropsychological research, which was crucialstaldish the functional dissociation
between short-term and long-term storage (cf. 3leo\& Milner, 1957; Shallice &
Warrington, 1970), was also crucial to the fractibon of the cognitive system underpinning
short-term retention of information. A major furastal dissociation is between verbal and
nonverbal subsystems. By analogy with the DigitrSpa&st of verbal memory based on
immediate recall of digit sequences, Milner (19@bd Corsi (1972) introduced a memory
span test that requires the recall of sequencspaifal locations — the Corsi blocks test (for a
review, see Berch, Krikorian, & Huha, 1998). Théywwed that patients that underwent
surgical removal of the left temporal lobe had fciten learning digit sequences and normal
learning of block sequences and visuospatial menf@onversely, patients that underwent
surgical removal of the right temporal lobe presdnthe opposite pattern, that is, normal
verbal learning but impaired visuospatial learnamgd memory. These results suggest that
distinct neural substrates are involved in temporstorage and learning of verbal and
visuospatial information, a double dissociatioroalsported in subsequent studies (de Renzi
& Nichelli, 1975; see also Basso, Spinnler, Vall&rZanobio, 1982; Vallar & Baddeley,
1984).

In the original account of Baddeley and Hitch (19 7He distinction between verbal and
visuospatial components was grounded in evidenoa® fdual-task studies. Temporary
storage of verbal information was shown to be msusceptible to a verbal concurrent
activity in comparison with a visual one, and bethuospatial imagery and memory tasks
were shown to be susceptible to visual concurretitity, but resistant to verbal interference
(Baddeley, Grant, Wight, & Thomson, 1975; Brook867, 1968; Kroll, Parks, Parkinson,
Bieber, & Johnson, 1970).

It should be noticed that the previous model byird&n and Shiffrin (1968), often

considered by some researchers as a unitary systerprising a domain-general short-term
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store (Baddeley, 1986, 2000, 2007; Logie, 1995, dleeady proposed that visual, verbal and
probably other types of information could also h#war own storage systems. However, the
authors opted to simplify the terminology by usthg termshort-term stordSTS) instead of
auditory-verbal-linguistic storg€a-v-| store) — "Restricting the term to the ST8da does not
imply that there are not other short-term memowngk similar properties " (pp. 24-25).

Therefore, there is more continuity than ruptureveen the Atkinson & Shiffrin (1968)
and the Baddeley and Hitch (1974) models. In théicmmponent model, the main structural
novelty was the general processor, or central éxeglshared by the verbal and visuospatial
subsystems. In order to test the hypothesis thakimgp memory plays a crucial role in
cognitive activities, as predicted by the Atkinsand Shiffrin (1968) model, participants
performed verbal reasoning and comprehension task#ferent memory-load conditions (no
load, three or six digits load). The hypothesis wes the increasing load would disrupt
performance in reasoning and comprehension. Thectaq effect on correct responses was
not observed, yet the memory load increased resptinges. Thus, Baddeley and Hitch
(1974) proposed that the core of the working mensystem is an executive component that
shares storage and processing resources, explanhigga higher load reduces processing
speed without disrupting accuracy.

One can also consider that the central executivegamised the previous model of
Atkinson and Shiffrin (1968), which did not speciity the architecture of the cognitive
system how thestructural aspectsof memory (i.e., the storage systems) interactéth w
control processethat are under the control of the subject (eahearsal, coding and recovery
strategies). In fact, one of the main contributi@ighis work was to recognise that these
processes should be incorporated by a memory m@&teffrin, 1977). Such ideas were
crucial to Baddeley and Hitch (1974) propose adnarical model in which the highest level
is responsible for controlling the flow and theratge of information in working memory.

Other studies have highlighted the importance danidying and separating the
processes that are under the control of the subymtt those processes that are automatic (cf.
Schneider & Shiffrin, 1977; Shiffrin & Schneider977). Indeed, in a subsequent revision,
Baddeley (1986) adapted as a model for the ceeiatutive thesupervisory attentional
system(SAS) of Norman and Shallice (1986). Accordingrlte SAS, action has two levels of
control — a relatively automatic one, based on eta derived from habits, and another
directly responsible for controlling behaviour. particular, the central executive is assumed
to control attention during memory tasks, setting focus of attention, inhibiting irrelevant

information, dividing attention and task switchif@addeley, 1996).
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In summary, the development of the multicomponeatl@hhas been mainly focused on
fractionating the structure of the working memoygtem, identifying storage and processing
mechanisms. More recently, there is a trend towardsstigating the integration or binding
of different kinds of information in working memorglthough the functional independence
between verbal and visuospatial storage is welumggled in empirical data, there is also a
number of evidences that these subsystems interdiceach other, as well as with long-term
memory processes (Baddeley, 2000). For examplegnme complex tasks, working memory
capacity exceeds the amount of information assutodok held in single storage systems.
This is because participants malunk information, that is, integrate similar, meanirgfu
items into smaller, coherent sets. In addition,tipgants may employ visual imagery
strategies to support verbal memory and vice vdisd, is, they may use verbal labels to
enhance retention of visual information. Thus, Baeg (2000) introduced the episodic
buffer, a component dedicated to bind informatioto imultimodal codes and to temporarily
hold them, providing an interface between the Viesla visuospatial subsystems and long-
term episodic memory.

In the following sections, we review visuospatialgnition and working memory
(Sections 1.2 and 1.3), covering issues regardumhdr fractionations in visuospatial
memory (1.3.1) and the maintenance of bound reptasens (1.3.2). We then review some
practical issues regarding assessment tests andsyigtial deficits in children with learning
disabilities (Sections 1.4 and 1.5). Finally, wansoarize in Section 1.6 the experimental

studies of the current thesis.

1.2 Visuospatial cognition

Visuospatial abilities are involved in a variety eferyday activities that require
interaction with objects, spatial orientation amavigation, as well as mental imagery of
objects, situations and pathways. These abilitiegpeone to individual differences, different
ageing profiles, developmental disabilities, and ba specifically impaired by brain lesions
(Cornoldi & Vecchi, 2003). Hence, assessment ofiagpatial skills is important for both
theoretical and applied reasons.

In line with different sources of evidences, otheulticomponent views of cognition
recognise a specific visuospatial high-order congmbrin parallel with a verbal one. For

example, in the psychometric domain, intelligenest batteries such as the Primary Mental
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Abilities (PMA; Thurstone & Thurstone, 1947) an@ tWechsler intelligence scales for adults
(WAIS; Wechsler, 2008) and children (WISC; Wechsl2004) access both verbal and
nonverbal, visuospatial abilities, which involver@eption, reasoning, and abstract processing
of visual and spatial information.

In the field of cognitive psychology, accordingttee dual coding theory, a specialised
cognitive subsystem is responsible for the memtatasentation and processing of nonverbal
information such as visual objects and events, amother subsystem is responsible for
dealing with linguistic representations (Paivio,7191986). Although independent at both
structural and functional levels, verbal and vigpat®l components of cognition are
interconnected and activation in one system magaspto the other, for example, concrete
words activate related mental images, whereas Midjects activate their verbal labels. Such
interplay produces interesting phenomena conceri@aming and memory, for example, a
better recall for concrete words than abstract ¢Raessio, 1971, 1986).

Considering the assessment of visuospatial skillthe fields of neuropsychology,
psychometrics and cognitive psychology, Cornoldl ®ecchi (2003, p. 16) summarised a set
of visuospatial abilities. Some abilities are lidke perceptual processes, suchpksined
visual scanningnvolved in examining a visual configuration ragiénd efficiently with a
particular goalyisual organisationrequired to organise or to complete fragmentetepa
and figures, andisual reconstructionnvolved in reconstructing a pattern following i&em
model. Other abilities are linked to mental imagsuch asimage generatiorand image
manipulationrespectively involved in creating visuospatial ma¢mmages and in scanning or
transforming mental images. Finally, other abisitare linked to mnemonic processes such as
visuospatial simultaneous short-term memoeguired to remember locations and object
positions in a visual scensgpatial sequential short-term memomgquired to remember a
sequence of different locatiorspatial orientationinvolved in perceiving and recalling spatial
information in order to orientate oneself in spaaeglong-term spatial memorgequired to
retain spatial information over time.

According to Cornoldi and Vecchi (2003), most oé4k abilities require the capacity to
activate, retain and/or manipulate memory repregiems and therefore are linked to
visuospatial working memory processes. They algihlighted the complexity of functions
and processes underlying this component of workiegnory, which was initially assumed as

a unitary construct and turned out to be much monaplex.
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1.3 Visuospatial working memory

In the multicomponent model of working memory, theuospatial sketchpad was once
considered to be relatively less studied and knomimile studies on the phonological loop
prevailed (Baddeley, 2012; Vandierendonck & Szmak®d1). In recent years, this situation
has changed with the growing interest in this tajie to its theoretical and applied relevance.
Visuospatial processes are crucial in many everydiyities and are subject to individual
differences and specific deficits, either duringvelepment or in pathological ageing
(Cornoldi & Vecchi, 2003).

Initially, few considerations were made about theudure of the visuospatial
sketchpad, and its functional aspects includedi¢h®gporary storage of information and the
creation and maintenance of mental images (Baddé&le§6). As a system responsible for
both memory and imagery processes, a variety oéraxgental procedures has been used to
assess visuospatial working memory (hereafter VSWRé@parding mental imagery, the most
common procedures include the spatial Brooks task {o place numbers forming a pathway
within a 4 x 4 matrix) and mnemonic techniques sashassociating words to places (the
method of loci) or to images (the pegword mnemgn{Bsaddeley et al., 1975; Baddeley &
Lieberman, 1980; Brooks, 1967, 1968; Logie, 1986jn@ & McConnell, 1996; Quinn &
Ralston, 1986). On the other hand, visuospatial amgnis investigated by procedures that
require memorization of spatial locations, visuattprns or object-locations (Huttenlocher,
Hedges, & Duncan, 1991; Igel & Harvey, 1991; Lodglacco, & Baddeley, 1990; Phillips &
Baddeley, 1971; Phillips & Christie, 1977; PosnerK&nick, 1966; Postma & de Haan,
1996).

Recently, there is a trend towards procedures téaqtiire temporary retention of
information, since imagery tasks also involve verdoad executive resources, that is, other
working memory components (Roulin & Monnier, 1994&urthermore, imagery and
temporary visual memory are prone to different gyad of interference, suggesting that
imagery and mnemonic processes may be partialtindisshed (Logie & Van der Meulen,
2009; Pearson, 2001). Finally, VSWM seems to opetgion distinct visual and spatial
representations, stressing the importance of apitepgorocedures to assess specific VSWM
functions. Next, we review theoretical and methodadal implications concerning the nature

of mental representations and the structure of VSWM
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1.3.1 Dissociations in visuospatial working memory

An initial account of VSWM by Baddeley and Liebemrm&l980) suggested that it
mainly operates on representations of spatial aatérseries of experiments showed that
performance in the spatial Brooks task was imparg@ spatial-movement concurrent task
(to track, blindfolded, the movement of a pendulumjt it remained unaffected by a visual-
based concurrent task (brightness judgment). Fumibie, the tracking task disrupted the
mnemonic technique of associating words to plabes,it also had a minor effect on the
association of words to images, leading the authmrargue for a spatial-based nature of
VSWM. This issue was further investigated by Lo{i®86), who showed that the association
of words to images was disrupted by a visual caeatrtask, the observation of irrelevant
figures, but not by irrelevant speech. Conversalyerbal mnemonic strategy (rote rehearsal)
was disrupted by irrelevant speech, but not byawant images. Taken together, these results
show that the visual or spatial nature of the inmagsk can explain the selective interference
effects observed, and suggest the presence of \bstial and spatial representations in
VSWM (see also Logie, 2011a).

A similar double dissociation pattern is also oleedrin memory tasks. This issue was
first tackled by Logie and Marchetti (1991), whargmared retention of sequences of colour
shades and spatial locations under different coantiiconditions. The results revealed that
observation of irrelevant figures disrupted memforycolours, whereas a spatial-tapping task
disrupted memory for locations. Further behaviouedearch using dual-task procedures
largely document that visual concurrent tasks gismetention of visual features (such as
colours and shapes) but not of spatial locationsereas spatial-movement tasks disrupt
retention of locations but not of visual featur@ailing, Della Sala, & Logie, 2007, 2009;
Klauer & Zhao, 2004; Logie & Marchetti, 1991; Delkala, Gray, Baddeley, Allamano, &
Wilson, 1999; Tresch, Sinnamon, & Seamon, 1993).

Neuropsychological reports (Farah, Hammond, Levi&eCalvanio, 1988; Luzzatti,
Vecchi, Agazzi, Cesa-Bianchi, & Vergani, 1998; \ficdBellucci, & Carlesimo, 2006) and
neuroimaging studies (Jonides et al., 1993; Smitlo&ides, 1997; Smith et al., 1995; Wager
& Smith, 2003) also provided evidences that diffiéreeural substrates are involved in
memory for objects and locations. This dissociateems to be related to the anatomical
specialization of perceptual processes in the “Wisgstem responsible for information
regarding visual features and object recognitiord a “where” system dedicated to spatial

and movement aspects, that is, different typegatufe dimensions are processed by feature-
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specific structures (Livingstone & Hubel, 1988; B. Milner & Goodale, 1995; Mishkin &
Ungerleider, 1982; Ungerleider & Haxby, 1994).

Under a theoretical point of view, however, thatehnship between VSWM and visual
processing pathways remains unclear, mostly becaesearchers tend to assume that
mnemonic processes work on mental representatetherrthan on perceptual information
(Della Sala & Logie, 2002). According to some aushanformation in working memory are
activated long-term memory representations (e.gwdad, 2005; Oberauer, 2009) as in the
VSWM model of Logie (1995, 2011b; see also Logievé&n der Meulen 2009), in which
visual inputs activate long-term information thaé dransferred to aisual cache On the
other hand, some authors assume that visual irgratsemporarily held in gisual buffer
which is at an earlier stage of processing antagign to direct access of incoming sensorial
information, as evidenced by visual noise interiees (Quinn, 2012). In fact, recent
evidences from cognitive neuroscience studies atdithat primary areas in visual cortex are
also involved in retention of feature informationworking memory, together with high-order
cortical areas (Harrison & Tong, 2009; Silvanto &ttaneo, 2010).

Under a methodological point of view, the visuadisal dissociation has important
implications, and a fundamental issue concerns dlassification of visual and spatial
characteristics of stimuli. Some authors intendgdhle termvisual the appearance of stimuli
or scenes, composed by features such as coloye,sBaze and textures, as well as the
relative locations between the objects in a statray, reserving the termspatial to more
dynamic aspects such as pathways and sequencesveinents between locations (Logie,
1995; Della Sala & Logie, 2002). However, the idéemt memory for static spatial
configurations is supported by visual processedkas subjected to criticisms. Some authors
have highlighted that spatial mental representateme more complex, and can be classified
asegocentric(locations encoded relative to the observerdltwcentridconfigural (locations
encoded as relations between perceptual entities¢h supported by different neural
substrates (Zimmer & Liesefeld, 2011).

In addition to a visual subsystem, some authors lawposed a further distinction
betweenspatial-simultaneousnd spatial-sequentialprocesses (Cornoldi & Vecchi, 2003;
Frick, 1985; Lecerf & de Ribaupierre, 2005; Paziemgl Cornoldi, 1999; Pickering et al.,
2001; Pickering, 2001), depending on whether thatisp locations are presented
simultaneously (Della Sala et al., 1999) or seqga#yfas in the Corsi test.

In fact, the distinction between three types of @Wrocesses is supported by

neuropsychological and experimental evidences. &cifip impairment in a visual span test



Chapter 1 |22

was reported for a group of children with spinadaf despite the fact that they performed
similarly to controls in a series of other visuasgamemory tests (N. Mammarella, Cornoldi,
& Donadello, 2003). Regarding spatial processese aaports showed that children with
nonverbal learning disabilities may present a dpedieficit for either static spatial
configurations or spatial sequences, revealingublgodissociation pattern (I. C. Mammarella
et al., 2006). Finally, structural equation modugjlshowed that a tripartite model of VSWM,
in comparison with other traditional models (eBpddeley, 1986; Logie, 1995), provided the
best fit of the data regarding the performance@# g¢hildren in several visuospatial tasks (I.
C. Mammarella, Pazzaglia, & Cornoldi, 2008).

In summary, assessment of VSWM should carefullytrobrstimuli characteristics,
match stimuli presentation conditions (simultanewsissequential), and choose appropriate

concurrent tasks (visual-based or spatial-based).

1.3.2 Information binding in visuospatial working memory

Notwithstanding the visual/spatial dissociation atie importance of examining
temporary memory for single, separate featuresyydes life situations continuously demand
the processing and retention of integrated infoionainvolving different working memory
components. Information binding is a crucial aspafctognitive functioning and binding
processes in working memory have been under systenmaestigation only recently
(Baddeley, Allen, & Hitch, 2011). Research on VSWNas nonetheless generally
concentrated on either spatial or visual procedagsthe processes involved in remembering
bound visuospatial information are currently unshestigation. For example, it is currently
being debated whether a specific component sud¢heaspisodic buffer is involved — as in
cross-modal binding (Baddeley, 2000) — in assamiatwith specific neural processes
(Mitchell, Johnson, Raye, & D’Esposito, 2000) orethrer binding is a result emerging from
the spatial and visual components joining forcesd(®ley et al., 2011; Logie, 2011a).

According to Elsley and Parmentier (2009), if tipgsedic buffer is involved in binding,
than we assume eepresentationalview of binding, that is, bound objects are hekl a
composite, unitised representations held indepdhydieam constituent features (pp. 1702-3).
On the other hand, if binding depends on the updaif feature information, than we assume
an associativeview of binding, that is, binding relies on assdiie links between features.
Elsley and Parmentier (2009) derived two hypothé&ses this:
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if Features A and B yield the creation of a new posite representation C, then
interfering with the maintenance of A or B would bé no consequence for the
maintenance of C. If, however, binding simply reftean associative link between A

and B, then any damage to one of the features wajtédt binding. (p. 1703).

Considering that the episodic buffer is assumeddépend on central executive
resources, this lead to the hypothesis that merioiding would require more attention than
memory for single features (Baddeley et al., 20Baddeley, 2000). However, there are
converging evidences that attentional-demandingwoant tasks disrupt to the same extent
the retention of individual features and bound otg€Allen, Baddeley, & Hitch, 2006; Allen,
Hitch, Mate, & Baddeley, 2012; J. S. Johnson, Hglvorth, & Luck, 2008; Morey & Bieler,
2013), even when objects' features are separatathlbp or temporally rendering binding
more difficult (Karlsen, Allen, Baddeley, & Hitc2010). These results suggest that attention
is generally involved in VSWM and support the vighat the episodic buffer may be a
passive store not directly responsible for bindingcesses (Baddeley et al., 2011; Karlsen et
al., 2010; Morey & Bieler, 2013).

Thus, the current view is that binding occurs awbeoally within VSWM, which seems
to work on integrated object representations cdingiof visual and spatial features bound
together (Allen et al., 2012; Baddeley et al., 2Qlick & Vogel, 1997). Given that irrelevant
changes in stimuli locations disrupt object rectignimemory, it seems that stimuli locations
are encoded into working memory even when the apaditnension is not relevant to the task
(Corder, Vasques, Garcia, & Galera, 2012; Hollinglv& Rasmussen, 2010; Jiang, Olson,
& Chun, 2000; Olson & Marshuetz, 2005; Santana dea n.d.; Treisman & Zhang, 2006).
Other studies have shown that feature informat®mlso relevant to VSWM functioning,
specially because features from the same dimensionpete for storage capacity (e.g.,
Delvenne & Bruyer, 2004; Wheeler & Treisman, 200Bjinging support that VSWM
operates on both feature- and object-level infoionafsee also Allen et al, 2012; Baddeley et
al, 2011).
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1.4 Neuropsychological assessment of visuospatiadnking memory

There is a large number of tasks devised to ad68¥éM (for reviews, see Cornoldi &
Vecchi, 2003; Mammarella, Pazzaglia, & CornoldiD@00Oberauer, Suf3, Schulze, Wilhelm,
& Wittmann, 2000; Richardson, 2006), some of whielve been useful for the assessment of
populations with specific visuospatial deficits.this section, we present the Corsi test, which
mainly evaluates the spatial component of workiregmary, and a visual short-term memory
test originally proposed to assess older populatiamich has been useful to identify a deficit
in visual binding.

The Corsi blocks task has become popular in theopsychological assessment of
children and adults. The test apparatus consistsimmé blocks randomly placed on a
rectangular board (Figure 1.1); the examiner tapscuence of blocks and the participant is
asked to reproduce the sequence from memory. Bhdeégins with short sequences and the
level of difficulty increases, adding one blockie sequence until the participant is no longer
able to reproduce it correctly. The Corsi test basn used in forward and backward recall
directions (Isaacs & Vargha-Khadem, 1989; Kessels, den Berg, Ruis, & Brands, 2008;
Vandierendonck & Szmalec, 2004; Wilde & Straus)2)0 and its backward version has
been useful to discriminate individuals with poasuospatial skills and working memory, as
reviewed in Section 1.5 below.

Figure 1.1 lllustration of the original Corsi test apparatasvooden board (23 x 28 cm) with
9 blocks (3 x 3 x 3 cm).
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Neuropsychological assessment of memory binding V&ry recent topic. Evidences
indicate that children and older adults have a @oaremory for bound objects than young
adults (Brockmole, Parra, Della Sala, & Logie, 20@®wan, Naveh-Benjamin, Kilb, &
Saults, 2006), indicating that specific age groaps likely to present higher variability in
binding tasks and that some individuals may hadefeit in performance. In fact, concerning
older adults, there are consistent evidences tHafiait in memory for bound visual objects is
characteristic of patients with Alzheimer Diseaseleficit found in comparison with controls
and with other patients presenting depression berotlementias (Della Sala, Parra, Fabi,
Luzzi, & Abrahams, 2012; Parra, Abrahams, LogieDé&lla Sala, 2010). On the other hand,
concerning children, developmental research hasiged only limited evidence that some
clinical groups may have problems in memory bindirayrold, Phillips and Baddeley (2007)
showed that individuals with Williams syndrome (dhén and adults) and children with
moderate learning disability have an impaired mgdof visual and location information in
comparison with typically developing children. Acdimg to the authors, this deficit may
result from poor executive resources and cognifivectioning in children with delayed
development. However, given the evidences thatihigndoes not specifically depend on
attention, it remains an open question whether abhserved deficit may result from an
impairment in VSWM.

The visual short-term memory test proposed by Parcacollaborators is computerised
and comprises a pool of 72 coloured shapes, thdication between eight shapes (six-sided
polygons) and nine colours (cf. Figure 4.2 on p&gg This test assess memory for shapes
and colours separately, and for shape-colour bgsliAn array with two or three stimuli is
presented for memorisation, and after a black walen test array is presented and the
participant should respond whether the arraysteesame or different. On half of the trials,
the test array is different: For the shape and wolconditions, two stimuli from the
memorised array are replaced by two new stimukv(sbapes or new colours, respectively),
and in the binding condition, two memorised stimare presented with swapped colours in
the test array. This test is quite simple and & baen useful to assess memory for simpler

items (shapes or colours) as well as memory fondatems (shape-colour).
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1.5 Visuospatial working memory impairments in chitlren with specific
learning disabilities

The termlearning disability (LD) has been used to describe children of avege
above average intelligence whose school performangeor. The most common approach to
identify children with LD is to detect discrepargibetween intelligence and achievement
tests (Fletcher, Lyon, Fuchs, & Barnes, 2007; Swan& Hoskyn, 2002), indicating
difficulties in learning in despite of preservedeitigence skills. Primary manifestations of a
LD include deficits in basic academic skills such \word recognition, reading fluency,
reading comprehension, writing and arithmetical rapens (Fletcher et al., 2007; Reid,
2011).

One major subgroup of LD includes children with ldyga, who have impaired
language abilities such as poor reading, writing apelling skills. These children have
difficulties in understanding written work and deying knowledge through writing, that is,
abilities related to decoding print and understagdgrapheme-phoneme relations (Reid,
2011). Common assessment tools of such abilitiekide pseudoword reading, in which
children have to rely on grapheme-to-phoneme toainsdtion rules, and single-word reading,
in which decoding should occur without contextuzs

Another subgroup of children has a neuropsychoddgirofile characterised by
impairments in nonverbal abilities, a disorder camnig known asnonverbal learning
disability (NLD) (Rourke, 1995), but it also has been calleselopmental right-hemisphere
syndrome (Nichelli & Venneri, 1995) or visuospatlahrning disability (Mammarella &
Cornoldi, 2005a, 2005b). One of the most often wwred features identifying NLD is a
significantly lower score in tasks measuring vigaigl intelligence than in those measuring
verbal intelligence, a consequence of the expedisdrepancy between these children’s
verbal, language-based cognitive abilities andrthenverbal, visuospatial cognitive skills
(Cornoldi, Venneri, Marconato, Molin, & MontinarR003; D. J. Johnson, 1987; I. C.
Mammarella et al., 2009; Rourke, 1995; Weintraubé&sulam, 1983).

According to Rourke (1995), the NLD syndrome isrelaterised by deficits grouped
into three main areas: neuropsychological, academid socioemotional/adpatational.
Neuropsychological deficits include difficulties ti tactile and visual perception,
psychomotor coordination, visuospatial reasonind)rmaemory, as well as verbal aspects such
as verbosity and lack of prosody. Academic defigitglve difficulties with graphomotor

aspects of writing, reading comprehension, arithonedlculation, mathematics and science
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issues related to problem solving and complex goinfoemation. Finally, socioemotional and
adaptational deficits include problems regardingiaoperception, social judgement, and
social interaction skills, with tendencies to inegggriate behaviours and isolation.

A crucial factor underlying the difficulties encdered by children with NLD seems to
relate to VSWM deficits, which would explain thdfdiulties these children have in a wide
range of school and everyday life activities inwoythe handling of visuospatial information
such as mathematics, drawing, and spatial oriematCornoldi, Rigoni, Tressoldi, & Vio,
1999; Cornoldi, Vecchia, & Tressoldi, 1995; CornddVecchi, 2003; I. C. Mammarella &
Cornoldi, 2005a). For example, Cornoldi et al. @0@und that a group of children with
NLD were particularly poor in the Corsi blocks taskspecially when information had to be
recalled in reverse order. When Mammarella and @dri§2005b) compared the forward and
backward versions of the Digit Span Test and thisiGask between NLD cases and controls,
they found that both groups performed poorly inbhekward version of the Digit Span; but
in the Corsi task a discrepancy was only seen ildreim with NLD. These findings support
the hypothesis that the backward Corsi involvesiapsimultaneous processes (see Cornoldi
& Mammarella, 2008; I. C. Mammarella & Cornoldi,@8b). By using spatial-simultaneous
processes, the sequence of blocks is codified aef@hed as an overall pattern of locations,
that is, a simultaneous mental representation efghthway as a whole, which recall is
facilitated by starting from the last item. Childravith NLD, given their low visuospatial
abilities and poor VSWM, may have problems in cardtng and retaining such mental
representation of a pathway.

Regarding children with dyslexia, deficits involginthe storage capacity of the
phonological loop have been extensively descrilmethe literature (Ackerman & Dykman,
1993; Gould & Glencross, 1990; Helland & Asbjgrns2d04; Palmer, 2000), and there are
conflicting reports on these children’s performameceVSWM tasks. Some recent studies
(Jeffries & Everatt, 2004; Kibby, Marks, Morgan, Bong, 2004) found no significant
difference between children with dyslexia and coistin a number of spatial WM tasks,
while others provided some evidence in supportrofrapairment in this domain in adults
with dyslexia (e.g., Smith-Spark, Fisk, FawcettNé&olson, 2003). The VSWM weaknesses
in dyslexics may also differ to some degree fromséhseen in children with other types of
LD. Jeffries and Everatt (2004) draw a comparisetwiken children with dyslexia, children
with other LD, and controls, finding that childrarnth dyslexia were comparable to controls
in VSWM measures, whereas the other LD group peréor worse. Regarding verbal
working memory measures, both clinical groups peréd worse than controls.
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1.6 Thesis overview

The present chapter brought an overview of the iomrtponent model of working
memory, with particular attention to structural dadctional aspects of visuospatial cognition
and working memory. Since the introduction of thmsedic buffer by Baddeley (2000),
research has been devoted to understand how bofanchation are held in working memaory.
In the current thesis, we have addressed two bgoadtions regarding binding: (1) What is
the nature of bound visual representations in wagrkhnemory? and (2) Is there a specific
deficit in binding in individuals with impaired VSW?

In Study 1, young adults were required to recathtmns, objects and object-location
bindings under visual or spatial interference ctbods. We aimed at investigating whether a
bound object held in memory is prone to selectiterference. A negative result (i.e., either
no interference or a general interference) woulppsu the view that a complex, unitised
representation is held, supposedly in the episduiffer. On the other hand, selective
interferences would support that a bound objeceddp on information held in feature stores.

In study 2, children with specific learning disdtids were compared to typically
developing children in three tasks that requiredvésd and backward recall of locations,
colours, and colour-location bindings. One aim wamvestigate whether an impairment in
backward recall by children with NLD is widesprdad other VSWM processes, and another
aim was to investigate whether children with leagndisabilities have a deficit in colour-
location binding.

In study 3, children at-risk of learning disabéd#i were compared to typically
developing children in visual short-term memory fawlours, shapes, and shape-colour
bindings. Our aim was to ascertain whether childvéh poor learning skills in general have
a deficit in binding, or whether this deficit woulde specific to children with poor

visuospatial skills.
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CHAPTER 2

STUDY 1

SELECTIVE INTERFERENCE EFFECTS
ON WORKING MEMORY FOR
LOCATIONS, OBJECTS AND OBJECT-
LOCATION BINDINGS
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2.1 Introduction

The dissociation between visual and spatial compisnen working memory is well
grounded in empirical data, as discussed in seskiBri. However, it has been usually
observed by using discrepant tasks that require arisation of either spatial locations or
visual characteristics, and interference effectghinbe due to confounding factors derived
from discrepancies in tasks and cognitive demaAdsording to Klauer and Zhao (2004), a
common working memory resource may be overloadeenwhemory and concurrent tasks
are both visual or both spatial: Such trade-offsveen tasks would be reflected in different
levels of performance in concurrent tasks. In otdaule out this interpretation, performance
in concurrent tasks should be stable across differemory tasks.

Klauer and Zhao (2004) also raised a number ofrretere explanations to the
visual/spatial dissociation such diferential processingnvolved in memorisation of visual
displays or sequences of locations, lttius of dissociatiothat may be related to processing
stages other than temporary storage (e.g., sehsogimory, encoding or retrieval stages), a
similarity-based interferenceesulting from overlapping features between stinmdld in
memory and those presented during a concurrent taskhe involvement of verbal and
executive componentgven that memory tasks are not a pure measuee sifigle working
memory component.

In order to address these issues and based orviayzetudy of Tresch et al. (1993),
Klauer and Zhao (2004) proposed two simple memasikd matched for cognitive demands,
that is, similar encoding, maintenance and rettieeaditions. Both tasks were based on a
brief presentation of one stimulus and, after anmgbdn interval of 10 seconds, eight stimuli
were presented and the participant had to indiedtieh one had been presented. For the
spatial memory task, a dot appeared at one ougbt possible locations, and for the visual
memory task a Chinese ideograph (out of eight) prasented in the centre of the screen.
Thus, both memory tasks followed the same "pick oheight" format. Concurrent tasks
performed during the 10 seconds retention intemerke also matched for cognitive demands
by equating overall difficulty. The movement disgimation task required participants to find
one static asterisk among 11 moving asterisks,thadcolour discrimination task required
participants to classify a colour as being redloeb

In a series of experiments, Klauer and Zhao (200d3erved consistent double

dissociation patterns regardless of experimentalipodation controlling factors such as time
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for memory consolidation, long-term memory influeneerbal strategy, stimuli similarities
and executive processes. Taken together, the sesutivided strong evidences for a
visual/spatial dissociation in working memory.

Despite the fact that Klauer and Zhao (2004) matctiee cognitive demands for
memory tasks, the tasks were based on memorisatieither visual or spatial information.
The assessment of memory for single, separate résathas been important to better
understand the structure of VSWM, however, it iffiaial if we consider that environmental
information is complex and visual features are lobtm spatial information during visual
perception (Treisman, 1996). Given that recentareseon VSWM tend to consider such
complexity, in the present study we have addresderl question whether selective
interference effects may be also observed for balnelct representations temporarily held in
memory. What kind of interference may occur in aktdhat presents visual objects in
different locations and, after a retention intervadrticipants are required to place each
objects in its respective location?

A previous study by Zimmer, Speiser and SeidleO8Gimed at investigating visual
or spatial interferences on an object-relocati@k @@nd brought no promising results. They
presented for 8 seconds visual arrays containinog$omuli, and after a retention interval of
10 seconds the participants had to place the cbije¢heir places. They found no interference
effects on this task, and argued that spatial garditions of objects are codified together with
their visual features during perception, and suminid information may have been stored by
structures related to episodic memory. Thus, a@egrdo the multicomponent model of
working memory, object-relocation requires resosirlem the episodic buffer, explaining
why concurrent tasks known to disrupt the visuaapaketchpad had no effects.

In our view, the task devised by Zimmer et al. @0Bas methodological limitations
that may partially explain their results. The visogemory contribution is minimal since the
same objects presented for memorisation reappaatisei task display without distracting
stimuli, rendering the task more spatial in thessethat it requires spatial manipulation of
objects. In addition, there was no time pressuk [articipants were free to change object
locations until confirm their responses. Finallyyaili presentation time of 8 seconds may be
too long for a working memory task, which is basedbriefer expositions. Taken together,
these methodological aspects might have reducedctmribution of the visuospatial

sketchpad and enhanced the involvement of the éipibaiffer.
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2.2 Objectives and hypotheses

We have adapted the procedure devised by KlaueZhad (2004) in order to require
the concomitant memorisation of visual and spatifdrmation. The "pick one out eight”
format was used with Chinese ideographs and latatas in the original study. Instead of
presenting an ideograph on the centre, it was ptedeat one out eight possible locations.
After a retention interval of 10 seconds, the eigbbgraphs and the eight locations appeared
on the screen.

There were three blocks of trials according to te&k: participants were required to
pick one ideograph (memory for object), to pick doeation (memory for location), or to
pick one ideograph and one location (object-locatimemory). As in the original study,
retention interval had a control condition (blacken), a movement discrimination task or a
colour discrimination task.

In summary, this manipulation allowed to investegabw concurrent tasks affected an
object-location task, which was simplified to oniensilus (instead of four, cf. Zimmer et al.,
2003) that had to be discriminated among distrgcsitimuli in the memory task, imposing
therefore both visual and spatial memory demands.eblver, memory for objects and for
locations were also assessed separately, as Kldher and Zhao (2004) study.

According to the hypothesis that VSWM has dissedatisual and spatial components,
and following empirical evidences, we predictedttimaemory for locations would be
disrupted by movement discrimination, whereas mgmor objects would be mainly
disrupted by colour discrimination. Regarding meyndor object-location bindings, we
considered two alternative hypotheses (cf. ElslelP&mentier, 2009). If bound objects are
held by the episodic buffer, then we expected thamory binding would either remain
unaffected (as in Zimmer et al., 2003) or equallrupted by concurrent tasks (possibly due
to attention demands). On the other hand, if boabgcts are held in VSWM and are
dependent upon temporary visual and spatial infaonathen we expected that concurrent

tasks would selectively disrupt the selection geots and their locations.
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2.3 Method

Participants

Eighteen students (9 females and 9 males) agedebet®® and 34 yeardl(= 24.3,SD
= 3.5) volunteered to participate in this experimdime students were recruited at the campus
of the University of S&o Paulo at Ribeirdo Pretaor?o the testing they read and signed an
informed consent form. The present study was aggardy theComité de Etica em Pesquisa,
FFCLRP-USP (process number 467/2009 — 2009.1.19%6.5see Appendix A). All
participants reported normal or corrected to nomighal acuity, and none was identified as
colour blind as assessed with the simplified 6gdatvaluation of the Ishihara Test (Ishihara,
2008).

Materials and stimuli

A desktop PC was used and a chinrest with headosupfas placed at approximately
57 cm in front of a 18" CRT monitor. All the expaental procedures were programmed with
the E-Prime software (W Schneider, Eschman, & Zlattm 2002).

The stimuli used in the memory task were eight €&énideographs measuring
approximately 0.7of visual angle (Figure 2.1a, cf. Klauer & Zha002) placed inside white
squares measuring 6.8f visual angle (see also Appendix B). A blackkggound screen was
used for stimuli presentation and there were eigfetd locations equally spaced along the
outline of an invisible circle. The first locatian quadrant | was set at 22.&8nd the other

locations were defined at every®48iong the circle (Figure 2.1b).

BT . e
L o Byas
¥ B # #

= m

a. b.

Figure 2.1 Chinese ideographs (a) and locations for stiprdsentation (b) used in Study 1.
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Participants had to press the spacebar to starélaahd had to perform articulatory
suppression (i.e., to count aloud continuously ftbte 10) throughout stimulus presentation
and retention interval, in order to inhibit the wugea verbal rehearsal strategy. A trial begun
with the presentation of a white fixation cross %0 ms, followed by the presentation of a
Chinese ideograph for 500 ms and a visual mask@06rms. After a retention interval of 10
seconds, the task display was shown with the doglations and the eight Chinese ideographs
in two rows of four centred on the screen (Figu& 2ee also Appendix B for further details).
There were three blocks of tasks: Memory for objequired a mouse click on the previously
presented ideograph and memory for location reduarenouse click on the location where an
ideograph had appeared; memory for both objectientbcation (i.e., the object-location

binding task) required participants to first cliek the ideograph and then on its location.

Fixation
500 ms

Articulatory
supression

Stimulus
500 ms

Mask
500 ms

Retention interval:
9400 ms

600 ms

Task display
(until response)

Figure 2.2 Time course of an experimental trial. Accordinghte memory task, participants
were required to click on either locations (locatmnly) or ideographs (object-only), or on
both ideograph and its location (object-location).
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There were three conditions in the 10 seconds treternterval (Figure 2.3) — two
concurrent tasks and a control condition — ancaakobackground screen was displayed in the
last 600 ms of the retention interval in order woid an abrupt transition to the task display
(as depicted in Figure 2.2). In the control comdifia white fixation cross remained for 9.4 s
and the participants were instructed to wait fer tésk display.

In the movement discrimination task (cf. Klauer &an, 2004), the participants had to
search for a static stimulus among dynamic digtrgctimuli. Ten white asterisks measuring
0.6’ of visual angle appeared in random locations iblack background. One asterisk
remained static and the others moved DdiZisual angle every 100 ms. The asterisks moved
in diagonal directions that were randomly defined dach trial of the task. The participants
had to find and to click on the static asteriskteAfa response, or in case of no response
within 5 seconds, a new trial started after a defa300 ms.

Retention interval: 3 conditions (9400 ms)

Control Movement Colour

Trial 1 Trial 1
Xxms Xms
“red”

Fixation

Intertrial
200 ms

Intertrial
600 ms

Trial 2
yms

Trial 2
yms

“blue”

9400 ms y Y

Figure 2.3 Retention interval conditions: 9400 ms were dilleither with a fixation screen
(control), a series of trials requiring mouse diclon static asterisks (movement
discrimination), or a series of trials requiringlfdue classification (colour discrimination).

In the colour discrimination task, the participah&l to judge the colour of a series of
monochromatic displays (Klauer & Zhao, 2004). Thenslus pool consisted of 14 colours
with the RGB coordinates defined by the followimgriulae:R =47 -2, B=13 + 2, G =
min(R,B) + 3, wherei =1, ..., 16j # 8,1 # 9, and ‘=’ denotes integer division. The colours
ranged from dark red to dark blue, with intermesgligbnes with both red and blue
components. Nonetheless, seven colours could Bsifdal as in the red family and seven as

in the blue family. For every trial the colours wesampled randomly with replacement. A
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trial consisted of a monochromatic display thdedilthe entire screen, and the participants
had to press the left mouse key if the colour wasemed than blue and the right mouse key
if it was more blue than red. After a responseinatase of no response within 3 seconds, a

new trial started after a delay of 600 ms.

Procedure

The participants were individually tested in a dight room and the entire session
required around 50 minutes. The session starteld thiee practice trials for each memory
task and five 10 seconds cycles for each concutasit The practice blocks were performed
in the following order: memory for locations, memdor appearances, memory for both
appearance and location, movement discriminatiahcatour discrimination.

The practice phase was followed by three experiatdaibcks presented to participants
in counterbalanced order. Each block started with @actice trials (two trials per
interference condition) followed by 36 experimerttals (i.e., 12 per condition). Within a
block, a specific ideograph-location combinatiorpegred only once and the interference
conditions were randomized between trials. For th&son, participants were instructed to
keep the hand over the mouse during the sessi@ubiek for memory tasks was provided
only for the practice trials, and for both discmation tasks the PC-speaker emitted a sound
in case of incorrect response.

For each memory task, we have computed the patitgp percentage of correct
responses in each experimental condition (contolpur discrimination, and movement

discrimination):

Correct Responses (CR%) = (x/12) * 100, wheretkésnumber

of correct trials within an experimental condition.

We also computed interference scores, that isditfierence between the control and

interference conditions:

Interference Score (%) = CR% (control) - CR% (conent task).
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2.4 Results

Figure 2.4 (upper panel) shows the mean percenthgeorrect responses for the
location-only and object-only memory tasks in theeeé retention interval conditions. A first
step was to analyse the effects of concurrent taskihe recall of locations and objects. We
performed a two-way repeated measures ANOVA forfdlbeors task (location vs. object) and
interference condition (control vs. colour vs. masat), and significant results were further
analysed by post hoc comparisons using Bonferraméctiort. A main effect of task was not
observedF(1, 17) < 1MSE= 129.28p = .332,;12p = .05, suggesting that both tasks imposed
similar cognitive demands. There was a main eftécinterference condition-(2, 34) =
32.06,MSE = 116.63,p < .001,;72p = .65, and pairwise comparisons with control ctadi
revealed significant effects of movement discrintiora (p < .001, mean difference = 19.9%,
SE = 2.5) and colour discriminatiorp (= .004, mean difference = 6.3%E = 1.7), with
movement being more disruptive than colour disaration ¢ = .002; mean difference =
13.6%,SE= 3.2). An interaction effect was also obserie@, 34) = 5.84MSE= 132.09p
= .007,;12p = .25, indicating that concurrent tasks differgrdaffected memory for locations
and objects (Figure 2.4, lower panel). Pairwise gamsons revealed that memory for
location was significantly impaired by movementcdisiination < .001; mean difference =
25.9%, SE = 3.5) but not by colour discriminatiop € .44; mean difference = 3.2%FE =
2.1). On the other hand, memory for objects wasainep by both colourp(= .02; mean
difference = 9.4%SE = 3.1) and movement discriminatiop € .008; mean difference =
13.9%,SE= 3.9).

Performance in the concurrent tasks, on the othedhremained unaffected by the
memory load (objects or locations), that is, theeze not trade-off effects between memory
and concurrent tasks. Figure 2.5 shows the meanemige of correct responses in
concurrent tasks according to the memory tasksopedd. A two-way repeated measures
ANOVA for the factors concurrent task (colour vsovement) and memory task (location vs.

object vs. object-location) revealed no significefiects or interactiorf; < 1.

! The Bonferroni correction used in this thesis multiplies the unadjusted p-values by the number of
comparisons, so adjusted p-values are displayed for the chosen significance level a (a = .05). This operation is
equivalent to divide the significance level (a) by the number of comparisons (n): a/n.
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Figure 2.4 Memory task performance for location-only andeabjonly in each retention
interval condition (upper panel), and interferersm®res for each concurrent task (lower
panel). Error bars represent standard errors.
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Figure 2.5 Percentage of correct responses in colour digtation and movement
discrimination concurrent tasks for each main mentask. Error bars represent standard
errors.

Regarding memory for object-location bindings, weagmented participants
performance in the selection of objects and loaatifFigure 2.6, upper panel). A two-way
repeated measures ANOVA was carried out for thefacselection (object vs. location) and
interference condition (control vs. colour vs. masamt). There was no main effect of
selectionfF(1, 17) < 1MSE=93.56p = .472,772p = .03, indicating that participants were able
to retain both object and its location. A main effef interference condition was observed,
F(2, 34) = 8.96 MSE= 187.32p = .001,;72p = .34, and pairwise comparisons with the control
condition revealed significant effects of movemeiscrimination p = .001, mean difference
= 13.5%,SE= 3.1) and colour discriminatiop & .036, mean difference = 8.4%E = 3.0),
with both discrimination tasks being equally didiu@ (p = .495; mean difference = 5.1%E
= 3.5). An interaction effect was also observe®, 34) = 11.44MSE= 60.54,p < .001,;72p
= .40, indicating that selection of objects andataans were differently affected by concurrent
tasks (Figure 2.6, lower panel). Pairwise compassevealed that object selection was
impaired by colour discriminatiorp(= .017; mean difference = 11.7%E = 3.7) and the
effect of movement discrimination approached sigaifce p = .058; mean difference =
8.2%, SE = 3.16). Selection of locations, on the other hamds impaired by movement
discrimination p < .001; mean difference = 18.99gE = 3.87) but not by colour

discrimination p = .417; mean difference = 5%E= 3.2).
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Figure 2.6 Performance in the object-location binding task each retention interval
condition (upper panel), and interference scoresefich concurrent task on selection of
objects and locations (lower panel). Error barsesent standard errors.
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2.5 Discussion

The present study focused at investigating thectffef two concurrent tasks, namely
colour and movement discrimination, on the temporatention of locations, objects and
object-location bindings. One aim was to replidée findings that a visual concurrent task
disrupts memory for objects but not for locatiowkiereas a spatial concurrent task disrupts
memory for locations but not for objects, revealmglouble dissociation pattern (Klauer &
Zhao, 2004). Another aim was to investigate whetwgrcurrent tasks can selectively disrupt
the process of binding an object to its locatiomesult not previously found in the literature
(Zimmer et al., 2003).

Our results can be divided into two sets. Regaravwogking memory for objects and
locations, the results fairly replicate the findingf Klauer and Zhao (2004) and are in line
with the literature, bringing further support fordissociation between visual and spatial
processes in VSWM (Darling et al.,, 2007, 2009; keo& Marchetti, 1991; Tresch et al.,
1993). Memory for locations was disrupted by movendiscrimination but not by colour
discrimination. On the other hand, memory for otgewas equally disrupted by both
discrimination tasks, a somewhat unexpected resuliKlauer and Zhao (2004) results,
although both tasks disrupted memory for objedts, ¢olour task was significantly more
disruptive than the movement task. A possible exgtlan for this discrepancy between
studies is that our adaption rendered the task mhiffieult. In fact, in our study, movement
discrimination had a much more disruptive effe@ntlieported by Klauer and Zhao (2004),
and its effect may also have an attentional compione

Nevertheless, a clear double dissociation pattererged in the interferences produced
by concurrent tasks (see Figure 2.4, lower panedicating that memory for locations
requires spatial cognitive resources also involwedmovement discrimination, whereas
memory for objects requires visual cognitive researinvolved in colour discrimination.
Furthermore, these results are not due to tradetonftognitive resources used by memory
and concurrent tasks, because participants weeetaljperform concurrent tasks accurately
most of the time, in despite of the memory load.

Regarding working memory for object-location birghn the results mainly replicated
what was found for recalling either objects or lomas separately. As seen in Figure 2.6
(lower panel), colour discrimination disrupted stilen of objects (a drop around 12%) but
not of locations (a nonsignificant drop around 5%hereas movement discrimination

disrupted selection of locations (a drop around LB&& not of objects (an almost significant
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drop of 8%). Interestingly, selective interferereféects on object-location memory are also
clear-cut, suggesting that bound object representatdepend upon separate visual and
spatial resources of VSWM. This result is in linghnvan associative view of binding, in
which a bound representation results from asswoeialinks between different types of
features (cf. Elsley & Parmentier, 2009).

The present study therefore has overcome the tonis of Zimmer et al. (2003):
Object-location memory relies on both visual andtisyh resources, provided that participants
have to recognise the visual appearance of a msewstimulus among other distracting
stimuli, as well as to recognise its precise laratamong the other ones. Furthermore, our
procedure was based on briefer stimulus presentamol on faster response times, possibly
reducing the contribution of episodic memory preess

In conclusion, our results support the view thaM¥8 representations are dependent
upon the updating or refreshing of separate feafaed therefore support an associative view
of object-location binding.
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CHAPTER 3

STUDY 2

FORWARD AND BACKWARD RECALL
OF LOCATIONS, COLOURS AND
COLOUR-LOCATION BINDINGS IN
CHILDREN WITH SPECIFIC LEARNING
DISABILITIES
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3.1 Introduction

Since the pioneering work by Jacobs (1887) and tBjh@03), the immediate serial
recall of digits or word lists has been considesectucial clinical marker of an individual's
cognitive functioning, both in general and in deyghental age. Tasks in which lists are
recalled in reverse order have also been an immpodasessment tool in psychometric
batteries (e.g., Wechsler, 1974, 1991). Only rdgehbwever, attention has been devoted to
the forward and backward recall of types of infotiora other than digits or words and this
has raised a series of issues. One critical isagettieoretical implications and concerns the
cognitive processes underlying the immediate resiNerbal and other types of material.
Another critical issue concerns its potential iroations to neuropsychological assessment. In
the present study, we have addressed both thearatic applied issues regarding forward
and backward recall of visuospatial material, bynparing two samples of children with
different learning disabilities to a third grouptgpically developing children.

Different components of working memory seem to ieived in the recall of verbal
information in forward as opposed to backward ardierparticular, backward verbal recall
relies on additional central executive resourceplicated in reversing a retained order, a
process that reduces the number of items recajleimparison with forward recall (Guérard
& Saint-Aubin, 2012; Hale, Hoeppner, & Fiorello,) Kessels et al., 2008). This pattern is
typically found in children, who rely on executivesources to reverse a verbal sequence, in
contrast to adults who may employ other strategigsh as the online reversal during
encoding (St Clair-Thompson, 2010).

Regarding VSWM, the few researches comparing fatwarsus backward recall using
the Corsi task have generated conflicting resi8@me studies have shown that to recall
information backwards does not imply a loss of @enfance with respect to forward recall
(Isaacs & Vargha-Khadem, 1989; Kessels et al., 20@dierendonck & Szmalec, 2004;
Wilde & Strauss, 2002). Moreover, in the extenssedy by Wilde and Strauss (Wilde &
Strauss, 2002), about one third of the sample Hattar performance on backward compared
to forward recall, leading the authors to cast deubn both theoretical and clinical
implications of the Corsi test. These findings supphe idea that the backward Corsi is not
the spatial analogue of the backward Digit Spamt ik, there are no evidences of an
involvement of additional central executive resestdn favour of this view, it has been also
observed that intellectually disabled children aublescents who did badly in both verbal

and visuospatial working memory tasks that deperatedentral executive resources had a
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normal performance in sequential VSWM tasks (Lardha, Carretti, Spano, & Cornoldi,
2009). In a study examining memory and event-rdlataentials elicited in recognition tasks
involving either digits or blocks, Nulsen, Fox addmmond (2010) found that reversing item
order reduced both memory performance and the ardpliof the P3a and P3b event-related
potentials in verbal, but not in visuospatial tasks

Considering everyday life problems, the backwarchlleof visuospatial information
may be crucial in situations when one has to fimel way back to a starting point or has to
search for previously seen objects, two aspectsiwdgppear to be impaired in persons with a
deficit in VSWM (Cornoldi et al., 1995). Indeed,nse studies have shown that specific
populations may have an impaired backward spateah ssuch as adults with low visuospatial
abilities and children with nonverbal learning digiies (Cornoldi & Mammarella, 2008; I.
C. Mammarella & Cornoldi, 2005b). Thus, the backiv&orsi seems to tap on specific
working memory resources that are impaired in iiigls with visuospatial deficits,
something that is not apparent in other working meniasks such as the forward Corsi or
the Digit Span. These findings show the potentfathe Corsi test to discriminate clinical
groups with visuospatial deficits, such as childnetih specific learning disabilities.

This issue can be extended to other situationséefoeansider that VSWM is also
involved in the recall of other features of a visdeplay, such as configurations, colours,
shapes, orientation, and so on (Cornoldi & Vec2bD3; Logie, 1995). There are theoretical
reasons to expect that direction of recall for aldeatures may involve different processes in
respect to recall of locations. Research on workingmory functional structure and
organisation has provided converging evidence MW&WM is not a unitary system, but can
be further fractionated in different spatial andual subsystems (Baddeley, 2007; Cornoldi &
Vecchi, 2003; Klauer & Zhao, 2004; Logie, 1995, 2D1

In short, theoretical accounts of how VSWM is oligad would benefit from a more
systematic investigation into the forward vs. baakdwdissociation in the VSWM domain. On
the other hand, both direction of recall and bigdmmocesses in working memory may have

potential implications to neuropsychological assesH.

3.2 Objectives and hypotheses

The present study examined to what extent two mdiffe populations with learning

disabilities (LD), both hypothesized to have wotkimemory problems, could have specific
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deficits in VSWM tasks. In particular, our studytended to examine the implications of
backward recall and memory binding, two aspectstiage never been systematically studied
in individuals with LD. We have tested three groopshildren — one with nonverbal learning
disability (NLD), one with dyslexia, and one withtypical development (TD) — using three
different VSWM tasks involving forward and backwarecall. We have opted to use the
classical Corsi blocks task to measure the spuattaking memory component. To assess
visual processes, we have adopted a task thatviewdhe forward and backward recall of
colours in the same format as the Corsi task, ihaparticipants were asked to choose
between different colours and then orderly recamsttheir presentation (Hitch, Halliday,
Schaafstal, & Schraagen, 1988). Memory for colasgems to be a good way to assess
working memory components separately from spatehmonents. Administering a colour
recall task is also one of the best methods foessssg memory binding by asking
participants to memorize locations and colours aaeatly. In general, memory for colours
seems to involve visual working memory and it hasrbreported that, in working memory
tasks requiring the recall of visual informatiohjldren of the same age as those considered
in the present study may also use verbal codesppast visual memory of nameable visual
stimuli such as colours and familiar objects (Herviesser, Luger-Klein, & Crane, 2012,
Hitch et al., 1988; Palmer, 2000).

Based on previous literature, we expected thateml with NLD would have worse
VSWM performance than children with typical devetwgnt. Furthermore, children with
dyslexia were not expected to have serious impaitrnime VSWM. Regarding memory for
locations, we predicted that the NLD group would@en less well in the Corsi task than the
other two groups, specifically in backward rec@bncerning memory for colours, we also
predicted a poor performance of the NLD group, tgyahie a VSWM-related impairment as
suggested by the literature. Detailed predicti@garding group differences and direction of
recall, however, were not possible since systemaearch on direction of recall are not
available for the visual domain. As for the bindtagk, both groups of children with LD were
expected to have difficulties in the binding tadlar(old et al., 2007). Furthermore, if the
processes involved in concurrently rememberingusl@and locations demand both the skills
needed to remember the two types of informatioraiseply, then children with NLD should
have particular difficulty in backward recall. Ometother hand, if memory binding involves
different processes, then the weaknesses seenldnechwith LD with the separate recall of

locations and colours would not be necessarilyreddd to the case of binding.
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3.3 Method

Participants

Fifteen children with a diagnosis of NLD (5 girleca 10 boys, mean age = 100.5
months,SD = 7.3), 15 with dyslexia (9 girls and 6 boys; meage = 101.7 month§D= 8.1)
and 15 with typical development (TD) (7 girls andb@ys; mean age = 105.9 montB§) =
11.6), mostly attending'Bor 4" grades of primary school in small Italian townggaange
from 8 to 10 years-old). The groups did not difiecording to age; (2, 42) = 1.43p = .25,
or to gender distribution? (df = 2) = 2.14p = .34. All children spoke lItalian as their first
language and none were visually or hearing impaik&m participant received diagnosis of
developmental coordination disorder or neuropsyagiobl impairments. A signed informed
consent form was obtained from the participante2ma. This research followed the Ethical
Principles of the Declaration of Helsinki and thedntological Code of the Italian Order of
Psychologists.

We ensured that children met specific criteria wgirgroup selection. General verbal
and visuospatial abilities were assessed usingVémdal Meaning and Spatial Relations
subtests of the Primary Mental Ability Test (PMA)h{urstone & Thurstone, 1963, 1985).
Visuospatial constructional abilities were testexing Rey’'s Complex Figure Test (1941,
1968) asking the child to copy a complex drawinga®éng decoding (speed and accuracy)
was assessed with a lexical decision task (Caldar@erini, & Cornoldi, 2012) and a
pseudoword reading task (derived from Sartori, &bressoldi, 2007). Finally, the children
were also identified on the basis of difficultiest@tcted by their teachers using the Shortened
Visuospatial Questionnaire (SVS) (Cornoldi et ab03). The SVS is a tool developed in
Italy and Scotland to identify children with NLD teachers have to judge if a child has a
given characteristic on a four-point scale. The S)}8erates a visuospatial score (range 10-
40) based on 10 items with a demonstrated sengifividetecting some of the deficits that
represent crucial features of NLD (Cornoldi et 2003). The questionnaire includes an item
enabling teachers to estimate the child’s socitucall level, and children referred to as
having a very low socio-cultural level were notluded in our sample.

All children with NLD scored around 15D below in the Spatial Relations subtest of
the PMA M = 8.05,SD = 4.1¥, had visuospatial scores in the SVS questionriaiver than

> Means (M) and standard deviations (SD) of the lexical decision task (Caldarola, Perini, & Cornoldi, 2011), the
Verbal Meaning and Spatial Relations of the Primary Mental Ability Test (Thurstone & Thurstone, 1963, 1985)
were derived from a sample of 351 children of the same age range of those considered in the present study.
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the 18" percentile, a very poor performance in Rey’'s Carligure test, and average scores
in the Verbal Meaning subtest of the PMW¥ € 10.09,SD= 3.9), in the lexical decision task
(M = 0.11,SD = 1.3) and in pseudoword reading. All children witlislexia had scores
around 1.55D below in the lexical decision task, impaired pseuord reading, and average
scores in both the Spatial Relations and Verbal nifepsubtests of the PMA, as well as
average scores in the Rey’'s Complex Figure Testimrde visuospatial index of the SVS
questionnaire. As a control group, children with HRd average scores in all the above-
mentioned tasks. Table 3.1 summarizes the des@ipstatistics for the children’s
performance by group (NLD, dyslexia and TD) andrémults of group comparisons based on

one-way ANOVA and pair-wise comparisons with Bond@r's correction ap < .05.



Table 3.1

Mean Scores and Standard Deviations for the Threas in the PMA Subtests (Spatial and Verbal) Linacal
Decision and Pseudoword Reading Tests, the SV lawde the Rey Complex Figure Test

TD dyslexia NLD One-way ANOVA

Test M (SD) M (SD) M (SD) F(2, 42) Bonferroni post h8c
PMA-spatial 9.7 (2.8) 9.0 (2.6) 3.0(0.7) 39.99*** NLD < dys; NLD < TD
PMA-verbal 10.7 (2.6) 9.0 (2.7) 9.3(3.0) 1.54 ns
Lexical decision -0.14 (56) -1.56 (.45)  0.16 (.74) 36.11%** dys < TD; dys < NLD
Pseudoword reading 63.4 (13.1) 86.9 (20.0) 65.3(16.3) 9.07*** dys > TD; dys > NLD
SVS 32.0 (9.8) 30.9 (8.1) 22.2 (7.4) 6.04** NLD < TD; NLD < dys
Rey 31.2 (3.0) 27.9 (6.4) 19.7 (7.5) 14.68*** NLD < TD; NLD < dys

Note PMA, SVS, and Rey are raw scores. Lexical degiai@ z-scores. Pseudoword reading is time in siscon
TD = typical development; dys = dyslexia; NLD = nerbal learning disability; ns = non-significant.

2 Only significant pairwise comparisons are given.

**p<.001.*p<.01
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Experimental materials and Procedure

We used a laptop computer with a 15-inch LCD scraad all the experimental
procedures were programmed with the E-Prime soféw@¥ Schneider et al., 2002).
Participants were tested individually in a quiebmo The child sat in front of the computer
screen and the experimenter sat to the right otkid to manage the trial presentation and
the mouse. In these computerised tests, the childesl to indicate their response on the
screen, and the experimenter entered the datahatmouse.

The scheme for presenting the stimuli was simitar dll the tests conducted in the
present study. The basic screen (i.e., the Cosplal) consisted of nine 3 x 3 cm grey
squares against a white background, arranged tkeesame proportions and distances as in
the original version of the Corsi blocks task (Cot972; B. Milner, 1971). The experimenter
pressed the spacebar to start the trial, the @mglay remained static for 1200 ms and then a
sequence of squares was shown (Figure 3.1). Eadresqgvas highlighted by a change of
colour for 1000 ms, with an inter-stimulus interedl500 ms. Within a given sequence, each
square became a different colour, and there warpassible colours, namely, black, green,
purple, red, turquoise, and yellow, with the follogg RGB coordinates, respectively: (0, O,
0), (0, 255, 0), (255, 0, 255), (255, 0, 0), (052355), and (255, 255, 0). The end of a
sequence was marked by a rectangular frame appgesaund the Corsi display for 500 ms,
followed immediately by the task display, whichiedraccording to the task (Figure 3.1).

Corsi task: the Corsi display with the nine greyags was shown on the screen and
participants completed the standard Corsi taskey there asked to indicate the locations of
sequences of squares that had been highlightéke iarder in which they had been presented
(forward version) or in reverse order (backwardsiaar). The sequences included from two to
six squares, and two trials were administered &ohesequence length.

Colour task: the Corsi display disappeared andsithgossible colours appeared at the
bottom of the screen (from left to right: turqugised, purple, yellow, black, and green).
Participants were asked to recall the colours @rtbrder of presentation (or reversing this
order in the backward version). The sequences rmutdrom two to five colours, and two
trials were administered for each sequence length.

Colour-location binding task: the Corsi display sened on the screen and the six
colours appeared at the bottom. Participants wekedato indicate first the colour and then its
location. For example, in the forward recall thedto indicate the first colour and the first
block, then the second colour and the second blaok, so on. The sequences presented

contained from two to five items, and two trialsre’@dministered for each sequence length.
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Figure 3.1 Schematic of the experimental protocol. A segeesfccolours was presented for
memorisation and then participants were requirethdicate the order (forward version) or
the reverse order (backward version) of locatiohes{ 1), colours (Test 2) and colour-
location bindings (Test 3).

A pilot study with a random sample of children veasried out to investigate different
stimuli sets (six different colours vs. one colgusix tones varying along lightness-darkness)
and how children would perform the unexplored Coland Binding tasks. It was observed
that performance was very low with colour tones #vad the Binding task was very difficult
in comparison with the others. Thus, we opted f&ing six different colours and to present
the tasks in increasing order of difficulty.

For each task and recall condition, all the pgytiats performed all the trials for each
sequence length (see Appendix C, and tables C.Cahtbr the list of trials). The tasks were
administered in a way to avoid children gettingfaged by changing between forward and
backward recall, or by randomly changing betweemuorg tasks. In particular, direction of
recall was blocked and counterbalanced (CornoldiM&ammarella, 2008; see |. C.
Mammarella & Cornoldi, 2005b). For each group, ltdlthe participants started the session
performing the forward recall for all the tasksdatihe other half started by the backward

tasks. For each block, the tasks were adminisiertdte following order: location, colour, and
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colour-location binding. To ensure that the childhead understood the task to be performed,
there were instructions and practice trials atidginning of each task. The entire session had
a duration around 35-40 minutes: Each Corsi andb@otasks had a duration around 5
minutes, and the binding task took around 7-10 teswu
We computed therder scorefor each trial, given by the percentage of iteetzalled in

the right order, which is a more sensitive measi@e the typical span based on the number
of sequences recalled correctly (see Fischer, 20@hdierendonck, Kemps, Fastame, &
Szmalec, 2004). For example, the sequence of blticks4-3-1" recalled as "5-4-2-3-1" has
two serial order errors (i.e., the swap betweergkdd2' and '4") and receives a score of 60%
(= 3/5 x 100). Regarding the binding task, bottoaoland location should had been recalled
in the correct order to count as a correct itend, #a@ score resulted from the percentage of
colour-location bindings recalled correctly in agsence. For example, in a hypothetical
situation in which a participant correctly recatiso colour-location bindings across all
sequence lengths, the average score is 64.2%yarsd scenario in which only one binding is
recalled correctly per sequence length, the avesegee is 32.1%, which is assumed to be the

floor level performance for this task.

3.4 Results

Preliminary analyses indicated that age and geddenot have significant effects on
scores or interactions with group and other vaesisiuch as task and recall, so these variables
were not further considered. In addition, sincd babparticipants started by forward and the
other half by backward recall, a mixed ANOVA wasdact with order of forward/backward
tasks as a covariate factor. No effect of presemtabrder was observed, indicating that
practice in one recall condition did not affect ferformance in the other condition. Table
3.2 shows the mean percentage of correct respomsts,the standard deviations and
confidence intervals (95% CI), for forward and baakd recall in the three VSWM tasks for
each group of children. Figure 3.2 shows grapeptesentations of group performances for

each memory task and recall condition.
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Table 3.2

Mean percentages (M) of correct responses, witidsta deviations (SD) and confidence intervals (95%dn the Corsi,

Colour and Binding VSWM tasks, for each group afdrien

TD dyslexia NLD
Task Version M (SD) 95% ClI M (SD) 95% ClI M(SD) 5% CI
Forward  77.7 (12.1) [71.0, 84.4] 71.7 (12.9])64.6, 78.9] 69.3 (14.0)[61.6, 77.1]
Corsi
Backward 83.7 (11.9) [77.1,90.3] 78.2 (13.5)70.7, 85.7] 61.3 (16.0)[52.5, 70.2]
Forward 80.2 (9.3) [75.1, 85.3] 66.7 (22.9)54.0, 79.4] 70.0 (18.4)[59.8, 80.2]
Colour
Backward 66.3(13.2) [59.0, 73.6] 60.9 (16.7)51.6, 70.1] 50.7 (15.5)[42.2, 59.3]
Forward 55.6 (14.2) [47.7,63.5] 48.3 (21.3)36.5, 60.1] 48.3 (13.2)[41.0, 55.7]
Binding
Backward 56.7 (10.9) [50.7, 62.8] 47.1 (19.0)36.5, 57.6] 46.2 (14.2)[38.4, 54.0]
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Figure 3.2 Performance for each group of children in forwamld backward recall of
locations (upper panel), colours (middle panel) aabbur-location bindings (lower panel).
Error bars represent standard errors.
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Statistical analyses

In the following analyses of variance, the sigrafice level was set at .05, the effect
size indicator is the partial eta—squareﬁp)( and the post hoc test using the Bonferroni
correction was applied as necessary.

We performed a 3 group (TD vs. dyslexia vs. NLDBxask (Corsi vs. colour vs.
binding) x 2 recall (forward vs. backward) mixed AMA with group as the between-
subjects factor, and the within-subjects factorsask and recall. A main effect of group was
observedF(2, 42) = 4. 78 MSE = 740,p = .013,772p = .19, and the post hoc test revealed a
major discrepancyp(= .012) between the groups TIM (= 70%) and NLD M = 58%),
whereas the dyslexic grouM (= 62%) did not significantly differ from the otlserWe also
observed a main effect of task2, 84) = 81.00MSE= 156,p < .001,772p = .66, and post hoc
comparisons revealed significant discrepangies (001) between all the tasks — performance
in the Colour taskNl = 66%) was worse than in the Corsi tak=£ 74%) and better than in
the Binding taskNl = 50%). A main effect of recall was also obsenkd, 42) = 8.14MSE
=139,p = .007,772IO = .16, resulting from a better performance in farvM = 65%) than in
backward recallNl = 61%). The factors task and recall had a sigafianteractionfF(2, 84)
=12.27MSE=111,p< .001,;72IO = .23, and only for the Colour task a discrepafpcy .001)
was observed between forwall & 72%) and backward recalM(= 59%). Direction of
recall also interacted with group(2, 42) = 4.11MSE= 139,p = .023,;72p = .16. Post hoc
comparisons revealed a significant discrepanry (005) between forward and backward
recall in the NLD groupNl = 63% vsM = 53%), but not in the TD (71% vs. 69%) or in the
dyslexic group (62% vs. 62%). The NLD group hadgnificantly worse backward recall
than the TD [§ = .008), but there were no significant differenbesween groups in forward
recall. No significant interactions were observetiween the factors group and tapk=(.32,

n% = .05) or between all the three factqus=(.22,4%, = .06).

As can be noticed in the results described, thaiteg requirements of the tasks varied
and group differences emerged. Children with NLBfqgrened poorly than controls with TD
in the VSWM tasks, especially when backward reea$ required. The interaction between
the factors group and recall might suggest a speuiipairment in backward recall in
children with NLD. As can be seen in Table 3.2 &mglure 3.2, however, a major forward-
backward discrepancy also emerged for the TD gmoupe Colour task, and for the Binding
task no recall or group discrepancies were obsevedhave a better understanding of group
differences and direction of recall, further state analyses were performed separately for

each test.
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A 3 group x 2 recall mixed ANOVA on the Corsi sconevealed a main effect of
group,F(2, 42) = 6.55MSE= 276.3,p = .003,;72p = .24. The post hoc test showed that the
NLD children’s overall performancé/A = 65%) was worse thap € .003) the TD group’sM
= 83%), but did not significantly diffep(= .09) from that of the children with dyslexisl =
75%). The main effect of recall was not significafl,42) < 1,p = .50,MSE = 87.1,;72p =
.01, and a significant interaction was obsentg@, 42) = 5.79MSE=87.1,p = .006,;72p =
.22. Post hoc comparisons revealed that the NLDpyfead a significantly worse backward
recall than both TD < .001) and dyslexic childremp & .016), but the group differences in
the forward version were not significant.

A 3 x 2 mixed ANOVA on the Colour task scores shdveemain effect of grougs(2,
42) = 3.42,MSE = 391.1,p = .042,;12IO = .14. The post hoc test showed that TD group’s
performance Nl = 74%) was better thap & .046) the NLD group’sM = 60%) and did not
differ (p = .21) from the dyslexic group’sM( = 64%). The main effect of recall was
significant,F(1, 42) = 24.45MSE= 155.5p < .001,;72IO = .37, indicating that backward recall
was more difficult than forward recall, and theenatction was not significarf(2, 42) = 2.19,
MSE = 155.5,p = .12,772p = .09. However, the effect-size of .09 indicates presence of
variance across groups and direction of recall.cAs be seen in Table 3.2, differences of
around 14% and 19% between forward and backwardllyexs well as dissociated 95%
confidence intervals (Cls), were observed in theugs TD and NLD, but in the dyslexic
group the difference was around 6% and the 95%o@éslapped. Moreover, the backward
score of the NLD group falls outside the 95% Cldhef TD group, what might suggest an
impairment in backward recall. However, this isifedent pattern from the Corsi task, since
both TD and NLD groups had a poorer performancédokward recall. The NLD group
seems to have had a general difficult in the Cotask, with a drop of 10% in the forward
recall in comparison to the TD group, and a drof@b in the backward recall.

A 3 x 2 mixed ANOVA on the scores obtained in theding task showed no main
effect of groupF(2, 42) = 1.96 MSE=384.9p = .15,;72p = .09, or recall versiork(1, 42) <
1, MSE= 119.1p = .74, nor any interactiot;(2, 42) < 1LMSE= 119.1,p = .83. Thus, given
the requirement of recalling colours and locatimmhcurrently, the effects observed in
memory for single features are no more observaiiteough no reliable statistical effect was
found, it should be noted in Table 3.2 that thedoWw5% Cls for both clinical groups are
closer to a floor effect. As expected, this indésathat some children with dyslexia and NLD

had difficulties in the binding task.
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3.5 Discussion

This study focused on the processes involved ifiopaing three different VSWM
tasks by testing forward and backward recall ofatmmns, colours, and colour-location
bindings in children with two different types ofalming disability (NLD and dyslexia) and in
controls with TD. Our aim was to ascertain whetttaldren with LD have difficulties in such
tasks, and whether their performance can shed tighthe processes involved in different
VSWM tasks.

Our results showed that children with LD have diifty in the immediate recall of
locations and colours; these difficulties differsiame degree between children with NLD and
with dyslexia. As expected, children with dyslexiad no significant impairment in the
VSWM tasks by comparison with controls, althougkithperformance in the colour and
binding tasks was generally poorer and closer &oNhD group. It must be noticed that
children of this age may take advantage from vemb@dding of some stimuli and from verbal
rehearsal strategies to support visual working mgn(&athercole & Pickering, 2000;
Gathercole, 1998; Henry et al., 2012; Hitch et #088; Pickering et al., 2001). However,
given the language-related problems of childrerhwdyslexia, this group difficulty in the
colour task may be partially attributable to th&ding it more difficult to use adequate
verbalization strategies. In other words, the reducise of phonological recoding and
rehearsal (Henry et al., 2012; Palmer, 2000) may hhve reduced the need for reverting the
sequence of information. Since only the dysleximugrshowed a similar performance in the
forward and backward recall of colours (with a eliince of only 6%, see Table 3.2, Figure
3.2, middle panel), our view is that it reflectstaategy more reliant on VSWM resources.
The other two groups are more likely to have userbal working memory resources to
support VSWM, because the decay in their backwaahll performance resembled the
typical effect seen in verbal working memory tasiésh as the Digit Span.

As predicted, children with NLD have significantpairments in memory for locations
and colours, but the expected impairment in colooation binding was not observed. Our
results further support observations regardingiapatocesses and VSWM difficulties in
children with NLD (Cornoldi et al., 1999, 1995;d. Mammarella & Cornoldi, 2005b), and
extend these findings to the case of memory foowsl Moreover, it is worth noting that
backward spatial recall posed specific difficulties children with NLD, offering further
support that this is a specific deficit of theseldren and that this task may be used to
discriminate this LD population (I. C. Mammarella@&rnoldi, 2005b). This impairment may
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be related to a symptom often reported in childseth NLD — the fact that they easily get
lost and are unable to find their way back (Cornatal., 1995). Our view is that the
backward Corsi task requires specific spatial pses, possibly of a spatial-simultaneous
nature (see Cornoldi & Mammarella, 2008; I. C. Maanetia & Cornoldi, 2005b). By using
spatial-simultaneous processes, which should b&epred in children with dyslexia and with
TD, the sequence of blocks is codified and retamedn overall pattern of locations, that is, a
simultaneous mental representation of the pathvgag avhole, and recall is facilitated by
starting from the last item. Children with NLD, giv their low visuospatial abilities and
VSWM, could have problems in constructing and retej such mental representation of a
pathway. The forward Corsi task, on the other hadegliant on spatial-sequential processes
given that the retrieval process should mimic ttiedi presentation, that is, the pathway
should be recalled in the same order it has bedified. The difficulty that children with
NLD had in backward recall was also apparent in @odour task, but was not specific to
them in this case, as it was also seen in childiém TD.

Taken together, these results confirm the impogaoic assessing both forward and
backward recall of visuospatial information. Backevaecall in VSWM tasks did not always
reflect the typical pattern of results seen in theollection of verbal information (i.e., a
decline in performance with respect to forward Heca8he dyslexic group showed no
significant deterioration in their performance hetColour task; and all three groups had a
similar performance in both recall versions in @a&our-location binding task. In the Corsi
task, both the TD controls and the children witlsldyia did better in the backward recall
than in the forward recall, a pattern already reggbm the literature (Wilde & Strauss, 2002).
This means that the general assumption concerrangward verbal span — that people first
store the sequence in forward order and then haveverse its order, with a high cost for
their performance — may not apply to all VSWM spasks.

Regarding the colour-location binding task, thetgras seen in the Corsi and the
Colour task were no longer present when the twtufea had to be recalled together. No
particular VSWM difficulties were apparent in theogps with LD, neither of which differed
from the group with TD. This specific pattern mighiiggest that specific processes are
involved in binding spatial and colour informatiofhis may be also related to our general
finding that the VSWM problems in children with L&e specific, not general. In fact, the LD
groups’ different patterns relating to the direntiof recall were not seen in the colour-
location binding task, meaning that binding locatamd colour implicates different processes

from those involved in recalling either locatiors (ested in the Corsi task) or colour (as
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tested in the Colour task). Although the childrep&sformance did not reach a floor effect,
the task may have had an insufficient discriminafmower, that is, it was a difficult task for
all the children regardless their neuropsycholdgicafile.

In sum, our findings contribute to the understagcddhhow VSWM is organized and of
the distinctive characteristics of children withffelient learning disorders, also revealing
clinical and everyday life applications. From a geh point of view, our results show that
different processes are implicated in tasks reagithe recall of locations or colours, and
combinations of the two. These processes are paddyrpartly related to the functioning of
the spatial and visual components of VSWM, respebtj coupled to a mechanism devoted
to encoding and retaining bound information. Thgaoisation of VSWM should be further
defined to take into account the specific patteseen in backward spatial recall,
distinguishing between a spatial-sequential prosessved in the forward recall of locations
and a spatial-simultaneous process needed for l@adkwcall. In fact, our results suggest that
backward recall performance was not the result afntaining the forward order of the
sequence and then reversing it (which is what happar verbal information). Our findings
will need to be confirmed and extended, howevecabse our study necessarily had a
number of limitations that would have to be cargfuésted in future research. One of its
main limitations concerns the choice of tasks, Whoaly represent a sample of the domains
considered in the study. For instance, for the psep of the present study, we had to devise
new adaptations of tasks assessing VSWM, and yehpmetric properties of these tasks are
not known. This is a problem that always exists minew issues are examined, and is
particularly critical for the colour-location bindg task, in which no clear group effects were
found. Another problem concerns the colour recadkt which presumably involves other
processes as well as visual working memory. We tisisdprocedure because a pilot study
had shown that manipulations to reduce the paditip use of phonological recoding (such
as using colours with the same verbal label, ocwddtory suppression) tended to disrupt the
child’s performance to such a degree that it drdgpethe chance level, but we increased the
likelihood of children also use verbal strategissaaresult. In fact, when children were
interviewed informally after the experiment, somietieem clearly reported having used
verbalizations; this is an aspect that could besssd more systematically in future research.

Finally, the present study emphasized the impoeasfcexamining both forward and
backward recall of visual and spatial informatipnesented separately and bound together,
and of considering their implications when asseg#tie difficulties encountered in learning-

disabled children. In particular, this study getedafurther information on a specific deficit
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in children with NLD (a worse performance in backavgéhan in forward Corsi). Our results
also revealed that the processes involved in bindwlours and locations may not be the
same as those needed to perform tasks that sdpamatelve the recall of colours or

locations.
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CHAPTER 4

STUDY 3

VISUAL SHORT-TERM MEMORY FOR
SHAPES, COLOURS AND SHAPE-
COLOUR BINDINGS IN CHILDREN AT
RISK OF LEARNING DISABILITIES
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4.1 Introduction

Since the seminal works by Atkinson and Shiffri®&®&) and by Baddeley and Hitch
(1974), a great amount of knowledge has accumulanetthe temporary retention of specific
types of visual information such as colours, shapases, abstract patterns, and spatial
locations. More recently, efforts have been maaeatds understanding how complex, multi-
feature visual information are temporarily heldnmemory. In particular, evidences suggest
that memory capacity is constrained by the numbesbgects, and not by the number of
composing features (Luck & Vogel, 1997). Furthereyahe processes by which features are
integrated into memory seem to occur automaticallyd bound objects are held without
requiring more attentional resources than thoselete¢o hold single features (Allen et al.,
2012; Baddeley et al., 2011). It is still a conwwsial matter, however, whether a specialised
visuospatial memory or a general memory componsnth( as the episodic buffer) is
responsible for binding features and holding compbbjects. In the present study, we
assessed memory for single features (colours amgdesh and integrated features (shape-
colour bindings), comparing two groups of childegrrisk of learning disabilities with a third
group of typically developing children.

We adopted an individual differences, neuropsydyiold approach as a valid way to
advance theoretical issues on memory (Cornoldi &ctie 2003; Cornoldi & Mammarella,
2011). Specific deficits in working memory processeay shed light on the cognitive and
neural substrates underpinning a given task. Onother hand, it may help understanding
memory problems in children with learning difficel.

A previous study by Jarrold et al. (2007) reveatkdt individuals with Williams
syndrome and children with moderate learning dlggbhiave a deficit in memory for item-
location binding, whereas memory for either itemdogations is spared. From a theoretical
point of view, these results suggest a dissocidbetwveen memory for features and bound
objects. Given that the authors did not provideaited information on the children's
neuropsychological profile and learning difficuftjeone cannot derive conclusions on the
source of the memory binding deficit. In order nwastigate this issue, for the present study

we have selected a group of children with pooraspatial skills.
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4.2 Objectives and hypotheses

The present study examined to what extent diffepaygulations at risk of learning
disabilities have a specific deficit in binding. Weelected two groups of children with
discrepant levels of cognitive skills. One groupreltterised by lower verbal and average
spatial skills was considered at risk of verbalmesy disabilities (VLD), given that low
scores on verbal intelligence tasks are highlyteel#o poor reading achievement (Richman &
Lindgren, 1980). Another group characterised byraye verbal and low spatial skills was
considered at risk of nonverbal learning disake#it{NLD) (Mammarella & Pazzaglia, 2010;
see also section 1.5). Finally, a third group pidglly developing children (TD) with average
verbal and spatial skills was selected as a cogtalip.

We adapted the visual short-term memory test ddvise Parra and collaborators to
assess older adults populations (presented indpettd; see also Della Sala et al., 2012;
Parra, Abrahams, Logie, & Della Sala, 2010; Pakt@ahams, Logie, Méndez, et al., 2010),
and the procedure was slightly modified in ordefintrease task difficulty for children. In
particular, in the trials in which the test displags different from the studied display, only
one stimulus changed (out of two or out of threehding on the testing phase).

As a working hypothesis, we expected that childsgh poor visuospatial skill would
have a deficit in binding, mainly as a result obp¥SWM as observed in our Study 2. Thus,
we expected that poor VSWM would be related tomapaired visual binding. On the other
hand, children with poor verbal skills were not exied to have a deficit in visual binding,

given that the test is simple and does not dependedoal skills.

4.3 Method

Participants
Screening phase and group selection

This research followed the Ethical Principles oé theclaration of Helsinki and the
Deontological Code of the Italian Order of Psyclgdts. The initial sample comprised 444
children (225 girls and 219 boys) aged 8 to 10 ydarean age = 107.1 monti&) = 8.9),
attending 3 or 4" grades of elementary school in small Italian tow@eneral verbal and

visuospatial abilities were respectively assesssithiguthe Verbal Meaning and Spatial
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Relations subtests of the PMA (Thurstone & Thurstat®63, 1985). The mean score was
18.0 ED = 7.86) for the verbal subtest, and BS®E 4.76) for the spatial subtest.

Fifty-five children from the whole sample were ¢l to participate in the present
study. In particular, children were identified &kr of learning disabilities on the basis of
discrepancies observed between verbal and spatisds Eighteen children at risk of NLD (8
girls and 10 boys, mean age 9.0 ye&i3,= .7) scored below $D in the spatial subtest and
had average verbal scores. Seventeen childreskadfiVLD (6 girls and 11 boys, mean age
8.6 yearsSD = .7) scored around 13D below in the verbal subtest and had average $patia
scores. Finally, twenty children (12 girls and 8yfiomean age 8.9 yearSD = .5) with
typical development (TD) were selected as a comgfralip, and they had average scores in the
above-mentioned tests. The groups did not differecbrding to agef-(2, 52) = 2.61p =
.083, or to gender distributiop?(2) = 2.34,p = .31.

During group selection, children were matched focigcultural level and were
evaluated for visual perception. We administerexldimplified five-plates evaluation of the
Ishihara's Test to assess colour deficiency ant padicipant received one point for each
correct plate. We also administered a simplifiedpghicolour binding discrimination task as
described in Parra et al. (2010). Two arrays ofedhrcoloured shapes each were
simultaneously presented on the screen, one ingper half and one in the lower half. In a
series of 10 trials the participants had to judgee two arrays were the 'same’ or 'different'.
In particular, the same three colours and threpeshappeared in both arrays, but the shape-
colours combinations matched only in half of thal$r(the 'same’ response). In the other half,
the shape-colour combinations varied between thaysar (the 'different’ response).
Participants received one point for each correil. tiThe three groups had a similar
performance in the Ishihara Test and shape-colodirg discrimination task. Table 4.1
summarizes the descriptive statistics for the ceilts performance by group (TD, VLD and
NLD) and the results of group comparisons basedr@way ANOVA and the Bonferroni
post hoc test.



Table 4.1

Characteristics of Participants Entering Study 3

D VLD NLD One-way ANOVA
Test M (SD M (SD) M (SD F(2, 52) Bonferroni post h8c
PMA-spatial 10.5 (1.36) 10.4(2.12) 4.0 (0.9) 109.45*** NLD < TD; NLD < VLD
PMA-verbal 20.6 (2.41) 5.7 (2.39) 19.6 (3.45) 158.39*** VLD < TD; VLD <NLD
Ishihara 4.20 (1.05) 4.05(1.25) 3.83(1.15) <1 ns
Binding discrimination  8.85(1.39) 9.05(1.03) 8.33(1.28) 1.58 ns

Note PMA, Ishihara and binding discrimination are rsvores. TD = typical development; VLD = verbal leag

disability; NLD = nonverbal learning disability; msnon-significant.

2 Only significant pairwise comparison are given.
*** p<.001.
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Materials and procedure

A laptop computer with a 15-inch screen was usedl ah experimental procedures
were programmed with the E-Prime software (W Sdereet al., 2002). The stimulus pool
consisted of 72 coloured shapes each measuringxpyately 1.5 crfi (cf. Parra, Abrahams,
Logie, & Della Sala, 2010), generated by the comtiim of eight shapes (six-sided
polygons) and nine colours (Figure 4.1; for furtetails see also Appendix D, p. 93).

AW EINED
$499S

Figure 4.1 Shapes and colours used to construct stimulysirra

The tests were administered in a quiet room atcth&l's school during a single,
individual session. The session started with tlsessment of colour vision and shape-colour
binding discrimination. After the initial visual peption assessment, visual short-term
memory for single features (shapes and colours)f@nghape-colour bindings was assessed
in three blocked conditions counterbalanced acogrtth a randomized Latin square. At the
beginning of each block there were 10 traininggrdollowed by 40 experimental trials — 20
with 2-stimuli load and 20 with 3-stimuli load. Adl begun with a fixation screen presented
for 500 ms, followed by the study display for 2008. After a retention interval of 900 ms,
the test display was presented until response.dalirohthe trials, the stimuli on the study and
test display were the same and on the other halttekt was different (Figure 4.2). In the
different trials of the shape and colour conditioose stimulus remained the same in the
study display, and one new stimulus (in trials vidtktimuli load) or two new stimuli (in trials
with 3-stimuli load) appeared on the test dispky: the shape-colour binding condition, two
studied stimuli appeared on the test display wilapgped colours (for the complete list of
trials see Appendix D, tables D.1, D.2, and D.3)ug; only the memorization of the shapes
and their respective colours (i.e., shape-colourdings) would allow the detection of
changes. Stimuli locations in both study and tespldys were always randomly defined
using a 3 x 3 virtual grid (see Figure D.1 on ApgigrD), so that location was irrelevant to
the task and could not be used as a memory cubkelshape condition, only monochromatic
black shapes were used and in the colour conditimndom shape remained constant within
a trial. For both colour and shape-colour bindingditions the black colour was not used due

to its saliency.
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Figure 4.2 Schematic of the visual short-term memory tegteidnt experimental conditions
require recognition of shapes, colours, and shapm4cbindings.

4.4 Results

Data scoring

As a measure of performance we adopted sensi#vitsom the signal detection theory
(Stanislaw & Todorov, 1999), the dependent variabmmmended by Parra et al. (2010) to
evaluate performance in this recognition task. Theasure takes into consideration both hit
and false-alarm rates and provides information lmn degree of overlapping between the
signal and the noise distributions, that is, thghbr the sensitivity the better is the
discrimination between the 'same' and 'differeotiditions. There are two formulae for
calculating A" according to the observedHiiand false-alarrk rates:

(H-F)(1+H-F)

"= >
A 5+ AH( = F) when H > F

A = 5+(F_H)(1+F_H) henH < F
al 4F(1—H) when
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Data screening

Two participants belonging to the TD group did hdty understand the colour-shape
match required by the binding task and were notuded in the analysis. Other two
participants (one belonging to the NLD and anotbehe TD group) were not included in the
analysis due to a random, outlier performance ie #mape condition. Therefore, we
considered for statistical analysis the data frdnpérticipants (i.e., 17 per group).

Statistical analyses

Mean sensitivity for the change detecti@)) (s shown in Figure 4.3. We performed a
two-way mixed ANOVA with group as the between-salgefactor (TD vs. VLD vs. NLD)
and condition as the within-subjects factor (shegecolour vs. shape-colour binding). There
was a main effect of group(2, 48) = 4.4MSE= .003,p = .018,772p = .15, a main effect of
condition,F(2, 96) = 54.9MSE= .002,p < .001,;72IO = .53, and an interactioR(4, 96) = 2.7,
MSE=.002,p = .035,;72p =.10. The Tukey post hoc test on the group efi@ataled that the
NLD and VLD groups did not differ from each othand both differed from the TD group
around the significance criteria (respectivgy; .024 and = .056). The post hoc test on the
condition effect showed that performance differemoas all conditionsp( < .01 in all
comparisons) (shapeist = .903 ,SE= .007; coloursM = .966 ,SE=.003; bindingM = .869
, SE=.010). Regarding the interaction effect, paiend®mparisons carried out across groups
for each condition separately showed that a sicgmifi group difference emerged only in the
binding condition. In particular, the TD group pmrhed better than the NLI[p € .002; mean
difference = .069SE = .023), but did not differ from the VLDp(= .076; mean difference =
.051,SE=.023).
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Figure 4.3 Mean sensitivity (A") in the three experimentahditions for the three groups of
children. Error bars represent standard errors.

4.5 Discussion

This study focused on short-term retention of sekapelour and shape-colour bindings
in children at risk of learning disabilities (NL@ VLD) and in TD controls. Our aim was to
ascertain whether children with poor verbal or espatial skills have a deficit in binding, or
whether such deficit would be specific of childseith poor visuospatial skills.

The results are straightforward: shape-colour Ibigds impaired in both groups at risk
of learning disabilities, and there are strong seasto support that this deficit is specific to
binding processes in memory. Firstly, all groupslafdren succeed in the binding perception
task, that is, they were able to discriminate sk@apeur changes in visual arrays, ruling out
the possibility that failures in memory resultednr perceptual problems. Secondly, all
groups had a similar performance in memory foregitbolours or shapes, indicating that
visual memory for features is spared.

Our results provide further support that problemns memory binding may be
widespread across different populations with leayndifficulties and atypical development
(Jarrold et al., 2007). It should be noticed traatald et al. (2007) investigated memory for
items, locations and item-location bindings in wnduals with Williams syndrome and

children with moderate learning disability. In dispof differences between procedures
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(colour-shape vs. item-location) and sample charestics, both studies have produced
comparable results and suggest generalised mentading problems in atypical developing
populations.

This is a very different scenario than the one nleskin studies with older adults, in
which a deficit in visual memory binding was foutal be specific of individuals with
Alzheimer's Disease (AD) (Della Sala et al., 20P2rra, Abrahams, Logie, & Della Sala,
2010; Parra, Abrahams, Logie, Méndez, et al., 20k0fact, memory binding in general
seems to be impaired in AD regardless of type fafrmation (verbal or visual) and retrieval
process (recall and recognition) (Della Sala et 2012). According to Della Sala et al.
(2012), this seems to be related to severe impatsre a large network involving the medial
temporal lobe and fronto-parietal structures,ralblved in relational representations.

Interestingly, evidences so far seem to indicateilar general binding deficits in
children with atypical development, although onlyrther studies would confirm this
generalisation. It should be highlighted that pagewith AD have a very low, chance-level
performance in binding, indicating a severe impaimin neural mechanisms of binding. On
the other hand, children with learning difficultibave a poorer performance in comparison
with typically developing children, but they are fa presenting chance-level performance.
This may suggest poor cognitive functioning and,ouwr view, children with learning
difficulties seem to have problems in relating fanding) different sorts of information, a
process that is crucial to learning. Thus, it se#mas difficulties in learning might be related
to an impairment in binding related events and rmftion. Our findings will need to be
confirmed and extended, however, because one tiontaf our study concerns the sample
selection. Future research should include a widege of developmental disorders and

working memory tasks.
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The present thesis addressed two broad questiang sdature binding in visuospatial
working memory: What is the nature of bound visegiresentations in working memory? Is
there a specific deficit in binding in individuadsth impaired VSWM?

In Study 1, young adults were required to recalatmns, objects, and object-locations
under visual and spatial interference conditionscléar double dissociation between visual
and spatial components of working memory was foumdpatial concurrent task majorly
disrupted location-memory, whereas a visual comeurrtask mainly disrupted object-
memory. Furthermore, we found that bound objectesgntations are prone to selective
interference effects, provinding support for anoagdive view of binding, that is, bound
object representations in working memory seem foedd on information held in specific
stores. When a concurrent task disrupts the upglatina specific feature, then part of an
object representation is lost.

In Study 2, children with specific learning disdiels and typically developing children
performed three tasks that required forward andkward recall of locations, colours, and
colour-location bindings. Children with nonverbaaining disability had an impaired
backward recall of locations (i.e., the backwardsian of the Corsi test), and an impaired
recall of colours. Such deficiencies were not appain the colour-location binding task, but
this task was too difficult to allow strong conatuss about binding processes.

Finally, in Study 3, children at risk of learningsabilities and typically developing
children performed a visual short-term memory festcolours, shapes, and shape-colour
bindings. Both groups at risk of learning disalast had an impaired memory for shape-
colour bindings, whereas no group differences imory were observed for either shapes or
colours. This indicates that a visual binding defi not related to poor visuospatial skills or
working memory, but it seems to derive from an impant in forming links between related

events and information.
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B. Materials used in Study 1

p4 Epﬂ

N2 EE \
!
& & 5 & i

IR

Stimuli:

s1 1T
s2 M,
s3 =
s4 AR
s5 A
s6 H
57T H
s8 £

Figure B.1 Schematic of the task display used for respomesggstration in Study 1. Tf
background colour was blacthe locations p1 to p8 were white squares andttimeil s1 to s

were displayed in black colour inside white squi
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B. Materials used in Study 1 (cont.)

Sixty-four stimuli were used in Study 1, given t@mbination between 8 stimuli (s1 to
s8) and 8 locations (p1 to p8) (cf. Figure B.1)eBtimuli were represented in the format
'sxpy', that is, ideograpx appearing in locatiopy.

slpl sopl
slp2 s5p2
slp3 s5p3
slp4 s5p4
slp5 S5p5
slp6 S5p6
slp7 sS5p7
s1p8 s5p8
s2pl s6pl
s2p2 s6p2
s2p3 s6p3
s2p4 s6p4
S2p5 s6p5
s2p6 sS6p6
s2p7 s6p7
s2p8 s6p8
s3pl s7pl
s3p2 s7p2
s3p3 s7p3
s3p4 s7p4
s3p5 S7p5
s3p6 S7p6
s3p7 s7p7
s3p8 s7p8
s4pl s8pl
s4p2 s8p2
s4p3 s8p3
s4p4 s8p4
s4p5 s8p5
s4p6 s8p6
s4p7 s8p7

s4p8 s8p8



C. Materials used in Study 2
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p2
pd
p7
furguoise red
(0,255 255) (255.,0,0)
cl c2

p1
po
p9
p8
purple yellow black
(255,0,255) (255,255,0) (0,0,0)
c3 cd c5

p3

green
{0.,255.0)

c6

p6

Figure C. 1 Schematic of the task display used for respoagistration in Study 2. The labels to p9, c1 to ¢6, and colo

names/codes were not visible to the partici
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C. Materials used in Study 2 (cont.)

The scheme for presenting the stimuli was simitardil the tests (i.e., Corsi, Colour,
and Binding) conducted in the Study 2: A trial astex] of a sequence of coloured squares.
There were 9 locations (pl to p9) and 6 colourgdad6) (cf. Figure C.1). Tables C.1 and C.2
list all the location-colour sequences ‘pxcy' (iamlour cy appeared in location px) used in
Study 2.

Table C.1

Stimuli used in each trial of the forward versidritee Corsi, Colour, and Binding tests

Serial positions and stimuli

Task Sequence length 1 2 3 4 5 6
Corsi 2 p2c6 p7c5

2 plcl p8c4

3 p3c6 p8c4 p9c3

3 plc4d p4c5 p6c3

4 p6c4 plc5 p2c6 p7cl

4 p2cl p9cS5 p7c2 p3c4d

5 p6c4 p3c2 p7cl p8c6 p5c3

5 p3c6 p9c5 p6c2 p4c3 p7c4d

6 p4c6 p5c5 p9c2 p7cl p2c3 plcd

6 p9c2 p6c5 p4c3 p7c4 p8cl p2c6
Colour 2 p4c2 p6c3

2 p5cl plc6

3 plc2 p6c3 p8cl

3 p8c4 p2c5 p7c3

4 p4cl p5c4 p8c2 p9c6

4 p8c6 plc2 p4c4 p2c5

5 p4ca p8c2 p2c5 p5cl plc6

5 p9c3 p2c6 p3c4d p6c5 p7cl
Binding 2 p8c5 p3c3

2 p7c3 p2cl

3 p4ca p6cl p2c5

3 p8c2 p5c6 plc3

4 p5cl plc4d p4c6 p7c2

4 plc5 p9c4 p3cl p4c2

5 p8cl plc2 p3c4d p2c6 p7c5

5 p9c2 plc6 p8c4 p3c5 p5c3




Table C.2.

C. Materials used in Study 2 (cont.)
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Stimuli used in each trial of the backward versadthe Corsi, Colour, and Binding tests

Serial positions and stimuli

Task  Sequence length 1 2 3 4 5 6
Corsi 2 p8cl p5c6

2 p4c3 p3c4d

3 p8cl p4c6 plc4d

3 p2c6 p9c5 p3c3

4 p7cl p5c6 p3c5 p2c4

4 plc3 p9c2 p4cl p6c4

5 p5cl p4c4 p8c5 plc6 p6c2

5 p7c3 plcl p2c5 p4c2 p9c6

6 p3cl p6c6 p9c2 p4c3 p5c4 p2c5

6 p8c3 p9c4 p2c5 p4cl p7c6 p3c2
Colour 2 p4ch p6c4

2 p5c4 plc6

3 p9cl plc2 p7c6

3 plc3 p6c2 p8c5

4 p4cS5 p5c4 p8c6 p9c3

4 p8c3 plcl p4c5 p2c2

5 p4cl p8c4 p2c5 p5c6 plc2

5 p9c3 p2c2 p3cl p6cS p7c4d
Binding 2 p5c3 p3c2

2 p8c6 plc5

3 plc6 p4cl p5c2

3 p9c4 plc2 p6c3

4 p8c3 p5c5 p3c6 p6cl

4 p3c4d p4c3 p6cS5 p7c2

5 p9cS p3cl plc3 p4c2 p5c6

5 p8c2 plc4d p2cl p9c6 p3c3
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D. Materials used in Study 3

Figure D.1 Schematic of the task display used stimuli presentationn Study 3.Stimuli
appeared on random locations ahe squares were not visible to the participant.
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D. Materials used in Study 3 (cont.)

Shapes:

sl

s3

s4

s
%
o
N

s5

s6

s7

s8

»
P4
s
P

Colours:

code:name  (R,G,B) coordinate

cl:
c2:
c3:
c4:
cS:
C6:
c/:
c8:

turquoise (0,232,232)
olive green (128,128,0)
purple (128,0,128)
green (38,157,38)
steel blue (70,130,180)
magenta  (255,0,213)
goldyellow (255,215,0)
salmon (250,128,114)

)

Figure D.2 The shapes (sl to s8) and colours (c1-c8) usStlidy 3.

Sixty-four stimuli were used in Study 3, given twmbination between 8 shapes (sl to s8)
and 8 colours (c1 to c8) (cf. Figure D.2):

slcl
slc2
slc3
slc4
slch
slc6
slc’
s1c8

s2cl
s2c2
s2c3
s2c4
s2¢h
s2c6
s2c7
s2c8

s5cl
sbc2
s5c3
sbc4
sbch5
s5c6
sbc7
s5c8

s6cl
s6c2
s6c¢c3
s6c4
s6ch
s6c6
s6c7
s6¢c8

s3cl
s3c2
s3c3
s3c4
s3c5
s3c6
s3c7
s3c8

s4cl
s4c2
s4c3
s4c4
s4ch
s4c6
s4c7
s4c8

s/cl
s7c2
s7c3
s7c4
s7c5
S7c6
s/c/
s7c8

s8cl
s8c2
s8c3
s8c4
s8ch
s8c6
s8c7
s8c8
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D. Materials used in Study 3 (cont.)

Table D.1

List of stimuli (shapes: sl to s8) presented inlg@and test displays

Stimuli in study display Stimuli in test dispfay
Trial type 1 2 3 1 2 3
same sl s4 sl s4
same s3 s6 s3 s6
same s5 s8 s5 s8
same s4 sb5 s4 s5
same s2 s4 s2 s4
same sl s2 sl s2
same s6 s7 s6 s7
same s2 s6 s2 s6
same sl s6 sl s6
same s2 s8 s2 s8
different s3 s2 s3 sl
different s4 s7 s4 sl
different s8 s6 s8 s4
different s5 sl s5 s2
different s3 s4 s3 s6
different s3 sl s3 s5
different sl s8 sl s3
different s8 s7 s8 s4
different s7 sb s7 s8
different s2 sb5 s2 s7
same s6 s3 s7 s6 s3 s7
same s4 sb s2 s4 s5 s2
same sl s8 s7 sl s8 s7
same s2 sb s3 s2 s5 s3
same s4 s6 sl s4 s6 sl
same s8 s7 s4 s8 s7 s4
same s6 s3 s8 s6 s3 s8
same s5 s2 sl sb5 s2 sl
same s3 s5 s8 s3 s5 s8
same s2 s4 s7 s2 s4 s7
different s6 sl sb5 s6 s7 s2
different s3 sb s7 s3 s4 sl
different s6 s8 sl s6 s2 s7
different s5 s6 s7 sb s4 sl
different s2 sl s3 s2 s5 s8
different s8 s4 s5 s8 s6 s3
different sl s2 s6 sl s7 s3
different sl s7 s3 sl s8 s5
different s3 s8 s4 s3 s5 s6
different s5 s6 s2 sb s8 sl

& New stimuli presented on the test display areoiial.b



Table D.2

D. Materials used in Study 3 (cont.)

List of stimuli (colours, c1 to c8) presented indst and test displays
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Stimuli in study display

Stimuli in test dispfay

Trial type 1 2 3 1 2 3
same s6c2 s6c5 s6c2 s6c5
same s4c4 s4c7 s4c4 s4c7
same s6c6 s6¢c8 s6c6 s6¢c8
same s7c3 s7c4 s7c3 s7c4
same sdc4 s4c8 s4c4 s4c8
same sbcl s5c3 sbcl sb5c3
same s3c2 s3c6 s3c2 s3c6
same s8cl s8c6 s8cl s8c6
same s2¢c5 s2c7 s2c¢c5 s2c7
same slc2 s1c8 slc?2 slc8
different  s4c3 s4c2 s4c3 s4c4
different  s2c5 s2c3 s2¢c5 s2c6
different sl1c8 slcl slc8 slch
different  s3c5 s3c4 s3c5 s3c2
different s8c4 s8c6 s8c4 s8c3
different  s7c5 s7c6 s7¢c5 s7¢c8
different  s5cl s5c4 s5cl s5c7
different  s6c2 s6c7 s6c2 s6¢c8
different  s8c8 s8c3 s8c8 s8cl
different slc3 slc6 slc3 slc7
same s5c¢c7 sbc2 s5c3 sbc7 sbc2 s5c3
same slc8 slc4 slch s1c8 slc4 slch
same s2c8 s2c¢c5 s2c7 s2c8 s2c¢c5 s2c7
same s4c6 s4cl s4c4 s4c6 s4cl s4c4
same s8c2 s8c5 s8c6 s8c2 s8c5 s8c6
same s3c8 s3c2 s3c4 s3c8 s3c2 s3c4
same s6cl s6c3 s6¢c8 s6cl s6c3 s6¢c8
same s7c2 s7c4 s7cl s7c2 s7c4 s7cl
same slc3 slc6 slc2 slc3 slc6 slc2
same sbc7 sb5ch sbcl sbc7 sbch s5cl
different  s3c6 s3c2 s3c7 s3c6 s3c4 s3cl
different  s8c8 s8c4 s8cl s8c8 s8c7 s8ch
different  s6c8 s6ch5 s6c3 s6c8 s6c4 s6c6
different  s2c5 s2c4 s2cl s2c5 s2c2 s2c3
different s4c4 s4c6 s4c’ sd4cd  s4c3 s4c8
different s7c3 s7c4 s7¢c5 s7c3 s7c8 s7c6
different  s6c2 s6c4 s6c7 s6c2 s6¢h s6c3
different  s8c7 s8c8 s8c4 s8c7 s8cl s8c6
different  s5c6 s5ch sbc7 sbc6  s5c3 sbc2
different s7c8 s7c3 s7c¢c6 s7c8 s7c¢ch s7c7

& New stimuli presented on the test display areoiil n each trial, the shape 'sx'

remained constant.



Table D.3

List of stimuli (shape-colours, fxcy) presentedgsindy and test displays

D. Materials used in Study 3 (cont.)
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Stimuli in study display

Stimuli in test dispfay

Trial type 1 2 3 1 2 3
same s2cl s4c7 s2cl s4c’
same slc6 s8c8 slc6 s8c8
same s3c4 s6c3 s3c4 s6c3
same s6¢ch5 sbc2 s6c¢ch sbc2
same s6c7 s3c8 s6c7 s3c8
same s4c5 s7c2 s4ch s7c2
same s8c4 s3c7 s8c4 s3c7
same s7cl s2c4 s7cl s2c4
same slc7 sbc6 slc7 s5c6
same sb5c3 s2c8 s5c3 s2c8
different s7c7 s3c5 s7c5 s3c7
different  s3c6 sbc4 s3c4 sbc6
different  s7c3 s6¢c8 s7c8 s6c3
different slc2 s3cl slcl s3c2
different  s8c7 s7c8 s8c8 s7c’
different  s3c2 sbch s3ch5 sbc2
different  s2c5 sbc7 s2c7 sbch
different  s6c6 s4cl s6cl s4c6
different  s8c3 s6c4 s8c4 s6c3
different sl1c8 s8c6 slc6 s8c8
same s8c3 s4c5 s5cl s8c3 s4c5 s5cl
same slc8 s6c2 s8c4 slc8 s6c¢c2 s8c4
same s2c3 s6cl s4c8 s2c3 s6cl s4c8
same sbc4 s7c3 s2cl sbc4 s7c3 s2cl
same s7c7 s8c6 s3c2 s7c’ s8c6 s3c2
same s6¢ch s2c7 s8c8 s6ch s2c7 s8c8
same s5¢ch s3c6 s8c2 sbch5 s3c6 s8c2
same s2¢c2 slc6 s4cl s2¢c2 slc6 sdcl
same sdc4 s8c7 s2c8 s4c4 s8c7 s2c8
same s4c3 s2ch s3c8 s4c3 s2¢ch5 s3c8
different s7c4 s8cl s3c3 s/7c4  s8c3 s3cl
different  s5c3 s7c¢c5 s4c6 sbc3  s7c6 s4c5
different s3cl sbc7 s7c6 s3cl s5c6 s7c’
different s7c4 s2c8 s8c7 s7c4  s2c7 s8c8
different  s6c3 slc4d s2c6 s6c3 slc6 s2c4
different  s3c7 s7cl s4c6 s3c7 s7c6 s4cl
different  s5c8 s6c2 s4c3 s5c8 s6¢3 s4c2
different  s5c6 slcl s4c2 sbc6 slc2 s4cl
different  s7c8 slc2 s4c7 s7¢c8 slc7 s4c2
different s3c4 s6c6 slch5 s3cd4 s6ch slc6

& New stimuli presented on the test display areoiial.b
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