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Predictive information in DCD

Abstract
The need for a movement response may often begedd®y some advance information
regarding direction or extent. We examined theitgiolf individuals with Developmental
Coordination Disorder (DCD) to organise a movememesponse to advance information. Pre-
cues were presented and varied in the extent tohathey indicated the response target. Both
eye movement latencies and hand movements werainedasn the absence of pre-cues,
individuals with DCD were as fast in initial handwements as the typically developing (TD)
participants, but were less efficient at correctmgal directional errors. A major difference was
seen in the degree to which each group could usznad pre-cue information. TD participants
were able to use pre-cue information to refinertaetions. For the individuals with DCD this
was only effective if there was no ambiguity in Havance cue and they had particular difficulty
in using predictive motion cues. There were noedédhces in the speed of gaze responses which
excluded an explanation relating to the dynamiacallion of attention. Individuals with DCD
continued to rely on the slower strategy of fixgtthe target prior to initiating a hand movement,

rather than using advance information to set inftiavement parameters.
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Introduction
An intended movement must be parameterized foctine and extent before a response can be
executed. In everyday settings movements are aftede in response to an external cue. For
example computer operating systems routinely dyspég-up dialogue boxes, in random areas
of the screen, which require a response. In humignaction a teacher may point to an object,
and say “use this” or “use that”. Pre-specifyingedtion or providing advance information
regarding the location of a target enables thenaragiing of a movement before a response is
required (Rosenbaum, 1980). Pre-programming movemeithought to increase the efficacy of
the initial distance covered during the ballistartpof a movement (Schellekens, Kalverboer, &
Scholten, 1984). This is thought to reduce the dehiar online corrections, thus speeding up

the movement and freeing processing capacity (Veieb & Geuze, 1990).

The pre-programming of responses in children andtaaged 6yrs, 8 yrs, 10yrs and 22yrs) has
been investigated using valid pre-cues, invalidques and neutral pre-cues (Olivier, Audiffren,
& Ripoll, 1998). Olivier et al. (1998) suggest tiia@m 6 years of age children use pre-cue
information to prepare movements in advance andabkes and benefits of pre-planning a motor
response does not differ with age. Olivier & Ba20(0) looked at 7, 9 and 11 year-olds and
examined control when there were no cues; a doeakipre-cue; an amplitude pre-cue; and a
pre-cue that included both direction and amplitl®le-cueing spatial dimensions of a movement
shortened the reaction time of the hand and thssaMainction of the number of dimensions
cued. Again, Olivier & Bard (2000) found no ageatel differences in the pre-programming of
responses. Van Dellen & Geuze (1990) also demdadtthat children as young as 6 years can

use auditory pre-cues in the pre-programming obs&ement response. This study also
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demonstrated an age related improvement in th@nsgpto advance information from 7 years to
12 years of age (Van Dellen & Geuze, 1990). Bottatlon and accuracy of the initial ballistic
phase of the movement increased with age as dictkave measure of the advantage gained
with precuing. These findings suggest that oldddodn anticipated movement better than
younger children. The contrast in the findings ¢i/i@r & Bard and Van Dellen & Geuze

suggests that the degree of advantage seen irupneggparadigms may be task dependant.

Within the normal population a small proportioncbildren (~5%) present with difficulties in

the coordination of eye and body movements. Thefeitd cannot be accounted for in terms of
an intellectual impairment or identifiable physidédorder (American Psychiatric Association,
1994). This condition has been termed Developménalrdination Disorder (DCD). DCD is
often found to occur in a greater number of matas females (Gordon & McKinlay, 1980).
Children with DCD have problems which manifest ifiiculties with fine motor tasks such as
tracing, writing and fastening buttons, and/oriias$ motor tasks such as jumping, hopping and
catching a ball (Sugden & Wright, 1998). ChildremhaADCD continue to exhibit problems
throughout adolescence and do not simply grow bthiear coordination problems (Losse et al.,
1991). Despite an increasing number of studiessioguon DCD very little is known about the

underlying cause of the movement problems exhibitddCD (see Visser, 2003 for a review).

Wilson, Maruff, & McKenzie (1997) suggested thatldten with DCD have a cognitive deficit
which impairs their ability to use advance inforioat This conclusion was based on the finding
that children with DCD display a difficulty in ugirthe alerting properties of peripheral spatial

cues to prepare motor responses: children with Di@nhot show facilitation to a prolonged
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temporal gap between cue onset and presentat@manfet; and children with DCD showed a
disproportionate increase in manual reaction timéwalid cue trials. Supporting the theory that
children with DCD have an impaired ability to ustvance information, Van Dellen & Geuze

(1988) have shown clumsy children are unable teppaer movements based on auditory cues.

More recently, Mon-Williams et al. (2005) investigd three different cue types using four
target locationsfull cues where target information was unambiguous and onk/target was
cued;partial cues where left or right areas were cued, highlightiwg possible targets andull
cues where cue information was ambiguous and all targeere cued. Adults, typically
developing (TD) children and children with DCD cdeted a series of reach-to-grasp tasks
under these cue conditions. Mon-Williams et al0&20found that adults and TD children
showed a decrease in the reaction time of the farabth the full cue and the partial cue; this
decrease was more pronounced for the full cue oigh the children with DCD showed a clear
advantage when presented with a full cue, the mewetmmes in partial cue conditions were
similar to those in no cue conditions. Consequeittgeems that the children with DCD are not
using partial or incomplete advance informatioplen a response. A partial cue allows the
preparation of a movement to a generalised locatuich is then updated once the exact target
location is known. Mon-Williams et al. (2005) pregeal that “.....it is only worth employing

this strategy if you can make the required cori@usionline and maybe the ‘costs’ of
implementing this strategy is too high for childngith DCD”. This theory, that the ‘costs’ are
too high for children with DCD, is supported byr@yous finding by Mandich, Buckolz, &
Polatajko (2003) who showed that children with Dfoidl it harder to modify planned

movements or to stop the execution of a primed meave.
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Although pre-programming a response can be achiesid a static cue it can also be achieved
using a moving or dynamic cue. A pencil rolling tods the edge of a desk prompts the
preparation of a motor response to catch the moofoject before it drops to the floor. In this
case end target location is not pre-specified antbs to be extrapolated in real-time from the
motion of the cueing object. Previous researchshggested that anticipating and intercepting
location may be a problem in three to five yeardiddren (Bairstow, 1987, 1989) and in
children with motor coordination problems (Bairst&A.aszlo, 1989). Sugden & Sugden (1992)
also suggest that children with DCD can show aifipeteficit in the interception of moving
targets and that this distinct from other movenoamtrol problems. Research by Estil,
Ingvaldsen, & Whiting (2002) has also shown thalidcen with movement coordination
problems show larger temporal and spatial erromnagredicting the final location of a moving
ball, they concluded that this was due to a visuatial anticipation problem whereby more time
was needed to appreciate the direction of the W&l are unaware of any research that has
looked at the utilisation of dynamic cues in cheldmwith DCD; however, we would predict that

these would pose a particular problem for individwath DCD.

The current experiment aimed to extend the researdtatic cues to include directional motion
cues. This study used a wider age range than pewgimdies with participants ranging from 6 to
23 years. We utilized four different cueing corahs: static cues presented peripherally around
the targets (as used by Mon-Williams et al., 2008son et al., 1997); static cues presented
centrally indicating peripheral targets (as used\blgon et al., 1997); predictive motion cues

with 4 possible target locations; and predictivetiorocues with 12 possible target locations.
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The static peripheral cues were used to validatem@thodology, replicating the Mon-Williams
et al. (2005) study. Centrally displayed cues wesed to bridge the gap between peripheral
static cues and central predictive motion cuesddyn cues radiated out from a central position
towards the periphery). By increasing the numbeanjet locations in the predictive motion
cueing condition we forced a higher level of sdairadiction and real-time extrapolation to
determine direction of motion. Within all cueingntiitions we also varied the specificity of the
advance information provided. For static cueingeitfull cue information (target indicated) or
partial cue information (left vs. right side) wasyided. Again this aimed to replicate and
extend the Mon-Williams et al. (2005) study by adesng levels of ambiguity in cue
information. For the predictive motion conditioriktargets were unambiguous, i.e. the
predictive motion always moved towards a singlgdarin order to mimic the cue type (i.e. full
vs. partial) of the static cueing condition we npamated the temporal and spatial aspect of the
motion cues. This was done by presenting a sequardias radiating outwards towards a
target, each dot appeared for 100ms and then diasgqh. The sequence of dots was either made
up of 6 dots (600ms, spatially closest to the trgedots (400ms) or 2 dots (200ms, spatially
furthest from the target). In this way the three types provided a different degree of likelihood
for target specification. The cued conditions wawepared to trials in which no cue was

provided as a baseline performance measure.

The previous contrasting findings regarding theafgare-cues in children may be attributed to
the differences across tasks. Pre-cueing informatresented centrally, that provides direction
information is not directly comparable to cueinghe periphery, which provides location

(direction and extent) information. For this reasaendo not explicitly compare the advantage
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gleaned from central, peripheral and motion cudmg,concentrate on the between group effects

and the level of specificity within each condition.

Another factor where one might surmise that thexddcbe a difference between TD children
and children with DCD is the allocation of attentid\ standard precuing paradigm affords the
covert allocation of attention prior to movementiation. Rizzolatti and colleagues have
presented strong behavioural and neural evidenddda pre-motor theory of covert attention
(Rizzolatti, Riggo, Dascola, & Umilta, 1987), théree you might expect a participant who had
difficulty in preparing movements to have difficpinh dynamically allocating spatial attention.
Can the effects of oriented attention and moverpegpiaration be separated? We would argue
that they can: firstly a general deficit in theoahltion of spatial attention is not consistent with
the differential effects observed by Mon-Willianmsaé(2005) where the children with DCD
were efficient in some cueing conditions but ndteos; secondly, the pre-motor argument is
largely built upon eye-movements response timesrdibre, attentional effects should be
reflected in both eye and hand movements (Shellgaghero, Riggio, & Rizzolatti, 1997),
whereas effects observed in hand movements b@gazet shifts would be attributed to the
preparation of the manual response. In this regfifetences in eye and hand onset latencies

(eye-hand lead) across tasks and groups may béamative variable.

Improvement in response time is deemed to be dtleetmore efficient/early coding of direction
and/or amplitude. For this reason a number of pres/studies examining pre-cue effects have
used response (reaction) time as the primary mefaassessment. We measured both eye and

hand movements to determine whether an advantagersin either system. We also included
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more direct measures of the accuracy of the irfitgld movement direction and any subsequent
adjustments each participant needed to make tolthad trajectories. Our hypothesis was that,
similar static cueing effects will be observed @sd in Mon-Williams et al. (2005), but that
predictive motion cues would provide a particuldficulty for individuals with DCD. We had

no prior hypotheses as to whether the effectshailteflected purely within the manual
responses or in also in the gaze responses, teelaing consistent with more general argument

related to spatial attention.

As a final factor to consider it has been suggettatichildren with DCD may show specific
problems with different classes of visual procegsirests of form coherence have been shown
to test ventral stream function (Braddick, O'Bri&vattam-Bell, Atkinson, & Turner, 2000)
while tests of motion coherence have been showestalorsal stream function (Scase, Braddick,
& Raymond, 1996). Studies that have used form aotiom coherence tests to look for a
selective impairment in children with coordinatiprmoblems have yielded contrasting results.
Stein & Walsh (1997) found a deficit in dorsal atrefunction in a group of children with
developmental Dyspraxia. O'Brien, Spencer, Atkin&naddick, & Wattam-Bell (2002) found a
specific deficit in ventral stream function in aogp of Dyspraxic children and Sigmundsson,
Hansenc, & Talcott (2003) found a deficit in botirghl and ventral stream function in a similar
group of children. In these studies children wel@cated to groups based on very different
assessment methods and were classified very diffgr@evelopmental Dyspraxia, Dyspraxia,
clumsy), such large differences in the identificatof children could explain the disparity in

these findings. In order to consider the possibdit“dorsal stream vulnerability”, which could
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impact on the utilisation of pre-cues, all partamps in our study completed form and motion

coherence tasks.

M ethods
Participants
This project was approved by a University ethicsioottee and was performed in accordance
with the Declaration of Helsinki. This study inckal46 participants, 23 were typically
developing (TD) and 23 had Developmental Coordamabisorder. Individuals with DCD were
recruited through the Dyspraxia Foundation, UK. &ge range of this group was 6 to 23 years.
The older participants arose because during tipsmpnistic sample they contacted us and were
keen to participate in the study. We felt we hadraled grounds for rejecting their offer and this
provides an interesting comparison of how problenogress after primary school until early
adulthood. We therefore split the sample into angpprimary school group (6-12 years) and an
older secondary school plus group (13-23 years.ld@tter included six participants between 13
and 16 years and six participants older than 16syd@@ participants were recruited and age
matched to within 6 months to each participant \W®D. The TD group was also sub-divided
into a primary school and a secondary school plagm All individuals were assessed using the
Movement Assessment Battery for Children (MABC; Herson & Sugden, 1992). The criterion
for clinical diagnosis of DCD is thé"entile on the full battery, although a numbepivious
research studies have included children up to Bffecéntile in DCD study groups. We feel the
15" centile is too lax, the majority of our DCD paipiants fell below the B centile although we
included any participants that fell between tfleaid 18 centiles as borderline/at-risk of DCD,

the group means on the MABC were still substantidiiferent (Table 1)All TD participants
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scored above the 2@entile. Motor competence of participants 13 yedmge and above was
determined using age band 4 of the MABC. Although test is not primarily designed to assess
motor ability in individuals older than 12 years)ypa small gain in motor performance is seen
after 10 to 12 years of age for many manual ta8keé€tt, 1970; Schulman, Buist, Kaspar,
Child, & Fackler, 1969). All older DCD individuafsll below the 18 centile on the MABC and
thus were performing badly on a test designed doinger children suggesting a marked motor
impairment. All of the 46 selected participants terwith their right hand, thus all movements
were made with the right hand. All participants &vaftso assessed using the WISC-R or the
WAIS and all but 11 children fell within 1 standatdviation of the mean (85 to 115). The 11
individuals outside of this range were 6 in the §idup and 5 in the DCD group that scored
between 115 and 125. No significant difference$Qinwere found between the TD and DCD
pairings. All participants in the DCD group hade®®ed a clinical diagnosis of DCD or
Dyspraxia from an occupational therapist or eq@malDuring pre-screening we asked parents
for details of other medical conditions or devel@mal disorders, from this it was judged that
the DCD participants met criteria A to D of the DSWI but also that their selection was in tune

with the 2006 Leeds Consensus Statement (http:/wedvuk.org/consensus.himAlthough all

children in the DCD group had received a clinicalgthosis none of the children had been
involved in formal intervention programmes. Therefat is likely that these children may have

been higher functioning than a group recruited flayapital services.

INSERT TABLE 1 HERE

Apparatus

10
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Participants sat at an 89cm x 61cm table whichds&t@m from the ground. The top of the table
was made from 6mm thick Plexiglas® with one satirface, providing a semi-opaque table top.
Underneath the table-top a 6mm thick acrylic mitegrat a 48 angle and faced away from the
participant. A Hitachi CP-X328 projector, positich£30cm away from the table, projected an
image onto the mirror which was then back-projectetd the underside of the table-top and was
viewable from above, see Figure 1. The visual digpenerated by LabVIEW, consisted of a
central red fixation circle surrounded by 4 or a&jets (see Figure 1 for an illustration of target
location). ‘Fluffy bugs’ (~4cr) were placed at target locations and remainedherable
throughout each trial, these ‘fluffy bugs’ couldibeminated via the back-projected image. The
difference in target location across the static jaredlictive-motion conditions was due to
inherent differences in the conditions. In theistabndition, targets were divided by midsaggital
plane, to allow left/right cueing comparable toypoes studies. In the predictive motion
condition, targets formed part of an annulus fortcwity in the change between 4 and 12
targets while maintaining equivalent movement disga Starting position of the hand was
located on the midline 5cm below the bottom ta)e®® Vicon motion capture system (120Hz)
was used to track the movement of three reflectimekers (6.5mm in diameter) placed on the
index finger, knuckle and wrist of the right hafithe motion capture at the beginning of each
trial was triggered by a +5v digital signal serd g National instruments data acquisition card
controlled by the LabVIEW programme. Conventiong-¢racking introduces participant
constraints that young children have difficulty tmming too, without severely restricting the
task. So eye movements were recorded via a Paradigital camcorder (60Hz), placed 63cm
from the eye, so participants were free to makaradhead and hand movements throughout the

experiment. The AVI data at 60Hz were integrateminke-by-frame, within the Vicon digital
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records (120Hz). This ensured temporal synchrooizatf the two data sources, but the
difference in the sampling rate means that handte\ean be resolved to within ~8ms whereas
gaze events can only be resolved to within ~17msaagdestimates of eye-hand lead can only

be estimated to within the latter limit.

INSERT FIGURE 1 HERE

Procedure

Two static and two predictive motion conditions eveneasured, each with a differing level of
cue information (cue type). In tisatic conditionghe cues were presented for 600ms either in
the centreof the display (an arrow) or they were presemedpherally(an area highlighted).
Within these cueing conditions two cue types wesedta full cue in which it was unambiguous
which target was being indicated opartial cuetype (the target bug could be 1 of 2). For the
predictive motion cuethere were eithet target bugor 12 target bugswhich increased the
spatial uncertainty as to which target was beirggdche predictive motion cue was presented
as a set of dots radiating outwards towards a tdéingé each appeared for 100ms and then
disappeared, in all cases the predictive motios evere unambiguous and always moved
towards one target. We manipulated the temporadcsyg the cue by presenting eitléedots, 4
dotsor 2 dotsto provide a total duration for the cue of 6004280 respectively. See Figure 1 for
an illustration of these conditions. All particigartompleted all cue conditions and all cue types,
they also completed 1o cue trialsfor each different setup (24 in total). These wereat the

beginning of each cueing condition block.

12
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Presentation order

Order of task presentation is a thorny issue fadiss with children, particularly those with
disorders. The standard paradigm with skilled agaiticipants is to use a randomised trial
order. But one of the commonest findings for resdeanto children with DCD is that they are
variable in their performance, both within-subjant within-group. Trial randomisation
increases the potential for within-subject varigpivhereas randomised blocks between
participants increases the potential for withintgravariability (i.e. some children within a group
get an optimal order and some a non-optimal ordém.risk when testing children with DCD
therefore is that presenting some children withnttesst difficult task first may inflate movement
errors and increase the potential for Type | ewothe variability across the group increases the
potential for Type Il error. These errors are naniaged within a randomized design. In this
experiment we opted for a fixed order of preseatatjoing from the simplest and most direct
conditions: static peripheral (full cues followey fmartial cues; 6 trials each); followed by tasks
requiring static cue extrapolation or motion extriagion: static central (full cues followed by
partial cues; 6 trials each); predictive motiormrget (6 dots, 4 dots, 2 dots; 6 trials each) and;
predictive motion 12 target condition (6 dots, 45j@ dots; 6 trials each). This order allows
children to progress from the simplest task torttmst difficult task. The consequence of having
a fixed order is that the risk of Type I/ll erraarcbe assessed. There may be a significant decline
in performance across blocks purely due to fatigme/dom (Type 1), but our series of no cue
trials at the start of each experimental set-upnadd us to assess thiternatively, any
between-group differences may be diluted by le@yeiffiects across the blocks. Our view of this
is that if a difficulty using pre-cues in the DCbogp disappears after a short training period

then it is not a major developmental problem. Tisot a type Il error, rather it is the removal

13
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of a Type | error through a suitable period of taskuction. If, however, a between-group
difference occurs because control children adajpeib® the increased difficulty, but children
with DCD do not, then that is a major issue andscarlress our central hypothesis. It is worth
emphasizing that there is no ideal trial orderimigtésting children with movement disorders, but
we propose that a fixed order from easy tasks teerdifficult tasks optimises the performance

of the DCD group and therefore is most approptiat@ghlight any persistent difficulties.

Target location was pseudo-randomised for eachhgumandition. When there were four target
locations, no location was illuminated more tharcewWhen there were twelve target locations
no location was illuminated more than once. Alltggrants used their right, dominant, hand and

were instructed to return the hand to the desighsti@ting point after each movement.

Seqguence of events

At the start of each block the participants weraahthe sequence of events, the nature of the
pre-cue that would be presented, i.e. a squateeiperiphery, an arrow in the centre or dots
radiating outwards, and was shown how this wouddljt the final target location. Participants
were then given practice trials (3 per cueing typég fixation point was illuminated and
participants were instructed to fixate this pohce fixation was achieved, a blue pre-cue
appeared which they were told would indicate whielg’ would subsequently light up, but that
they were not allowed to look at/pick up the ‘bugtil it turned green. Following cue
presentation there was a temporal gap ranging §@01300ms after which the ‘bug’ which had
been previously cued, turned green and the chadhed to grab is “as quickly as possible”.

Each cueing condition consisted of a combinatiotriafs with different temporal gaps, which

14
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were balanced across cueing conditions. Introdugingriable temporal gap between cue and
target presentation removed any degree of antioipat movements towards target location and
provided the opportunity to analyse the data imgeof interval between cue and target. No

invalid cues were used.

All participants completed a form and motion colmeeetask, which involved a two forced
choice task, where they were presented with aalyspl random elements and required to
indicate the location of a circular feature on ¢benputer screen (left or right). The form
coherence task required detecting a circular arear@entrically aligned line segments in a
background of randomly aligned line segments aadstimuli were identical to those used by
O'Brien et al. (2002). The motion coherence stinudre a revised version of the test but still
required detecting signal dots which moved conegalty in a background of randomly moving
noise dots. The percentage of concentrically modiotg or aligned lines was progressively
reduced using a two-up, one-down staircase (fdmieal details refer to Braddick et al., 2000).
This provided a threshold level at which a paraaipcan discriminate form and motion, i.e.

form and motion coherence.

Data analysis

Trials were excluded if fixation was not establidluérectly before cue and target presentation or
an anticipatory movement was made (<80ms for egetaand <100ms for hand onset). Using a
frame-by-frame analysis of the video data, the boeye movements following target
presentation was determined by coding when theleparted from fixation and continued to

move for two frames or more. The hand movement wata filtered using an optimised

15
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Woltring filter and then analysed using MatLab mes. Onset and landing times of the hand
were determined from velocity curves. The time painwhich velocity departed from zero
(>3% max vel) or returned to zero (<3% max vel) vaentified and checked by eye to avoid the

localisation of any spurious jitters.

In addition to response times we calculated avevatgity, in place of movement time (as
targets were at differing distances from the hdad point) and three other kinematic variables
to assess the efficacy of the initial pre-planrllistic) movement: (1) the heading error after
200ms; (2) The heading error at peak velocity #8dthe number of trajectory adjustments
during the acceleration and the deceleration phésading error is a simple measure of
deviation between an ideal heading (straight lieevieen start point and target) and actual
heading. This is first estimated 200ms after thet stff the movement to reflect the initial
programmed direction and then at peak velocity m®ee robust estimate of the predominant
movement direction, but that may include some rapidections. The number of trajectory
adjustments reflects the efficacy of the directmdl amplitude coding in that a perfectly
programmed movement would require no later adjustsnédjustments of the hand trajectory
defined as secondary peaks in velocity (zero-cngssf acceleration) during the acceleration and
the deceleration phase. Each re-acceleration areletation (2 zero-crossings, 1 secondary
peak) was coded as a single adjustment. Finallgusscwe have eye onset and hand onset times

we calculated eye-hand lead as an additional measurand movement latency.

A percent improvement statistic was calculatedrdeoto determine the advantage provided by

a cue whilst removing any advantage the TD indialddnave due to faster execution of

16
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movement. This was calculated for each cueing ¢mmdby taking the performance at baseline
and weighting everything else relative to that,dach dependent variable (DV): ((DV value
with a cue — DV value with no cue)/ (DV value with cue)) x 100. A positive value indicated
an improvement in performance (for that DV) compgaieno cue trials and a negative value

indicated a decrease in performance compared to@drials.

Statistical analysis

When considering percent improvement scores falgpandent variables were considered:
cueing conditior(static peripheral, static central, predictive imo# targets and predictive
motion 12 targets)xue typgfor static cueing, full and partial and for pretdre motion, 6, 4 and
2); group(TD vs. DCD); andage group(primary group vs. secondary plus group). Eachngue
condition was considered separately using 3-way X®Q@cue type x group x age group). The
imbalance of gender across the DCD population megetsve do not consider gender
differencesWhen simple main effects are reported Pillai’'seracreported and Bonferroni
correction employed. Effect size (partial-eta sqdat?, equivalent to%, (Field, 2006), is
reported for all significant results and quantifilee magnitude of an observed effect. Cohen
(1992) reported a small effect size is indicated®s9.01, a medium effect size b§0.09 and a

large effect size by’+0.25.

Results

Form and Motion Coherence

A comparison of the threshold level on the form aration coherence task was carried out

between the TD individuals and the individuals Wix6D, two independent 2 x 2 ANOVA
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(group x age group) were used to consider formmaation coherence seperately. A main effect
of age group was found for both the form coherdask and the motion coherence task,
whereby the older participants show lower threshevels compared to younger participants
[form F(1,42)=8.65 p=.00§°=.17, motion F(1,42)=17.40 p<.08=.29]. No difference was
seen between groups on either the form or the maaisk, therefore, unlike O'Brien et al. (2002)
we found no evidence of processing differences éetwthe control group and the DCD group.
In order to determine whether the individuals @D displayed a specific deficit in the

motion coherence task as compared to the form eohertask (or vice versa) we calculated the
ratio between the threshold score of an individugh DCD and the threshold score of their age-
matched control. This provided a ‘deficit score’ foe individuals with DCD on both the form
and motion tasks which allowed us to directly coregzerformance across tasks. A 2 x 2 mixed
ANOVA (age group x task, form vs motion) found rfteet of task [F<1] indicating that the
‘deficit score’ was no different across the twdktadf a participant with DCD showed an
equivalent coherence score to their typically depelg counterpart then the deficit score of that
DCD participant would equal a value of 1. The déficores of the DCD group were found to
not differ significantly from a value of 1 for eghthe form or the motion task [t<1, p>0.05; as
illustrated with one-sample t-test with a test eadd 1]. This illustrates that the participantshwit
DCD obtained thresholds identical to their matcbextrols; therefore, the participants with

DCD in this study do not show a specific deficieither form or motion coherence

Performance on all trials

First we checked whether movement extent may hfigetad responses (Schellekens, Huizing,

& Kalverboer, 1986; Van Dellen & Geuze, 1990). Thgtance of all targets for the gaze fixation
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point is equivalent, but the upper targets ardnéarfrom the hand start position than the lower
targets, so we compared eye onset times and haed tomes for the upper and lower targets.

We found no effect of target distance on eitherdhameye onset times in addition we found no
interaction between target distance and group f>On this basis we combined data from all

targets and used these to look at the performame® @ue and cue trials.

Performance on no cue trials

Before assessing the ability of participants toarbeance pre-cue information we considered
motor performance across group and age group wieza tvas no advance cue; see Table 2 for
no cue trial data. In order to check for fatigukeetls we compared performance across the four
blocks of no cue trials. A difference across thalseks was seen for heading error at maximum
velocity [F(3,132)=3.84 p=.01%=.08] whereby heading error decreased across ticaeo
blocks, from ~14to ~ 4 in the TD group and from ~8% ~2C in the DCD group. No other
variables showed a difference across blocks ofusatigals. In addition, no interactions were
seen, suggesting that this improvement in movemeruracy across blocks of trials was

equivalent for both groups. The implications ofthre addressed in the discussion.

Comparing group and age group performance acrosgsatrials we found no difference in eye
onset time, hand onset time, movement time or geevalocity. So the individuals with DCD
were as quick to respond and as quick to comphetentovement as the TD group and the young

participants were as quick as the older particilaAt main effect of group and age group was

! The saccade onset latencies are quite long fahdtlren, although the standard deviations ardively small. It
should be noted that this was not a simple sacdasicbut required saccades to an unpredictabloite
peripheral array. Rolfs & Vitu (2007) used similarget arrays for a saccadic task with adults apdnted mean
saccade latencies of up to 340ms with but someldtencies above 400ms. The latencies we repertansistent
with this and what we have observed in childrerotirer tasks (Wilmut, Wann, & Brown, 2006).
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seen for heading error at maximum velocity [gro(p,44)=13.77 p=.00%4°=.25 and age group
F(1,42)=4.98 p=.03#°=.11] and a main effect of group was seen for talver of adjustments
during the deceleration period [F(1,44)=11.58 pi.ﬁ)@.ZZ]. The effect of group illustrates that
the TD individuals showed lower heading error anthher of adjustments compared to
individuals with DCD. The groups displayed equivelleeading error at initiation of movement
(200ms after onset; TD ~24DCD ~25°), but the TD group showed a marked reduction ky th
time of maximum velocity (~8.9, no such reduction was seen in the DCD group 0:Zhis is
supported by simple main effects which found arafbf time (initial vs. max velocity) for the
TD group [F(1,42)=9.59 p<.00§’=.14] but not the DCD group. This is commensuraité e
greater number of adjustments that occurred duhagleceleration phase for individuals with
DCD (Table 2). The effect of age group indicatest the younger participants showed a higher
heading error at maximum velocity compared to tlderoparticipants, illustrating a

developmental trend towards a more sophisticateecement system.

INSERT TABLE 2 HERE

Percent improvement during cue trials

When considering eye onset time (see Table 3) wedmo main effect of cue type, suggesting
no change in the eye onset time as cue informatmeased. We also found that percent
improvement eye onset times were equivalent imaroup and the DCD group. These results
do not mean that there was no absolute differemtigeise variables across groups, but that once

the difference between groups on the no cue camdias factored out, no additional group
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differences are seen. The lack of difference insthgle gaze response will be contrasted in the

discussion with the differences observed in handen@nts and eye-hand lead time.

INSERT TABLE 3 HERE

Hand movements

Using percent improvement, no change in time t&k pe#ocity, time to peak acceleration, or the
number of adjustments to the hand trajectory gddanding, were seen across cueing
conditions, groups or age groups. However, we tsgkove differences in response time,
response speed and directionally accuracy. Beaaugarimary interest is the advantage gained
by different cue conditions, and all our measuresavon a similar percent-improvement scale
(see methods) we calculated an average percenbvemient score across these three key
variables; response time (hand onset), respons& §peerage velocity) and directional error
(heading error 200ms after onset). This produaasiéh more concise set of results to test the
cue-effect. The combination of these three faatarsbe thought of as a general measure of the
ballistic part of reaching and how well a movemrnhtitially programmed. They all reflect the
planning of a movement and in combination we waxpect these to reflect the use of pre-
cueing information for movement organisation. la tase of hand onset time and heading error,
a decrease in value indicates an improved perfocean speed the opposite is true. To
standardise this percent improvement was invededverage velocity. The result is illustrated
graphically in Figure 2 (for individual kinemati@anables see Table 3, for individual analyses
see Appendix I). Analysing this composite hand nmoeet measure found no interactions,

however, main effects of cue type and group wewaddor all cueing conditions. Static
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peripheral [cue type F(1,42)=27.03 p<.0{f%+.39; group F(1,42)=15.78 p<.0§3=.27]. Static
central [cue type F(1,42)=43.13 p<.0§’&.51; group F(1,42)=24.48 p<.0§3=.37]. Predictive
motion 4 target [cue type F(2,84)=8.24 p<.03%.16; group F(1,42)=17.51 p<.0§1=.29].
Predictive motion 12 target [cue type F(2,84):1Q)¥4001n2:.32; group F(1,42)=18.5 p<.001
n%=.30]. The predictive motion effect was due to ghler percent improvement for the duration
and extent of the motion cue, i.e. 6dots (600m&diots (400ms) > 2dots (200ms); p<.05
(Bonferroni corrected). These findings illustrdtattfor all cueing conditions and across both
groups, an increase in the amount of cue informdéd to an increase in the improvement seen
in hand movement measure. The TD individuals shgneater improvement in the hand
movement measure compared to individuals with DG@support the finding of a marked
difference between the TD and the DCD participar@dooked at the 95% confidence intervals
for each group across all cueing conditions andigpes. In every case the confidence interval
range of the DCD group fell outside the confidemterval range of the TD group. No age-

related differences were found.

INSERT FIGURE 2 HERE

To determine whether the individuals with DCD hadwn any improvement when presented
with cues we used one-sample t-tests to comparneeitoent improvement score against zero (to
minimise the number of comparisons and as no dgeckedifferences had been found age
groups were averaged together). Only three poiete whown to be different from zero, these
were: static peripheral with full cue [t(22)=5.52.901]; static central with full cue [t(22)=4.51

p=.001]; and the predictive motion 4 target witdds [t(22)=3.19 p=.04]. P values given are
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adjusted for multiple t-tests; this adjustment wlad alter the outcome of the results. These results
indicate that for full cue conditions the individsiavith DCD do show an improvement in the
composite hand movement score, however, no imprexém seen when presented with a

partial cue, when presented with limited predictivetion cue information or when 12 targets

are present. We carried out similar t-tests forftBeindividuals, all points were found to be
significantly greater than zero [p<.001]. This slsawat in nearly all cases the TD group showed
a significant improvement when presented with aque. P values given are adjusted for

multiple t-tests; this adjustment this adjustmadtrbt alter the outcome of the results.

Changes in Eye-Hand Lead with cueing

As outlined in the introduction, the differenceweén the onset of a saccade and the onset of a
hand movement to a target allows us to assess ahdifferences in hand onset are attributable
to a general slowness in orienting to the targeaddition, it can inform us on how a hand
movement is planned: a large eye-hand lead coldd dilxation of the target prior to initiation

of a hand movement thus allowing the mover tosdifjaze position information in the planning
of a hand movement; a small eye-hand lead (~10Gms)likely to serve this purpose and is
indicative of a hand movement being planned predantly using target information gleaned
through peripheral vision prior to saccade initiatiWe calculated eye-hand lead times by
subtracting onset time of the eye from onset tifrta® hand to give a value of eye-hand lead,;
this can be found in Figure 3. We did not consjakncent improvement in eye-hand lead for two
reasons. Firstly, the absolute value of eye-haad ie important in deciding the information an
advance saccade might furnish. Secondly, becaaddilaes can be quite low (i.e. zero is

synchronous onset), then percentage calculatianbeanisleading: a change in eye-hand lead
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from 40ms to 100ms (150%) is unlikely to have majpgplications for the programming of the
hand movement whereas a change from 120ms to 3(®&0%0) would suggest a greater

reliance on target fixation prior to hand initiatio

A cue type x group interaction was found for thaistcentral [F(2,84)=5.57 p=.06f=.12] and
predictive motion 4 target condition [F(3,126):3;1-—2029n2:.07]. In order to discover if the
eye-hand lead decreased across cue type for bamtbgsimple main effects were used to
compare cue type for each group. The TD group std@sgnificant effect of cue type for all
cueing conditions [static peripheral F(2,43):17p26001n2:.38, static central F(2,43)=15.5
p<.001n?=.419, predictive motion 4 targets F(3,42)=17.410p&n’=.55 and predictive motion
12 targets F(3,42)=7.92 p<.0§3=.36]. In contrast the individuals with DCD onlycstred a
decrease in eye-hand lead for the central peripberalition [F(2,43)=3.27 p=.04§=.14]. In
addition, a main effect of group and cue type veaml for all cueing conditions: static
peripheral [group F(1,42)=15.43 p<.0§%.27, cue type, F(2, 84)=4.55 p=.04%-.10]; static
central [group, F(1,42)=6.87 p=.012=.14, cue type, F(2,84)=11.99 p<.0§’E.22]; predictive
motion 4 target [group, F(1,42)=4.50 p=:§4.10, cue type, F(3,126)=25.62 p<.Gp1=.38];
and predictive motion 12 target condition [groui,B2)=4.80 p:.0341|2=.10, cue type,
F(3,126)=9.18 p<.00ﬁ2=.18]. These results indicate that for all cueingditions the TD
individuals showed a lower eye-hand lead compayeddividuals with DCD. Again no age-

related differences were found.

INSERT FIGURE 3 HERE
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Long vs. short inter-stimulus intervals

Up to this point in the analysis it does not apgkat individuals with DCD are using the motion
pre-cue information. One possible explanation, hawgs that they are sensitive to the motion
cueing but that they require longer to processiactarporate this information into the
preparation of an appropriate response. Withindesign we had a variable inter-stimulus
interval (ISI) between the delivery of the cue éimel appearance of the target (signal to move) of
500-1300ms. We therefore had the ability to examihgpothesis of a processing delay in DCD.
We divided trials in the predictive motion condiginto short (500-900ms) and long ISI's (901-
1300ms) and re-visited the hand movement measare,smomparing percent improvement
scores during long and short ISI’s (Figuré. 4) four-way ANOVA (group x age group X cue
type x ISI) was conducted. For both cueing condgia group x ISl interaction was found
[predictive motion 4 target F(1,42)=10.38 p=.0{J2.19, predictive motion 12 target
F(1,42)=12.77 p<.004°=.23], simple main effects comparing ISI acrossugreevealed an

effect of 1SI for the DCD group [predictive motidrtarget F(1,42)=41.05 p<.00=.49,

predictive motion 12 target F(1,42)=48.38 p<.§3%.54] but not the TD group. These results
suggest that the DCD group show an advantage toyaénformation when the gap between

cue and target is approximately 1 second. No attteractions were found.

To confirm that the individuals with DCD showed adivantage when presented with long ISI's
we compared the percent improvement score forttbg and long ISI’s to zero. No percent

improvement scores were seen to differ from zeraHe short ISI's [p>0.05]. In contrast, for the

2 For the static cueing condition the lack of anattage to a partial cue in children with DCD hasrbattributed to
the high cost of generating a movement to an iecbtarget location (Mon-Williams et al., 2005). Alongated IS
would not serve to offset this. If the problem Bing predictive motion is processing and extraprodamotion
direction then the length of the ISI may well be togent variable.

25



Predictive information in DCD

long ISI's percent improvement scores were sedretgreater than zero for the predictive
motion 4 targets for 6 cues [t(22)=4.84 p=.001] dralies [t(22)=4.83 p=.001] and on the
predictive motion 12 target for 6 cues [t(22)=4834001] (p values adjusted for multiple
comparisons). This confirms that the individualshWdCD can use predictive motion cues to
pre-program movements but that this is only apgasen a longer temporal gap is given
between cue offset and target onset. This complisrtde lack of a difference between the
groups on the previous form and motion tasks agdests that individuals with DCD are
sensitive to this type of information. Similar ste were run on the data from the TD group. For
both long and short ISI's TD individuals showedeagentage improvement scores significantly
greater than zero [p<.001, values given are adjustemultiple t-tests], indicating an advantage

to pre-cues in both long and short ISI’s.

INSERT FIGURE 4 HERE

Discussion
It is often reported that children with DCD arevgéy and less accurate in their manual
responses. It seems that the process of genegaatthgontrolling a manual movement is less
refined, but the locus of the problem has not kestablished. For a task requiring a speeded
response (typical of those used in previous reb¢ataldren with DCD could experience
difficulty with the rapid deployment of attentiosiich a deficit would certainly be in line with a
per-motor theory of dynamic attention (Rizzolattag 1987). Following this thread, children
with DCD could have problems in allocating covetéation prior to a movement response (e.g.

in pre-cue trials) or initiating overt attentiorfghze) shifts as a precursor to manual responses.
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To date no-one has excluded this possibility in Da@id there is evidence that this group of
children can have problems with attentional disgegaent (Wilmut, Brown, & Wann, 2007). In
this study we started with a very simple manud:tase of 4 toy bugs was illuminated and
participants had to grab that bug as quickly asiptes In these circumstances we found that
individuals with DCD were not slower to initiate ape movement to the target in either the
conditions where there was a pre-cue (initial coggenting) or no pre-cue. This would seem to

exclude the dynamic allocation of attention aswr@® of the problem in children with DCD.

We also found that, in the response without prescunelividuals with DCD could initiate fast
grasping responses as well as TD individuals (m@&rgrime, movement speed and initial
directional error were equivalent between the twaugs). One interesting difference, however,
was that the TD group were able to reduce initelding error of ~24 to less than 10by the

time they had reached peak velocity of the moveniardontrast, the DCD group relied upon a
greater number of end point corrections to comperfea an inaccurate initial heading error.
This may lead to much slower movements if there avagicrease in the precision requirements
for the grasp. So at one level individuals with D@y produce slower manual responses
because of their inability to introduce on-lingéxdory corrections and their reliance upon end-
point corrections. This problem with on-line cohtseems uncontroversial, but to our knowledge

this has not been demonstrated previously.

Another reason why more complex movements maydyeesl, however, might be the

preparation phase of a movement where directioreateht are parameterised prior to

execution, and this was the primary aim of intradg¢he pre-cue conditions.
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Cueing location with static stimuli

Both the TD individuals and the individuals with DGhow an advantage when presented with
static unambiguous pre-cues, informing them in adeavhich target will be highlighted and

this has been shown previously (Mon-Williams et 2005). In this experiment the advantage for
pre-cue information was reflected in terms of ardase in hand onset time and an increase in
average velocity. There was also a reduction inrtiti@l heading error (200ms post movement
onset) illustrating more accurate parameterisatidhe initial movement. The lack of any
differences between groups in eye-movement onsattdveeem to exclude an explanation
based on the allocation of attention in respongeattal or full pre-cues. The calculation of eye-
hand lead provides an estimate of delays to hatidtion over and above any differences in the
gaze response and as the level of pre-cue infoomatcreased. We might expect this measure to
directly reflect the advanced parameterizatiorhefiand movement, in that a hand trajectory
that is pre-specified during the pre-cue periodlbamitiated very rapidly as soon at the final
target is revealed (low eye-hand lead) whereasd trajectory that is only specified once the
final target is revealed will result in an elonghtye-hand lead. On the no cue trials the onset of
the hand followed the onset of the eye by some 40@gure 3), by which time the target was
fixated and ocular coordinate information wouldawailable. In the TD group, when a clear pre-
cue was provided it can be seen that the hand meneiollowed the eye by less than 100ms.
This reduction of ~300ms is well above any sampdimgr in estimating the lead time (£17ms)
and suggests a switch in the mode of control amdee towards pre-parameterization of the
hand movement on the basis of the pre-cue. Theseawanteraction, however, because the DCD

group did not reduce their eye-hand lead time togaeat degree and we must presume that they
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continued to rely upon target fixation for a sigrant part of their movement preparation process

(Figure 3).

A clear difference between the two groups wasttil D individuals showed an advantage
when presented with partial cues. In contrastjriividuals with DCD show no advantage when
presented with partial cues, again this has beewrsipreviously (Mon-Williams et al., 2005).
Dwelling once again on the issue of eye-hand lgaslremarkable that with partial static cues
(left/right) TD individuals were able to reduce itheye-hand lead to less than 200ms. This is at
the fringe of what might be considered a usefulligae for providing information from fixation
prior to hand initiation. It may be that in the f@rcue conditions the eye movement assists a
partially prepared movement by providing the infation for the early directional corrections
that we observed in the TD hand trajectories, btiimthe DCD hand trajectories. Advance
information allows the participant to plan a moveiegefore a response is required (Mon-
Williams et al., 2005) and partial or ambiguousathe information allows the preparation of an
incomplete movement which then needs to be updatkde. Previous research has indicated
that children with DCD find it hard to modify a plaed movement compared to TD children
(Mandich et al., 2003). Mon-Williams et al. (20G&iggest that children with DCD find the cost
of executing an incomplete movement and updatitig@too high in comparison to the benefits
of planning and executing a movement early. Thaltefrom this experiment are consistent

with these conclusions.

Cueing location with predictive motion
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When presented with predictive motion cues the fidviduals show an advantage with moving
dot cues lasting for 200, 400 and 600ms, with dodmd 12 potential targets. Again the
advantage seen was in terms of a decrease in Imset tone, an increase in average velocity and
a decrease in the initial direction error of thadaAs with the static cues the predictive motion
allowed the TD individuals to reduce their eye-h&all time from ~400ms to ~200ms, with 2
dot (200ms) predictive motion, and to less thanmi§0with 6 dot (600ms) predictive motion
(Figure 3). In contrast, the individuals with DCBlp showed an advantage to 6 dots in the
predictive motion 4 target cueing condition andyteeowed no advantage when presented with
fewer cues or when more targets were present.fifltisig may not be that distinct from that
found with central static cues. Shulman et al. @98 ovided evidence that a static directional
cue can activate motion sensitive brain regionsa 60ms central arrow shares some

processing mechanisms with a 600ms dot-motion alyspl

Why do individuals with DCD have difficulty in usgrpredictive motion cues that provide a
clear advance to the TD group? Our analysis ohtiieue blocks confirmed that this is not a
fatigue effect; in fact there was a minor improveiia performance for both groups as the
experiment progressed. In addition, the varialilas teflected the differences between groups
for motion cueing did not in fact change acrossnbeue blocks. When we considered the
responses to partial static cues we presentedyth@hresis that individuals with DCD refrained
from paramertizing a generalised movement whichliireq subsequent updating. Because the
motion cues were not ambiguous this explanatiors doe fit so well to a difficulty using
predictive motion cues. The DCD group failed towslam advantage to 200ms or 400ms of

motion, towards one of 4 targets, placed atiftervals. These cues would only be ambiguous if
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the direction of motion was not adequately proogsfhe DCD group also failed to show an
advantage of any predictive motion (200-600ms) tow@ane of 12 targets. With a larger
number of targets an individual may mis-perceivettirget that was being cued, initiate a
slightly mis-directed response and have to coitethis may well impact on the general
measures of response speed and accuracy of he@aling but the lack of any improvement as
the cue-motion duration became longer, and thezafare specific, again suggests a difficulty

in processing the motion cues rather than a manergécompensation for uncertainty.

Given the argument above we could put forward aothgsis of a general motion-processing
problem. But we found no evidence that the indigidwith DCD have impaired ventral or
dorsal stream function using form and motion cohegdests. This contrasts with the finding
that children with developmental Dyspraxia havesile impairment to dorsal stream function
(Stein & Walsh, 1997), or the contrary finding tlchtldren with Dyspraxia have selective
impaired ventral stream function (O'Brien et a02), or the more general finding that ‘clumsy’
children have both impaired dorsal and ventral fiemc(Sigmundsson et al., 2003). There are
two explanations for these contrasting findingstly, the differences in group selection across
studies is large, differences in assessment adramlwith Dyspraxia and individuals with DCD
could explain the different results; secondly, eliinces in previous results could be explained if
only subgroups of children or adults show impairteen dorsal or ventral streams. This is
supported by evidence that dorsal stream impairmsesgen in some TD children (Gunn et al.,
2002). In the present experiment, none of the iddals with DCD showed impairment in either

the dorsal or the ventral stredrie did find a significant improvement in thresf®lwith age,

% None of the participants with DCD fell outside tranfidence intervals of the TD groggonfidence intervals were
calculated separately for the primary and secondgeygroup due to the age difference seen in tbigsh
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confirming our procedures were sensitive, and extas factors such as greater distractibility or
impulsivity in the DCD group would lead to a highermber of errors (higher threshold), not an
equivalent threshold. In this respect we considerfinding of no difference as robust and this
suggests that a global motion processing is noptimeary cause of deficits seen in the use of
predictive motion cues in individuals with DCD .idtpossible that a local-processing deficit (not
tested using form and motion coherence threshalds)d be sufficient to account for these
specific deficits. But given that the problems @@uced when ISl is increased, we would argue,
that neither a local nor a global processing deifsca parsimonious account of the problems
observed in using motion cues. A further factocaasider is that no differences were observed
between groups in their saccadic response timeshaguggests that the acuity of motion
processing was sufficient to process a directisaatade in the DCD group but did not support

the efficient organisation of a hand movement.

When we divided the inter-stimulus intervals (I§&p between the offset of the cue and onset of
the target) into short and long intervals, we saat tndividuals with DCD did start to show an
advantage to predictive motion cues with long ISTRis finding does seem to suggest that the
children with DCD take longer after presentatioraaue to process directional motion and set
up parameters for a hand movement. Because eyermneons were not delayed this would seem
to exclude the suggestion that individuals with D&® slow at processing direction of motion
from brief (200-400ms) stimuli. Eye-movement it is a highly efficient encapsulated
system where an initial saccade to a peripherailioe is often followed by a corrective saccade.
In contrast, ballistic hand movements are high @eter cost and effective control equates a

smooth accurate trajectory with minimum correctioffe observed in the no-cue trials that
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individuals with DCD were more erratic in theirtiai direction of movement trajectories and
had to make more late corrections to the handdi@g This then seems to be compounded by
difficulty in extrapolating from motion stimuli tooordinate information that they can use to
organise a hand movement. The ISI finding seemssiggest that they may be able to do this
given a longer movement (~1sec), but they havecditfy in using predictive motion cues in a
rapid task requiring a shorter preparation timefodtanately many natural motion stimuli, such
as flying balls, falling cups or wobbling bicycleften require a rapid directional hand

movement.

Similarly to Olivier et al., (1998) and Olivier &d@d (2000) we found no age-related advantage
in the TD group in terms of percent improvementih@advantage to pre-cue information is
equivalent in the primary school group and the sdaoy school plus group. This was an effect
reflected in the DCD group, suggesting that antadith DCD shows the same level of
advantage to pre-cue information as a six yeachid with DCD. It could be argued, however,
that the lack of difference was caused by the ifleg8on of individuals in the older group. The
older group were classified as DCD on their perfamoe for age band 4 of the MABC (designed
for 11-12 year-olds). As the older group was laygeler 12 years of age these individuals were
performing badly on a test designed for youngeldodn which may indicate a higher level of
impairment; which could be used to explain the latkge-related differences. Only a small gain
in performance is seen after 10 or 12 years of@geany manual tasks (Annett, 1970;
Schulman et al., 1969), so although the lack ofaggrrelated differences may be explained in

terms of impairment level, it seems more likelytthge did not impact on the ability to use the
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advance information provided in these tasks. Whthe generalises to age having no effect on

the utilisation of advance information is not clear

In summary, this study has shown that typicallyedeping individuals as young as 6 years of
age can program movements in advance using bdtt atal predictive motion cues. In contrast,
we have shown that the individuals with DCD disgi#le advantage in movement organisation
when presented with predictive motion cues, buy tten begin to show some benefit when
given a longer processing time. We have excludedlymamic allocation of attention as a causal
factor and have proposed a problem occurs in #restation of brief motion stimuli to
coordinates that can be used to organise gross mesjponses. In the natural context of the
playground or high-street, we are surrounded wigdjotive motion cues. Balls roll, pedestrians
veer, cyclists and cars approach. We have usddta/ety abstract, desktop task, to allow tight
experimental control, but if the results on motpye-cues can be confirmed across other tasks
the impact could be considerable. Being slow irapeaterizing a movement on the basis of
predictive motion in an everyday setting can resuttbjects crashing to the floor, bumping into
other pedestrians, or being slow to respond tgo@noaching vehicle. It is an aspect or everyday

control that warrants further investigation.
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Appendix |

Additional analyses were carried out on the comptef the hand movement measure (hand onset,gevera

velocity and heading error at 200ms) for percentagegoved values of these see Table 3.

For hand onsea main effect of cue and group was found forjstripheral cueing [cue, F(1,42)=16.97 p<.001
n%=.22, group F(1,42)=4.64 p=.037=.10], static central cueing [cue, F(1,42)=13.340041°=.24, group,
F(1,42)=13.75 p=.004°=.25], predictive motion 4 target cueing [cue, B@=20.69 p<.00%°=.33, group,
F(142)=15.12 p<.004°=.26] and predictive motion 12 target cueing [de,84)=12.71 p<.004°=.23, group,

F(1,42)=18.18 p<.004°=.30].

Foraverage velocity main effect of cue was found for, static peripheueing [F(1,42)=36.42 p<.06{t=.46],
static central cueing [F(1,42)=6.28 p=.0§6.130], predictive motion 4 target cueing [F(2,82)53 p=.086

n?=.057] and predictive motion 12 target cueing [B&)=1.69 p=.191]. No effects of groups were found.

For heading error200ms after hand onset the results were as follstaic peripheral cueing [group, F(1,42)=10.18
p=.003n%=.19, no effect of cue]; static central cueing [dEl,42)=34.49 p<.004°=.45, group, F(1,42)=11.70
p=.001n?=.22]; predictive motion 4 target cueing [grouplB@)=10.67 p=.008°=.20, no effect of cue]; and

predictive motion 12 target cueing [cue, F(2,84246=.0037°=.13, group, F(1,42)=7.41 p=.008=.15].
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Figure 1. A: 2D illustration of the equipment setup. In tBtup the four Vicon cameras are not illustrabed they
were placed around the participant in locationgdcaive to motion capture of the hand. B: Schemniltistration of
target locations and cue types for the both thiicstad predictive motion conditions. The light giarcles
represent the ‘fluffy bugs’ which remained on thblé top throughout the experiment. The cues aadixhtion
spot were generated with the projector and so doeltirned on and off. In the predictive motionditions each

dot was only even visible, for 100ms, in one positat a time.
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Figure 2. Graphs showing the percentage improvement of thd haovement measure (hand onset, average
velocity and heading error at 200ms) for all cuaingditions and all cue types. The TD individuals @presented
by hollow diamonds and the DCD individuals by fillsquares. Data is collapsed across age as theeenweffects
of or interactions with age. Error bars represtancard error
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Figure 3. Graphs showing the eye-hand lead (onset timeeoh#imd - onset time of the eye) for all cueing

conditions and all cue types. As before the TDvidllials are represented by hollow diamonds andbB

individuals by filled squares. Data is collapsetbas age as there were no effects of or interastioth age. Error

bars represent standard error.
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Figure 4. Graphs showing the composite movement score atphinto short (500-900ms) and long (901-1300ms)

inter-stimulus intervals. Data is collapsed acrags. Given for the predictive motion cueing codhis only, short

ISI's are represented by filled symbols and lonkgl&re represented by hollow symbols. Error badicate

standard error
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Table 1. Details of the four different participant groupg;ludes age (range and mean age), average MABi@ecen

(with a breakdown of the number of children fallinglow the & and between thé"sand 18' centiles), average IQ
and gender ratio for all groups.

Age group N Age MABC Spread of MABC 1Q Gender
percentile  percentile scores (N) ratio (m:f)
Range (years) Average (yr.mo) s 5M1g"
TD Primary school 11 6-12 9.6 53 N/A 103 47
Secondary school* 12 13-23 16.4 39 109 66
DCD | Primary school 11 6-12 9.5 1.8 10 1 98 9:2
Secondary school* 12 13-23 16.4 4.7 8 4 102 93

*For both groups the secondary school plus groafuded 6 participants between 13 years and 16 yeat®one 16
and 17 yr old participant, two 18 yr old particiggmand one 19 and 23 yr old participant
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Table 2. Data for no cue trials. Includes hand onset tiawerage velocity, heading error (200ms after oasdtat
maximum velocity), and number of adjustments duthrgyacceleration and deceleration phase of theemenat.

Standard deviation is in brackets.

TD DCD

Eye onset (m: 362 (87) 397 (83
Hand onset (m 78C (32)1) 81t (21€)
Average Velocity (") 0.4¢ (0.10 0.4¢ (0.19)
Average movement time (n 722 (125) 71C (187,
Heading error®) 200ms after onst 24.¢€ (12.]) 25.¢ (9.9)

At maximrum velocity 8.1t (8.7 23.1 (18.0
Number of Acceleratiol 0.0¢ (0.19 0.1¢ (0.19
adjustments Deceleratio 0.11 (0.10) 0.3C (0.1§)
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Table 3. Percentage improvement scores for eye onset (s}, bnset (ms), average velocity (lsand heading

error at 200ms% is shown for all cueing conditions and both greulsge group data is not provided as no

differences were seen between the groups. Stad@ardtion is in brackets.

Static cuein Predictive motion cueir
Periphere Centra 4 targe 12 targe
Par Full Par Full 2 4 6 2 4 6
Eye onse | TD -6.7 3.3 7.4 11.1 |4.24 |89 105 |5.6 8.1 7.9
(28.9) | (25.6) | (21.2) | (19.2) | (27.9) | (28.8) | (20.9) | (32.7) | (31.2) | (28.9)
DCD | -8.9 3.3 7.6 4.7 7.4 7.6 -8.3 0.02 |36 5.2
(25.5) | (27.1) | (22.3) | (27.9) | (28.8) | (25.9) | (35.6) | (30.4) | (36.2) | (25.4)
Hand TD 258 (355 [283 |413 |232 |351 (433 [196 |[28.8 |41.4
onset (27.0) | (24.7) | (23.5) | (21.6) | (20.9) | (21.1) | (18.4) | (17.7) | (20.4) | (19.4)
DCD | 8.4 222 |45 206 |11 164 |23.3 |[-2.6 11.25 | 17.9
(26.8) | (22.8) | (24.9) | (25.6) | (26.7) | (23.0) | (19.8) | (33.5) | (19.5) | (26.3)
Average | TD 10.1 29.8 5.25 19.1 11.9 21.9 26.1 0.5 5.2 14.2
Velocity (22.4) | (31.9) | (19.3) | (23.6) | (19.5) | (43.2) | (28.1) | (19.8) | (27.9) | (27.2)
DCD | 3.7 274 -11 1.3 11.4 13.1 14.4 -0.1 -1.6 -2.9
(17.1) | (23.3) | (18.8) | (23.8) | (27.5) | (26.6) | (18.9) | (19.0) | (23.0) | (19.7)
Heading | TD 333 [46.9 (309 |479 |262 [296 (396 |[-1.3 29.6 |[26.2
error at (30.0) | (33.7) | (29.7) | (20.3) | (33.8) | (31.9) | (32.5) | (51.6) | (42.1) | (33.8)
200ms DCD | 7.14 | 126 |-154 (282 |[3.9 5.75 |[-0.3 -19.2 |-15.3 [-11.1
(47.6) | (41.7) | (52.4) | (36.8) | (36.6) | (30.6) | (59.5) | (40.4) | (37.9) | (36.8)
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