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Abstract

The nature of the spatial representations that underlie simple visually guided actions early in life was investigated in toddlers with
Williams syndrome (WS), Down syndrome (DS), and healthy chronological age- and mental age-matched controls, through the use of a
“double-step” saccade paradigm. The experiment tested the hypothesis that, compared to typically developing infants and toddlers, and
toddlers with DS, those with WS display a deficit in using spatial representations to guide actions. Levels of sustained attention were also
measured within these groups, to establish whether differences in levels of engagement influenced performance on the double-step saccad
task. The results showed that toddlers with WS were unable to combine extra-retinal information with retinal information to the same extent
as the other groups, and displayed evidence of other deficits in saccade planning, suggesting a greater reliance on sub-cortical mechanism
than the other populations. Results also indicated that their exploration of the visual environment is less developed. The sustained attention
task revealed shorter and fewer periods of sustained attention in toddlers with DS, but not those with WS, suggesting that WS performance
on the double-step saccade task is not explained by poorer engagement. The findings are also discussed in relation to a possible attentio
disengagement deficit in WS toddlers. Our study highlights the importance of studying genetic disorders early in development.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction ticular type of mental representation used for spatial orien-
tation will dictate how efficiently different aspects of visual
The development of mental representations used to planstimuli can be processed and integrated.
eye movements (saccades), in order to select appropriate as- Attention also plays a role in the development of visual
pects of the environment to attend to, is of major importance cognition, and thus in the infants ability to plan eye move-
during development. Before motor control has developed ments. The infant must attend to objects in the real world,
sufficiently to allow infants to explore their environment by and shift attention appropriately, either when an object has
touching or grasping, visual exploration allows them to inter- been fully processed, or when a new object appears in the
act with their world, and to begin to exert control over their environment. Thus, individual differences in attention lev-
responses to it. But the planning of saccades is no simpleels will have an impact on infants ability to process visual
task. Successful spatial orientation relies on accurate percepstimuli.
tion of the physical self in relation to the environment, and  But what happens if visual exploration or attention
adaptation to the changes both within that environment andis impaired from early infancy onwards? In this paper,
of the position of the body. Such spatial knowledge is rep- we examine this question with respect to two genetic
resented by frames of reference, a coordinate system usedlisorders—Williams syndrome (WS) and Down syndrome
to code positions in space that can then be used to monitor(DS)—and compare these to two groups of typically devel-
stimuli and plan actions within the environment. The par- oping children.
Williams syndrome is caused by a sub-microscopic dele-
* Corresponding author. Tel+44-118-378-6669. tion on chromosome 7¢.11.23, and occurs in approximately
E-mail address: janice.brown@reading.ac.uk (J.H. Brown). 1 in 20,000 live births. Clinical features include several
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physical abnormalities that are accompanied by mild to mod- ultimately formed. At around the age of 6 months, children
erate mental retardation and a specific personality profile. tend to use body-centred representations, i.e. they use body-
The interest of WS to cognitive neuroscientists stems from or head-centred coordinates (§40,11]), while younger in-
the very uneven profile of cognitive abilities, with spatial fants tend to rely on retinocentric representations. Gilmore
cognition seriously impaired and language and face process-and JohnsofR0,21]investigated 3- and 7-month-old infants
ing relatively proficient (for full details, s€®,14,45). Our frames of reference used to plan saccadic eye movements
knowledge of the spatial problems in the WS adult end state in a double-step saccade paradifhv,17,25,26,28]In this
is relatively advanced. In contrast, we know relatively little task, participants are encouraged to look at sequences of vi-
about the development of spatial cognition in infants with sual targets that flash briefly in a dark visual field; the second
WS. Furthermore, while there is some anecdotal evidencestimulus appears and disappears before a saccade is made
that attention is poor in children and adults, little is known to the first stimulus. Subjects cannot use retinal position rel-
about the development of attention in infants with WS. ative to the fovea to plan a response to the second target,
Down syndrome is the most common chromosomal ab- because the first eye movement shifts the center of gaze,
normality, and one of the leading causes of mental retarda-and with it, the second targets position on the retina (see
tion, with a prevalence of 1 in 600-800 live birtfik3]. It Fig. 1B). Accordingly, to make accurate saccades to the lo-
is caused by extra material on chromosome 21. Trisomy 21, cation of both targets, subjects must plan the saccade to the
in which all cells have an extra chromosome 21, is the most second target by combining retinal position with informa-
common form of DS and accounts for 90-94% of cases. Un- tion about current eye position or planned eye movements.
like the uneven cognitive profile found in WS, the pattern Gilmore and Johnsof[20,21] showed that 6—7-month olds
of cognitive abilities in DS is usually somewhat more uni- were able to do this, but not 3-month olds, indicating that
form. Both spatial cognition and attention are typically re- the ability to plan body-centred saccades emerges some time
ported as problem areas in adults and children with DS (e.g.between 3 and 7 months of age.
[8,19,43). Prior to examining spatial representation and at- The double-step saccade task also allows the study of the
tention in these clinical groups, we provide details of the averaging of saccade signals or vector summation. In the
normal course of early development in these domains. sub-cortical route for saccade planning, it is known that if
cells in the superior layers of the superior colliculus are
stimulated by the presence of two adjacent targets, there
2. Spatial representation in normal development results a saccade which is the sum of each stimulated cells
retinal error or movement vect$85]. In other words, the
In typically developing infants, increasingly complex rep- resulting saccade takes a trajectory mid-way between the
resentations of spatial information are used throughout in- two targets. Johnson et §0] used vector sum saccades, as
fancy and then childhood, before adult representations aremeasured by end-points of saccades made in response to two
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Fig. 1. Design of infant double-step saccade experiment. (A) A trial began with the presentation of a fixation stimulus consisting of a sequemck of colo
shapes that was followed by the brief appearance of two identical targets that flashed sequentially. Fixation positions varied in a pseudoeandom ord
between four possible locations: centre top (as shown), centre bottom, centre left, and centre right. (B) Two types of responses were of eritical conc
body-centred sequence consisting of two saccades, one to each target location; and a retinocentric sequence consisting of two saccaddsnetxh equiva
the positions of the targets at the time of presentation relative to the fovea. The dashed line to target 2 represents the direction of the seconiheaccad
retinocentric sequence, if no saccade had been made to the first target, and mirrors the direction of the actual second saccade in the retiroeentric seq
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simultaneously presented stimuli, as a marker of sub-cortical ~Finally, the third phase, disengagement, involves a pro-
control, and demonstrated that there is a decrease in sucltess of decreasing attention to the foveated object or loca-
saccades from 2 to 6 months in healthy infants, indexing tion, so that attention can then be oriented elsewhere. This is
increasing cortical control during this period. a necessary component within development, as having com-
It has been well established in the neuropsychologi- pleted processing the current object of attention, it allows
cal literature that visual processing in the cortex involves infants to move on to, and learn about, other environmental
two pathways, one ending in the occipito-parietal region, stimuli [40].
usually referred to as the “dorsal stream”, and the other
pathway ending in the occipito-temporal region, known as
the “ventral stream’{3,23,46] One of the primary func- 4. Spatial representation and attention in
tions associated with the dorsal stream is its involvement in atypically developing children
visually-guided action, particularly when actions are gov-
erned by spatial representatiofis12]. An area of intense The aim of the present study is to examine both spatial rep-
neurophysiological investigation in this respect has been resentation and sustained attention in toddlers with WS and
the role of neurons in parts of the parietal cortex in estab- DS, as well as mental age-matched (MA) and chronological
lishing “body-centred” frames of reference for action, i.e. age-matched (CA) healthy controls. Spatial representation
integrating information about head, eye, and body position will be tested in Experiment 1, using the double-step sac-
with respect to a target in the environmé¢hfl5,22,42] cade paradigm employed by Gilmore and John&ih21],
to determine whether the visuo-spatial impairments found in
adults with WY 9,14,48]have precursors in early childhood,
3. Attention in normal development in the form of deficits in spatial frames of reference used to
guide visual action. Other work has already suggested the
Spatial attention, as defined by Posner and Peterson (e.gpossibility of a dorsal stream deficit in WS]. It will also
[37]) consists of three phases: engage, disengage, and shiftbe possible to examine vector summation using this task.
Similar components are also found in attention in infancy. If the WS group exhibit more vector summation than other
Lansink and Richardf34] describe three phases of infant groups, this may indicate a tendency to rely on sub-cortical
attention: stimulus orienting, sustained attention, and atten-saccade planning processes. Finally, the double-step saccade
tion disengagement. task also provides a measure of orienting of attention. Eye
The first phase of attention, stimulus orienting, involves movements to the first target can be used to indicate accu-
the direction of attention toward a spatial location or object racy of orienting to the target location.
of interest. This usually (but not always) involves eye and  Sustained attention will be examined in Experiment 2.
head movements. The development of orienting is thought Anecdotal reports suggest that attention is a problem area
to progress from sub-cortical control in new-borns, to more in both clinical groups of interest here. However, there has
cortical mechanisms by the age of 2—3 months. New-born been little empirical work on attention in WS, and studies of
infants orient more readily towards stimuli in the temporal attention in DS have tended mainly to focus on school-age
visual field, which is thought to input to the sub-cortical children and adult$33,38,43] rather than the early stages
visual pathway from the eye to the superior colliculR9]. of development (although s¢24,32). Three issues are of
By the age of 2 months, infants are more able to orient interest: the first is to determine whether any differences
towards stimuli in the nasal visual field, indicative of cortical found between groups on the saccade planning task might
control of orienting. Speed of orienting also changes over be accounted for by impairments of attention. The second
the first few months; 1-month olds will take longer to orient issue concerns whether the patterns of attention claimed to
to peripheral stimuli than 3-month olds, and will also display be present in adults and older children with WS and DS are
more directional errorf4]. present from infancy, or if these problems develop later. Fi-
The second phase, sustained attention, is a period duringnally, if infants with WS do show deficits in this area, are they
which the infant is engaged with processing the stimulus. qualitatively similar to those exhibited by infants with DS?
This phase may involve the enhancement of information pro-
cessing and learning, and can be associated with a charac-
teristic decrease in heart rg@4]. The traditional approach 5. Experiment 1: saccade planning
toward the measurement of sustained attention has been the
observation of childrens interactions with toys. These inter- It is proposed that toddlers with WS will be impaired on
actions are typically videotaped, and subsequently coded bythe double-step saccade task, and will make more errors of
trained coders. The general trend in the development of sus-saccade planning that require body-centred frames of refer-
tained attention is one of greater sustained attention, and de-ence, relative to typically developing controls. A secondary
creased latency to enter periods of sustained attention withprediction of Experiment 1 is that toddlers with WS will
increasing age, which may be due to improved motor con- differ from typically developing controls in terms of vec-
trol [40]. tor summation, which would appear as looks to the central
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position on the first saccade, and which would indicate de- generator was used to allow for subsequent frame-by-frame
layed maturation of the cortical control mechanism. Finally, coding. Head movements were limited by padding, but the
it is predicted that orienting of attention, as indicated by ac- head remained relatively unrestrained in order to maintain
curacy of target localisation on the first eye movement, will cooperation.

be poorer for the toddlers with WS. Each session started with distractor stimuli that were
initiated before the participant was in place, in order to
51. Method engage the participants interest. This was followed by 18
calibration trials, 48 experimental trials, and 12 break trials.
5.1.1. Participants Distractor, fixation, and target stimuli were chosen ran-

A total of 64 infants were tested, comprising a group of domly from a subset of high contrast designs each presented

13 toddlers with WS (mean CA: 29 months, range: 23-37 at & in width, accompanied by random auditory tones. In

months), 19 toddlers with DS (mean CA: 29 months, range: each trial, a fixation stimulus appeared in one of four po-
24-37 months), 17 CA-control toddlers (mean CA: 30 sitions on the screen (corresponding to north, south, east,

months, range: 23-37 months), and 15 MA-control infants and west). Following a computer key press that terminated
(mean CA: 15 months, range: 12—21 months). MA control the fixation stimulus, two targets appeared on the screen,

infants were matched to the WS and DS toddlers using theone following the other, Wi,th no period of overlap. Pair;
Bayley Scales of Infant Development@]. The majority of of targets appeared_ op_p03|te one anqther, e.g. above right
the WS and DS groups failed to obtain a Mental Develop- 2nd below right of fixation, and at a distance of’ 7om

ment Index (MDI) score and were categorised as MD5O. the middle of the fixation point. Eight combinations of
Raw scores were therefore used and are report@dite 1 fixation-target sequences were presented in pseudo-random
The Bayley was also used to match the DS and WS par_order in each pair of blocks of experimental trials. Break
ticipants. The CA group was included to control for length trials were presented after each block of four experimen-
of experience. The MA group was included to control for tal trials, in which targets were shown but durations were
general level of cognitive development. The DS group con- Ionger (300 ms) to reduce the possibility of participants frus-
trolled for general mental retardation. The children with ws  tration. , o

were recruited through the Williams syndrome Foundation, _largetdurations were selected to maximise the number of
UK and all were positive on the FISH test for the elastin trials in which participants made sequences of two saccades.
deletion on one copy of chromosome 7. Children with DS Target durations were determined from pilot studies, and
were recruited through the Down Syndrome Association, Were 70 msfortarget 1, and 100 ms for target 2. Target 1 was
and all were full trisomy-21 and not mosaic. CA- and always in one of the two positions diagonally adjacent to the
MA-control participants were recruited through a subject fixation point, with target 2 always positioned opposite target

pool of healthy infants and toddlers. Participants were part 1,asinFig. 1A A1.5s response mterval was allowed pgfore
of a broader study of cognitive and linguistic development e start of the next trial. On trials where the participant
in atypical infants and toddlers, now being carried out at was not fixating, attempts were made to attract his attention

the Neurocognitive Development Unit in London. All par- (© the correct area of the screen, by calling his name and
ticipants except one of the DS toddlers (eliminated from €ncouraging him to look at the picture, or by shaking bells

this visual study because she presented with nystagmus)in the correct position behind the monitor. Continued failure
were reported as having normal or corrected for normal to f_|xat_e resulte_d in the trial being terminated in order to
vision. maintain the childs interest.

5.1.2. Procedure 5.1.3. Coding . . . .
Participants sat in a car seat 50cm from a 51 cm colour After the testing session, two trained coders (blind to
computer monitor controlled by a microcomputer. Those trial type) deFermlned start t_|mes and gndpomts (one of nine
children who would not settle in the car seat were tested on SCreen locations on ax33 grid) of the first and second sac-
the parent or experimenters lap. The sessions were recorde§2des from PAL format (S0 half frames/s) videotapes of the
from a video camera mounted above the monitor, zoomed in toddlers head and eyes. If the two coders disagreed on ei-

to obtain a close-up view of the head and eyes. A time codethe_r the dlrectl_on_or start time for a sa_iccade, a third coder
reviewed the trial independently and rejected the assessment

of one or both of the other coders. Videotape measures of
this type have been shown to have sufficient accuracy in
comparison with electro-oculogram (EOG) djtd]. Relia-

Table 1
Mean BSID Il raw scores

Group Mean S.b. Range bility between the coders was calculated based on the num-
WS (n = 13) 101.43 10.00 83-122  ber of trials where two of the three coders/judge agreed on
DS (h =19) 100.89 9.96 88-121  start times and endpoints of both saccades, as a proportion
CA (n =17) 148.76 9.30 140-165  of trials completed, and is as follows: all groups: 92%, WS:
MA (n = 15) 99.44 10.81 84-123

90%, DS: 91%, CA: 92%, MA: 95%.
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Table 2
Mean trials completed (out of 48), valid trials and eliminations (as a percentage of trials completed) for all groups

Trials completed Valid trials (%) Elim 1% (no valid Elim 2% (look before Elim 3%

first look) T2 offset) (coder disagreement)

WS (h = 13) 45.77 (5.29 51.15 (15.56) 36.05 (19.25) 3.05 (3.96) 9.76 (7.92)
DS (h =19) 47.74 (1.15) 59.37 (12.92) 23.96 (13.06) 7.47 (9.00) 9.25 (7.92)
CA (n=17) 42.94 (10.05) 58.12 (15.75) 22.45 (11.54) 10.83 (13.60) 8.46 (7.33)
MA (n = 15) 45.60 (4.44) 65.33 (13.56) 24.94 (10.40) 4.84 (4.88) 5.08 (5.35)

aStandard deviations in parenthesis.

Trials were coded as invalid, and eliminated, on the basis on each of the elimination measures. There was no signifi-
of three criteria: (1) if the toddler was judged not to be look- cant difference between groups on percentage of valid trials
ing at fixation during the presentation of the targets, failed (F(3, 60) = 2.243, n.s.). For the elimination measures, there
to disengage from the fixation, looked away from the dis- was a significant difference between groups on Elimination
play, or the experimenter terminated a trial due to participant 1 (F(3,60) = 2.903, P < 0.05), toddlers with WS scor-
fussiness, that trial was eliminated on the basis of no valid ing higher on this measure than CA toddlers (Tukey’s HSD,
first look; (2) if the first saccade began before the offset of P < 0.05). There were no group differences on Elimination
the second target, trials were eliminated, in order to ensure2 (F(3,60) = 2.126, n.s.), or Elimination 3K(3, 60) =
that retinal and non-retinal information were separate, and; 1.275, n.s.).

(3) if start times of saccades did not correspond to within one

frame either way, or locations of the endpoints of saccades5.2.2. First saccade responses

differed, as determined by two of the three coders/judge, A summary of first saccade types (as a percentage of all
that trial was eliminated. valid first saccades) is presented Fiig. 2 The types of

Our analysis focused on participants sequences of two eyesaccade presented are:
movements in which the first saccade was toward the first
target. In these circumstances, it is the endpoint of the second
saccade that indicates whether retinocentric or body-centred
information controlled the responsEig. 1B).

Target 1: looks to the position of the first target
Target 2: looks to the position of the second target
Centre: looks to the central (vector averaged) position
Other: looks to any other position on thex33 grid

5.2. Results Separate one-way ANOVAs were carried out on each of
the first saccade response types. There was a significant dif-
5.2.1. Valid trials and elimination rates ference between groups on saccades to target3, 60) =
Table 2shows the trials contributed by each of the groups, 7.359, P < 0.001), saccades to the centr&(3, 60) =
and the pattern of elimination of trials. 16.517, P < 0.0001), and saccades to other positions on

Separate one-way ANOVAs were carried out on the per- the 3x 3 grid (F(3,60) = 7.911, P < 0.001). Differ-
centage of valid trials contributed by each of the groups, and ences on all these measures were found to be between the
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Fig. 2. First saccade responses for all groups (%). T1: target 1, T2: target 2, centre: the vector averaged position, other: any other positiod gmdthe 3
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Fig. 3. Second saccade responses for all groups (%). Body: body-centred, retino: retinocentric, no look: no second saccade, fixation: saazades back
the position of the fixation point, other: any other position on the 3 grid.

WS group and all other groups (Tukey's HSP,< 0.05), 5.3. Discussion

with the WS group scoring lower than other groups on

looks to target 1, and higher than other groups on looks to  Overall, the results from the double-step saccade task
the centre, and other positions. There were no significant show that young children with WS perform differently from

group differences on saccades to targef@B(60) = 2.680, those with DS, as well as from the chronological age- and

n.s.). mental age-matched, typically-developing controls. The pro-
portion of looks to the first target by WS toddlers was lower

5.2.3. Second saccade responses than the other groups, including the DS group. WS toddlers

Response types made in the second saccade are presentedso made significantly more looks to the centre location than
in Fig. 3. Responses presented are those made after a saccadsl other groups. This supports our hypothesis that they are
to the first target, and response types reported are: more frequently using vector summation to plan saccades
than any of the other groups. The WS toddlers also failed
to make a second look more frequently than control groups,
and when they did make a second look, it tended to be less
frequently directed towards the body-centred location. This
indicates that they may be unable to combine extra-retinal
information with retinal information to the same extent as
the DS toddlers and normal controls. Finally, WS toddlers

One-way ANOVAs were performed on each of the sec- also made a higher proportion of looks to other areas on the
ond saccade measures. Significant differences were foundyrid than all other groups.

Body-centred: successful looks to the body-centred posi-
tion

Retinocentric: looks to the retinocentric position

Fixation: looks back to the position of the fixation point

Other: looks to any other valid position on thex33 grid

No look: no second look made

on body-centred looksF(3,60) = 1255, P < 0.001), The pattern of results suggests that the WS toddlers are
and no second looksF(3,60) = 8.48, P < 0.001). impaired relative to both DS toddlers and both CA- and
Differences on these measures were found between theMIA-matched healthy controls on orienting to a target, and
WS group and all the other groups (Tukey's HSP,< that they rely more than controls on sub-cortical circuits,

0.05). Differences at the level of retinocentric looks, which results in making frequent responses to the vector
looks back to fixation, and other looks were not signifi- averaged centre location. There was no difference between
cant. groups on proportion of retinocentric responses, looks back
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to the fixation point, or looks to other positions. In terms the centre part with a suction cup base, a farmyard pop-up
of the overall pattern of second saccades made by groupstoy with four coloured buttons which revealed farm animals
the predominant response type for the WS group was failurewhen pressed, and a ball shaped toy constructed of wooden
to make a second saccade, while for all other groups therods and elastic which could be squashed and stretched.
predominant response was correct looks to the body-centred
position. 6.1.3. Coding
These results suggest that the visuo-spatial problems re- Coding was based on that of Ruff and Lawgd4]. Two
ported in older children and adults with WS are present from coders practised coding periods of sustained attention, us-
early childhood. However, it is important to establish that ing videotapes and training material provided by Holly Ruff
group differences in levels of engagement on the task did (see[39]), until reliability within and between coders was at
not influence outcomes. Specifically, poor sustained atten-least 90%. The measures of interest were duration of atten-
tion in the WS group could have contributed to fewer looks tion and number of periods of attention. Each coding session
being made in the present task. would begin with the coder watching a complete session
(one period of 45s with one toy) in real time, to get an
overall view of events during that session. Frame-by-frame
6. Experiment 2: sustained attention coding (50 half frames per second) for each session was
then performed, noting start and end times of periods of sus-
It is hypothesised that toddlers from the two clinical tained attention in half frames. After coding, any periods
groups, WS and DS, will be impaired relative to control of sustained attention that weke2 s in duration, were re-
groups, both on measures of duration and number of periodsmoved before analysis, as R{#9] claims that these are so
of sustained attention, which would indicate that the atten- short that they are not really indicative of sustained atten-
tion problems that are reported to be present in adulthoodtion. One coder, who was blind as to the experimental hy-

(e.g.[19,43,52) already exist from an early age. pothesis, coded all sessions, plus 15% of sessions a second
time. A second coder also coded 15% of sessions selected

6.1. Method at random. The intra-rater intraclass correlation was 0.986
(n =9, P < 0.001), and the inter-rater intraclass correlation

6.1.1. Participants was 0.9844 = 9, P < 0.001). These figures are compara-

All participants from Experiment 1 took part in this sec- ble with the inter-observer correlations of >0.90 reported by
ond experiment. Ruff and Lawsor{40].
6.1.2. Procedure 6.2. Results

Infants were placed on a childs booster seat attached to
a normal chair, and seated at a table. The parent or carer Total duration of sustained attention recorded for each
sat on the childs left, and the experimenter sat at an angle,group with all three toys was analysed, to determine whether
at the corner opposite the child. A box containing the toys groups responded differently to individual toys. There was
was to the left of the experimenter, out of the childs view. a significant main effect of toyH(2, 120 = 22.21; P <
A video camera was placed directly facing the child at head 0.01), and a significant main effect of group(B, 60) =
level, and all sessions were recorded for subsequent coding6.29; P < 0.05). The interaction of toy by group was not

The test session consisted of three parts; the warm-up,significant (6, 120 = 1.36; n.s.), indicating that although
the experimental trials, and a debriefing for the parents. Thethe toys did not all elicit the same amount of sustained at-
warm-up consisted of two trials, in which toys were placed tention, the pattern was the same across groups. Therefore,
on the table in front of the child for 45 s each. Order of pre- responses from all three toys were pooled for further anal-
sentation of the toys was varied across participants. Parentssis.
were advised before the session that they should not talk
to the child, and also that the experimenter would not talk 6.2.1. Duration of sustained attention
to, or make eye contact with the child. At the end of 45s,  Total duration of periods of sustained attention with all
the toy was removed, and the next toy introduced. In casesthree toys was calculated, and average total duration for all
where the child would not give up the toy, the next toy was four groups is presented ifiable 3 A one-way ANOVA
introduced as a distracter, enabling the experimenter to re-revealed a significant difference between groufi8(60) =
move the first toy. Experimental trials were exactly the same 6.37; P < 0.05), the DS group having significantly shorter
as in the warm-up, but different toys were used. During the total duration of periods of sustained attention than all other
debriefing, parents were asked whether the child was famil- groups (Tukey’s HSDP < 0.05).
iar with any of the experimental toys, and their responses
recorded. 6.2.2. Number of periods of sustained attention

Three toys were used during the experimental trials; a The number of periods of attention demonstrated by each
corkscrew toy with revolving balls which could screw round infant was calculated for all toys, and the average number
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Table 3 not the case for WS, despite the toddlers being matched on
Duration and number of periods of sustained attention for all three toys, photh CA and MA to the toddlers with DS. The fact that the
n seconds toddlers with WS do not show the same deficits of attention

Group Total duration Number of periods as reported in older children and adults suggests that the
Mean S.D. Mean S.D. attention deficit in Williams syndrome may not emerge until
WS (= 13) 68.51 29.40 4.69 118 Iate_r,_ due to mteractlo_ns WIFh spatial anq _oth_er cognitive
DS (n = 19) 33.19 2315 332 1.29 deficits, and the way in which such deficits impact over
CA (n=17) 54.86 19.16 4.59 1.70 developmental time on learning. However, it should be noted
MA (n = 15) 58.29 24.84 5.40 2.06 that the issue of attention levels in adults with WS needs

empirical clarification.

of periods of sustained attention for each group is pre-

sented inTable 3 A one-way ANOVA revealed a signif- 7. General discussion

icant difference between group#(@,60) = 5.11; P <

0.05). This was found to be between the lowest number  The results of our experiments suggest that the visuo-spatial
of periods of sustained attention for the DS group, and problems found in adults with WS do have precursors in

the highest for the MA group (Tukey's HSI®, < 0.05). early childhood. Likewise, poor sustained attention seems
There was no significant difference between the DS and WSto be a stable deficit over developmental time in DS.
groups. Experiment 1 revealed that toddlers with WS perform
very differently from all the other groups on each of the
6.3. Discussion measures from the double-step saccade paradigm. Thus,

the ability to orient accurately to target locations, and the

The results from Experiment 2 indicate that the DS group use of body-centred spatial frames of reference to plan
appear to have a deficit of sustained attention, in that they saccades, is impaired in this population. In contrast, the
exhibit fewer periods of sustained attention than the younger DS group demonstrated no difficulties with any of the
MA group, and less total duration of sustained attention measures from the double-step saccade task. WS perfor-
than all other groups. These results are in line with many mance on these measures may thus be an early precursor of
of the studies that claim to find attention deficits in chil- visuo-spatial deficits found in older children and adults with
dren and adults with DS (e.§19,43), and are indicative =~ WS.
of a stable deficit from infancy through to adulthood in this ~ Experiment 2 examined sustained attention, and revealed
syndrome. that unlike the DS group, the WS group were notimpaired on

Could task engagement explain our results with the DS this measure. Thus, the poor sustained attention reported in
toddlers? Wishart and Duff{b0] suggest that factors such adults with DS appears to be present from an early age, and
as task engagement and motivation may be contributory intherefore represents a stable deficit within this population.
the task performance of DS children. They found that task Deficits of attention reported in adults with WS were not
failure was often due to DS childrens refusal to participate, found in the WS toddler group, which may suggest that such
thereby failing the task by default. Children with DS, they deficits do not emerge until later in the WS group, but as
argue, will often engage in elaborate avoidance behaviours.mentioned previously, this is an area which requires further
However, other studies claim to find no difference between investigation.
typically developing infants and DS infants in terms of task  The findings from Experiment 2 were used to determine
persistence (e.d41,47). In addition, Hasan and Messer whether differences in the ability to sustain attention could
[27] found no indication of failure to engage in six chil- have contributed to the results from Experiment 1. As the
dren with DS, when tested on Uzgiris and Hunt object con- WS toddlers did not show poorer sustained attention, their
cept and means-ends scales. Furthermore, Hasan and Messeerformance on the double-step saccade task is not likely to
[27] claims to find stable performance with these DS chil- have been affected by differences in level of engagement.
dren when tested repeatedly at monthly intervals. Thus, tasklIf anything, the DS group should have performed poorly in
engagement and motivation are unlikely to explain the DS Experiment 1, since Experiment 2 demonstrated lower levels
failure to engage in sustained attention. of sustained attention in this group. Yet, the DS toddlers

One surprising result from this experiment is that toddlers performed well in the first experiment.
with WS perform as well as typically developing controls The comparison of Experiments 1 and 2 would therefore
with respect to sustained attention. As rates of ADHD are seem to suggest that poor attention levels do not contribute
reportedly high in WJ18] it was predicted that toddlers to the impaired performance on the double-step task by the
with WS would perform poorly on measures of sustained WS toddlers. However, it should be noted that the two tasks
attention. While ADHD is not clinically diagnosed until a were quite different, in that the first task required passive
child is 3 years of age or older, the task revealed a stableviewing of the stimuli, while the second was more active in
deficit in sustained attention in the DS group. But this is that the child was required to play with the toys. Thus, the
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