Development and Psychopathology 25 (2013), 545-553
© Cambridge University Press 2013
doi:10.1017/S095457941200123X

Multiple-object tracking among individuals with Down syndrome
and typically developing children

DARLENE A. BRODEUR,” LANA M. TRICK,” HEIDI FLORES,® CAITLIN MARR,” axp JACOB A. BURACK®“
“Acadia University; " University of Guelph; McGill University; and ¢ Hopital Riviére-des-Prairies

Abstract

We investigated differences in multiple-object tracking among individuals with Down syndrome (DS) as compared to typically developing children
matched on a visual-spatial mental age of approximately 5.5 years. In order to ensure that these effects did not originate in differences in encoding or reporting
the positions of targets in distracters after a delay, immediate and delayed report were measured for static items. Although their immediate and delayed
report for multiple static items was comparable to that of the typically developing children, the participants with DS performed as if they were only capable
of tracking a single item at a time regardless of the number of targets that needed to be tracked. This finding is surprising because the operations used in
multiple-object tracking are thought to be necessary for visuospatial tasks, which are an area of relative strength among persons with DS. These results call into
question the idea that abilities or deficits in multiple-object tracking predict visuospatial performance, and highlight ways that atypical development can
inform our understanding of typical development.

Within the context of the mutually informative relationship ther extends the limits to which the developmental system can
between the understanding of typical and atypical develop- be stretched since, in addition to the slowed development,
ment that is the hallmark of the discipline of developmental each syndrome is associated with a unique developmental
psychopathology (Cicchetti, 1984), the study of persons with pattern of relationships across areas of functioning (Burack,
specific syndromes associated with intellectual disability plays 1990; Burack, Hodapp, & Zigler, 1988; Cicchetti & Beeghly,
a unique role. As in the case of all types of atypical develop- 1990). Domains of functioning that appear to be intrinsically
ment, typical development provides a context for evaluating  related when only considered within the context of typical de-
the developmental intactness, strengths, and weaknesses in velopment may not appear to be related at all in the develop-
this group. In addition, like all types of development that ~ ment of persons with a specific syndrome (Burack, Russo,
are so atypical that they cannot be mimicked or induced in re- Flores, Iarocci, & Zigler, 2012). Thus, the unique relative
search settings, the occurrence of intellectual disability serves strengths and weaknesses for each syndrome may contribute
as an “experiment in nature” for the testing of the extremes of ~ to the understanding of both the limits of the developmental
developmental integrity (see Hodapp & Burack, 1990). In system and the alternative ways that development can be con-
this case, intellectual disability provides unique opportunities structed (Cicchetti & Pogge-Hesse, 1982; Hodapp & Burack,
to assess whether patterns and associations that are evident in 2006).

typical development are also seen when development is most The study of special populations may be especially in-
slowed down and to observe development and developmental formative to the research on typical development when per-
patterns in slow motion. The study of specific syndromes fur- formance is contingent on component abilities that may be

“pulled apart” in populations with marked strengths and
weaknesses in different areas of attention and related areas
This document reflects an equal collaboration between the first, second, and of cognitive function. In this study, we employ this strategy
fifth authors. Funding for this project for the first two authors was provided to better understand multiple-object tracking (MOT; Pyly-
by the Natural Sciences and Engineering Council of Canada and for the last shyn & Storm, 1988). MOT is the ability to monitor the pOSi—
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eration serves as a form of object-based selection that can op-
erate on up to four items at once, at least among most young
adults. It permits targets to be distinguished both from distrac-
tors and from other targets, and it is therefore essential to the
ability to touch or point to a specific target item among oth-
ers. However, according to Pylyshyn, this ability to individu-
ate several items at once is also necessary for deriving spatial
relations and consequently would be expected to be associ-
ated with performance on visuospatial tasks.

Pylyshyn’s (2001) prediction was borne out in studies on
individuals with Williams syndrome (WS), a disorder associ-
ated with both intellectual disability and marked visuospatial
deficits accompanied by relatively spared performance on
verbal tasks (Donnai & Karmiloff-Smith, 2000; Martens,
Wilson, & Reutens, 2008). For example, O’Hearn, Landau,
and Hoffman (2005; see also O’Hearn, Hoffman, & Landau,
2010) found that individuals with WS also exhibited poor
tracking performance and proposed that individuals with
WS have fewer indexes than is typical for their mental age
(MA). They concluded that this deficit originated in abnor-
malities in the parietal lobe, which is also implicated in MOT
(Culham et al., 1998; Howe et al., 2009). However, if poor
MOT performance is always associated with visuospatial def-
icits, and visuospatial deficits are always associated with poor
MOT, then MOT should be spared in specific populations for
whom visuospatial processing is an area of relative strength,
as is the case for persons with Down syndrome (DS; Frenkel
& Bourdin, 2009; Vicari, Belluci, & Carlesimo, 2006). In or-
der to test this hypothesis, we compared the tracking perfor-
mance of individuals with DS, who show markedly different
cognitive profiles than those with WS although both groups
function in the range of intellectual disability, with the perfor-
mance of a group of typically developing (TD) children
matched on visuospatial MA.

The cognitive profile of persons with DS provides a
unique opportunity to assess the extent to which MOT is de-
pendent on visuospatial processing, an area of strength rela-
tive to other aspects of development in this population. This
strength appears to be pervasive since it is evident across a
range of domains including visual-spatial memory, visual—
motor integration, and visual imitation (Fidler, 2005; Reilly,
Klima, & Bellugi, 1990; Silverman, 2007; Vicari, 2012).
However, as is the case with virtually all areas of functioning,
performance on visuospatial tasks can be compromised by
the pervasive language impairments associated with DS (Jar-
rold & Brock, 2012). For example, difficulties on tasks of di-
git span and nonword repetition are due to difficulties in rep-
resenting verbal information in short-term memory (Jarrold &
Brock, 2012; Thorn & Frankish, 2005). Concordantly, im-
pairments in working memory and long-term memory are
linked to difficulties with verbal processing (Fidler & Daun-
hauer, 2011; Jarrold & Brock, 2012; Vicari, 2012), and def-
icits in executive function are noted on tasks that involve ver-
bal components, such as those used to test rule use and set
shifting, but not on tasks that do not involve verbal compo-
nents, such as those used to assess inhibition and planning
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(for a review, see Russo, Dawkins, Huizinga, & Burack,
2012). Despite this deleterious impact of diminished lan-
guage abilities, visuopatial abilities continue to be a relative
strength among persons with DS, relative to developmental
level, and should be associated with intact performance on
MOT.

The comparison of tracking performance across groups is,
however, complicated because performance deficits may
originate from several sources, and different groups may have
deficits for different reasons. For example, the beginning of
the MOT task involves encoding of the positions of all of
the targets as they are presented among the distractors. Diffi-
culties in encoding targets would be manifested by a less ac-
curate immediate report of the target locations after encoding,
but before the items begin to move. Similarly, the reporting of
the location of the targets after a gap of 5 s or more from the
encoding stage (during which the item movement takes place)
requires the ability to sustain attention and hold information
in memory long enough for it to be reported. Deficits in these
domains would be manifested in a task of simple delayed re-
port of the positions of the targets. The true test of the index-
ing operation only occurs in the intermediate stage, during
which the targets and distractors move. At the very least, this
stage requires motion perception, but it also involves a form
of selection that is object based, rather than just spatially based,
because accurate performance is dependent on the observer
maintaining item identity (target or nontarget) despite the
movement of the items (Pylyshyn, 2001).

These different components of MOT may also vary in de-
velopmental trajectory. For example, the abilities necessary
for immediate and delayed report develop and change in dif-
ferent ways across the lifespan than do those for MOT as a
whole (Trick, Hollingsworth, & Brodeur, 2009). TD children
improve significantly in their immediate and delayed report
performance between 4 and 6 years of age, and performance
reaches adultlike levels between the ages of 8 and 11 years,
depending on the difficulty of the task (O’Hearn et al.,
2005; Trick et al., 2009; Trick, Jaspers-Fayer, & Sethi,
2005). In contrast, the ability to track moving items develops
later, with significant improvements occurring between 5 and
7 years of age, and adultlike levels of performance appearing
between the ages of 11 and 13 years, again depending largely
on task difficulty (O’Hearn et al., 2005; Trick et al., 2009).

The disparity in development was further highlighted by
O’Hearn et al.’s (2005, 2010) finding that the delayed report
performance of persons with WS with a mean MA of between
5 and 6 years was comparable to that of 5- to 6-year-old TD
children, whereas their tracking performance was only
comparable to that of 4-year-old TD children. This suggests
that the impaired performance of persons with WS was not
due to problems related to report but rather to the indexing
phase of the MOT task. Since the deficit in indexing among
persons with WS might be the cause of their more global
problem in visuospatial processing (Donnai & Karmiloff-
Smith, 2000; Martens et al., 2008), we hypothesized that per-
sons with DS, for whom visuospatial processing was an area
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of relative strength (e.g., Frenkel & Bourdin, 2009; Vicari
et al., 2006), should not show deficits in MOT.

In the present study, participants with DS and TD indi-
viduals matched on an MA of approximately 5.5 years were
compared on an MOT task and on tasks of immediate and de-
layed report. A challenging version of the MOT task with 10
item displays and 10-s intervals between encoding and report
was used to minimize ceiling effects in the corresponding re-
port tasks. Consistent with the notion that groups with specific
areas of strengths and weaknesses should be matched to TD
persons on the domain of functioning that is relevant to the tar-
get task (e.g., Burack, 1997; Burack, Evans, Klaiman, & Iar-
occi, 2001; Burack, Iarocci, Flanagan, & Bowler, 2004; Russo
et al., 2007), the Leiter International Performance—Revised
Brief 1Q Scale (Leiter-R; Roid & Miller, 1997), which pro-
vides a measure of visual-spatial MA, was used to match the
groups both because persons with DS show a relative strength
in this area and because the MOT task is one of visual-spatial
processing. Because the average MAs of the participant groups
were approximately 5.5 years, we expected that they would be
able to track around two items, based on the performance of
TD children in studies with tasks of comparable difficulty
(Trick et al., 2005, 2009). If the individuals with DS performed
as would be consistent with their chronological age, they were
even expected to track up to three or four items at once. How-
ever, the persons with DS might not have been expected to per-
form as well as the TD individuals on MOT if they had diffi-
culty encoding or sustaining attention for the duration of the
tracking interval, as measured by report tasks (Trezise, Gray,
& Sheppard, 2008). In addition, immediate and delayed report
require spatial memory, and deficits in visuospatial simulta-
neous working memory for static items are reported among
individuals with DS in some tasks (Lanfranchi, Caretti, Spano,
& Cornoldi, 2009; Visu-Petra, Benga, Tincas, & Miclea,
2007). Thus, any deficits in MOT among the participants
with DS would be expected to be accompanied by deficits in
immediate and delayed report for static items.

Method

Participants

The participants included 13 persons (11 male) with DS with
an average chronological age of 15.12 (SD = 3.38) years and
an average visual-spatial MA of 5.42 (SD = 0.75) years as
measured with the Leiter-R (Roid & Miller, 1997), and 13
TD children (7 male) with an average chronological age of
5.21 (SD = 0.54) years and an average visual-spatial MA
of 5.54 (SD = 0.76) years. The Leiter-R is a measure of non-
verbal intelligence that can be easily administered to popula-
tions with developmental disabilities and language impair-
ments. The groups were well matched on visuospatial MA,
t(24)=0.37,p =72

The participants with DS were recruited from two centers
that provide services to persons with DS, and the TD children
were recruited from kindergarten, Grade 1, and Grade 2
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classes in public schools. The TD children were reported to
be free of any mental health-related diagnoses. All the partici-
pants had self-reported or parent-reported normal or corrected
to normal vision. Although visual acuity was not measured,
only significant uncorrected impairment would have made
the displays difficult to see under the close viewing condi-
tions used during experimentation.

Stimuli and apparatus

Testing was carried out on a Macintosh iBook with an external
computer mouse for making responses. The participants were
seated at a table, directly in front of the computer, 45 cm from
the viewing screen. The stimuli were presented on a central
black 22.96x17.33 degree rectangle that served as the tracking
field. The pretrial central fixation point was a 0.18 degree
white outline square. The stimuli used in the tracking and re-
port tasks are presented in Figure 1; they include happy faces
(1.45 degree blue circles outlined by 0.18 degree white con-
tours) and spies (1.53 degree black squares with 0.18 degree
white contours, forming faces wearing spylike fedora hats).
During each trial, 10 randomly positioned stimuli were posi-
tioned on the tracking field. The only items that moved were
the happy faces (the happy faces could be targets or distract-
ers), and their movements were constrained in such a way
that they could touch but never occlude. Items bounced off
each other and the walls of the tracking field. Each item had
its own rate of movement, and that rate changed randomly ev-
ery frame (every 16.5 ms), with values somewhere between 0
and 9.35 degree visual angle per second. These items moved
independently of one another. In every frame, there was a 1/
100 chance that the item would spontaneously change direc-
tion even if it did not bounce off anything.

Procedure

The participants were tested in two 30-min sessions on separate
days. On the first day, they completed the Leiter-R. On the sec-
ond, they completed variants of the catch the spies task (Trick
et al., 2005, 2009). In all variants of the task, the goal was for
the participants to indicate the locations of one or more spies
(targets) that had disguised themselves as regular civilians
(happy-face figures) in a display of regular civilians (distract-
ors). For each task variant, there were four or more of the fol-
lowing stages shown in Figure 1 in each trial. In the initialization
stage, 10 randomly positioned happy-face figures were dis-
played on the screen for 1105 ms. Next, during the 1650 ms tar-
get encoding stage, between one and four of these items repeat-
edly changed back and forth from happy-face to spy form to
indicate that those specific items were the targets (spies). At
the end of this period, all of the items reverted to their happy-
face form and remained static for 495 s (the postencoding
display). In the item movement phase, all 10 of the happy-face
figures (targets and distractors) moved randomly and indepen-
dently of one another for 10 s. Then all item motion stopped.
Then during the report phase, the participants used the computer
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Tracking Area (Black:17.339 X 22.969)

Stages in a trial (Participant initiates sequence)
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Happy-face Spy
1.459 X 1.450 1.530 X 1.530

1. Initialization: 1105 ms (10 static randomly-
positioned dark blue happy-face figures shown).

2. Target Encoding: 1650 ms (Random 1-4 happy-
faces repeatedly change back and forth from happy-
face to spy-form to indicate they are targets/spies.)

3. Post-Encoding Display: 495 ms (All 10 items in
happy-face form again).

4. Item movement: 10 seconds (The 10 happy-faces
move randomly and independently: bounce off walls and
each other. Speed: 0-9.359/sec; each item changes speed
randomly each 16.5 ms.)

5. Report: Self-paced (Participant uses computer
Y mouse to indicate which happy-faces were
targets/spies.)

Figure 1. Stages in the catch the spies task. Note that all three variants of the catch the spies task (immediate report, delayed report, and multiple-
object tracking [MOT]) went to the end of the postencoding display. However, for immediate and delayed report there were always four targets, and
the participants did not experience the item movement stage. For immediate report participants went directly to report stage after the postencoding
display, whereas for delayed report they waited an additional 10 s before report. For the MOT task, there were between one and four targets, and
participants went through all five stages of the task. [A color version of this figure can be viewed online at http:/journals.cambridge.org/dpp]

mouse to indicate the happy-face figures in the static display that
were “really spies” (targets).

The three variants of the catch the spies task included im-
mediate report, delayed report, and MOT. All involved the in-
itialization, target encoding, postencoding, and report phases,
but for immediate report, the participants completed the report
stage immediately after the postencoding phase, while for de-
layed report, they completed the report phase that followed
postencoding after a 10-s delay, during which the items re-
mained static. The item movement phase only occurred in the
MOT task (item movement occurred in the 10 s immediately
after the postencoding display). The immediate and delayed re-
port variants always involved four targets. The MOT task in-
volved between one and four targets per trial, and the trials
were presented in a random order with the number of targets
varied from trial to trial. For all three variants, feedback was
provided after each trial during a 1260-ms interval at which
time the actual targets identified themselves as spies.

The participants completed the immediate report, delayed re-
port, and MOT variants in that order. Practice trials were admin-
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istered before each task. The immediate and delayed report var-
iants each entailed 2 practice trials and 8 experimental trials.
The MOT variant comprised 8 practice trials and 32 experimental
trials. In total, the participants completed 60 trials in under 30 min.
None of the participants reported difficulty completing the tasks.

Results

For all of the analyses, the dependent variable was the mean
percentage of correctly identified targets (spies). Unless
otherwise specified, follow-up tests were conducted using
Bonferoni’s test. Boxplots were used for all conditions and
groups for an initial outlier check. However, because there
was no evidence that outliers distorted the results, the box-
plots will not be reported here.

Report tasks

The participants with DS were compared to the TD children
on measures of immediate and delayed report. A 2 x 2 analy-
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sis of variance was performed with group as a between-group
factor with two groups (DS and TD) and type of report task as
a within-subject factor with two levels (immediate and de-
layed). No group differences emerged, F (1, 24) = 0.12, p >
.05, but there was a main effect of task, F' (1, 24) = 9.88,
p = .004, 1]}2, = (.29, with performance better on immediate
than delayed report (M = 87.04%, SD = 10.7 and M =
78.68%, SD = 11.6, respectively). There was no evidence of
a Group x Task interaction, F' (1, 24) = 0.16, p > .05. Overall,
the findings suggest that the participants with DS and the TD
children were similar in terms of their ability to report the po-
sitions of up to four static target items (spies) in distracters.
These findings are displayed in Figure 2, along with the ex-
pected outcomes (the expected percentage of correctly iden-
tified targets) if the participant guessed the positions of one
or two of the four targets. These expected outcomes were cal-
culated based on the assumption that the participants accurately
remembered the positions of some of the targets and randomly
guessed the rest (sampling without replacement; Freund,
1981). For example, if there were four targets and six distract-
ors, and the participants knew the locations of three targets but
were guessing the position of one, their expected percentage of
accurately identified targets would be (3 + [1/7]) /4 x 100 =
78.57%. Both groups performed about as well as would be ex-
pected if they were guessing the position of one of the targets in
the delayed report for four items.

MoT

Group differences in tracking performance for the targets
were analyzed in a 2 X 4 mixed-design analysis of variance.
As is typical in tracking studies, performance dropped with
increases in the number of targets, F (3, 72) = 2591, p <
.001, ng = 0.52. For both groups, tracking performance for
four targets was significantly below delayed report for the po-
sitions of four static targets (DS: M difference = 29.96%; SD
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of difference = 15.5. TD M difference = 32.36%; SD of dif-
ference = 15.0; p < .001 for both). Thus, tracking four items
was markedly more difficult than simply reporting the posi-
tions of four static items after a delay of the duration of the
tracking interval.

Overall, tracking performance was marginally worse
among the participants with DS than among the TD children,
F(1,24)=3.94, p = .059, ”qf) = (.14, but this effect was su-
perseded by a Group x Number of Targets interaction, F (3,
72) = 3.83, p = .013, ng = 0.14. Figure 3 indicates that
the TD children displayed better tracking performance than
did the participants with DS until there were four targets. Sim-
ple main effects analyses revealed significant differences be-
tween the participants with DS and the TD children for one
target, F' (1, 72) = 15.96, p < .01; two targets, F (1, 72) =
9.33, p < .01; and three targets, F (1, 72) = 5.33, p =<
.01; but not four targets, F (1, 72) = 0.42, p > .05.

As can be seen in Figure 3, the participants with DS per-
formed almost exactly as might be expected if they randomly
guessed the position for one of the targets even when required
to track only two targets at once. They also performed as
would be expected if they randomly guessed the positions
of two of the targets when required to track three items at
once, one sample  tests, # (12) < 1 for both. Thus, the partic-
ipants with DS did not appear to perform MOT but instead
tracked a single target and guessed the positions of the re-
mainder. In contrast, one sample ¢ tests revealed that the TD
children performed significantly better than would be ex-
pected if they guessed the position of one item when required
to track two at once,  (12) = 2.44, p = .031, M difference =
15.6%, and significantly better than would be expected if they
guessed two of the targets when required to track three at
once, t (12) = 2.29, p = .041, M difference =10.83%. This
suggests that the TD children were capable of tracking more
than one target at a time, but their performance was still worse
than would be expected if they only guessed one of the targets

%accurately identified targets (4 targets)

100 7
90 A
80
=0~DS
70 ——TDC
=X==Guessing | target
e e X =#==Guessing 2 targets
60
50
40
Immediate Delayed

Static report task

Figure 2. Mean percentages of correctly identified targets for immediate and delayed report of the positions of four static targets in the typically
developing control (TD) and Down syndrome (DS) groups. The dotted lines represent the expected outcomes if participants were guessing the
positions of one or two of the targets they were required to report. Standard error bars are included. [A color version of this figure can be viewed

online at http:/journals.cambridge.org/dpp]
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% accurately identified targets in multiple-object tracking

100 7

90 -

80
~0-DS

20 - ——TDC
=X==Guessing | target
= H#==Guessing 2 targets

60 7

50

40 -

Number of targets to be tracked

Figure 3. Mean percentages of correctly identified targets in the typically developing control (TD) and Down syndrome (DS) groups on the
multiple-object tracking task. The dotted lines represent the expected outcomes if participants were guessing the positions of one or two of
the targets they were required to track. Standard error bars are included. [A color version of this figure can be viewed online at http:/jour-

nals.cambridge.org/dpp]

when required to track three at once, # (12) =-2.52, p = .027,
M difference = 11.86%. Thus, on average, the TD children
tracked between one and two items at once, which is consis-
tent with the developmental pattern observed by Trick et al.
(2005) with a similar tracking task.

Floor effects obscured group differences in the four-target
tracking condition. Both groups performed significantly
worse than would be expected if they guessed two of the
four targets that they were required to track, one sample 7 tests:
DSt (12) = -3.58, p = .004; TD ¢ (12) = —4.57, p = .001,
indicating that all guessed the positions of the majority of
the targets. Since both groups performed about as well as
might be expected if they guessed the position of one of the
targets in delayed report for four static targets, poor tracking
performance with four targets is not surprising.

In summary, the participants with DS performed about as
well as would be expected if they could not track multiple items
at once but could only track a single item at a time. In contrast,
the matched TD children performed as would be expected if
they could track between one and two targets at once.

Do differences in immediate and delayed report account
for tracking performance?

In order to evaluate the impact of possible relations between
the report tasks and MOT, a 2 (Group) x 4 (Number of Tar-
gets) analysis of covariance was performed with accuracies
for both immediate and delayed report included as covariates.
Immediate report accuracy was not a significant covariate,
F(1,22) =035, p > .05, m} = 0.02, but delayed report ac-
curacy was, F (1,22) = 18.40, p < .001, ng = 0.46, suggest-
ing a relationship between report and tracking performance.
However, the covariance did not substantially change the
overall pattern of results. The main effect for the number of
targets emerged again, F (3, 66) = 5.61, p = .002, ng =
0.20; the marginal effect of group became significant, F (1,
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22) = 6.40, p =.019, nlz) = 0.22; adjusted M = 66.01 for
the TD and 56.77 for DS; and the Group x Number of Targets
interaction remained, F (3, 66) = 3.99, p = .011, ”qf) =0.15.
An analysis of covariance was carried out independently for
each group and test. For both the participants with DS and the
TD children, delayed report performance was a significant co-
variate (p < .01 for each), but among the TD children, im-
mediate report performance was also a significant covariate,
F(1,11) = 17.08, p = .002, n; = 0.61.

Discussion

Participants with DS were compared to TD children matched
on a MA of approximately 5.5 years in terms of their immedi-
ate report, delayed report, and MOT performance. Although
the groups were matched on visual-spatial processing, the
individuals with DS showed impairments in tracking moving
objects that could not be explained by deficits in immediate
and delayed report. The two groups were similar in terms of
the ability to report the positions of up to four static target
items (spies) in distracters, but the ability to track the target
items was worse among the participants with DS as compared
to the TD children for one, two, and three targets. When there
were four targets, both groups performed as would be ex-
pected if they were randomly guessing more than two of
the four target locations. Both groups performed as if they
were randomly guessing the positions of the majority of the
targets. Tracking performance for four targets was signifi-
cantly worse than the delayed report for the positions of
four static target items among both the persons with DS
and the TD children. Overall, the results suggest that the par-
ticipants with DS did not track multiple objects at the same
time but rather tracked a single target item and guessed the
positions of the remainder. Whereas the TD children (average
age 5.21 years) were capable of tracking more than one target
at a time, the individuals with DS were not, as calculated by
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Hulleman’s (2005) estimate for high threshold guessing (Hul-
leman k = 1.45 and k = 0.86 for TD and DS groups, respec-
tively, when required to track three items at once). These def-
icits in MOT among individuals with DS could help explain
other findings in the literature. For example, if MOT is as crit-
ical for visual-motor coordination as Pylyshyn (2001) sug-
gests, then a deficit in MOT could partly explain some of
the visual-motor coordination difficulties seen among per-
sons with DS (Virji-Babul et al., 2006).

Because the task used in this study with persons with DS
was more difficult than the one used by O’Hearn et al. (2005,
2010) with individuals with WS, tracking performance in the
two groups cannot be compared directly. However, the indi-
viduals with DS in this study exhibited the same dissociation
displayed by persons with WS (O’Hearn et al., 2005, 2010),
because performance on static memory tasks was more sim-
ilar to that of the MA-matched TD children than performance
on the tracking task. This supports the notion that separable
mechanisms are responsible for report and tracking, and
that the mechanism responsible for tracking is susceptible
to disruption by atypical development. The most important
difference between the two report tasks and tracking is that
tracking requires item movement (in addition to encoding
and report). Static spatial selection mechanisms would be
adequate for immediate and delayed report, but object-based
selection becomes necessary when items move.

Problems in object-based selection may emerge for a num-
ber of reasons. As suggested by O’Hearn et al. (2005, 2010)
for individuals with WS, individuals with DS may not be able
to select as many objects at once because they have fewer spa-
tial indexes to assign. In addition, Pylyshyn’s (2006) finding
of distractor inhibition in MOT suggests that persons with DS
may be deficient in object-based inhibition (cf., Lanfranchi,
Jerman, Dal Pont, Alberti, & Vianelli, 2010). The observed
tracking deficits may also occur because of the demands
that MOT makes on executive working memory. Although
individual differences in executive function do not seem to
predict differences in tracking performance in TD young
adults (Trick et al., 2012), they may predict performance
among persons with DS, who display special deficits under
dual task conditions (Kittler, Krinsky-McHale, & Devenny,
2008).

Although the above interpretations may all contribute to
observed group differences, we believe one further possiblity
provides the most compelling explanation. The problem may
be that individuals with tracking deficits have a lower spatial
or temporal resolution for object-based selection/inhibition
operations than is seen among TD individuals. Intriligator
and Cavanagh (2001) demonstrated that processes that re-
quire attentional selection generally have a much lower spa-
tial resolution than do sensory processes. If the mechanisms
used to update the positions of selected items were either
slower or less accurate (or both) among individuals with
DS, then tracking deficits could occur even though DS does
not seem to have much effect on the resolution of sensory pro-
cesses per se. Partial support for this contention includes evi-
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dence of spatial vision deficit among individuals with DS that
is associated with cortical rather than ocular mechanisms
(Courage, Adams, & Hall, 1997; John, Bromham, Wood-
house, & Candy, 2004; Suttle & Turner, 2004). Furthermore,
initial evidence suggests that basic motion processing is intact
in persons with DS, whereas complex motion processes that
would be influenced more by the spatial and temporal resolu-
tion of cognitive systems, such as deriving form from motion,
are deficient (Virji-Babul, Kerns, Zhou, Kapur, & Shiffar,
2006). Poor resolution might also explain why the deficit in
performance emerged even with only a single target to track.

The present study provides a unique way of exploring the
ramifications of one of the tenets of Pylyshyn’s (2001) spatial
indexing theory. According to Pylyshyn, the operations
necessary to index and track multiple items at once in MOT
are also necessary for deriving spatial relations. If that is
true, then there is reason to expect an association between
poor tracking performance and poor visuospatial skills, as oc-
curs in WS (O’Hearn et al., 2005, 2010). However, we found
that individuals with DS performed worse than TD children
on an MOT task, even though visuospatial skills are an area
of relative strength among persons with DS and even though
the groups were matched closely on MA derived from a task
of visuospatial reasoning. This finding calls into question the
notion that MOT necessarily predicts performance in other
visuospatial tasks.

The unexpected presence of MOT deficits among persons
with DS suggests at least two possible interpretations. One is
that the individuation operations used in MOT are not strictly
necessary for the visuospatial tasks used in standard tests of
spatial abilities. Many of these tasks involve static items for
which a simple spatial (non-object-based) selection mecha-
nism would be adequate to explain performance. A second in-
terpretation is that tracking deficits occur for different reasons
in persons with DS and WS. For example, compared to indi-
viduals with WS, persons with DS may display relatively
intact object-based selection, but may nonetheless exhibit re-
duced tracking performance because the temporal resolution
of their selection processes is poor, which would be espe-
cially problematic in dynamic displays. Another explanation
is that object-based selection may be preserved in persons
with DS, but limitations in executive function may reduce
the ability to store information for later report while updating
item positions. A final possibility is that all, or aspects of all,
of these explanations may be true.

In conclusion, MOT is a complex task involving a num-
ber of different brain areas (e.g. Howe et al., 2009), some of
which show greater activity in individuals with greater
tracking skill (e.g. Drew & Vogel, 2008). Deficits may orig-
inate from a variety of different neural sources including
frontal and parietal areas, both of which are found to relate
to the development of visuospatial working memory in TD
children (Klingberg, Forssberg, & Westerberg, 2002). Over-
all the evidence from individuals with unique etiological
profiles is consistent with the view that tracking is most
likely supported by a cortically based indexing mechanism
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that is independent of other memory and selection pro-
cesses. However, because individuals with DS show rela-
tively preserved visuospatial performance despite pronounced

References

Burack, J. A. (1990). Differentiating mental retardation: The two-group ap-
proach and beyond. In R. M. Hodapp, J. A. Burack, & E. Zigler (Eds.),
Issues in the developmental approach to mental retardation. New York:
Cambridge University Press.

Burack, J. A. (1997). The study of atypical and typical populations in devel-
opmental psychopathology: The quest for acommon science. In S. S. Lu-
thar, J. A. Burack, D. Cicchetti, & J. R. Weisz (Eds.), Developmental psy-
chopathology: Perspectives on adjustment, risk and disorder (pp. 139—
165). New York: Cambridge University Press.

Burack, J. A., Evans, D. W., Klaiman, C., & Iarocci, G. (2001). The myster-
ious myth of attentional deficit and other defect stories: Contemporary is-
sues in the developmental approach to mental retardation. International
Review of Research in Mental Retardation, 24, 300-321.

Burack, J. A., Hodapp, R. M., & Zigler, E. (1988). Issues in the classification
of mental retardation: Differentiating among organic etiologies. Journal
of Child Psychology and Psychiatry, 29, 765-779.

Burack, J. A., Iarocci, G., Flanagan, T., & Bowler, D. M. (2004). On melting
pots and mosaics: Conceptual considerations for matching strategies.
Journal of Autism and Developmental Disorders, 34, 65-73.

Burack, J. A., Russo, N., Flores, H., larocci, G., & Zigler, E. (2012). The
more we know, the less we know, but that’s OK: Developmental implica-
tions for theory, methodology, and interpretation. In J. A. Burack, R. M.
Hodapp, G. Iarocci, & E. Zigler (Eds.), Handbook of intellectual disabil-
ity and development (2nd ed.). New York: Oxford University Press.

Cicchetti, D. (1984). The emergence of developmental psychopathology.
Child Development, 55, 1-7.

Cicchetti, D., & Beeghly, M. (1990). An organizational approach to the study
of Down syndrome: Contributions to an integrative theory of development.
In D. Cicchetti & M. Beeghly (Eds.), Children with Down syndrome: A
developmental perspective. New York: Cambridge University Press.

Cicchetti, D., & Pogge-Hesse, P. (1982). Possible contributions of the study
of organically retarded persons to developmental theory. In E. Zigler &
D. A. Balle (Eds.), Mental retardation, the developmental-difference
controversy. Hillsdale, NJ: Earlbaum.

Courage, M. L., Adams, R. J., & Hall, E. J. (1997). Contrast sensitivity in in-
fants and children with Down syndrome. Vision Research, 37, 1545-1555.

Culham, J., Brandt, S., Cavanagh, P., Kanwisher, N., Dale, A., & Tootell, R.
(1998). Cortical fMRI activation produced by attentive tracking of mov-
ing targets. Journal of Neurophysiology, 80, 2657-2670.

Donnai, D., & Karmiloff-Smith, A. (2000). Williams syndrome: From geno-
type through to the cognitive phenotype. American Journal of Medical
Genetics, 97, 164—-171.

Drew, T., & Vogel, E. K. (2008). Neural measures of individual differences in
selecting and tracking multiple moving objects. Journal of Neuroscience,
28, 4183-4191.

Fidler, D. J. (2005). The emerging Down syndrome behavioral phenotype in
early childhood. Infants and Young Children, 18, 86—103.

Fidler, D.J., & Daunhauer, L. (2011). Down syndrome: General overview. In
P. Howlin, T. Charman, & M. Ghaziuddin (Eds.), SAGE handbook of de-
velopmental disorders (pp. 9-28). New York: Sage.

Frenkel, S., & Bourdin, B. (2009). Verbal, visual, and spatio-sequential
short-term memory: Assessment of the storage capacities of children
and teenagers with Down’s syndrome. Journal of Intellectual Disability
Research, 53, 152—-160.

Freund, J. (1981). Statistics: A first course. (3rd ed.). Englewood Cliffs, NJ:
Prentice—Hall.

Hodapp, R. M., & Burack, J. A. (1990). What mental retardation teaches us
about typical development: The examples of sequences, rates, and cross-
domain relations. Development and Psychopathology, 2, 213-225.

Hodapp, R. M., & Burack, J. A. (2006). Developmental approaches to chil-
dren with mental retardation: A second generation? In D. Cicchetti & D.
J. Cohen (Eds.), Developmental psychopathology: Vol. 3. Risk, disorder,
and adaptation (2nd ed.). Hoboken, NJ: Wiley.

Howe, P. D., Horowitz, T. S., Morocz, I. A., Wolfe, J., & Livingstone, M. S.
(2009). Using fRMI to distinguish components of the multiple-object
tracking task. Journal of Vision, 9, 1-11.

https://doi.org/10.1017/5095457941200123X Published online by Cambridge University Press

D. A. Brodeur et al.

tracking deficits, the notion that deficits in MOT necessarily
predict performance deficits in all visuospatial tasks needs to
be reassessed.

Hulleman, J. (2005). The mathematics of multiple object tracking: From propor-
tions correct to number of objects tracked. Vision Research, 45,2298-2309.

Intriligator, J., & Cavanagh, P. (2001). The spatial resolution of visual atten-
tion. Cognitive Psychology, 43, 171-216.

Jarrold, C., & Brock, J. (2012). Short-term memory and working memory in
mental retardation. In J. A. Burack, R. M. Hodapp, G. Iarocci, & E. Zigler
(Eds.), The Oxford handbook of intellectual disability and development
(pp- 109-124). New York: Oxford University Press.

John, F. M., Bromham, N. R., Woodhouse, M., & Candy, T. R. (2004). Spa-
tial vision deficits in infants and children with Down syndrome. Investi-
gative Ophthalmology and Visual Science, 45, 1566—1572.

Kittler, P. M., Krinsky-McHale, S. J., & Devenny, D. A. (2008). Dual-task
processing as a measure of executive function: A comparison between
adults with Williams and Down syndrome. American Journal on Mental
Retardation, 113, 117-132.

Klingberg, T., Forssberg, H., & Westerberg, H. (2002). Increased brain activ-
ity in frontal and parietal cortex underlies the development of visuospatial
working memory capacity during childhood. Journal of Cognitive Neu-
roscience, 14, 1-10.

Lanfranchi, S., Carretti, B., Spano, G., & Cornoldi, C. (2009). A specific def-
icit in visuospatial simultaneous working memory in Down syndrome.
Journal of Intellectual Disability Research, 53, 474-483.

Lanfranchi, S., Jerman, O., Dal Pont, E., Alberti, A., & Vianelli, R. (2010).
Executive function in adolescents with Down syndrome. Journal of Intel-
lectual Disability Research, 54, 308-319.

Martens, M. A., Wilson, S. J., & Reutens, D. C. (2008). Williams syndrome:
A critical review of the cognitive, behavioral, and neuroanatomical phe-
notype. Journal of Child Psychology and Psychiatry, 49, 576-608.

McGrowther, C. W., & Marshall, B. (1990). Recent trends in incidence, mor-
bidity, and survival in Down syndrome. Journal of Mental Deficiency Re-
search, 34, 49-57.

O’Hearn, K., Hoffman, J. E., & Landau, B. (2010). Developmental profiles
for multiple object tracking and spatial memory: Typically developing
preschoolers and people with Williams syndrome. Developmental Sci-
ence, 13, 430-440.

O’Hearn, K., Landau, B., & Hoffman, J. (2005). Multiple object tracking in
people with Williams syndrome and in normally developing children.
Psychological Science, 16, 905-911.

Pylyshyn, Z. (2001). Visual indices, preconceptual objects, and situated vi-
sion. Cognition, 80, 127-158.

Pylyshyn, Z. (2006). Some puzzling findings in multiple-object tracking
(MOT): II. Inhibition in moving non-targets. Visual Cognition, 14, 175—
198.

Pylyshyn, Z., & Storm, R. (1988). Tracking multiple independent targets:
Evidence for a parallel tracking mechanism. Spatial Vision, 3, 179-197.

Reilly, J., Klima, E. S., & Bellugi, U. (1990). Once more with feeling: Affect
and language in atypical populations. Development and Psychopathol-
ogy, 2,367-392.

Roid, G., & Miller, L. (1997). Leiter International Performance Scale—Re-
vised. Wood Dale, IL: Stoelting.

Russo, N., Dawkins, T., Huizinga, M., & Burack, J. A. (2012). Executive
function across syndromes associated with intellectual disabilities: A de-
velopmental perspective. In J. A. Burack, R. M. Hodapp, G. Iarocci, & E.
Zigler (Eds.), The Oxford handbook of intellectual disability and devel-
opment (pp. 125-137). New York: Oxford University Press.

Russo, N., Flanagan, T., Berringer, D., Iarocci, G., Zelazo, P. D., & Burack, J.
A. (2007). Deconstructing the executive function deficit in autism: Impli-
cations for cognitive neuroscience. Brain and Cognition, 65, 77-86.

Silverman, W. (2007). Down syndrome: Cognitive phenotype. Mental Retar-
dation and Developmental Disabilities Research Reviews, 13, 228-236.

Suttle, C. M., & Turner, A. (2004). Transient pattern evoked potentials in
children with Down syndrome. Ophthalmic and Physiological Optics,
24,91-99.

Thorn, A. S. C., & Frankish, C. R. (2005). Long-term knowledge effects on
serial recall of nonwords are not exclusively lexical. Journal of Experi-
mental Psychology: Learning, Memory, and Cognition, 31, 729-735.


https://doi.org/10.1017/S095457941200123X

Multiple-object tracking

Trezise, K., Gray, K., & Sheppard, D. (2008) Attention and vigilance in chil-
dren with Down Syndrome. Journal of Applied Research in Intellectual
Disabilities, 21, 502-508.

Trick, L. M., Hollinsworth, H., & Brodeur, D. (2009). Multiple-object track-
ing across the lifespan: Do different factors contribute to diminished per-
formance in different age groups? In D. Dendrick & L. Trick (Eds.), Com-
putation, cognition and Pylyshyn (pp. 79-99). Cambridge, MA: MIT
Press.

Trick, L. M., Jaspers-Fayer, F., & Sethi, N. (2005). Multiple-object tracking in
children: The “catch the spies” task. Cognitive Development, 20, 373-387.

Trick, L. M., Mutreja, R., & Hunt, K. (2012). Spatial and visuo-spatial work-
ing memory tests predict performance in classic multiple-object tracking
in young adults but measures of the executive do not. Attention, Percep-
tion, and Psychophysics, 74, 300-311.

https://doi.org/10.1017/5095457941200123X Published online by Cambridge University Press

553

Vicari, S. (2012). Memory and learning in intellectual disabilities. In J. A.
Burack, R. M. Hodapp, G. Iarocci, & E. Zigler (Eds.), The Oxford hand-
book of intellectual disability and development (pp. 97-108). New York:
Oxford University Press.

Vicari, S., Belluci, S., & Carlesimo, G. A. (2006). Evidence from two syn-
dromes for the independence of spatial and visual working memory. De-
velopmental Medicine and Child Neurology, 48, 126—131.

Vigji-Babul, N., Kerns, K., Zhou, E., Kapur, A., & Shiffrar, M. (2006). Per-
ceptual-motor deficits in children with Down syndrome: Implications for
intervention. Down Syndrome Research and Practice, 10, 74-82.

Visu-Petra, L., Benga, O., Tincas, 1., & Miclea, M. (2007). Visual-spatial
processing in children and adolescents with Down syndrome: A compu-
terized assessment of memory skills. Journal of Intellectual Disability
Research, 51, 942-952.


https://doi.org/10.1017/S095457941200123X

	Multiple-object tracking among individuals with Down syndrome and typically developing children
	Abstract
	Method
	Participants
	Stimuli and apparatus
	Procedure

	Results
	Report tasks
	MOT
	Do differences in immediate and delayed report account for tracking performance?

	Discussion
	References




