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Attention Deficits in Dyslexia

Abstract

Both attentional difficulties and rapid processihgficits have recently been linked
with dyslexia. We report two studies comparing gregformance of dyslexic and control
teenagers on attentional tasks. The two studies Wased on two different conceptions of
attention. Study 1 employed a design that allows@e key components of attention —
focusing, switching and sustaining — to be inveddd separately. One hypothesis under
investigation was that rapid processing problenns particular impaired ability to switch
attention rapidly - might be associated with dysekowever, although dyslexic participants
were significantly less accurate than their costial a condition where they had to switch
attention between two target types, the naturdefdeficit suggested that the problem was
not in switching attentioper se Thus, in Study 2, we explored an alternativerprigtation
of the Study 1 results in terms of the classic capdimited models of ‘central’ attention.
We contrasted two hypotheses: (a) that dyslexicagers have reduced cognitive resources
versus (b) that they suffer from a general impairme the ability to automatise basic skills.
To investigate the automaticity of the shape reitmgn component of the task a similar
attention paradigm to that used in Study 1 was ewyeul, but using degraded, as well as
intact, stimuli. It was found that stimulus degréola led to relatively less impairment for
dyslexic than for matched control groups. The tssslipport the hypothesis that dyslexic
people suffer from a general impairment in theigbib automatise skills — in this case the

skill of automatic shape recognition.

Keywords: attention, attention shifting, attentideficit hyperactivity disorder, dyslexia,

learning disability, rapid processing, automatmatiresources



Attention Deficits in Dyslexia

Introduction

Developmental dyslexia was defined by the World dfation of Neurology (1968) as “a

disorder in children who despite conventional class experience, fail to attain the
language skills of reading, writing and spellingnooensurate with their intellectual

abilities”. The DSM IV (American Psychiatric Assation, 1994) diagnostic criteria for the
diagnosis of ‘reading disorder’ includes “readirghi@vement, as measured by individually
administered standardised tests of reading accunacgmprehension, is substantially below
that expected given the person’s chronological ageasured intelligence, and age-
appropriate education”. Dyslexia is thought to eiffaround 4% of the population (Badian,
1994; Jorm, Share, Maclean and Matthews, 1986).

The dominant cognitive level analysis of dyslex#s fior many years now been in terms of a
phonological deficit (see e.g. Snowling, 1987; 8tach, 1988; Vellutino, 1979). However,
more recently, alternative theories have been pmegowhich, although consistent with
phonological problems, also suggest problems ooatside the phonological domain (see
e.g. Fawcett and Nicolson, 1994 for an overview)atldition, for many years there have
been reports of attentional problems in dyslexias la common clinical observation that
dyslexic children can have difficulty ‘keeping amadk’ (Augur, 1985). Furthermore, it has
been estimated that around 15% of children withledya also have attention deficit
hyperactivity disorder (ADHD) and around 36% ofldhen with ADHD are estimated to
have dyslexia (Shaywitz, Fletcher and Shaywitz4)99

One of the difficulties in distinguishing betweerfferent cognitive level accounts of
dyslexia arises from a lack of wide-ranging dataudtihe cognitive symptoms. Much of the
cognitive research has focused either on the pbgieal or literacy performance (in which
the extant theories make similar predictions), ar aspects of sensory processing. The
objective of the studies reported here was to iy&® the performance of dyslexic
teenagers on attention tasks, with the intentidiir$b establish which components (if any) of
attention cause difficulties for them, and thercemsider the implications of these findings

for the theoretical understanding of dyslexia.

Theoretical approaches to attention

One of the difficulties in studying attention isathit is a concept that is easy to grasp

intuitively but difficult to define or test objestly. Though attention is a central and seminal
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concept in cognition, there is no completely acegphodel of its components or processes,
and little consensus as to how they should be iiteoht Early work (e.g., Norman, 1968;
Kahneman, 1973) originated from Broadbent’'s con¢&@b8) that attention was a method of
coping with the limited ‘capacity’ of the human anfmation processing system — a means of
directing ‘resources’ to key tasks. However, follogya series of critiques of the capacity
concept (Allport, Antonis and Reynolds, 1972; Navd®84), this unitary resources
framework was largely replaced by new ones attergpto distinguish between different
components of attention (e.g. Posner and Petet880; Mirsky, Fantie and Tatman, 1995).

It should be noted that the ‘resources’ and compaleframeworks of attention might be
seen as complementary rather than competing, Wghesources framework being seen as a
cognitive level description of the effects of preseg load on ‘focus’ and ‘sustain’
components of attention. In most cognitive tasksdtiferent components of attention work
seamlessly together. In reading, attention haseteviitched and focused alternately whilst
moving fixation from word to word. It may therefobe, for example, that the established
deficit in dyslexia in speed on the rapid autonetisaming tasks (Denckla and Rudel, 1976;
Wolf and Bowers, 1999), in which the subject hasdame a card full of common pictures or
colours, arises not from a problem in either foegsor maintaining attention, but a slower

speed of switching attention.

In a long-established approach to developmentalerligs Nicolson and Fawcett (1990)
established that dyslexic children suffered fromgklaof automaticity even outside the
language domain (and hence needed to input greaseiurces’ in order to achieve normal
performance on many tasks). In a recent articlim journal (Nicolson and Fawcett, 2000)
they demonstrated how the automatisation defiaibant provides an excellent cognitive
level description of most of the symptoms of depetental dyslexia. The automaticity
framework is also espoused by Hazell et al (1988) suggested that children with specific
learning disorders (significantly lowered readiagthmetic or spelling score) might have a
deficit in innate automatic processing. As theynpaut, ‘It is not difficult to imagine how

such an impairment might affect the capacity torexdty identify some letters, numbers,

symbols and perhaps even words’.

Interestingly, the automatisation deficit hypotisesias put forward before the componential
approach to attention was established. Consequeatlyimportant theoretical issue is
whether well-established problems in automatisatioight in fact derive from some

component of the attentional system, or indeed kdretome specific component of attention
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is impaired in dyslexic people in addition to thdifficulties with automatisation. To our

knowledge, no researcher has ever undertaken ensgst analysis of componential and of
central attentional (resources) processes in digsl@ke automatisation deficit account holds
that the problems arise within ‘central attentioBy contrast, a number of alternative
formulations, in particular those involving somendkiof sensory processing deficit, might
predict problems relating to specific componentsatiention, for example the speed of
switching attention. Consequently, in Study 1 wedus simple ‘componential’ analysis,

looking at switching, focusing and maintaining atien.

Although Posner’s ‘componential’ framework is tygllg investigated using spatial cueing
tasks, there is already intriguing evidence thalekic people may have abnormalities in
spatial attention (e.g., Facoetti, Paganoni andi¢sww, 2000). Thus, in order to avoid any
potential confound from anomalies in spatial atemtwe decided to use a task in which no

eye movements were required, with only one itensgmeed, centrally on the screen.

Given the length of this paper, and the compleaftyhe issues studied, we consider it may
be valuable to precede the detailed accounts dfiodetnd findings with an overview of the

findings and the design logic of the two studiesbtlief, results from Study 1 suggested that
the attention switching mechanism appeared to bekiagp normally in dyslexia, but that

dyslexic participants were nevertheless adversiécted by continual target switches. We
concluded that the problem must instead arise mrakattention. In an attempt to establish
the underlying cause of this problem, we devisedi®, which allowed two hypotheses to
be distinguished: (a) that the central attentiabf@m arises from lower general capacity (the
resource limitation hypothesis); and (b) that threbfem arises from an automatisation
deficit. The results of Study 2 favoured the lattgpothesis. The combination of studies,
investigating attention both from a componentialrspective and from a resources

perspective, is unique in the dyslexia literature.

Introduction to Study 1

Three key aspects of selective attention are;tglidi sustain attention over a period of time,
ability to attend selectively to one stimulus, aadallity to shift attention at will from one
stimulus to another. A systematic approach to theestigation of potential attentional
deficits in people with dyslexia would examine #heabilities, not just in terms of
performance accuracy, but also in terms of the tooerse of the attentional processes.

Several previous studies have investigated varaspects of attention (and its timing) in
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different populations including children with ADHRnd children with good and poor
reading skills (e.g. Brannan and Williams, 1987 kgn, Ackerman and Oglesby, 1979;
Fischer and Weber, 1990; Hallahan, Kauffman and, B&73; Milberg, Whitman and

Galpin, 1981; Pearson and Lane, 1990; Pelham, 1M8je recently, studies have also
focussed on attention and dyslexia more specificaliguing for differences in attentional
dwell time (Hari, Valta and Uutela, 1999), the spladistribution of visual attention

(Facoetti, Paganoni and Lorusso, 2000), asymmdisicibution of attention over the two
visual fields (Facoetti and Turatto, 2000) and mabc covert orienting and sustained

focusing of attention (Facoetti, Paganoni, Turaitarzola and Mascetti, 2000).

Evidence of deficits in dyslexia in processing sheéming, and speed of stimulus
classification, coupled with evidence of an atiemil deficit, suggest the hypothesis that at
least some of these difficulties could be attriblgato a deficit in rapid orientation and
shifting of attention. In support of this in theasipl domain, Brannan and Williams (1987)
found differences between adults and children \giibd or poor reading skills on Posner’s
spatial cueing task, but only at very rapid SOAse %lso Everatt (1999) for a series of
reviews of visual processes in dyslexia. In additiéacoetti, Paganoni, Turatto, Marzola and
Mascetti (2000) found that dyslexic children didt sthow the expected validity effect on
Posner’'s spatial cueing task at either of the S@/Msch they used to eliciautomatic
orienting of attention (136ms and 238ms), although second experiment foundluntary
covert orientation of attention (at SOAs of 504msl 4000ms) of dyslexic children to be
equal to that of their controls. It is thereforespible, that the processing speed of stimuli in
dyslexic people is normainceattention has been allocated to them, but thatathigation

takes longer than usual.

Experiments presented here tesin-spatialattention shifting and focussing of attention;
attention directed to a particular target in a gaya in which all stimuli are presented
sequentially in the same position. Since it hasils®wn that dyslexic people seem to have
a different spatial distribution of attention (e.§acoetti and Molteni, 2001; Facoetti,
Paganoni and Lorusso, 2000; Facoetti, PaganonLandgso, 2000), using a non-spatial task
precluded this potential confound. Issues addresse8tudy 1 were therefore whether
dyslexic teenagers had deficits in (i) selectiterdton/ focus attention (ii) shifting attention -
in particular rapidly shifting attention; and (iigustained attention. These issues were
investigated using a paradigm developed by Akshdbrand Courchesne (1994) who

identified a specificapid attention shifting deficit in (four out of five)oung patients with
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damage to the cerebellum. Study 1 therefore usesh@dmoff and Courchesne’s (1994)
paradigm to compare teenagers with dyslexia anid toatrols on one ‘shift attention’ and
two ‘focus attention’ tasks. In the focus condisprmparticipants had to respond to a pre-
specified target shape in a constant stream ofadistr shapes (which appear singly in the
centre of a computer screen) whilst ignoring theer. In the shift condition, the participant
had to again respond only to the designated tafggte, ignoring distractors, but in this case
the target shape alternated following each comegponse. Upon a correct response to the
first target shape, the target switched to theradté/e shape, and the first target shape had to
be ignored, and so on. The paradigm is therefongadicular interest in that it provides a
method of dissociating the three different compdsei attention; focus, shift and sustain.
Furthermore, by analysing performance in termshefinhterval between each stimulus and
the time since the previous response was made,obksbff and Courchesne established that
their group of cerebellar patients had a deficlydar the shift attention condition, and then
only for rapid attentional switches (i.e. when thterval time from the previous target was

under 2.5 seconds). Similar analyses were performedr Study 1.

Study I: Method

Participants

Participants were recruited from the UniversitySifeffield’s panel of dyslexic and control
subjects, and had all taken part in experiments @veeriod of some years. All the
participants were white, drawn from social classe®, and 3 (i.e., middle class or skilled
working class), and included both males and femalégarticipants with dyslexia on this
panel were recruited at age 7-10 from a local scfawachildren with literacy problems, via
the local Dyslexia Institute, and via referral frahe British Dyslexia Association helpline.
Criteria for inclusion in the dyslexic panel wetkscrepancy of at least 18 months between
chronological and reading age; together with a $clile WISC-R/WISC Il IQ (Wechsler,
1976, 1992) of at least 90 at diagnosis, withoutvkm primary emotional, behavioural or
socio-economic problems, according to psychologisisorts. Standard scores for reading at
diagnosis ranged from 65-92, mean 78 on the téstmgle word reading (Wechsler, 1993).
There was no selection criteria other than thosdined above — anybody eligible was
included. Control participants were matched withe thyslexic groups overall for
chronological age and IQ, had no previous histdrgeading difficulties, and read at worst
within 6 months of their chronological age. All tie participants therefore had some
experience in experimental procedures and werditamnwith both the surroundings and the

experimenter.
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Two age groups took part in this study, and welsie&r to the 14 and 18 year old groups
with dyslexia as D14 and D18, with the two corrasfing normally achieving groups as C14
and C18 respectively. Psychometric details (sdaleTa) are based on full psychometric
assessments for the participants with dyslexia,séadard short-form 1Q tests (Vocabulary,
Similarities, Block design and Picture completidor) the control participants. These were
obtained around 2-3 years prior to the study, b&ezatiis not good practice to retest 1Q

regularly.

Participants had also all been assessed for dliewdadence of ADHD in accordance with the
Diagnostic and Statistical Manual of Mental Disasde3® edition (DSM IIIR: American

Psychiatric Association, 198%)All participants were screened for ADHD by pasergport
and experimenter’s evaluation. A score of at Iéastut of 14 markers of the disorder is
required for clinical diagnosis. Mean scores fa fnoups are also shown in Table 1. None
of the participants showed evidence for ADHD, ahdré were no significant differences

between the score of the two groups. Only thrabeflyslexic group scored 4 or more on the

DSM-IIl R ADHD scalé.

The groups consisted of fourteen participants (ales) 3 female) with dyslexia and fourteen
normally achieving control participants (8 males, féinales). Table 1 shows mean

reading/spelling age for each group as assesdbd tine they performed this experiment.

However, two younger control participants were ¢aditfrom the experiment (data not
included in Table 1). One of these could not coteptbe experiment owing to apparent
(self-reported) visual problems, another had unlusesults which suggested that he tested
the computer program to its limits by producin@stgfe combinations of responses (e.g. what
happens if the mouse is held down, if | click twiahéring the same trial and so on). These
responses resulted in the stalling of the prograchlead created discrepancies between the

actual and the desired interstimulus intervals.

1 At the time the psychometric data for these piaricts were collected, there was considerable egneabe
UK regarding the specificity of the DSM-IV criterdar attentional deficit (Reason, 1999), and consedly we
used the established DSM-III criteria.

2 These three participants all have severe readifiguities and problems with their memory and anggation.
They all have problems with following instructioasd losing things because their memories are Joew.of
them talk excessively, because they have forgaftemstructions and are seeking clarificationythee easily
distracted because they need to put in extra dfigrstevent themselves failing, and they becomeagrabsed
and fidgety when they do fail.
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All participants were given £3 for their co-opeoati

[TABLE 1 ABOUT HERE]
Design
As in Akshoomoff and Courchesne’s design, thereeleree conditions:
I) Focus condition 1 (350 trials):
TARGET: white ovals (thus: attend shape)
i) Shift condition (700 trials):
TARGET: white ovals and dark blue squagdternately
iii) Focus condition 2 (350 trials):
TARGET: dark blue squares (thus: attend colour)
Akshoomoff and Courchesne’s repeated measuresndegg replicated, except that all
participants experienced the conditions in the samder. This ensured that all participants
had the same experience and that differences betgemips could be more confidently
ascertained. To allow investigation of the timeuieed to either shift attention (in the shift
condition) or re-engage attention after a respoffeeus conditions), four different
interstimulus intervals were used, with trials det@ed following a (pre-determined)
pseudorandom order. Independent variables wereftrer group (dyslexic/ control), age
group (14/18 years), condition (focus/ shift) aimdet since last target (continuous variable:
the wide range of different values were subsequetitlided into various time bins for

statistical analysis).

Procedure
The study was carried out on an Apple Macintosh maer with software designed to
replicate the Akshoomoff and Courchesne proceddéditional analysis software was used

to categorise the results into various time persdse the last correct hit.

In brief, the computer presented a long sequense@ i{3 the focus conditions or 700 in the
shift condition) of shapes (white oval, white arcdark blue square and light blue square)
singly (at a mean rate of just over one per secamd}he screen. Shapes occurred with
different probabilities, with potential target sleap(white oval and dark blue square) being
less frequent (15% probability of occurrence edlhh distractor shapes (35% probability of
occurrence each). Four possible interstimulus waler (ISIs) were presented randomly
between stimuli (200, 400, 600 and 800 millisecon8&muli and ISIs occurred in the same
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pseudorandom order for each participant; the ranasmect of the data was important only to
preclude anticipatory responses to stimuli andreate a variety of time periods between
targets. However, despite the identical sequenctimiuli and ISIs in each condition, in the

shift condition, any misses would result in diffierenter-target intervals for each person.
This is because following a miss to a target, tlmeent target would remain the same rather

than switching, thereby effectively changing thgusnce for each person.

Participants were instructed to ignore non-targats respond to a specified target by
pressing the mouse button. The target differed éetwconditions. In focus attention
conditions, the target remained the same throughwmeitconditions (white oval in focus
condition 1, dark blue square in focus conditionh2rs conditions which could be performed
by attending to shape only and colour only respelt), whereas in the shift attention
condition, the target alternated between two pdgss (white oval and dark blue square). If
targets were missed, then the target remainedaime.sResponses were recorded as hits if
they came within 1000 ms of the target and wer@awkedged as such by a short tone. In all

conditions hits, misses, correct rejections anskfalarms (FAs) were recorded.

Participants were told that the computer wouldHflap various different shapes on the screen
and that depending on the condition, they shouddgthe mouse as fast as they could when
they saw a particular shape. No specific instruntivere given on the relative importance of
speed and accuracy. They were then given a 1Opiréadtice for the first condition which
took them through the whole procedure and gave ttieect feedback (“well done”, “that
was the target, you missed it” and so on). The reaperiment followed the same procedure
except that the stimulus durations and interstisuttervals were shorter than in the practice
(as detailed above) and that the only feedbackavsisort tone from the computer when a
target was correctly detected. The first focus doyd followed, in which participants were
asked to respond to white ovals only. A 20 triagpice for the shift condition followed the
first focus condition (longer in order to ensureatthparticipants fully understood the
procedure). It guided participants through the whptocedure with comments like “Well
done. Now the target switches to the dark blue judhe shift condition then followed
after a reminder of the instructions to responddtok blue squares and white ovals
alternately. Finally the second focus practice amhdition were presented in which
participants were asked to respond to dark bluareguonly. The whole experiment lasted
around thirty minutes. There was no objective pdoce employed to ensure that the children

were watching the sequence, although the expereneratched each child perform the tasks.

-10 -



Attention Deficits in Dyslexia

The software was a close replication of Akshoonasftl Courchesne (1994). Differences
included: (i) Increased probability of a targetrsilus (15% instead of 12.5%), (ii) Increased
duration of all stimuli (250 milliseconds instead5® milliseconds), (iii) Different ISls, (iv)
350 stimuli were given in a single block in the dscconditions and 700 in the shift
condition, rather than splitting conditions intdheir 5 or 10 blocks of 80 stimuli, (v) Main
experiment trials were not dependent on any suaegssin the practice trials, (vi) A short
tone indicated a correct hit and a reminder to @dwib the other target, (vii) The focus
conditions were not counterbalanced, (viii) Respsnesounted as hits if they came within
1000 milliseconds (instead of 200 to 1400 msec#h@target, even if subsequent shapes had
been and gone at that point, this alteration froenAkshoomoff and Courchesne procedure
therefore reduced the risk of counting FAs as &itd we felt that it was appropriate since
participants with cerebellar damage might be exgmktd have severe motor impairments
which we would not expect in our samples, (ix) Adsimoff and Courchesne’s analysis used

percentage correct hits rather than a d' measwaecoifracy.

Analyses

A critical component of the Akshoomoff and Couraeslesign was the analysis in terms of
the time since the last target was hit. For instant the shift attention condition, if a target
appeared only 1 second after the previous targeh & rapid attention shift was required to
detect both correctly. In the present experimenerfgrained temporal analyses were
performed using 8 time bands (zero to 1, 1-2, 2637. and >7 seconds). Due to the random
aspect of the target order, the random interstisultervals, and the individual differences
between successfully detected targets, the tinee ghre last correct hit for each trial is not a
member of a discrete set of values. Akshoomoff @odrchesne chose to divide their scale
into five time bands in order to examine accuracyg apeed of attention shifting in their
participants. In their analysis, rapid attentibiftsng was defined as ‘from 0.4 to 2.5 seconds
since the last target’. Other time bands used w&&4.5, 4.5-6.5, 6.5-10.5 and 10.5 to 30
seconds. We wanted a finer tuned analysis, witlalhlgy to examine rapid attention shifting

in a shorter time period than 2.5 seconds

To perform this analysis, for each participant tinge since the last correct hit occurred was
calculated for every stimulus regardless of thepaase. Stimuli were then categorised

according to the time since the last hit. The propos of hits and FAs for each time
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category were then calculated for each person . pftyeortion of hits refers to the probability
of a hit given a target (i.e. the number of hitgidizd by the number of possible hits); ideally
100%. The proportion of FAs refers to the numbeFA$ given a non-target (i.e. the number
of FAs divided by the number of possible FAs); ile@%. This information was used to
obtain the d' measure of accuracy (from signal diiete theory for each time category by
finding the z-value for each proportion (a negatwadue for proportions under 50% and a
positive value for proportions over 50%). To cadtald’, the z-value corresponding to the
proportion of FAs was subtracted from that of theportion of hits. Hit latencies were

analysed in the same time categories.

Results

As noted earlier, each participant undertook tloaeditions, two ‘focus attention’ conditions
and one ‘shift attention’ condition. Three-fact@peated measures ANOVAs were carried
out on each condition separately to investigatefdlo®ors of group, age, and time since last
hit. The dependent variables of accuracy (d') &aattion time (s) were analysed separately.
We recommend employing a degree of caution inritexpretation of results from this study,

particularly with regard to null effects, since sdensizes were relatively small.

Accuracy

For each condition, mean accuracy data and the mearentage of hits and FAs are
presented in Table 2. It may be seen that the bvpesformance accuracy was high,
especially for the D18 and C18 groups.

[TABLE 2 ABOUT HERE]

a) Accuracy in focus attention conditions
Figure 1 shows the mean group accuracy on focuditbmm 1 (attend shape). It can be seen

that dyslexic performance is slightly lower thamtol performance. However, accuracy in
focus condition 1 did not produce a significantfetiénce between groups:({=2.80) and
there were no significant group-by-age ; #£0.44) or group-by-time (Fes=1.18)
interactions. Figure 2 shows the mean group acguwadocus condition 2 (attend colour).
Similarly, there was no group effect;(=0.32), and no group-by-age:(Jz=0.27) or, more

3 Using the standard formula (Swets, 1964): d' ¥e(Target) - Z (Yes/ Non-Target).This dheasure is
technically a measure of sensitivity, taking inbec@unt hits, misses and FAs. We use the term acgliere in

-12 -



Attention Deficits in Dyslexia

crucially, group-by-time (F165=1.125) interactions in this condition. Howevererd were
significant main effects of age in both focus cdiedis 1 and 2, with the younger groups
being less accurate than the older groups4#£19.61, p<0.001 andik+~ 4.93, p<0.05
respectively).

A further set of three-factor ANOVAs (group, agedashape of stimulus as independent
variables and the number of FAs made as the dependeable) were carried out in each
condition to investigate the cause of the age &fféather. In focus condition 1, a highly
significant main effect of shape was found f&17.75, p<0.0001), suggesting that FAs were
not randomly allocated amongst the four shapes ANOVA also elicited a trend towards
an effect of age (+~4.06, p=0.06) and a significant age-by-shape acten (F 45=5.74,
p<0.01). Such effects of age were not found inegithf the other conditions. Analysis of the
FAs for each shape suggested that the age effestpasdicularly apparent in the focus
condition 1 because the younger participants wereerikely than the older ones to respond

to white circles instead of white ovals.

[FIGURES 1 AND 2 ABOUT HERE]

b) Accuracy in the shift attention condition

In contrast to the focus conditions, in the shafihdition there was a significant main effect of
group on accuracy (R~ 5.20, p<0.05), with dyslexic participants haviogver accuracy.
Although an age trend also emerged(E 3.52, p<0.1), with younger participants beingles
accurate (see Table 2), there were no significemigby-time or group-by-age interactions
(F7.16=1.60, n.s., F24~= 2.01, n.s.; see Figure 3). The lack of any groyqime interaction in
either the shift or the focus conditions suggesked any differences between dyslexic and
control groups were not due to either rapidly &mft(in the shift condition) or rapidly re-

engaging (in the focus conditions) attention.

However, our dyslexic groups had slightly highéo(igh sub-threshold) ADHD scores (n.s.)
and, in the younger age group, slightly lower 1Qrss. It was therefore of interest to attempt
to exclude effects of these differences from thergeoup effect found in the shift condition.
To do this, the same ANOVA as above was performmetuding ADHD and IQ scores as

covariates. Whilst ADHD score did not account fosignificant amount of variance in the

order to avoid any possible confusion.
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model (k 27=2.52), the effect of IQ was significant;(f= 8.65, p<0.01). An investigation of
this effect showed a strong positive correlatiotween mean performance on the shift
condition and 1Q score. The effect of group wasuced to a trend ¢=3.14, p=0.09) -
likely to be partly due to removal of covariateeetls and partly due to loss of degrees of
freedom from the analygisThe group-by-age interaction was also enhancesigtaficance
(F1276.31, p<0.05), reflecting the smaller differenaween the young and old dyslexic
groups compared to their controls.

[FIGURE 3 ABOUT HERE]

Reaction Times
Mean RTs are shown in Table 3. It may be seen ttiatgroups with dyslexia did have
slightly longer mean RTs than those of the nornehieving groups in all three conditions.
These differences were significant only in the tskiftention conditions, although this
dissociation may at least in part been due to Gc&tatistical power. Separate three-factor
repeated measures ANOVAs were again performed ah eandition separately to
investigate the factors of group, age, and timeesiast hit on RT. Some participants’ RT
data could not be fully analysed, however, due tssing data points where they had not

made any hits at all in a particular time category

[FIGURE 4 ABOUT HERE]

4 |t should also be noted that since, admittedyg)akic groups did have higher ADHD scores tharntris,
covarying for effects of ADHD may have also remogedhe of the main group effect. Since this expeanime
was not designed to examine sub-threshold efféd®biD it is thus difficult to dissociate effect$ group and
effects of sub-threshold ADHD symptoms with anygis®n — a more complex design would be requirediato
this.

S This occurred particularly in focus condition sgibly owing to either fewer possibilities in tliendition

because of the random aspect of the time period#y practice effects (so that participants wererazdly

responding to more targets in the second focusitony It is therefore possible that the participawith the

lowest accuracy were omitted from the hit latenoglgsis. The fact that the F value changes vettg litetween
the two focus conditions, however, despite thedangrease in included subjects (as can be sedrelgegrees
of freedom), suggests that this factor had litffect on the results. Because of this difficultydahe similarity

of each person’s RTs in each condition, it was alsiopossible to perform a four factor ANOVA (inding the

factor of condition) on the data due to singulaiityhe data.
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a) RT in focus attention conditions

Analyses revealed that, although dyslexic groupks Rere slightly slower, group RTs were
not significantly different in focus condition 1 ,(R=2.71, n.s.), and that there were no
significant group-by-age interactions; =0.03) or main effects of age;(F= 1.72, n.s.).
Similarly, there were no main effects of group {E2.87, n.s.) or group-by-age interactions
(F1,23= 0.00) in focus condition 2. A main effect of agje emerge (E2= 5.76, p<0.05),

with younger participants being slower than oldees

b) RT in the shift attention condition

In the shift attention condition, there was a digant main effect of group on RT {k=
6.67, p<0.05), with the normally achieving grougearding faster RTs. There were no
group-by-age or group-by-time interactions, or meififects of age (F2=0.00, 7 1540.98
and k.= 2.64 respectively). Covarying for IQ and ADHD léal an enhancement of the
main group effect (F,=9.65, p<0.01), but no other effects were significa\s a factor in
the model, ADHD showed a trend towards significafige~=3.21, p=0.08).

[TABLE 3 ABOUT HERE]

Sustained Attention

It was considered whether the lower performandadefgroups with dyslexia could be due to
boredom factors and increased difficulty in sustejrattention over the 15 minutes required
by the shift attention condition, in contrast te tih or 8 minutes required by each focus
condition. In order to ensure that differences leemvgroups’ accuracy was due to difficulty
with the task itself, rather than any difficultyrfthe group with dyslexia in being unable to
keep attention on task for the time period, we cara@ groups’ performance over the first
and second halves (first 350 stimuli and second f2B0uli) of the shift attention task. For
this a four factor ANOVA was used; investigatindgeefs of group, age, time since last hit
and half (first or second). Again, the main effeftgroup was significant (=5.16,
p<0.05). There was also a highly significant effetchalf (F »=10.18, p<0.01) (with lower
accuracy in the second half), but no group-by-hakraction (f.=0.001, n.s.). Figure 4
shows the ‘group-by-half’ interaction diagram. #ncbe seen that the groups with dyslexia
have lower accuracy than the control group in Watlves, both groups have lower accuracy
in the second half, and (as reflected by the Fevalhich is very close to zero) that there is no

suggestion of interaction between group and half.
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Further analyses
It has also been suggested that groups with ADHRwshreater impulsivity and inability to
withhold responses (Barkley, 1994). More recentdence (Moores and Andrade, 2000)
suggests that teenagers with dyslexia do not hdfreutty inhibiting a response which has
already been initiated. However, we neverthelessidered whether difficulty in inhibiting a
response could be an influencing factor on our lt®sdespite none of our participants
showing significant evidence of ADHD. A post-hocabysis of the number of FAs (only)
made in the shift attention condition did revean#icant group differences {;~8.09,
p<0.01), with the groups with dyslexia producingrend-As than their controls, but the
numbers involved were small (2.4% vs. 1.0% of ttaltnumber of trials in that condition;
see also Table 2). Furthermore, mean FA latenaéated that in focus condition 1, the
shift condition, and overall (though not in focusndition 2), the group with dyslexia had
slightly slower FA latencies than their controls 1(f=5.26, p<0.05 in the first focus
condition, F 17=0.008, n.s. in the second focus conditionps~=1.96, n.s. in the shift
condition). This suggests that FAs were not caulgdimpulsivity, tallying with the
experimenter’s impression that the participanthwliyslexia were not particularly impulsive
and did not have difficulty withholding their ress®s. Overall, the evidence suggests that
any FAs that the group with dyslexia did make omed above their counterparts were

unlikely to have been due to any inability to witkdhresponses.

Discussion of Study 1

Comparison of the focus attention and shift attentionditions revealed dissociation. For the
focus attention tasks the performance of the ndynzahieving adolescents and those with
dyslexia was not significantly different in termeather accuracy or speed. By contrast, for
the shifting attention task, performance of theugowith dyslexia was significantly worse in
terms of both accuracy and speed. On the basisspfitahalf analysis of the shift attention
condition, there was no evidence for a sustainddn@bn deficit in dyslexia. This
dissociation between shifting and focused attentmsks is an important finding, albeit
perhaps somewhat difficult to interpret, not ldastause it may have been at least partly due
to relatively small sample sizes and a lack ofigtiatl power hiding real differences in focus
conditions. Nevertheless, we still considered ierniesting that a more statistically reliable
effect could be found under shift conditions —raling not originally hypothesized — and it
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was on the basis of this difference that Study 2 wadertaken. Whilst the findings do
support -at least to some extent- an interpretatrorterms of difficulties with more
attentionally demanding tasks, the attention stgftieficit found was not specificallyrapid
shifting deficié, and there are many reasons to believe that tidafuental problem was not
in shifting attention at all and could be betteplained by a problem in ‘central’ attention,

rather than the componential approach we initiatlyisaged.

In terms of a capacity model, the shift attentiondition is obviously more complex than the
focus attention conditions and therefore requiresremattentional resources. The shift
condition differs from the focus conditions in th@t the current target has to be kept in
memory and (ii) the target has to be changed &&eh correct hit. The pattern of data
suggests that changing the target is not a proliéerthe dyslexic groups — performance in
rapid shifting conditions is equal to that of catdr Maintaining the current target in
memory, however, whilst also performing the same&ea®n task required in the focus

conditions, does appear to be problematic.

As already briefly discussed in the introductiohg tDyslexia Automatisation Deficit
Hypothesis (Nicolson and Fawcett, 1990) proposas dlgslexic children have difficulty in
‘skill automatisation’ for any skill, motor or coijive, but that for most skills they learn to
mask their incomplete automatisation by a procds&amnscious compensation’, thereby
achieving apparently near-normal performance, atekpense of greater effort. The DAD
neatly accounts for the difficulty of dyslexic pé®pinder dual task conditions (Nicolson and
Fawcett, 1990; Yap and Van der Leij, 1994), propgsihat because the first task is not
performed automatically, there are fewer remainggpurces to perform the second. In the
present experiment, the shift condition could bestered a dual task, in that it requires all
the skills required in the focus condition, plus gwitching and maintenance of the current
target in memory. Thus, if some component of theiddocus attention task is not
automatised in dyslexic groups, available resouregsired to perform the extra components
of the shift condition are likely to be scarce. TBAD framework derives from seminal
research by Shiffrin and Schneider (1977; Schnegtel Shiffrin, 1977). On the basis of
long-term training studies on a visual search télsky made a key theoretical distinction
between automatic and controlled processing. Aatanprocessing develops as a result of

extensive practice with consistent stimulus-resporedations, is not limited by working

8 |t should be noted that the current experimensdu rule out an attentional switching deficittwitwell
periods of much less than a second — see Haria\dald Uutela (1999).
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memory capacity or by attention, and is charaadrias fast, inflexible and difficult to

suppress or unlearn once learned. By contrast,raltatt processing occurs in novel

situations, or in situations where the stimulugpogse mappings have not been sufficiently
consistent to foster the development of automatcgssing. It is characterised as flexible,
capacity limited, attention-demanding, slow andaseBtudy 1 results would therefore not be
at odds with this hypothesis, assuming a deficieitmer automatic shape recognition or
automatic responding, for example. Thus, rathen thdissociatioper sebetween focus and

shift attention conditions, the apparent differefeween groups would reflect an effect
based on an automatisation difficulty common tchbmmnditions, yet more troublesome in a
condition requiring more resources. Study 2 thesfpught to examine further the idea of

an automatic shape recognition deficit in dyslexia.

However, logically there are two alternative hymstls for an apparent resources deficit in
dyslexia. Hypothesis 1 (GRD) is that there is ittlaggeneral resources deficit, and dyslexic
groups just have fewer resources available fortasl. Hypothesis 2 (DAD) is that dyslexic
groups have an automatisation deficit for at lessshe skills, and so these require more
resources than normal for their execution, but thyastexic people have an equal amount of
resources overall. Consequently, if a non-autoredtskill is under investigation, increasing

task complexity will reach the resource ceilingaler for dyslexic groups.

Study 2 was therefore designed to distinguish betw&e two hypotheses. It rests on the
following assumptions: first, task performance vgillffer a qualitative change when either
performance changes from automatic to controlledcgssing (cf. DAD) or when the
resources ‘ceiling’ is reached. Otherwise perforceawill decrease in a generally linear
fashion with task difficulty. Second, degraded siinare processed in a less automatic way
by both groups. Under these assumptions, if dedratienuli are used the two hypotheses
make opposite predictions. DAD predicts a markemtataent for the controls but not for the
dyslexic participants (since the latter are alrepdycessing the stimuli non-automatically).
By contrast, the GRD hypothesis predicts a relgtigreater deficit for the dyslexic
participants than the controls, since the former @ready at, or close to, their resource

ceiling.

Consequently the above focus/ shift attention pgradwas enhanced by using visually

degraded stimuli in addition to normal visibilityirauli. Degraded stimuli require more
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attentional capacity to process and therefore hla@eoroperty that they use more resources
and prevent shape recognition occurring automaticdlhe GRD hypothesis would therefore
predict a group-by-visibility interaction in onerelction (participants with dyslexia would
have worse performance in degraded conditions wakentrols can cope with the
degradation) and the DAD hypothesis in the othexation (controls are affected more by the
degradation since it precludes automatic performariche shape recognition component of
the task).

Study 2: Method

Method

Participants
Psychometric data (means and ranges) for the famupg of participants are shown in Table
4. Participants were obtained from the same panhelsad in Study 1. Two age groups took
part in this study, and we shall refer to the 18 &8 year old groups with dyslexia as D15
and D19, with the two corresponding normally aciigvgroups as C15 and C19
respectively. The groups consisted of fourteeni@pants (13 males, one female) with
dyslexia and fourteen normally achieving contrattipgpants (6 males, 8 females). Nineteen
of the participants had previously taken part indgt1l around one year earlier. Table 4
shows mean reading/spelling age for each groupsssaed at the time they performed this

experiment.

All participants were given £5 for their co-opeoati

TABLE 4 ABOUT HERE

Design
There were four conditions:
1) Focus condition normal (250 trials):
TARGET: triangles
i) Shift condition normal (500 trials):
TARGET: triangles and circlesdternately
iii) Focus condition degraded (250 trials):
TARGET: squares
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iv) Shift condition degraded (500 trials):
TARGET: squares and diamoralgernately

A repeated measures design was used, counterbdlanciat half the participants in each
group experienced the degraded conditions (iiiightirst and the other half experienced the
normal conditions (i and ii) first. Focus attentiand shift attention conditions within each
visibility condition were always performed in thanse order (focus first). This design was
used to ensure that any order effects of eithestigeor fatigue were accounted for across

the factor of visibility.

Independent variables were therefore: group (diskexcontrol), age group (1% 19 years),

condition (focusssshift) and visibility (normal/s degraded).

Stimuli
Owing to the possibility of confusion between thealoand the circle in the previous
experiment (which replicated more closely the Akshoff and Courchesne (1994)
procedure), 4 new shapes were chosen: triangleysgcircle and diamond. All stimuli were
of the same colour (grey) so that in degraded ¢mmdi the shapes could not be recognised
by colour alone. The degraded shapes were creatttoh whe Hypercard environment;
initially by a random pixel removing procedure $mitthe shapes were made up of dots,
rather than solid, and finally by removal of remiagnedges (using the eraser). Pilot work had
established that the degraded stimuli used wererigimable, but only with effort. The

shapes are shown in Figures 5 and 6.

FIGURES 5 and 6 ABOUT HERE

Procedure
The procedure was the same as that used in Stedgept that the probability of potential
target shapes was increased in order to keep thlde¢agth of the experiment similar to that
in Study 1, whilst preserving a similar numberargets. Potential target shapes (triangle and
circle in normal visibility conditions, square adihmond in degraded conditions) now had
20% probability of occurrence each whilst distracghapes had 30% probability of
occurrence each. This was possible because tinoe $ast switch was no longer being

investigated. This manipulation obviously had tifect of decreasing inter-target intervals
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whilst ISIs remained unchanged. A short break waerngto each participant between the

different visibility conditions.

The whole experiment lasted around 30 minutes.

Results

The mean probability for hits and FAs are shownTable 5. It may be seen that the
performance overall was good but not perfect, whlhmean FA probability ranging from 2-
6% and the mean hit probability ranging from 77%98%. The resulting d' measures are

shown in Table 6. Mean response latencies are shoWwable 7.

TABLES 5, 6 and 7 ABOUT HERE

Accuracy

The d' measure of accuracy was used as the depewdeable in a four-factor mixed
measures analysis of variance investigating effettgroup (dyslexic/ control), age (15/19
years), visibility (normal/ degraded) and condit{émcus/ shift).

As expected, the effect of visibility was highlygsificant (R 25=12.28, p<0.005), with
visually degraded stimuli leading to lower accuratlge effect of condition was also highly
significant (k 235=20.38, p<0.0005), with shift conditions proving lbe most difficult. In
addition, the main effects of group and age wegnicant (R »:=21.23, p<0.0001 and
F1,5=13.48, p<0.005), with dyslexic and younger grooemg less accurate.

Importantly, a visibility-by-group interaction enged (F 25=8.10, p<0.01). This showed that
whereas control groups became worse in the degradeditions, the dyslexic groups’
performance was impaired to a lesser extent (sgerd-i7). A condition-by-group-by-age
interaction was also significant(fz=4.45, p<0.05), showing that the older controls tresl

largest difference in accuracy between focus aril abnditions, but the younger controls

had the smallest.

Since, as in Experiment 1 we wanted to exclude ntiae confounds of differences in

attention from our results, the same ANOVA as abwas also performed including ADHD
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and IQ scores as covariates. Neither ADHD nor IQescontributed a significant amount of
variance to the model {£;=0.00 and F2;=0.93). and the main conclusions that could be

drawn from the data remained the same.

FIGURE 7 ABOUT HERE

Reaction times

The RT data (Table 4) indicates little apparentedffof group. This impression was
confirmed by a five-factor analysis of varianceastigating the effect of group, age, response

type (correct hit/ FA), condition and visibility dRT. Main effects of group and age were not

significant (F.5=2.08 and F.=0.60Y. The effect of visibility was not significant
(F123=0.15). Effects of response type and condition waghly significant (f23=144.16,
p<0.0001 and £»+=54.88, p<0.0001 respectively), with longer latesdior correct hits than
for FAs and also longer latencies for shift cormtis than focus conditions.

In addition to the significant main effects, theneere two significant interactions. A
response-by-visibility interaction {£=8.20, p<0.01) arose because hits took longeren th
degraded conditions and the FAs tended to be quiekeereas in normal conditions the
differences between FA and correct RTs was lessesfionse-by-condition interaction also
emerged (F»25=88.62, p<0.0001) showing that FA responses tenddze very fast overall,
but particularly in focus conditions, whereas corm@sponses took approximately the same

time regardless of condition.

Discussion of Study 2

In summary, therefore, the main finding from Stidyas a significant group-by-visibility
interaction for response accuracy in which it wesdontrol children, rather than the children
with dyslexia, who were disproportionately affectgdthe visual degradation of the stimuli.
Thus, the result attesting to the hypotheses fai\52 is clear. The hypothesis that increasing
the attentional load necessary to perform a taskdmproportionately affect children with
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dyslexia (a general resources deficit) can be refedyslexic participants were relatively
unaffected by degradation of the stimuli, suggestimat they were performing the shape
recognition task non-automatically even with intsitinuli. We do not consider it likely that
this lack of detriment to dyslexic groups in degradonditions is the result of a floor effect,
since overall performance was still good, with meéaprime values about 2.5 for both age
groups, although we acknowledge that this remainsossibility. The main results are
therefore appear to be consistent with the hypahek an automatisation deficit in the

children with dyslexia.

GENERAL DISCUSSION

The studies reported here investigated the underlgause(s) of attentional difficulties in
dyslexic children. The studies were designed to immige the need for linguistic,

phonological and auditory processing - known diffies of dyslexic children. They also
avoided the need for eye movements, where agaie theevidence of abnormality in some
dyslexic children. The results therefore provideslatively pure index of visual attention in

dyslexia, uncontaminated by known processing diffies.

Study 1 employed a design that allowed three keypmments of attention — focusing,
switching and sustaining — to be investigated sepbt. Stimuli were simple coloured visual
shapes. Overall, in this experiment we failed ttedea deficit in dyslexic participants in the
ability to focus attention or to sustain attentiavijereas a clear deficit was shown in a
condition in which they had to switch attentionveeén two target types. Interestingly, the
deficit was not attributable to problems in rapwdtshing in that, even though the difficulty
arose when attention had to be switched, the tiomseo suggested that the problem
nonetheless occurred in ‘central’ attention Consetly a second study was undertaken in
which an alternative explanation for the switchidgficit was sought by considering a
capacity-limited model of central attention. We tasted two hypotheses: (a) that dyslexic
teenagers have reduced cognitive resources vendubg established hypothesis that they
suffer from a general impairment in the abilityaotomatise basic skills. The visibility-by-

group interaction in Study 2 clearly indicated thathape recognition automaticity deficit in

7 It should be noted, however, that since the nurobparticipants in each group were fairly smdiist
experiment may not have had sufficient power t@mbdy detect all between group effects — null ressshould
therefore be interpreted with some caution.
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dyslexia accounted best for the data and that argeresources deficit was unsuccessful in

doing so.

Thus, the Study 1 dissociation between focus anfi sbnditions can be explained by
dyslexic groups having feweemainingresources to cope in the shift attention condition,
since their shape recognition in neither focus sbift conditions is automatic. The
interaction found in Study 2 can be explained & $hme way — since the dyslexic groups’
shape recognition was not automatic even with tnsienuli, the stimulus degradation
affected their performance less. The findings tloeeeprovide strong support for both the
automatisation deficit account of dyslexia. In soany, even though we set out to evaluate
the componential framework of visual attention, agkably, the results of these studies push
us back towards the complementary ‘resources’ freonle and in particular the
automatisation deficit framework. Considerable itization has therefore been achieved by
these experiments — in particular by the findingat tattention switching and attention
focusing systems appear to be relatively normaldjag as eye movements are not required),

together with the finding that general resourceseapto be normal.

An alternative interpretation of the findings oétpresent study is that automatisation deficits
occur in all modalities, and in all tasks (Nicolsamd Fawcett, 1990). Evidence in support of
this view derives from a series of experiments.(égcolson and Fawcett, 1994) looking at
simple ‘primitive’ skills (visual, auditory, speethemory, motor) that established that the
considerable majority of the dyslexic participahted impairments in all the skills (rather

than merely a subset). The authors subsequentipuaéid the generalised automatisation
difficulties to abnormal cerebellar function (Nisoh, Fawcett and Dean, 1995; 2001), and
have established behavioural, neuroimaging ancoaeatomical evidence directly consistent
with the hypothesis (Fawcett, Nicolson, & Dean, &9Binch, Nicolson, & Fawcett, 2002;

Nicolson et al., 1999). Regardless of the spedifalogical cause, however, Fawcett and
Nicolson (2001) argue that the ‘cognitive level'sdeption in terms of inefficient central

processing provides a parsimonious and plausibl@daeation of the generality of the

symptoms of poor automaticity. In that article ytlseiggest that there may be inefficiencies in
the ‘central executive’ processing system and ardpa¢ although the exact nature and
processes of central cognitive processing remaisivad, it seems plausible that these
processes (probably involving identification of ttenulus, comparison with a stored target

and various decision and response mechanismspseia efficiency and sophistication with
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age and experience. In addition, they postulaté shrece extant data suggest that neither
sensory processing nor motor execution phaseemgalves are intrinsically slow, it is more
likely that the sometimes found slower reactionetsmin dyslexic children are introduced
during the complex central processing stages.dulshbe stressed that this framework is by
no means incompatible with the spatial attentiodelorder proposed by Facoetti and
colleagues. Lack of automaticity in eye movemenitiad will of course lead to apparent
spatial attentional disorders. Such attentionabrdisrs (whether visual, auditory or central)
would in turn lead to less coherent data receivedhie senses, the cerebellum, and the
‘central executive’ and thus might exacerbate aifficdlty in automatising skills, just
because the incoming ‘signals’ are more noisy. SSgdculations can only be resolved by

further careful multidisciplinary research.

In summary, the studies reported here were desigmedvestigate both attentional and
automatisation abilities of dyslexic children. Thesults support the hypothesis that, in
general, dyslexic children have normal attentiopedcesses in terms of sustaining and
switching attention, but that the dyslexic childrarme not able to recognise (some) shapes
automatically. The results therefore provide speafipport for the Dyslexia Automatisation
Deficit hypothesis (Nicolson and Fawcett, 1990)e Tindings provide a number of intriguing

possibilities for further research.
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Group Mean Age | Mean IQ Mean RA | Mean ADHD
(years) (score) (years) (”Or-e ;gg“elfg)oms
D14 14.1(13.2-15.0)| 108 (96-126)| 12.1(8.3-15f 1.29(0-6)
Cl4 14.5(13.8-15.2)| 115(101-124)| 15.1(14.0-17+) 0.17(0-1)
D18 18.3(16.5-20.1)| 117(101-133)| 13.3(14.0-17+) 0.29(0-1)
C18 18.2(17.0-18.8)| 114 (96-122)| 17+(17.0-17+) 0

Table 1 Psychometric mean data for the four groups of stibjRange shown in
parentheses)
" Two of the participants in this group had caughtuith their reading since time of
diagnosis. These were children of high 1Q. Theéllspy ages remained significantly

lowered.
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Condition
Focus 1 Shift Focus 2
Group d' Hits | FAs d' Hits | FAs d' Hits | FAs
D14 | 4.06(0.39) 72 2.3 3.6Q.42 | 74 2.1 5.2%.27| 82 0.4
Cl4 | 446042 | 81 1.8 | 4.0%.45 | 81 1.6 | 5.58.29 | 85 0.1
D18 | 5.53(0.39) 87 1.0 3.88042) | 84 3.2 6.020.27) 91 0.5
Cl18 | 6.44(036 | 93 0.5 | 543039 | 91 0.8 | 6.03025 | 91 0.2

Table 2 Mean proportion (as a percentage) of hits and BAthe four groups of

participants (collapsed over time since last hitlso resulting mean accuracy (d') with

standard errors in parentheses
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Condition
Focus 1 Shift Focus 2
D14 650 (5) 639 (2) 638 (2)
Cl4 596 (4) 584 (2) 603 (2)
D18 609 (4) 604 (2) 589 (2)
C18 543 (2) 549 (2) 556 (2)

Table 3 Mean RTs (ms) of the four groups of participantdlépsed over time since last

hit). Standard errors in parentheses.
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Table 4.Psychometric data for the four groups of participa(range shown in parentheses).

Group Mean Age Mean 1Q Mean RA Mean ADHD
(years) (score) (years) (no. symptoms
reported)
D15 14.6 (13.5-15.2) 113 (96-134) 13.4 (9.3 — 17) 1.0 (0-6)
C15 15.0 (13.8-16.0)| 116 (101-129 16.2 (14.0-17%) 1 (0-1)
D19 19.0 (17.3-20.9)| 115 (101-131 12.8 (9.3-16.0) 3 (0-1)
C19 18.8 (17.8-19.5)| 114 (96-130) 17+ 0.0

"The anomalous score of 17 derives from one dysleiticipant who has been diagnosed

some years previously and had subsequently madptswcal progress in reading.

Nonetheless, his spelling was very poor (spelligg af 11:2 at the time of the study).
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Table 5.Mean percent of hits and false alarms (FA) forfine groups in each of the

conditions. Standard Errors in parentheses.

Focus Shift

Normal Degraded Normal Degraded

Hit FA Hit FA Hit FA Hit FA

D15 892.5) 50.7) 87(2.4) 6(0.5) 8327 50.6) 7702.1 50.5)

C15 892.5) 30.7) 892.4) 4 5) 8%2.7 30.6) 822.1) 45

D19 882.9) 4.8 91,7 40.6) 883.1 50.7) 862.4) 50.6)

C19 983.2) 20.9) 9430 4(0.7) 9134 20.8) 9Q.6) 30.7)
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Table 6. Mean results of accuracy in each of the conditifmmseach of the four

groups(standard errors shown in parentheses)

g
Focus Shift
Normal | Degraded Normal Degraded
D15 2.8(0.24) 2.80.19) 2.60.20) 2.40.09)
C15 3.20.20) 3.10.19) 3.30.24) 2.80.09)
D19 3.00.27) 3.20.22) 2.90.23) 2.80.11)
C19 4.60.30) 3.80.24) 3.70.25) 3.20.12)
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Table 7.Mean results for RT (ms) in each of the conditimngach of the four

Focus Shift
Normal Degraded Normal Degraded
Hit FA Hit FA Hit FA Hit FA
D15 |627u7 |376s3 |65717 |364ss) |606zs) |536s3 | 65%17) |52027)
C15 |59G17) |314ss |61117) |37%ss) |57kzs) |53%s3  |597an | 53koy
D19 [60720) |41Qssy |63820) |31640) |57Qz0) |55Qe1 | 62120y |515a1
C19 [558522 |38y 595871y | 30844 60631) | 48Qs6) 61221y | 47834
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Figure 1. Focus Condition 1. Accuracy as a function of tinmee the last correct hit. Mean

Group Results (standard error bars shown)
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Figure 2. Focus Condition 2. Accuracy as a function of tinmee the last correct hit. Mean

Group Results (standard error bars shown)
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Figure 3. Shift condition. Accuracy as a function of timacsi the last correct hit. Mean

Group Results (standard error bars shown)
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Figure 4. Shift Condition: split-half analysis interactionagjram (standard errors shown).

Mean accuracy (d’) collapsed over time since fagitch
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Figure 5. The shapes used in the normal visibility conditions
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Figure 6. The shapes used in the degraded visibility conatio
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Figure 7.Plot showing the significant visibility-by-groupt@maction (collapsed over age

groups). Standard error bars are shown.
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