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Abstract
Visual attention is preattentively drawn to abrupt onsets of stimuli appearing in a visual
array. In this experiment, I examined the speed of attentional capture for persons with and
without mental retardation. Participants identified target stimuli that were signaled by a
valid location cue (20% of the time), an invalid location cue (60% of the time), or no cue
(20% of the time). Participants without mental retardation exhibited maximum influence
of the cue at cue/target separations that were 100 msec shorter than did participants with
mental retardation. These results indicate that processing-speed differences between persons
with and those without mental retardation can be observed even when processing resources
not involved in the information processing.

Visual information processing is generally
characterized as involving two separate modes of
processing (e.g., Broadbent, 1977; Neisser, 1967;
Theeuwes, 1991, 1994; Triesman & Gelade, 1980).
One mode, typically referred to as preattentive
processing, is viewed as an unlimited capacity sys-
tem that is capable of processing stimuli at mul-
tiple locations in parallel. Traditionally, preatten-
tive processes are assumed to support relatively low
level visual information-processing such as feature
detection (Treisman, Voera, & Hayes, 1992). The
second mode, referred to as attentive processing, re-
quires the allocation of attentional resources to a
particular area of space to be performed. As a re-
sult, attentive processes are limited in capacity and
must operate in serial fashion (e.g., Triesman &
Gelade, 1980). However, attentive processes have
the advantage of permitting a more detailed anal-
ysis and synthesis of the visual information.

The cognitive systems that support preatten-
tive and attentive visual processing develop very
early in life and can be distinguished from each
other by the time a normally developing child is
6 months old. Preattentive processing, which is
thought to be governed by processes that are in-
nate or fully developed very early in life, has been

empirically demonstrated in infants as young as 3
and 4 months (Colombo, Ryther, Frick, & Gif-
ford, 1995). Colombo et al. examined visual fix-
ation times of infants during a feature search task
and observed a ‘‘pop out’’ effect (Triesman & Ge-
lade, 1980) indicative of feature detection through
preattentive search processes. Attentive process-
ing, which is known to develop over an extended
developmental period, is clearly evidenced in 2-
and 3-month-old infants with the development of
the ability to disengage attention from highly sa-
lient stimuli to which young infants appear to be
preattentively drawn (e.g., Atkinson, Hood, Wat-
tam-Bell, & Braddick, 1992; Hood & Atkinson,
1993). Despite the early appearance of attentive
processing, it is generally acknowledged that the
ability to use attentive processes to shift visual fo-
cus continues to develop into adolescence (see At-
kinson & Hood, 1997).

Researchers conducting studies with adoles-
cents and young adults with mental retardation
have often found that performance differences be-
tween them and persons without mental retarda-
tion matched on chronological age (CA) are typ-
ically associated with attention demanding aspects
of cognitive tasks rather than those that occur
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preattentively or automatically (e.g., Atwell, Con-
ners, & Merrill, 2003; Carlesimo, Marotta, & Vi-
cari, 1997; Cody & Borkowski, 1977; Ellis, Katz,
& Williams, 1987; Sperber & McCauley, 1984;
Wyatt & Conners, 1998). In fact, important as-
pects of performance differences between persons
with and without mental retardation are often
minimized when tasks are structured to allow
stimuli to preattentively guide the performance of
persons with mental retardation (e.g., Carlin, Sor-
aci, Goldman, & McIlvane, 1995; Carlin et al.,
2002). For example, Carlin et al. (1995) demon-
strated that preattentive processes were sufficient
to perform a visual feature search for color and
orientation but not for shape and size for persons
with mental retardation. When preattentive pro-
cesses were sufficient to perform the search, the
participants with mental retardation exhibited a
flat slope that was similar to that typically exhib-
ited by persons without mental retardation during
visual feature search. However, when preattentive
processes were not sufficient, the performance of
the participants with mental retardation suffered.

Although performance differences between
persons with and without mental retardation are
often smaller or nonexistent when preattentive
rather than attentive processes are compared,
there is a small body of literature suggesting that
differences in preattentive processing may also be
found (e.g., Fox & Oross, 1988; Lally & Nettel-
beck, 1977; Merrill et al., 1987; Nettelbeck & Lal-
ly, 1979). For example, Fox and Oross (1988) ex-
amined stereoscopic depth perception of adults
with mild mental retardation and concluded that
persons with and without mental retardation ex-
hibited deficiencies associated with preattentive
perceptual processing that limited their ability
process depth information presented in random-
element stereograms. In addition, Merrill et al.
(1987) reported a 100-msec difference between
persons with and without mental retardation in
the time required to encode pictures for the pur-
pose of matching on the basis of physical identity.
The physical identity encoding task appears to tap
into the relatively automatic/preattentive encod-
ing of physical features of a stimulus in that dif-
ferences between groups are not influenced by
secondary task demands (e.g., Merrill & Peacock,
1994). Nettelbeck and Lally (1979) reported a sim-
ilar 100-msec difference between persons with and
without mental retardation in the time needed to
register sensory information to decide which of
two lines was longer (i.e., inspection time). Im-

portantly, these last two results were true for per-
sons with and without mental retardation who
were matched on mental age (MA) as well as CA,
suggesting that the difference was not necessarily
due to differences in cognitive developmental lev-
els.

My purpose in conducting this study was to
assess possible differences in preattentive process-
ing of individuals with and without mental retar-
dation. I used an involuntary orienting task in
which covert attention is captured by the abrupt
onset of a single stimulus (e.g., Folk, Remington,
& Johnston, 1992; Remington, Johnston, & Yan-
tis, 1992). In the task, a target stimulus can appear
in one of several locations. The abrupt onset is a
flashing stimulus that can appear in one of the
possible locations of the target on a few trials.
When the flashing stimulus does occur, it usually
indicates a position in which the target will not
appear to prevent participants from overtly using
the stimulus as a cue for the location of the target.
In addition, participants are told that they should
ignore the flashing stimulus because it does not
show where the target will appear. Hence, it is
assumed that when the flashing stimulus influ-
ences a participant’s performance, it is involun-
tarily. On a small percentage of the trials when
the flashing stimulus is presented, the flashing
stimulus does signal the location of the target.
The involuntary capture of attention is indexed
by increases in response times to identify the tar-
get when the flashing stimulus signals a location
different from the target and decreases in response
times when the flashing stimulus signals a loca-
tion the same as the target (relative to when no
flashing stimulus is presented). Theeuwes (1995;
Theeuwes, Kramer, Hahn, & Irwin, 1998) reported
that salient abrupt onsets capture attention of
adults without mental retardation irrespective of
the attentional set of the observer and that even
when a known target is presented simultaneously,
the salient abrupt onset captures attention. Hence,
the ability to inhibit attentional capture seems
very limited, if possible at all.

A qualitative difference between groups in the
likelihood of exhibiting attentional capture was
not expected; that is, I expected that the flashing
stimulus would draw the attention of persons with
mental retardation as has been shown for persons
without mental retardation. Rather, I predicted
that there would be a difference in the speed with
which attention was pulled from one spatial lo-
cation and shifted to the location of the flashing
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Figure 1. Sequence of events across stimulus dis-
plays on each trial. Figure 1 depicts a valid cue
trial.

stimulus. Therefore, the primary manipulation to
assess group differences was the time between the
onset of the flashing stimulus and the onset of
the target stimulus. In the present experiment, the
flashing cue–target stimulus onset asynchrony
(SOA) systematically varied from 0 to 400 msec.
The amount of time needed to complete the in-
voluntary attentional shift is reflected in the SOA
at which minimum response times are first ob-
served when the cue accurately predicts the loca-
tion of the target and maximum response times
are first observed when the cue inaccurately pre-
dicts the location of the target (e.g., Folk et al.,
1992).

Method
Participants

Participants were 20 adolescents with mental
retardation, 20 adolescents without mental retar-
dation, and 20 children without mental retarda-
tion. The participants with mental retardation had
a mean CA of 17.5 years (standard deviation [SD]
5 .7), a mean IQ of 58.4 (SD 5 5.9), and a mean
estimated MA of 9.3 (SD 5 1.1). Their IQs were
obtained from school records and based on recent
administrations of the Wechsler Intelligence Scale
for Children WISC (within 2 years). I estimated
MA using the formula MA 5 CA 3 IQ/100, with
16 as the upper limit for CA. None of the partic-
ipants with mental retardation were known to
have nor exhibited physical characteristics that in-
dicated Down or fragile X syndromes.

The adolescents without mental retardation
were selected to approximately match the adoles-
cents with mental retardation on CA (M 5 17.9,
SD 5 .5). The children without mental retarda-
tion had a mean CA of 8.4 and were selected to
be a conservative match for the adolescents with
mental retardation on MA. Their MA was as-
sumed to be roughly equivalent to their CA.

The adolescents without mental retardation
were selected from introductory psychology clas-
ses at the University of Alabama and received
course credit for their participation. The partici-
pants with mental retardation and the children
without mental retardation were recruited from lo-
cal schools and received a $5.00 gift certificate for
participating. None of the sample members were
on medication at time of testing.

Apparatus and Stimuli
Stimuli were presented using the Superlab ex-

perimental software program (Cedrus Corp.) on a

Macintosh LC computer. Examples of the stimuli
are presented in Figure 1. Each stimulus display
consisted of a central fixation cross and four emp-
ty squares at 12, 3, 6, and 9 o’clock. These were
presented at the start of each trial and remained
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on the screen throughout the trial. The flashing
stimulus, or cue, was a set of four bars that sur-
rounded, but did not touch, one of the squares
on trials when a cue was presented. The possible
targets were the numbers 0 and 8 presented in
bold lines in one of the squares. With participants
seated 50 cm from the display, the entire display
fit within 3-degrees visual angle from central fix-
ation in all directions. Each square subtended ap-
proximately .6-degrees visual angle, and the targets
subtended approximately .3 degrees visual angle.

The sequence of events was as follows on
each trial. The screen depicting the four squares
and the fixation cross was presented. The cue ap-
peared 750 msec later and flashed around one of
the squares (if a cue was to be presented), followed
at the designated SOA by a target presented in
one of the squares. The cue was visible for 100
msec. The target screen was visible until a re-
sponse was made. The participants’ response
cleared the screen for 1 second. The next trial was
presented immediately thereafter. Cues appeared
on 80% of the total of 100 trials at each of four
SOA presentations. Cues accurately predicted the
location of the cue on 20% of the trials (valid cue)
and inaccurately depicted the location of the tar-
get on the other 60% of the trials (invalid cue)
that a cue was presented.

Design and Procedure
The variables in the experiment were group

(mentally retarded, CA, and MA), cue type (none,
valid, and invalid), and SOA (0, 200, 300, and 400
msec). Cue type and SOA were manipulated with-
in participants; SOA was presented in separate
blocks, with the presentation order counterbal-
anced such that each SOA was presented first, sec-
ond, third, or fourth an equal number of times
for each group. The dependent variable was target
identification times. Response times and errors
were recorded automatically by the computer.

Each participant was tested individually. They
were seated approximately 50 cm from the com-
puter screen and told that a 0 or 8 would appear
in one of the squares on the screen on each trial
and that their primary goal was to identify the
target as rapidly as possible. Responses were made
manually, with participants pressing the left re-
sponse key for 0 and the right key for 8. They
were told about the flashing stimulus and in-
formed that they should ignore the flashes be-
cause they would not help them locate the target
on most trials. Participants received 10 practice

trials to ensure they understood the procedure,
followed by the experimental trials. A 2- to 5-mi-
nute break was provided halfway through the ex-
periment. The entire session lasted approximately
30 minutes.

Results
Mean target identification times are reported

in Table 1. Error rates were low and, following
arc-sin transformation of error data, did not vary
significantly with groups or conditions. The data
used in the primary analysis were the facilitation
scores (valid–no cue) and interference scores (in-
valid–no cue) calculated for each participant to
eliminate the influence of overall reaction time
differences on the analysis. These data are also
presented in Table 1. The analysis was a 3 (group)
3 2 (validity condition) 3 4 (SOA) analysis of
variance, with validity condition and SOA treated
as within-subjects variables.

The analysis revealed a significant main effect
of validity condition, F(1, 57) 5 46.64, p , .01,
with participants exhibiting the expected facilita-
tion in the valid condition and interference in the
invalid condition. There was also a significant
main effect of SOA, F(3, 171) 5 4.54, p , .01.
However, these effects were qualified by the sig-
nificant two-way interaction of Validity Condi-
tion 3 SOA, F(3, 171) 5 22.92, p , .01, and the
significant three-way interaction of Group 3 Va-
lidity Condition 3 SOA, F(6, 171) 5 4.40, p ,
.01. The three-way interaction was examined by
evaluating the effects of validity condition and
SOA separately for each group. For the partici-
pants with mental retardation, the analysis re-
vealed a significant Validity Condition 3 SOA
interaction, F(3, 57) 5 11.41, p , .01. Tests of
simple effects indicated a significant effect of SOA
for both the valid cue condition, F(3, 57) 5 2.87,
p , .05, and invalid cue condition, F(3, 57) 5
8.78, p , .01. A comparison of means using Tu-
key’s HSD indicated that facilitation increased be-
tween the 0 msec and 300 msec SOA in the valid
cue condition and that interference increased be-
tween the 0 msec and 300 msec SOA in the in-
valid cue condition and remained the same there-
after, all significant ps , .05. For the matched-CA
participants, the analysis revealed a significant Va-
lidity Condition 3 SOA interaction, F(3, 57) 5
10.62, p , .01. Tests of simple effects indicated a
significant effect of SOA for both the valid cue
condition, F(3, 57) 5 12.38, p , .01, and invalid
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Table 1. Mean Response Times as a Function of Group, SOA, and Cue Validity

Group/Cue validity

Stimulus onset asynchrony

0

RTa SD E%b

200

RT SD E%

300

RT SD E%

400

RT SD E%

Mentally retarded

Valid 327 75.2 2.2 315 70.4 3.3 293 65.0 2.5 277 62.9 1.8
Invalid 324 65.7 2.1 323 73.3 2.4 374 79.2 2.5 347 74.6 2.2
No cue 326 72.5 2.4 320 60.8 2.1 335 75.4 2.3 300 69.2 2.0

Facilitation effects 1 25 242 223
Interference effects 22 3 39 47

Equal CA

Valid 204 44.2 0.6 155 40.9 1.0 146 45.8 1.2 178 42.3 1.2
Invalid 207 42.5 1.2 230 51.7 1.1 233 43.5 0.9 206 45.1 1.3
No cue 205 41.6 0.7 197 45.3 1.6 194 47.1 1.0 177 42.5 0.8

Facilitation effects 21 242 248 1
Interference effects 2 33 39 29

Equal MA

Valid 269 54.3 1.4 216 50.2 2.3 210 45.1 1.7 247 52.9 1.8
Invalid 272 55.7 1.0 297 60.1 1.4 288 59.8 2.7 275 52.7 1.1
No cue 269 56.6 2.2 257 50.8 2.0 244 48.4 1.3 251 52.3 1.2

Facilitation effects 0 241 234 24
Interference effects 3 40 44 44

Note. Mean facilitation effects 5 valid–no cue and mean interference effects 5 invalid–no cue.
a Reaction time. b Error percentage.

cue condition, F(3, 57) 5 2.86, p , .05. A com-
parison of means using Tukey’s HSD indicated
that facilitation increased between the 0-msec and
200-msec SOA in the valid cue condition and that
interference increased between the 0-msec and
200-msec SOA in the invalid cue condition, with
no additional increase after the 200-msec SOA, all
significant ps , .05. For the matched-MA partic-
ipants, the analysis revealed a significant Validity
Condition 3 SOA interaction, F(3, 57) 5 9.91, p
, .01. Tests of simple effects indicated a signifi-
cant effect of SOA for both the valid cue condi-
tion, F(3, 57) 5 12.38, p , .01, and invalid cue
condition, F(3, 57) 5 2.86, p , .05. A comparison
of means using Tukey’s HSD indicated that facil-
itation increased between the 0-msec and 200-
msec SOA in the valid cue condition and inter-
ference increased between the 0-msec and 200-
msec SOA in the invalid cue condition, with no
additional increase after the 200-msec SOA (all
significant ps , .05). The two groups without
mental retardation also exhibited a significant de-
crease in facilitation in the valid cue condition

when the SOA was 400 msec, possibly indicating
that attention was returning to center fixation af-
ter being drawn to the location of the cue.

Discussion
Several features of the results are relevant to

the comparison of preattentive orienting of per-
sons with and without mental retardation. First,
when the cue was valid, all groups exhibited faster
response times to identify the target relative to the
no cue condition as SOA increased from 0 msec.
This pattern of performance indicates that atten-
tion was drawn to the location of the target and
facilitated identification of the target when the
cue was valid. Second, when the cue was not val-
id, all groups exhibited slower response times to
identify the target relative to the no cue condition
as SOA increased from 0 msec. Hence, attention
appears to have been drawn to the cue even
though it was not valid and interfered with re-
sponse times when the target appeared in alter-
native locations. Because the cue was only valid
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on 20% of the trials (25% of the time a cue was
presented) and participants were instructed to ig-
nore the flashing stimulus, it is likely that they
were not actively using the cue but, rather, were
drawn to the cue preattentively and could not ig-
nore it under the present conditions. Further,
there was no evidence of any qualitative difference
in performance associated with the age and IQ
differences evaluated in this study. All groups
were drawn to the flashing stimulus and it influ-
enced target identification performance in a sim-
ilar manner.

Although all groups were influenced in the
same way by the flashing stimulus, it appears that
the temporal characteristics of preattentive orient-
ing differed for the groups. More specifically, the
data indicated that both the CA and the MA par-
ticipants reached maximum facilitation in the val-
id condition and maximum interference in the in-
valid condition by 200 msec. The participants
with mental retardation did not exhibit maximum
facilitation and interference until 300 msec had
passed. The observation of processing time differ-
ences between persons with and without mental
retardation is not new (see Kail, 1992; Sperber &
McCauley, 1984). For example, Kail reviewed 45
studies in which persons with mental retardation
performed more slowly on speeded tasks than did
persons without mental retardation and conclud-
ed that some global mechanism of information
processing, such as limited processing resources,
was responsible for group differences on speeded
tasks. It is less likely that the concept of limited
processing resources applies to the group differ-
ences in processing speed observed in this study.

Visual capture of attention, as measured in
this study, is typically involuntary and overrides
attention being directed elsewhere (Theeuwes,
1995; Theeuwes et al., 1998). The process captures
attention but is not under the influence of atten-
tion. Hence, this research is more consistent with
the relatively small body of literature that indi-
cates a possible quantitative difference in the ex-
ecution of fundamental cognitive processes that
do not use cognitive processing resources to be
executed, such as stimulus encoding (Merrill et al.,
1987) and inspection time (Nettelbeck & Brewer,
1981). These data raise the possibility that pro-
cessing-speed differences between groups of indi-
viduals may be mediated by more than one cog-
nitive mechanism. Such a suggestion is consistent
with recent data obtained in the comparison of
cognitive processing efficiency between younger

and older adults without mental retardation (e.g.,
Verhaeghen et al., 2002). The nature of the pos-
sible different mechanism involved in accounting
for speed of processing differences has not been
determined, and my data do not address this is-
sue.

It is also important to consider possible lim-
itations of the results obtained in this experiment.
The most obvious limitation is based on the fact
that preattentive processing is stimulus driven. As
has been demonstrated by Carlin and colleagues
(e.g., Carlin et al., 1995, 2002), the speeded per-
formance of persons with mental retardation is of-
ten affected by the experimenter’s choice of stim-
uli. I chose the flashing stimulus presentation be-
cause it has consistently led to attentional capture
for young adults without mental retardation (e.g.,
Folk et al., 1992; Theeuses, 1991, 1994). It may
be that increasing the intensity of the stimulus
presentation used in this experiment or some oth-
er stimulus presentation may attract attention
more readily for the persons with mental retar-
dation than occurred here and, thereby, reduce
the magnitude of the difference between groups.

The second clear limitation concerns the lack
of specificity of the basic result. For example, the
choice of SOAs did not allow any greater preci-
sion in estimating processing-speed differences
among groups. If I had included a 100-msec in-
terval, I may have observed a difference between
the two groups of participants without mental re-
tardation, and if I included intervals between 200
and 300 msec, it is possible that the magnitude of
the difference among groups may have been
smaller. Neither was possible for practical reasons.

A third limitation is that these data did not
permit me to distinguish between time differences
resulting from a slow initiation of the shift of at-
tention versus a slower movement of attention
from one location to another, or some combina-
tion of both. Nevertheless, the basic result is im-
portant because it does indicate that a simple cog-
nitive resource account of processing-speed differ-
ences between persons with and without mental
retardation is not sufficient.
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