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Abstract The development of contextual cueing specifically
in relation to attention was examined in two experiments.
Adult and 10-year-old participants completed a context cueing
visual search task (Jiang & Chun, The Quarterly Journal of
Experimental Psychology, 54A(4), 1105–1124, 2001) con-
taining stimuli presented in an attended (e.g., red) and
unattended (e.g., green) color. When the spatial configuration
of stimuli in the attended and unattended color was invariant
and consistently paired with the target location, adult
reaction times improved, demonstrating learning. Learning
also occurred if only the attended stimuli’s configuration
remained fixed. In contrast, while 10 year olds, like adults,
showed incrementally slower reaction times as the number of
attended stimuli increased, they did not show learning in the
standard paradigm. However, they did show learning when
the ratio of attended to unattended stimuli was high,
irrespective of the total number of attended stimuli. Findings
suggest children show efficient attentional guidance by color
in visual search but differences in contextual cueing.
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Selective attention can be defined as the process by
which we distribute attentional resources, select, and
prioritize information for further processing. Across
childhood, our ability to attend selectively to different
aspects of the environment improves (Columbo, 2001;
Plude, Enns, & Brodeur, 1994; Ridderinkhoff & van der
Stelt, 2000; Rueda et al., 2004). However, although
multiple studies have shown development within selective
attention, very few studies have examined how attention
development impacts other processes such as implicit learning
(e.g., Rosas et al., 2010). As research suggests that attention
may influence implicit learning in adults (e.g., Gilbert, 2009;
Jiang & Chun, 2001; Nissen & Bullemer, 1987), it is likely
that the development of selective attention influences this
relationship.

The interaction of selective attention and implicit
learning is complex. While evidence that attention is
important for implicit learning can be seen in a variety of
studies (e.g., Jiang & Chun, 2001; Nissen & Bullemer,
1987), questions remain regarding this relationship. For
example, studies of divided attention (e.g., Nissen &
Bullemer, 1987) typically show decrements in implicit
learning when a secondary task is required. However, it
may be the expression of learning rather than the learning
itself that is impaired (Cohen, Ivry, Keele, 1990; Frensch,
Lin, & Buchner, 1998; Frensch, Wenke, & Ruenger, 1999;
Shanks & Channon, 2002; Stadler, 1995). Additionally,
studies that utilize tasks that do not require divided
attention suggest that under certain conditions non-
selected material is processed despite efficient selection
(e.g., Jiang & Chun, 2001) or, as in divided attention tasks,
may be present but not expressed (e.g., Jiang & Leung,
2005). However, despite the complexity of the interaction,
it is clear that selective attention is important for the
expression of implicit learning. Thus, to begin to explore
the effect of development on this relation, this study
examines the influence of selective attention development
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on the subsequent expression of implicit learning (as
distinguished from the learning itself).

Research suggests that selective attention in children
undergoes development in early childhood (e.g., for a
review see Ridderinkhof & van der Stelt, 2000). In
particular, children’s ability to select out the relevant
information (Enns & Girgus, 1985) and ignore irrelevant
information (i.e., filtering) (Enns & Akhtar, 1989; Rueda
et al., 2004; McDermott, Pérez-Edgar, & Fox, 2007)
changes across development. However, visual search tasks
that involve the guidance of attention by relevant search
criteria while ignoring irrelevant features may approach
adult levels of performance at approximately 10 years of
age, with little additional improvement in subsequent years
(e.g., Hommel, Li, & Li, 2004; Klenberg, Korkman, &
Lahti-Nuuttila, 2001; Taylor & Khan, 2000). Similarly,
research suggests that implicit learning is relatively if not
fully mature early in childhood (e.g., Meulemans, Van der
Linden, & Perruchet, 1998; Thomas & Nelson, 2001).

For example, a recent study by Dixon, Zelazo, and De
Rosa (2010) used a contextual cueing paradigm modified
for children (5 to 9 years of age) to explore memory-guided
attention that relies on implicit learning. In the standard
contextual cueing paradigm (e.g., Chun & Jiang, 1998)
participants are asked to locate a target letter among a set of
distractors and determine the direction that the letter is
facing. Unbeknownst to the participants, in some of the
displays the target and distractor stimuli are placed at
random (“new” condition), and in others the placement of
distractors and target remain fixed throughout the experi-
ment (“old” condition). Across the course of the experiment
participant reaction times decrease for both conditions, but
reaction times are significantly faster in the “old” compared
to the “new” condition, demonstrating learning of the fixed
or repeating elements. In the Dixon et al. (2010) study, this
general paradigm was utilized with age-appropriate stimuli
containing additional color and shape contextual features
(i.e., pictures of fish) and a simplified spatial context (i.e.,
all possible spatial locations contained stimuli rather than a
subset of locations) to explore contextual cueing in school
age children. While this study was able to show learning, an
earlier study by Vaidja, Huger, Howard, and Howard
(2007) using the standard stimuli has suggested that
implicit learning in the contextual cueing task may not be
fully developed in school age children. While there are
several differences between these studies that may account
for differences in learning, one of several explanations put
forth by Vaidja et al. for the lack of learning in their task
was the potential contribution of immature attentional
processes. One way to explore this possibility is to modify
the task to include an attentional manipulation as was done
by Jiang and Chun (2001). To examine the effects of
modulations of attention in the contextual cueing paradigm,

Jiang and Chun (2001) presented two sets of distractors,
one set of distractors that were the same color as the target
(attended) and a second set (unattended) that were another
color (e.g., red and green). This variation allowed for four
combinations of attention (unattended/attended) and dis-
tractor placement (new/old) to be examined. Findings
showed that when participants were attending to the color
in which distractors appeared at old locations, learning
occurred (as demonstrated through faster reaction times).
However, when distractors appeared in old locations but
were in the unattended color, learning did not occur.
Interestingly, findings from this study suggest that al-
though participants were “seeing” both attended and
unattended distractors, they were selectively attending to
only the distractors of the target color, and thus only
showed learning when the old location information
occurred in the attended color. Participants did not learn
the old location information if it was in the unattended
color.

Similar to typical visual search tasks, attention, specif-
ically attentional guidance by color, in this paradigm can be
measured by examining changes in reaction times as a
function of the total number of attended stimuli. With
efficient attentional guidance by color, reaction times
should slow as the number of attended stimuli increases
(e.g., Treisman & Gelade, 1980). For example, in a display
of 16 stimuli, 8 attended (green) and 8 unattended (red),
efficient guidance by color is defined as searching serially
through 8 attended stimuli. Moreover, the reaction time to
finding the target should increase if the number of attended
items is increased to 12 (green) while the number of
unattended stimuli is decreased to 4 (red) despite the
number of total stimuli remaining constant. While atten-
tional guidance by color is likely not the only factor in the
expression of contextual cueing (e.g., Kunar, Flusberg,
Horowitz, & Wolfe, 2007), immaturity in attentional
guidance by color is likely to influence the expression of
contextual cueing. Contextual cueing can be measured in
this task by examining learning in the two conditions in
which half of the distractors remain in old locations across
trials. Each of these conditions contains the same number of
stimuli appearing in old locations, but they differ in relation
to attention paid to stimuli appearing at old locations. If
efficient contextual cueing is present, learning will occur
when stimuli in the attended color remain in old locations
across trials and the stimuli in the unattended color are
placed at random. Moreover, no learning will be seen if
stimuli in the unattended color remain in old locations
across trials and those in the attended color are placed at
random. However, if contextual cueing is not efficient,
either no learning will occur, or learning will occur only
when both the attended and unattended distractors remain
in old locations across trials.
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The present study explores attentional guidance by color
and contextual cueing in children through two experiments.
The first experiment explores these processes in adults and
10 year olds using the standard contextual cueing paradigm
while varying the number of attended items to determine if
attentional guidance by color and contextual cueing are
efficient by the age of 10 within this task. Second, as recent
theories have suggested that perceptual load (i.e., increases
in the amount of relevant attended information) may aid in
selective attention (Lavie, 1995), contributions of percep-
tual load on selective attention were examined in an
additional experiment by increasing the overall number of
attended items while holding the ratio of attended to
unattended items constant.

Experiment 1

The goal of Experiment 1 was to explore the development
of attention, specifically attentional guidance by color, and
its effects on implicit learning within the contextual cueing
paradigm. Research has shown implicit learning in a
contextual cueing task with children 5 to 9 years of age
when attention is not manipulated (Dixon et al., 2010).
However, research has also suggested that learning in the
contextual cueing paradigm is not reliable and may not be
fully mature, particularly in younger children (Vaidya et al.,
2007). Thus, to provide the best opportunity to observe
learning in children, only 10 year olds were included in this
study.

As has been done in previous studies with adults (Jiang
& Chun, 2001), the current experiment manipulates
selective attention in the contextual cueing task, with one
modification. The ratio of attended to unattended stimuli
was varied across participants with one third asked to
search through 4 of 16 stimuli, another third 8 of 16 stimuli,
and a final third 12 of 16 stimuli. It is hypothesized that if
attentional guidance by color is sufficiently developed,
reaction times will increase as the number of attended items
increases in both adults and children. In contrast, if
attentional guidance by color is not fully developed in
children, reaction times will be based on the total number of
stimuli presented (both attended and unattended). Addi-
tionally, it is hypothesized that if implicit learning in the
form of contextual cueing is sufficiently developed for this
task, children, like adults, will show faster reaction times
(i.e., learning) when (1) the target as well as both attended
and unattended distractor stimuli appear at old locations,
and (2) when only attended distractor stimuli appear at old
locations (as was found in adults, Jiang & Chun, 2001). In
contrast, if implicit learning in the form of contextual
cueing is not fully developed, learning (1) may not occur at
all, or (2) may only occur when displays contain both

attended and unattended stimuli that remain at old locations
across trials, or (3) may occur only when the number of
attended stimuli that remain in old locations across trials is
high and the number of unattended distractors placed at
random is low.

To explore these various possibilities, analyses will test
these a priori hypotheses by directly comparing the
condition when both attended and unattended distractors
appear at random to each of the other conditions (i.e., when
both attended and unattended distractors appear at old
locations, when only attended distractors appear at old
locations, and when only unattended distractors appear at
old locations).

Method

Participants

The participants for this experiment were 64 10-year-old
children and 63 college students from the Minneapolis area.
Seven participants were excluded due to physical, psycholog-
ical, neurological, and learning disorders (4 10-year-old
children and 3 adults), leaving 60 child participants (31
female, 29 male, 62 Caucasian, 1 Black/Caucasian, 1 Asian/
Caucasian, mean age = 10 years 6 months, SD = 1.50 months)
and 60 adult participants (19 male, 49 female, mean age =
20 years, 10 months, SD = 35 months) for data analyses.

The number of participants chosen was based on
previous studies that suggest that learning is robust and
significant findings can be found with relatively small
sample sizes (e.g., 16–17 participants in Jiang & Chun,
2001). All participants were screened for color blindness
and learning disorders (based on self or parent report).
Additionally, all adult participants, as well as parents of
children, gave written consent, and all 10-year-old children
gave written assent, in accordance with the University of
Minnesota Institutional Review Board.

Stimuli and design

Contextual cueing paradigm On each trial a fixation target
(a .5-cm white cross) was presented for 500 ms. Following
fixation, a search display was presented until the participant
responded (see Fig. 1). Stimuli in the display consisted of
rotated “L” and “T” shapes that have been used previously
with both adults and children (Jiang & Chun, 2001; Vaidya
et al., 2007). For each display participants were asked to
find the single rotated “T” stimulus (the target) and indicate
the direction it faced. Responses were recorded using a
mouse with both a left and right button. Participants were
asked to hold the mouse with two hands, using their thumbs
to respond. If the long end of the “T” was facing right they
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were asked to press the right button, and if it was facing
left, they were asked to press the left button. Feedback was
provided for 500 ms after each response (a high or low tone
associated with correct and incorrect responses, respective-
ly), followed by an inter-trial interval ranging from 50 to
100 ms. Each experimental session consisted of 6 epochs of
5 blocks, and each block contained 12 trials, for a total of
360 trials. Participants received a short break (no more than
5 min) after each epoch and a longer break (approximately
5 to 10 min) after the third epoch.

Line segments of the L’s had a small offset (.25 cm) to
increase the difficulty of the search task (see Fig. 1). This
was done to ensure that participants (both adults and
children) would have to perform a serial search (i.e., could
not rely on “pop-out” effects). The stimuli were approxi-

mately 1 cm × 1 cm in size and subtended a visual angle of
approximately 1–2 degrees as participants sat 40 cm–60 cm
from the screen. Each screen contained one target (rotated
“T”) and two sets of distractors (rotated “L”s). L’s were
rotated 90 degrees (such that they faced either left or right)
as well as inverted (to create up and down orientations). Ts
were rotated 90 degrees to appear in either left or right
orientations (see Fig. 1). One set of distractors appeared in
green and the other set appeared in red. One set of
distractors contained stimuli in the same color as the target.
This set was termed the “attended” set. The other set of
distractors was in the opposite color and was termed the
“unattended” set. For each participant the color of the
attended and unattended sets was fixed throughout the
course of the experiment. Additionally, the colors were
counterbalanced such that half of the participants were
given green as the attended color and half were given red.
The screen was divided into a 12 × 8 matrix, and the stimuli
were arranged in the matrix according to the following
parameters: (1) the target stimuli were placed so that there
was equal representation of the targets in the four quadrants
of the screen across each epoch of trials; (2) the targets
were equated for eccentricity (i.e., the target locations were
balanced across conditions such that the average distance
from the center of the screen was equal for targets across
conditions); (3) the distribution of remaining distractors
was balanced such that equal numbers of green and red
distractors appeared in each quadrant; (4) the direction of
the target varied from trial to trial such that it faced left 50%
of the time and right 50% of the time; (5) the left–right
orientation of all distractors varied randomly from trial to
trial, with the constraint that 50% of distractors faced left
and 50% faced right on any given trial. The background
was black.

Each block contained four conditions (three trials of each
condition in each block). There were 12 target locations in
each block (3 for each condition) that were fixed across the
experiment. Thus, each target location appeared 30 times.
The four conditions were created by varying two factors:
attention (attended or unattended) and distractor placement
(old or new). The four conditions were labeled both-old,
attended-old, unattended-old, and both-new. In the both-old
condition, both the attended and unattended sets of
distractors were placed in the same spatial configuration
(old) in relation to the target stimulus for each trial. In the
attended-old condition, the attended set (containing the
target) contained distractors placed in the same spatial
configuration (old) in relation to a given target stimulus for
each trial. The unattended set contained distractors placed
at random (new). In the unattended-old condition the
unattended set of distractors (the set that did not contain
the target) was placed in the same spatial configuration
(old) in relation to the target that repeated across blocks.

a)    75:25 

b)    50:50 

c)    25:75 

Fig. 1 Example displays for Experiment 1. (a) Example of the 25:75
task. (b) Example of the 50:50 task. (c) Example of the 75:25 task
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The attended set of distractors contained distractors placed
at random (new). Finally, in the both-new condition each
trial had both sets of distractors placed at random (new).

Participants completed the task with one of three ratios of
attended to unattended stimuli, 75:25, 50:50, and 25:75 (see
Fig. 1). One-third of participants were shown displays in
which the ratio was 75:25: 11 attended distractors, 1 attended
target, and 4 unattended distractors. A second group of
participants was shown displays in which the ratio was
50:50: 7 attended distractors, 1 attended target, and 8 unat-
tended distractors. Finally, a third group of participants was
shown a display in which the ratio was 25:75: 3 attended
distractors, 1 attended target, and 12 unattended distractors.

Procedure

After completing the consent/assent process, all adults and
parents completed questionnaires addressing demographic
information as well as a brief psychological and medical
history. Adult participants received extra credit for a class
for participating in the study. Child participants were told
that in addition to a $5 gift certificate, they could also earn
“prizes” by finishing the epochs of the paradigm (described
as “sets of pictures” to the children). For completing each
epoch, children were awarded 5 points, earning a total of 30
for completing the entire task. They were told they could
use these points to earn up to 2 toy prizes. However, all
children were given two toys regardless of the number of
epochs they completed. The behavioral requirements of the
task were explained to participants just prior to the first
epoch. In some cases, when it was not clear by the verbal or
physical responses of the participant that they understood
the task, comprehension was checked using a brief
demonstration. Additional verbal feedback and clarification
were provided during the beginning of the first block to
children whose first few responses were incorrect. All
participants were offered the opportunity to take a break
after each block. Additionally, after the third block of trials
participants were given a longer break so that the NEPSY
visual attention task could be administered.1 All sessions

with children were videotaped so that they could later be
examined to determine if children were attending to the
task. At the end of each session participants were queried
concerning any awareness of repeating stimuli. To avoid
false positives, participants were asked, “Did you notice
anything special about the pictures?” Answers that were
unclear were probed further using questions such as, “What
do you mean by X?” At the end of the session children
were given the opportunity to pick two small toys and were
given the gift certificate. The entire session ranged from
25 min for adults completing the 25:75 task to one hour and
15 min for 10-year-olds completing the 75:25 task due to
differences in the number of attended search items and
differences in reaction times between adults and children.

Results

Data analysis

Both accuracy and reaction time data were analyzed. To
ensure children were attending to the task, each session was
videotaped (two were lost due to technical difficulties with
the equipment). Videotapes of the children tested were
coded to determine if children were attending to the task
(attending in this case was defined as the child looking
directly at the computer screen). No children were excluded
based on this measure of attention as all qualifying
participants showed attention to at least 90% of the trials
(mean = 98.50, SD = 1.73). Two 10-year-olds in each of the
three tasks (75:25, 50:50, and 25:75) reported awareness of
repeating stimulus sets. Three adults in the 25:75 task, one
adult in the 50:50 task, and five adults in the 75:25 task
reported awareness of repeating stimulus sets. To ensure
that including data from these participants did not alter
findings, data were analyzed both including and excluding
these participants. As analyses did not differ significantly,
data from these participants were included in reported
analyses.

Only data from correct responses were analyzed.
Additionally, data were excluded when the reaction time
was less than 300 ms2 or more than a cutoff level of two
standard deviations (rounded to the nearest hundred milli-
seconds) above the mean reaction time for the age group
(cutoffs: 8,700 ms for adults completing the 75:25 task,
5,500 ms for adults completing the 50:50 task, 2,400 ms for
adults completing the 25:75 task, 11,100 ms for 10 year
olds completing the 75:25 task, 7,200 ms for 10 year olds

1 The NEPSY Visual Attention Task (Korkman, Kirk, & Kemp, 1998)
was administered to all participants [however, a small subset of adults
(3) completed the NEPSY before or after the context cueing task due
to time constraints]. The NEPSY was given in the middle of the study
to provide a structured break for child participants. The purpose of the
NEPSY was to provide a standardized measure of attention that could
be used to screen for participants with neurological disorders not
otherwise determined by self report. As expected, results demonstrated
a significant effect of age [one-way ANOVA, F (1, 38) = 18.81, p <
.001] showing improvements in selective attention across develop-
ment. However, no significant relevant correlations between the
NEPSY visual attention task and the contextual cueing task were
found. Thus, detailed findings from the NEPSY will not be presented.

2 Responses faster than 300 ms were treated as either anticipations or
responses to something other than the current stimulus, as this
response time is faster than cognitive processing of the stimulus and
response can occur.
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completing the 50:50 task, and 3,200 ms for 10 year olds
completing the 25:75 task). This resulted in an average data
loss of 3.58% (SD = 3.3).

A 2 (age) × 3 (task) × 4 (condition) × 6 (epoch) ANOVA
with age and task as a between-subjects factor and
condition and epoch as within-subjects factors was
performed on accuracy data.3 A 2 (age) × 3 (task) × 4
(condition) × 6 (epoch) ANOVA with task as a between-
subjects factor and condition as a within-subjects factor was
performed on reaction time data from the last epoch.
Follow-up analyses were also performed with t-tests based
on a priori hypotheses.

Accuracy

Accuracy data suggest improvements in performance across
the study as a function of practice, as well as some possible
differences as a function of age. Improvements in accuracy
across epochs was demonstrated by a significant main
effect of epoch (F(5, 570) = 5.38, p = .002, ηp2 = .045).
The absence of significant main effects of task or condition
suggests these improvements are a function of practice.
Additionally, while there was no significant main effect of
age, there was a significant interaction between age and
epoch (F(5, 570) = 3.17, p = .027, ηp2 = .027). A follow-up
ANOVA within each age group showed that the interaction
of epoch and age was a result of the fact that epoch did not
reach significance in adults, showing instead a trend effect
(F(5, 285) = 2.16, p = .066, ηp2 = .035). In contrast,
children did show a main effect of epoch, demonstrating
greater accuracy across the task (F(5, 285) = 5.09, p = .006,
ηp2 = .079). However, this improvement was limited as
ceiling levels of accuracy were attained, with mean
accuracy in all blocks for both adults and children above
94%. No other significant interactions were found.

Reaction time

As can be seen in Figs. 2 and 3, reaction time data suggest
that in addition to large reaction time differences between
adults and children there are also differences in performance
as a function of the task and condition. Both adults and
children show learning in tasks with a greater number of
repeating attended stimuli. Moreover, there were differences
in contextual cueing based on the presence or absence of

attention to repeated stimuli, and these contextual cueing
effects differed as a function of age. These findings were
demonstrated by main effects of age (F(1, 114) = 195.10, p <
.001, ηp

2 = .631), task (F(2, 114) = 570.70, p < .001, ηp
2 =

.909), condition (F(3,342) = 6.91, p < .001, ηp
2 = .057), and

epoch (F(5, 570) = 77.06, p < .001, ηp
2 = .403).

Additionally, there were significant interactions between
age and task (F(2, 114) = 13.76, p < .001, ηp

2 = .194), task
and condition (F(6, 342) = 2.38, p = .029, ηp

2 = .040), epoch
and age (F(5, 570) = 6.35, p < .001, ηp

2 = .053), task and
epoch (F(10, 570) = 9.28, p < .001, ηp

2 = .140), as well as
between condition and epoch (F(15, 1710) = 2.88, p < .001,
ηp

2 = .025). As the interaction between age and task suggests
that adults and children show different patterns of learning as
a function of the ratio of attended to unattended stimuli,
follow-up analyses to explore other interactions were
completed within each age group for each task.

Adults As anticipated, adults showed differences in contex-
tual cueing as a function of the number of attended stimuli
(i.e., task) with learning shown when the number of
attended stimuli was high. Additionally there were practice
effects across epochs and differences in learning as a
function of attention. These findings were supported by
significant main effects of task, condition, and epoch in
adult reaction times (F(2, 57) = 320.03, p < .001, ηp

2 = .918,
F(3, 171) = 4.03, p = .008, ηp

2 = .066, and F(5, 285) = 32.
93, p < .001, ηp

2 = .366 respectively). Additionally, there
were significant interactions between task and epoch (F(10,
285) = 6.13, p < .001, ηp

2 = .177) as well as between
condition and epoch (F(15, 855) = 1.93, p = .029, ηp

2 =
.033). Follow-up t-tests on the overall reaction time within
each task suggest the main effect of task is a function of the
ratio of attended to unattended stimuli, with larger numbers
of attended stimuli producing slower reaction times as a

3 As reaction times varied between adults and children the data were
transformed into z-scores (based on the overall reaction time for each
age) in order to normalize overall reaction time across ages and
confirm the main effect of condition and interaction between age and
condition. This transformation did not alter these results, and all
effects were in the same direction (all ps < .05). Additionally, age
effects were confirmed using median rather than mean reaction times
(ps < .05).

75:25 Task50:50 Task25:75 Task75:25 Task50:50 Task25:75 Task

Adults                                    Children
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Fig. 2 Experiment 1. Mean reaction times (ms) for adults and
children in the 25:75, 50:50, and 75:25 tasks
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consequence of effective selection (t-tests corrected for
multiple comparisons: 25:75 vs. 50:50 t(38) = -15.61, p <
.001, 50:50 vs. 75:25 t(38) = −11.08, p < .001, and 25:75 vs.
75:25 t(38) = −25.10, p < .001, see Fig. 2). Additional
repeated measures ANOVAs were performed at each level
of task to follow up the main effect of condition and epoch
as well as their interactions (see Fig. 3).

Adults’ 75:25 task As anticipated, adults showed a signif-
icant main effect of epoch (F(5, 95) = 15.03, p < .001, ηp2 =
.442) reflecting practice effects. Additionally, while there
was not a significant main effect of condition, there was a
significant interaction between condition and epoch (F(15,
285) = 1.70, p = .049, ηp2 = .078). T-tests comparing
condition in the first and last epoch confirm learning effects
in the two critical conditions. There were no significant
differences between conditions in the first epoch, but
reaction times were significantly faster for the both-old
and attended-old conditions compared to the both-new
condition in the final epoch (t(19) = −3.09, p = .006 and
t(19) = −2.13, p = .047, respectively). No difference in
reaction time was found between the unattended-old and
both-new conditions in the final epoch. Additional explor-
atory comparisons of the critical conditions in the remaining
epochs (2 through 5) suggest significant learning effects can

be seen in the both-old condition as early as the third block
(t(19) = −2.52, p = .021); however, it is not seen in the
attended-old condition until the final block (all ps > .05).
One possibility as to why learning of the attended-old
condition did not appear until the final epoch is that three
participants, while not outliers, showed significantly
slower reaction times in the fifth epoch as compared to
all other epochs creating noise in the data. If these
particular participants were removed from analyses, per-
formance on the 75:25 task was similar to that of adults on
the 50:50 task.

Adults’ 50:50 task As in the original Jiang and Chun
(2001) study, adults showed a significant main effect of
epoch and condition (F(5, 95) = 17.10, p < .001, ηp2 = .474
and F(3, 57) = 4.00, p = .015, ηp2 = .174, respectively).
Additionally there was a significant interaction between
condition and epoch (F(15, 285) = 1.79, p = .036, ηp2 =
.086). Learning was confirmed by t-tests at the first and last
epochs. There were no significant differences between
conditions in the first epoch, but significantly faster
reaction times for the both-old and attended-old conditions
compared to the both-new condition in the final epoch
(t(19) = -3.19, p = .005 and t(19) = −4.16, p = .001,
respectively) as well as no significant differences between
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Fig. 3 Experiment 1. Reaction times (ms) by epoch. (a) Adult
reaction times in the 25:75 task. (b) Adults reaction times in the 50:50
task (same as Fig. 2a). (c) Adult reaction times in the 75:25 task. (d)
Ten year olds’ reaction times in the 25:75 task. (e) Ten year olds’

reaction times in the 50:50 task (same as Fig. 2b). (f) Ten year olds’
reaction times in the 75:25 task. Please note that Y-axes differ between
figures due to large differences in reaction times between tasks and
across ages
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the unattended-old and both-new conditions. Additional
exploratory comparisons of the critical conditions in the
remaining epochs (2 through 5) suggest significant learning
effects can be seen in the both-old condition as early as the
fourth block (t(19) = −3.29, p = .004); however, it is not
seen in the attended-old condition until the final block
(all ps > .05).

Adults’ 25:75 task There was a significant effect of epoch
for this task (F(5, 95) = 3.99, p = .002, ηp2 = .174), but no
significant main effect of condition or significant interac-
tions (p’s > .05), suggesting no learning occurred.

Ten year olds As in adult data, in addition to practice
effects, children showed greater learning when the number
of attended stimuli was high, and performance differed as a
function of attention. However, children required a higher
number of attended stimuli to show learning as compared to
adults. These findings were supported by significant main
effects of task, condition, and epoch (F(2, 57) = 279.24, p <
.001, ηp2 = .907, F(3, 171) = 3.32, p = .021, ηp2 = .055,
and F(5, 285) = 46.07, p < .001, ηp2 = .447, respectively).
Additionally, there were significant interactions between
task and epoch (F(10, 285) = 4.37, p < .001, ηp2 = .133) as
well as between condition and epoch (F(15, 855) = 1.98,
p = .019, ηp2 = .034) . Follow-up tests on mean reaction
time suggest the main effect of task is a function of the
number of stimuli, with larger numbers of attended stimuli
producing slower reaction times as a consequence of
effective selection (t-tests corrected for multiple compar-
isons: 25:75 vs. 50:50 t(38) = −15.55, p < .001, 50:50 vs.
75:25 t(38) = −9.95, p < .001, and 25:75 vs. 75:25, t(38) =
−23.09, p < .001, see Fig. 2). Additional repeated measures
ANOVAs were performed at each level of the task to follow
up the main effects of condition and epoch as well as their
interactions (see Fig. 3).

Ten year olds’ 75:25 task In the 75:25 task 10 year olds,
like adults, showed a main effect of epoch (F(5, 95) =
19.52, p < .001, ηp2 = .507). They also showed a main
effect of condition (F(3, 57) = 3.17, p = .031, ηp2 = .143),
but did not show a significant interaction between the two
(p > .05). However, learning was seen when looking at the
first as compared to the final epoch, demonstrating no
significant differences between conditions in the first
epoch, but faster reaction times for the both-old and
attended-old conditions compared to the both-new condi-
tion in the final epoch (t(19) = −2.74, p = .013 and t(19) =
−2.31, p = .032, respectively). Additionally, there was no
significant difference between attended-new and both-new
conditions. These findings are similar to those found in the
adult 75:25 and 50:50 tasks. Additional exploratory
comparisons of the critical conditions in the remaining

epochs (2 through 5) suggest significant learning effects
can be seen in the both-old and attended-old conditions
as early as the second epoch (t(19) = −2.79, p = .012 and
t(19) = −2.31, p = .032 respectively). Interestingly, there
was also an unexpected significant difference between
the unattended-old and both-new conditions in the third
epoch (t(19) = 2.44, p = .026) reflecting significantly
slower reaction times for unattended-old displays (i.e.,
not learning effects); however, this did not remain across
epochs (all other ps > .05).

Ten year olds’ 50:50 task Ten year olds in this task did
show a significant effect of epoch (F(5, 95) = 13.44,
p < .001, ηp2 = .414) as well as a significant interaction
between condition and epoch (F(15, 285) = 1.85, p = .035,
ηp2 = .089). However, no main effect of condition was
seen in this task, and follow-up comparisons at the first and
last epoch did not show differences between conditions.
This suggests that while there may be some learning
present, it is not strong enough to be seen by the final
epoch. Moreover, additional exploratory comparisons of
the critical conditions in the remaining epochs (2 through
5) do not show significant learning effects in either the
both-old condition or attended-old condition. However,
similar to the 75:52 task, there was an unexpected
significant difference between the unattended-old and
both-new conditions in the fourth epoch (t(19) = 2.29,
p = .034) reflecting significantly slower reaction times
for unattended-old displays; however, this did not remain
across epochs (all ps > .05).

Ten year olds’ 25:75 task Finally, similar to adults on the
25:75 task, there was a significant effect of epoch in the
25:75 task (F(5, 95) = 26.22, p < .001, ηp2 = .58)
reflecting practice effects. However, there was no main
effect of condition or interactions suggesting no learning
occurred.

Discussion

The results of Experiment 1 demonstrate that 10 year-olds,
like adults, show faster reaction times when searching
through 4 as compared to 12 stimuli in the relevant color,
thereby demonstrating effective attentional guidance by
color. However, post-hoc analyses examining regression
coefficients to compare reaction time changes as a function
of the number of search items in relation to age shows
significant differences in the rate of change between adults
and children (t = −5.27, p < .001) as children in this task
took on average 107 ms (SD = 18.9) more for each
additional search item. This may be a result of differences
in selection across age, but is more likely a result of large
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differences in reaction times as a function of motor
development (both hand and eye movements) that would
influence the rate of change (e.g., Eckert & Eichorn, 1977),
as well as reflect differences in the strategies children use
during visual search tasks (Donnelly, Cave, & Geenway,
2007).

Learning in children (as reflected in an interaction
between condition and epoch and/or significant differences
between conditions in reaction times in the final epoch)
varied as a function of the ratio of attended to unattended
stimuli, suggesting that while attentional guidance by color
is efficient and contextual cueing is possible in 10 year
olds, an additional factor impedes performance on this task.
Children learned when the ratio of attended to unattended
stimuli was high, but not when this ratio was 50:50 or
lower (i.e., in the 25:75 task). The data show that both
adults and children demonstrate learning of the both-old
and attended old conditions in the 75:25 task as indicated
by significant differences in reaction times at the last epoch.
However, in the 50:50 task, adults show learning of the
both-old and unattended-old condition, whereas children do
not (although a significant interaction between epoch and
condition in children may reflect weak learning in the both-
old, but not the attended-old condition as seen in Fig. 3e).
Finally, neither adults nor 10 year olds show significant
learning in the 25:75 task. One possible explanation of the
absence of learning in the 25:75 condition is that the search
task was so easy in this condition that there was little
opportunity for learners to show improvement (i.e., both
groups may be performing at ceiling levels) or that the
benefits of learning were not significant enough to induce
learning. A second possibility was that the small number of
unattended items made them more salient, resulting in
attentional capture by these items and in turn reducing
contextual cueing such as has been seen in a recent study
by Conci and von Mühlenen (2009).

A potential limitation of this experiment was that in
order to examine the development of selection, the total
number of items of the display was held constant while the
number of attended items was varied. Although this
allowed for the isolation of attentional guidance by color,
there are two potential interpretations of the learning
effects. One possible explanation for learning effects seen
in the 75:25 task is that this condition had fewer unattended
distractors, thus decreasing the level of distraction and
allowing for greater learning. This explanation is consistent
with studies that show general improvements in filtering
across development (e.g., Enns & Akhtar, 1989). However,
another explanation is also possible. Recent studies suggest
that the ability to filter out unattended distractors improves
with greater perceptual load (Forster & Lavie, 2007) and
that the level of perceptual load needed for sufficient
selection and filtering changes across development (Huang-

Pollock, Carr, & Nigg, 2002). Vaidja et al. (2007) argue that
the attentional immaturity potentially responsible for lack
of learning in children could be related to children’s
employment of early attentional systems at lower levels of
perceptual load as compared to adults. In the Vaidja et al.
task this would result in reduced attention to all distractors
as there was only one set of distractors, whereas in the task
utilized in this study as there are two sets of distractors
(attended and unattended) this could conceivably assist in
reducing attention to the unattended distractors and assist
with learning the context created by the attended distrac-
tors. Specifically, the increase in attended distractor stimuli
from 8 to 12 in the 75:25 task increases the attended
perceptual load and therefore may also facilitate filtering of
the unattended distractors. Thus, to examine if improve-
ments in learning seen in the 75:25 condition were due to
increased perceptual load rather than a reduced number of
distractors, a second experiment examined the role of
perceptual load in this task.

Experiment 2

Recent studies have suggested that an increase in perceptual
load may improve the ability to filter out unwanted
information (Huang-Pollock et al., 2002; Lavie, Hirst, de
Fockert, & Viding, 2004). Perceptual load in this study is
defined as the total amount of potentially task-relevant
information available (and attended to) in the external
environment (Lavie, 1995; Huang-Pollock et al., 2002). For
example, Huang-Pollock et al. (2002) asked children and
young adults to search displays of different set sizes flanked
by irrelevant distractors. Children’s performance was
similar to adults when perceptual load (i.e., set size) was
high but was reduced when perceptual load was low.
Therefore, Experiment 2 manipulated perceptual load by
increasing perceptual load within the stimulus display. To
increase perceptual load without altering the ratio of
unattended to attended distractors, this ratio remained at
50:50 while the total number of stimuli was increased from
16 to 24. This was then compared to the 75:25 and the
50:50 tasks from Experiment 1, which contained only 16
stimuli. It is hypothesized that if improvements in
performance in the 75:25 task with 16 stimuli were a
result of increased perceptual load (i.e., searching
through 12 attended distractors in comparison to 8 in
the 50:50 task), then children’s performance in the
contextual cueing paradigm with 24 distractors (12
attended 12 unattended) should be similar to that on
the 75:25 task with 16 stimuli, showing learning of the
both-old condition and the attended-old conditions. In
contrast, if improvements in performance were a result of
the reduced number of distractors in the 75:25 task with
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16 stimuli, then performance on the 50:50 task with 24
stimuli should not improve and no evidence of learning
should be found.

Method

Participants

Sixty 10 year olds participated in this experiment. As in
Experiments 1, the number of participants was selected
based on previous studies. Results from 40 10-year-old
children were taken from Experiment 1 as their data reflect
two of the three tasks relevant to this experiment (i.e., the
50:50 task with 16 stimuli and the 75:25 task with 16
stimuli, respectively). The remaining participants consisted
of 23 10-year-old children. Two participants were excluded
due to physical, psychological, neurological, or learning
disorders. Thus, the final analyses included 21 additional
10 year olds (10 female, 11 male, 19 Caucasian, 1 Asian,
and 1 mixed-heritage, mean age = 10 years 7 months, SD =
2.77 months). The participants for the 50:50 task with 24
stimuli were recruited from the Minneapolis area as well as
from the Pioneer Valley area of Western Massachusetts and
were screened in the same way as in Experiment 1.
Additionally, the new participants were compensated with
$10 due to the increased length of time to complete the
task, and 14 parents were compensated with $5 for
traveling expenses. As in Experiment 1, parents of children
gave written consent, and all 10-year-old children gave
written assent, in accordance with the University of
Minnesota and Hampshire College Institutional Review
Boards.

Stimuli and design

Data were collected from one new task in Experiment 2.
The stimuli were the same as those used in Experiment
1, and the ratio of attended to unattended distractors in
this task was 50:50. However, in contrast to Experiment
1, in which displays contained 16 total stimuli, the new
task contained a total of 24 stimuli. Data from Experi-
ment 1 (the 50:50 and 75:25 task with 16 total stimuli)
were then compared to data from the new 50:50 task
with 24 stimuli.

Procedure

The procedure for this experiment was the same as in
Experiment 1. However, the study duration increased to a
maximum of 1 h and 15 min for the 50:50 task with 24
stimuli due to the increase in the number of attended search
items. Additionally, the NEPSY was not conducted, and

although all sessions were videotaped, attention behavior
was not coded in this task.4

Results

Data analysis

Both accuracy and reaction time data were analyzed. As in
Experiment 1, only correct responses were analyzed, and
data were excluded if the response time was less than
300 ms or more than two standard deviations above the
mean reaction time (cutoffs: 7,200 ms for 10 year olds
completing the 50:50 task with 16 distractors, 12,100 ms
for 10 year olds completing the 50:50 task with 24
distractors, and 11,100 ms for 10 year olds completing the
75:25 task with 16 distractors).5 This resulted in an average
data loss of 4.17% (SD = 2.86). Only one participant in the
50:50 task with 24 stimuli reported any explicit awareness.
Therefore, as in Experiment 1 this participant was retained
in reported analyses.

A 3 (task) × 4 (condition) × 6 (epoch) ANOVAwith task
as a between-subjects factor and condition and epoch as
within-subjects factors was performed on accuracy and
reaction time data. Follow-up analyses were performed as
in Experiment 1 to examine any significant interactions
based on a priori hypotheses.

Accuracy As in Experiment 1, there were practice
effects, showing particular improvements in the 50:50
task with 24 stimuli. These findings were supported by a
significant main effect of epoch (F(5, 285) = 4.59, p =
.012, ηp2 = .075) reflecting greater accuracy across
epochs. Additionally, there was a significant interaction
among task, condition, and epoch (F(30, 855) = 1.58,
p = .037, ηp2 = .053) reflecting greater improvements in
accuracy for children across the first two epochs in the
50:50 task with 24 stimuli, averaging 94.54 in the first
epoch and 98.26 in the second. Overall, accuracy was
high, averaging 97.74 (SD 2.47) across epochs and
conditions.

4 The NEPSY was not completed because the previous experiment
suggested that this measure was not correlated with behavior on the
contextual cueing paradigm. Additionally, while each participant’s
session was videotaped these tapes were not coded for attention to the
task because the previous experiment showed that 10 year olds
attended to more than 90% of trials on the contextual cueing
paradigm.
5 The difference in the cutoff between the 50:50 task with 24 stimuli
as compared to the 75:25 task with 16 stimuli was based primarily on
differences in the standard deviation, which was greater in the 50:50
task with 24 distractors (mean RT for 50:50 with 24 stimuli = 4,775,
mean RT for 75:25 with 16 stimuli = 4,595).
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Reaction time As in Experiment 1, there was an increase in
reaction times as the number of attended stimuli increased
(i.e., 8 or 12). Moreover, there were practice effects across
epochs as well as a main effect of condition suggesting
similar patterns in performance across tasks. Differences in
reaction time as a function of the number of attended
stimuli were supported by a significant main effect of task
(F(2, 58) = 59.15, p < .001, ηp2 = .671). Follow-up t-tests
on overall mean reaction times in each task indicate that
reaction times were faster for the 50:50 task with 16 stimuli
(8 attended stimuli) as compared to both the 75:25 task with
16 stimuli (12 attended stimuli) (t(38) = −9.95, p < .001)
and 50:50 task with 24 stimuli (12 attended stimuli) (t(39) =
−10.01, p < .001). Moreover, there were no significant
differences in reaction time between the 75:25 task with 16
stimuli and the 50:50 task with 24 stimuli (p > .75), which
both contained 12 attended stimuli. In addition to the main
effect of task, there was a significant main effect of epoch
(F(5, 290) = 44.16, p < .001, ηp2 = .432) reflecting practice
effects, and a main effect of condition (F(3, 174) = 2.92,
p = .036, ηp2 = .048). Follow-up t-tests suggest the main
effect of condition is driven by significantly faster reaction
times to the both-old as compared to both-new condition
(t(60) = −3.36, p = .001) in the final epoch while there were
no significant differences in the first epoch. Additionally,
there were no significant differences between both-new and
the other two conditions (attended-old and unattended-old)
at either the first or final epoch.

While there was a significant interaction between task
and epoch (F(10, 290) = 2.84, p = .003, ηp2 = .089), and
condition and epoch (F(15, 870) = 2.23, p = .008, ηp2 =
.037), there was no significant interaction between condi-
tion and task. However, to explore a priori hypotheses
regarding differences between conditions within each task,
a repeated measures ANOVA was performed on the data
from the 50:50 task with 24 stimuli.

50:50 task with 24 stimuli As can be seen in Fig. 4, while
children showed practice effects, significant learning did
not occur in this task. There was a significant main effect of
epoch in this task (F(5, 100) = 16.12, p < .001, ηp2 = .446),
but no significant main effect of condition or interaction
between epoch and condition in the 50:50 task with 24
stimuli (see Fig. 4). However, as a main effect of condition
was found in the omnibus ANOVA, follow-up t-tests were
conducted to explore the possibility that effects at the final
epoch are contributing to the omnibus main effect. T-tests
revealed that while there were no significant effects at
either the first or final epoch, there was a marginally
significant difference between the both-old and both-new
condition at the final epoch (t(19) = -1.89, p = .074).
Additionally exploratory comparisons of the critical con-
ditions in the remaining epochs (2 through 5) found one

additional significant difference in the fourth epoch
between the attended-old and both-new condition (t(19) =
-2.56, p = .019); however, this difference did not appear in
later epochs (all ps > .05). While this likely contributed to
the overall main effect of condition and may suggest some
benefit of increasing perceptual load, the effect was not
large enough to produce significant learning in this task.
Thus, findings are consistent with the interpretation that
increased numbers of attended stimuli (i.e., increased
perceptual load) did not significantly improve filtering
aspects of performance on the contextual cueing task used
in this study.

Discussion

Increasing the perceptual load by increasing the total
number of attended distractor stimuli did not improve
performance on the contextual cueing paradigm. While
reaction times increased due to the increased number of
attended stimuli, suggesting relatively mature attentional
guidance by color (replicating findings from Experiment 1),
reaction times did not show significant learning at the last
epoch. However, like the 50:50 task with 16 stimuli, the
50:50 task with 24 stimuli showed some hints that learning
of the both-old condition was present (evidenced by a non-
significant trend difference between the both-old and both-
new conditions at the final epoch). These results do not
support an increased perceptual load interpretation of
learning effects seen in the 75:25 task as performance in
this task did not improve. One possible explanation for the
absence of improvements in learning could be that the
increased number of items (24 as compared to 16) reduced
the possible context variability. However, as there were 96
possible locations, it is unlikely this is the primary reason
that perceptual load did not improve learning. Instead

10-Year-Olds: 50:50 with 24 Stimuli 
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results suggest it is a reduced need to filter out unattended
distractors that facilitates learning in the 10-year-old
children or alternatively that the added dimension of color
impairs contextual cueing in this task.

General discussion

Findings from these experiments suggest that while
attentional guidance by color is relatively mature by the
age of 10, implicit learning in the contextual cueing
paradigm is unreliable. Implicit learning was expressed
when there were a high number of relevant attended
distractors and few unattended distractors (i.e., the 75:25
task), but not when the number of unattended distractors
was similar or greater than the number of attended
distractors (i.e., the 50:50 and 25:75 task).

Both Experiments 1 and 2 demonstrate that by the age of
10, children are able to use attentional guidance by color to
effectively attend to the relevant context (i.e., the attended
color). Results show significantly increasing reaction times
as a function of the number of attended stimuli (from 4 in
the 25:75 task to 12 in the 75:25 task) for both adults and
children. Findings were replicated in Experiment 2 when
the total number of distractor stimuli was raised to 24. In
Experiment 2, reaction times were slower for the 75:25 task
with 16 stimuli (12 attended) and 50:50 task with 24
distractor stimuli (12 attended) as compared to the 50:50
task with 16 distractor stimuli (8 attended). However, there
was no difference in reaction time between the 75:25 task
with 16 stimuli and the 50:50 task with 24 distractor stimuli
as both tasks contained 12 attended distractors. These
reaction time findings reflect relatively mature attentional
guidance by color and replicate visual search studies with
adults that show that during serial search tasks such as this,
each additional search item increases reaction time (for a
review, see Palmer, Verghese, & Pavel, 2000). They also
replicate findings in children that show increased reaction
times with increased set sizes (e.g., Donnelly et al., 2007)
and extend them to show that this process is effective in the
presence of distractors. Nevertheless, the findings from this
study do not exclude the development of attentional
selection processes. It is possible that with a more difficult
selection task developmental differences may be found.
While effective attentional guidance by color in the
presence of distractors suggests that this aspect of attention
is not primary factor in unreliable implicit learning in this
task, there are several other possibilities that remain.

First, it is possible that implicit learning is not
sufficiently functional in 10 year olds to allow for the
expression of learning in the contextual cueing paradigm.
While the majority of previous research suggests that there
is little development of implicit learning across childhood

(e.g., Don, Schellenberg, Reber, DiGirolamo, & Wang,
2003; Meulemans et al., 1998; Thomas & Nelson, 2001;
Thomas et al., 2004), there have been a few implicit
learning studies that have suggested developmental differ-
ences (Maybery, Taylor, & O’Brien-Malone, 1995; Thomas
& Nelson, 2001; Thomas et al., 2004; Vaidya et al., 2007).
Thus, in the experiments presented in this study it is
possible that developing implicit learning is contributing to
overall learning. However, any contribution of this devel-
opment does not fully explain the findings. For example, if
children required more total relevant information for
implicit learning to occur, increased information presented
in the 50:50 task with 24 stimuli should have improved
learning of the both-old and attended-old conditions as it
contained the same number of attended distractor stimuli as
the 75:25 task. However, this was not the case. Instead,
learning was lost, suggesting interference from distractors
in this task. Another difference between the task used in
this study and previous adult studies is that only three
displays of each condition type were included rather than
six as in previous studies. This was done to reduce the time
of the study as children have a shorter attention span as
compared to adults. However, this also reduced the number
of displays contributing to reaction time differences. For
example, children in the 50:50 task showed a significant
interaction between condition and epoch but no significant
differences at the final epoch. It is possible that children
had weak learning of the both-old condition, but the
reduced number of displays made this difficult to see (see
Fig. 3e). While learning is typically seen after just 3 to 5
repetitions, we attempted to account for the reduced
number of displays by examining learning at the final
epoch as has been done in other studies (e.g., Chun &
Jiang, 2003). Additionally, as implicit learning was seen
in adults and in children under some circumstances, it is
unlikely that this is the primary reason implicit learning
was not seen reliably in children. However, as learning
was not as strong in children as compared to adults in this
study, future research should continue to explore possible
contributions of the development of implicit learning.
Moreover, as this study focused on one age group, the
inclusion of children both younger and older than those
included in this study would help to map out the
development of implicit learning in this task.

Second, an assumption held in this study is that learning
in this task is implicit rather than explicit. Chun and Jiang
(1998) demonstrated that in the context cueing task explicit
awareness of repetition does not correlate with the
magnitude of learning. Moreover, they suggest that it is
implicit rather than explicit learning that accounts for
performance in the context cueing task. However, while
only a small number of participants reported explicit
awareness of some form in this study, it is possible that
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children, unlike adults, employ explicit learning as a
strategy in this task. If children do employ this strategy, it
is possible that development of explicit learning contributes
to reduced performance in children. However, as the use of
explicit learning was not assessed, this should be studied
further to ensure that like adults, explicit learning and
awareness do not contribute to learning in this task in
children.

Third, in Experiment 1, adults and children showed similar
performance when there were a greater number of relevant
attended distractors as compared to unattended distractors
(75:25 task), but not when there were equal numbers of
attended and unattended stimuli. In the 50:50 task adults
succeed in learning and children fail to learn (although it is
possible that while not significant at the final epoch, there was
learning of the both-old condition for children). Moreover,
both adults and children do not show learning when there are
few attended distractors (75:25 task). One possible explana-
tion of this pattern is that the level of perceptual load
influences the ability to effectively show contextual cueing,
thus Experiment 2 was designed to examine this possibility.
As noted in earlier discussions, across development, the
optimal level of perceptual load is likely to change (Huang-
Pollock et al., 2002). However, results from Experiment 2 do
not support this interpretation, as increasing perceptual load
in the contextual cueing paradigm used here did not improve
children’s performance. Instead, it is likely that improved
performance among children in the 75:25 task with 16
stimuli resulted from fewer distractors. While previous
studies suggest that the number of participants (20 in each
task) should have provided sufficient power to detect
learning effects in the 50:50 task with 24 stimuli (e.g., Jiang
& Chun, 2001; Dixon et al., 2010), future studies should
explore these findings further.

Fourth, while beyond the scope of this study, the added
dimension of color may be an important factor in contextual
cueing for children. For example, it is possible that a
contextual cueing task containing only the both-old and
both-new conditions but utilizing multi-colored distractor
stimuli (i.e., all distractors are relevant) may be more difficult
for children as compared to when distractor stimuli are all of
the same color. However, results from Dixon et al. (2010),
which utilized multi-colored stimuli (red and green), suggest
that if anything, color may contribute to learning by adding
additional contextual features. Moreover, as children did
show learning in the 75:25 task (and may have some level of
learning in the 50:50 task), it is likely other factors contribute
more strongly to effects seen in this study.

Finally, as mentioned in the introduction, selective
attention consists of multiple processes. Most studies focus
on two common skills; the ability to allocate attention
selectively to one aspect of a display or stimulus, and the
ability to ignore irrelevant aspects of the display or

stimulus. In the developmental literature the term selection
refers to the former process and filtering to the latter (e.g.,
Akhtar & Enns, 1989; Ridderinkhoff & van der Stelt,
2000). In contrast, the terms enhancement/facilitation and
inhibition/suppression are often used in the adult literature
to refer to similar concepts (e.g., Mangun & Hillyard, 1991;
Awh, Matsukura, & Serences, 2003). Traditionally, selec-
tion and filtering have been thought of as two aspects of
one process such that the selection of stimuli in the
environment necessitates the filtering of the remaining
stimuli. However, studies of selective attention in adults
suggest that under certain conditions, non-selected material
is processed despite efficient selection (e.g., Chun & Jiang,
1998). Moreover, studies of the neural underpinnings of
selective attention suggest it involves both relative en-
hancement (i.e., selection) of the signal of the attended
stimulus (e.g., Di Russo, Martinez, & Hillyard, 2003;
Handy & Khoe, 2005; Hillyard, Vogel, & Luck, 1998;
Mangun & Fannon, 2007; Mangun & Hillyard, 1991, 1995)
as well as relative suppression (i.e., filtering) of the
unattended stimulus (e.g., Awh et al., 2003; Caputo &
Guerra, 1998; Dell'Acqua, Pesciarelli, Jolicoeur, Eimer, &
Peressotti, 2007; Serences, Yantis, Culberson, & Awh,
2004). Moreover, recent research suggests that these may
be separable processes (e.g., Slotnick, Schwarzenback, &
Yantis, 2003; Tipper et al., 1997). Thus, selection (i.e.,
facilitation/enhancement) and filtering (i.e., inhibition/
suppression) may be two complementary, interacting
processes with partially shared or possibly even distinct
underlying mechanisms. Moreover, if this is the case,
selection and filtering systems may have different develop-
mental trajectories. In this study attentional guidance by
color can be equated with selection as it is critical to
select the appropriate color to guide attention in the visual
search task. However, filtering of the unattended distractors
is also required for efficient learning to take place. While
there is evidence that filtering is present in young infants
(e.g., Newman & Jusczyk, 1996), it improves across
childhood. For example, Enns and Akhtar (1989) asked
children (ages 4–7) and adults to perform a flanker task
where performance is related to the ability to ignore
distracting stimuli (i.e., filtering). Findings from this study
and others (e.g., Rueda et al., 2004; McDermott et al.,
2007) suggest that children are less able to ignore irrelevant
flanking stimuli as compared to adults. As performance
improved with a reduction in the number of distractors it is
possible that relative immaturity of this aspect of selective
attention may have contributed to the absence of learning
when more distractors were present. Moreover, it raises the
intriguing possibility of different developmental trajectories
for these two aspects of selective attention.

This study highlights important factors in the relation-
ship between selective attention and implicit learning
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within the context cueing paradigm. This study demon-
strates that, while attentional guidance by color is
relatively mature by the age of 10, implicit learning,
while present under some conditions, is unreliable. In
particular, the number of unattended distractors appears
to play an important role in the expression of implicit
learning.
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