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We evaluated age-related variations in the influence of heteroge-
neous distracters during feature target. Participants in three age
groups—6-year-old children, 9-year-old children, and young
adults—completed three conditions of search. In a singleton search
condition, participants searched for a circle among squares of the
same color. In two feature mode search conditions, participants
searched for a gray circle or a black circle among gray and black
squares. Singleton search was performed at the same level of effi-
ciency for all age groups. In contrast, the two feature mode search
conditions yielded age-related performance differences in both
conditions. Younger children exhibited a steeper slope than young
adults when searching for a gray or black circle. Older children
exhibited a steeper slope than young adults when searching for a
gray circle but not when searching for a black circle. We concluded
that these differences revealed age-related improvements in the
relative abilities of adults and children to execute attentional con-
trol processes during visual search. In particular, it appears that
children found it more difficult to maintain the goal of searching
for a circle target than adults and were distracted by the presence
of the irrelevant feature dimension of color.

Published by Elsevier Inc.
Introduction

An important function of visual attention is to allow persons to locate and select one or a few spe-
cific objects for additional information processing from an array of many other objects. Studies that
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focus on this aspect of attention commonly use a visual search procedure in which participants search
for a known target embedded in a display containing multiple distracters. Search difficulty can be
manipulated by varying the number of distracters in the displays and varying similarity of the target
and distracters. Searching for targets that are distinguished from distracters on the basis of a single
feature (e.g., a blue square in a display of several black squares) is typically very efficient, and search
times do not vary with increases in the number of distracters (e.g., Treisman & Gelade, 1980; Treisman
& Souther, 1985). The lack of a set size effect associated with a single-feature search is often presumed
to reflect parallel search and identification processes. Searching for targets that are formed by a con-
junction of features that are present in the distracters (e.g., a blue square in a display of blue circles and
black squares) is typically more difficult, and search times increase with increases in the number of
distracters (e.g., Treisman, 1991; Wolfe, Cave, & Franzel, 1989). Hence, search for a target identified
by a conjunction of features is presumed to reflect serial information processing.

Research on the development of visual search efficiency in young children has generally led to the
conclusion that children’s basic search processes operate in a qualitatively similar manner to those of
adults (e.g., Gerhardstein & Rovee-Collier, 2002; Quinn & Bhatt, 1998; Trick & Enns, 1998). For exam-
ple, children typically do not exhibit increases in search times when locating targets defined by a sin-
gle feature. Hence, it appears that children can often detect single-feature targets with the same
degree of efficiency as young adults. In addition, both children and adults exhibit increases in search
rate with set size when confronted with targets defined by a conjunction of features. However, the rel-
ative increase in search rates for targets defined by conjunctions of features observed for children is
much greater than that observed for young adults, indicating age-related improvements in the effi-
ciency of visual search under these conditions (e.g., Lobaugh, Cole, & Rovet, 1998; Thompson & Mass-
aro, 1989; Trick & Enns, 1998). The developmental difference is typically attributed to age-related
changes in the efficiency with which top-down processes and mechanisms operate during search.

Although top-down processing during visual search tasks can be observed in children as young as
7 years (Taylor & Kahn, 2000), the relative efficiency of top-down attention processes continues to in-
crease through early and late childhood (see also Taylor, Chevalier, & Lobaugh, 2003).

The current research was specifically designed to reconsider whether visual search for targets de-
fined by single features may be performed in a qualitatively similar manner for young children relative
to adults. The fundamental research question is whether or not the inclusion of an irrelevant feature
dimension in the form of heterogeneous distracters qualitatively changes the way in which children
engage processes of visual feature search. If differences are observed, they may indicate important
limitations in the manner in which young children apply simple goal-directed processes (e.g., find
the circle) to basic information processing tasks such as visual feature search.

During the past 30 years, it has become increasingly clear that a simple dichotomy of visual search
processes that is based on single feature versus conjunction of features does not provide an adequate
account of the variations in performance that are observed in visual search (Duncan & Humphreys,
1989; Treisman & Gormican, 1988; Wolfe et al., 1989). For example, Treisman and Gormican (1988)
reported relatively slow visual search rates in a single-feature search task when targets and distracters
were highly similar (squares and rectangles vs. squares and circles). In addition, search rates observed
for feature search tasks can be slowed when the distracters used in the displays are not homogeneous,
for example, when distracters are red and green and the target is blue (e.g., Lovell, Gilchrist, Tolhurst,
& Troscianko, 2009; Nagy, Neriani, & Young, 2004; Rosenholtz, 1999, 2001; Schubo, Wykowska, &
Muller, 2007; Treisman, 1998). In light of these results, the current research was designed to reeval-
uate age-related variations in visual feature search. More specifically, this research examined the rel-
ative influence of distracter heterogeneity, manipulated by introducing an irrelevant feature
dimension, on the visual search performance of children and young adults. Our basic hypothesis
was that children exhibit adult-like efficiency in many feature search tasks because they are respond-
ing to the presence of a unique singleton stimulus rather than a stimulus defined by a specific feature.

Our hypothesis was based on the well-documented observations that young children often exhibit
greater difficulty than older children and adults when performing tasks that include both irrelevant
and relevant information in the problem space (Enns, 1990; Rueda et al., 2004; Shepp & Barrett,
1991). For example, younger children typically exhibit larger Stroop interference effects than older
children and adults (e.g., Bub, Masson, & LaLonde, 2006). Similarly, in flanker tasks (Eriksen & Eriksen,
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1974), young children typically show larger interference effects than older individuals when flankers
surrounding a target stimulus are incongruous (e.g., Ridderinkhof, van der Molen, Band, & Bashore,
1997; Tipper, Bourque, Anderson, & Brehaut, 1989). Discrimination learning is also disrupted more
in younger children relative to older children because younger children are more likely to exhibit a
feature preference for an irrelevant stimulus dimension incorporated into the learning task (Schmitt-
mann, van der Maas, and Raijmakers (2012). In addition, Huang-Pollock, Maddox, and Karalunas
(2011) reported that implicit and explicit category learning by young children is negatively influenced
by the presence of an irrelevant stimulus dimension. These age differences are often attributed to
increasing executive control in the operation of inhibitory processes with increasing age (e.g., Demp-
ster, 1993; Harnishfeger, 1995; Rueda et al., 2004). In the case of implicit category learning, Huang-
Pollock and colleagues suggested the importance of inhibiting output from the explicit information
processing system. Alternative but related explanations specifically highlight possible age-related
improvements in the ability to maintain a consistent task-appropriate response set (Bub et al.,
2006) and age-related improvements in the ability to use current goals to focus cognitive control
(Lorsbach & Reimer, 2008, 2010; Marcovitch, Boseovski, & Knapp, 2007).

We believe that the ability to identify and maintain current goals is most relevant to visually
searching for a feature target among heterogeneous distracters for at least two reasons. First, in the
search task, there is a known target. Hence, performance can be facilitated by maintaining focus on
the target goal. The participant needs to focus attention to search for a target defined by those known
features. Second, the task persists across many trials (similar to a continuous performance task), and it
is necessary to maintain focus on the goal to perform most efficiently. Any failure to maintain focus on
the relevant goal features would likely result in interference due to the intrusion of irrelevant features
that attract attention during visual search. The result would likely be an increase in search rate on
numerous trials when attention is not highly focused on the target feature, as evidenced by greater
slopes, particularly for younger children who are more likely to have difficulty in maintaining a
task-appropriate response set to focus attention on the current goal (Bub et al., 2006; Lorsbach & Rei-
mer, 2008, 2010).

We patterned our version of the visual search tasks on the basis of a set of models that conceive of
search as determined by a combination of preattentive and attentive processes across the several
phases of perceptual search (see Treisman, 1988; Wolfe, 1994, 2007; Wolfe et al., 1989). First, preat-
tentive processes are used to construct feature maps in parallel that distinguish between items in the
displays on the basis of individual features. The feature maps essentially reflect activation (or inhibi-
tion) levels for particular locations in the visual field that are based on local differences between an
item in the display and surrounding items as well as broadly defined task goals. If an item in the dis-
play is near a similar item on that feature (e.g., both vertical orientation), then low levels of activation
accrue, and if an item is near a very dissimilar item on that feature (e.g., a vertical orientation next to a
horizontal orientation), then higher levels of activation accrue. Second, these levels of activation based
on independent feature differences (e.g., activation due to orientation differences plus activation due
to color differences) are combined to form a single general activation map that can be used to search
the visual field. During search, attentive processes are used to search the activation map serially,
beginning with the item location with the highest level of activation, proceeding to the next highest,
and so on until a target is found or the search is terminated because activation has fallen below some
basic threshold determined by, for example, perceptual sensitivity or goals (e.g., Chun & Wolfe, 1996).
In the standard feature search task, with homogeneous distracters, the target location would be dis-
tinct from all other items and register the highest level of activation in the feature map. That would
make the target relatively easy to locate regardless of number of distracters and result in flat slopes
with increases in search set size. When distracters are heterogeneous, there are more differences be-
tween adjacent items and the target location does not generate the same relatively higher level of acti-
vation. Hence, attention-guided search would be less efficient unless top-down processes were called
on to enhance the target features (Wolfe, 1994, 2007). According to these models, the ability to main-
tain current goal information and focus attentional control on the relevant feature should be evi-
denced during this stage of visual search.

As mentioned earlier, we were interested in differences that may emerge when the target appears
in a field of heterogeneous distracters that varied on some irrelevant dimension even when the
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discriminability between the target and distracters on the relevant feature dimension was unchanged.
Our reasoning was that the addition of an irrelevant feature dimension would create problems in
maintaining an appropriate goal-directed processing set for the younger children. To test this possibil-
ity, three versions of a visual feature search task were presented to three different age groups: 6-year-
old children, 9-year-old children, and young adults. In each version, the target was defined by shape
(i.e., a circle embedded in a field of squares). In one version of search task that we refer to as the sin-
gleton task, participants searched for either a black circle in a field of black squares or a gray circle in a
field of gray squares. In a second version of the task, participants searched for a black circle in a field of
black and gray squares. In a third version of the task, participants searched for a gray circle in a field of
black and gray squares. We refer to these latter two search conditions as feature mode tasks. To the
extent that the presence of heterogeneous distracters negatively influences the feature search of chil-
dren, we would expect to see slower search rates (reflected by larger slope values) in the feature mode
search conditions for children relative to adults.

One additional variable was manipulated in the two conditions with heterogeneous distracters. We
manipulated the size of the number of items that were the same color as the target independent of the
overall number of distracters in the search set. This manipulation allowed us to evaluate whether par-
ticipants were able to restrict their search to distracters that were similar in color to the target rather
than search the entire display. More specifically, if response times to identify the target varied with
the number of stimuli in the target color subset rather than the total number of stimuli in the display,
we would conclude that participants had restricted search to the subset presented in the target color.
Previous research has indicated that the ability to focus search on a specific subset of distracters in-
creases with increasing age when searching for a target made up of a conjunction of features (Merrill
& Lookadoo, 2004). We wanted to evaluate whether the same pattern would be observed when
searching for a target defined by a single feature surrounded by heterogeneous distracters in those
conditions when slope values consistent with feature search were not observed.
Primary study

Method

Participants
Participants in the study were 60 younger children (mean age = 6.4 years, SD = 0.50), 60 older chil-

dren (mean age = 9.4 years, SD = 0.49), and 60 undergraduate students (mean age = 18.7 years,
SD = 0.93). The children were recruited from regular classrooms in the local public schools, with
approximately the same number of boys and girls participating at each age (27 girls and 33 boys in
the younger age group and 31 girls and 29 boys in the older age group). The 18-year-old participants
were recruited from introductory psychology classes at the university, with more female students (41)
than male students (19) choosing to participate. Children received a $5 gift certificate for participating.
The 18-year-old participants received course credit. In each age group, 20 participants were randomly
assigned to each of the three stimulus conditions.
Apparatus and materials
Stimulus displays were presented on a Dell Inspiron 3500 computer using the experimental lab

program software Superlab. A response box with two response keys, a designated target present
key and a designated target absent key, was used to record participants’ manual responses. The Super-
lab program stored response time and response accuracy automatically.

Throughout the study, the target was defined by shape; the target was a circle and the distracters
were squares. Examples of the primary stimulus conditions can be found in Fig. 1. In one condition,
referred to as the Singleton Detection condition, the circle and square were presented in the same col-
or in each display (i.e., both black or both gray), with half of the displays being constructed using gray
stimuli and half using black stimuli. In total, 64 displays for each of four different display sizes were
constructed that included 4, 8, 16, or 32 stimuli. Half of the displays included a target and half did not.
Each display was presented in a white 10 � 10-cm square area in the center of the computer screen.



Fig. 1. Examples of target present displays in the Singleton Detection and Feature Mode search conditions in the primary study.
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Individual stimuli in the display were approximately 0.75 cm in height and width, with no two stimuli
in the display being any closer than 0.75 cm. Because participants were seated approximately 50 to
60 cm from the computer screen, each stimulus display fell within approximately 9.0� of visual angle
(4.5� from central fixation in all directions), and each individual stimulus subtended approximately
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0.7� of visual angle. The particular location of stimuli within each display was essentially random ex-
cept for the minimum distance between stimuli.

Stimulus displays for the other two conditions, referred to as the Feature Mode conditions (Feature
Mode Black when the target was a black circle and Feature Mode Gray when the target was a gray cir-
cle) also included 4, 8, 16, or 32 stimuli. One primary difference between the Feature Mode displays
and the Singleton Detection displays was that both gray and black squares were used as distracters
in the same displays. In addition, we systematically varied the number of stimuli in the displays that
were the same color as the target. When the display included 4 stimuli, there were 2 stimuli in the
target color and 2 in the irrelevant color. When the display included 8 stimuli, there were either 2
or 4 stimuli in the target color. When the display included 16 stimuli, there were 2, 4, or 8 stimuli
in the target color. Finally, when the display included 32 stimuli, there were 2, 4, 8, or 16 stimuli in
the target color. Feature Mode Black displays included a black circle as the target, and Feature Mode
Gray displays included a gray circle as the target, when a target was present. There were 10 combina-
tions of set size by number of target color squares used in each of the Feature Mode conditions. Over-
all, 32 displays corresponding to each combination were constructed, with half of the displays
including a target and half not including a target. When a target was not included in the display,
the circle was replaced by a square of the same color. A total of 320 trials were constructed for each
Feature Mode condition. The physical properties of the Feature Mode displays were identical to those
of the Singleton Detection condition.

Design and procedure
The independent variables in the Singleton Detection condition were age (6, 9, or 18 years), target

color (black or gray), set size (4, 8, 16, or 32), and response type (present or absent). All variables ex-
cept age were manipulated within participants. The variables in the Feature Mode conditions were age
(6, 9, or 18 years), search condition (Feature Mode Black or Feature Mode Gray), total set size (4, 8, 16,
or 32), smaller subset size (2, 4, 8, or 16), and response type (present or absent). Age and search con-
dition were between-participants variables, and total set size, smaller subset size, and response type
were within-participants variables. The primary dependent variable was response time (RT) for iden-
tifying whether or not a target appeared in each display. RTs were recorded to the nearest millisecond
(ms). Displays were presented in random order for each participant using a continuous performance
procedure.

Each participant was tested individually. At the beginning of the session, participants received 20
practice trials to familiarize them with the experimental procedure. They were instructed to search
each display for a circle and to press the left response key if one was present and the right response
key if one was not present as rapidly as possible without error. No mention was made about the two
shades of squares in the Feature Mode search conditions to prevent instructions from suggesting a
search strategy. Participants received a total of 256 trials in the Singleton Detection mode condition
(32 in each set size by target color by response type cell) and 320 trials in the Feature Mode conditions
(16 in each total set size by smaller subset set size by response type condition). The entire session took
approximately 25 min. Participants could take a break halfway through the session if they desired one.

Results

As expected, preliminary analysis indicated that color was not a relevant variable in the Singleton
Search condition. Hence, this variable was disregarded in all primary analyses involving Singleton
Search. For the analyses, median RTs, excluding trials in which an error was made, were calculated
for each participant in each condition. Errors were infrequent (2.1, 1.4, and 1.2% for the 6-, 9-, and
18-year-olds, respectively) and were not analyzed further for that reason. The analysis was carried
out in two stages. First, RTs were analyzed, independent of set size, to evaluate general group differ-
ences in performance as a function of search condition and response type. Although it is common to
calculate y-intercept values to eliminate the influence of set size when assessing differences in general
RT performance, we chose to use overall RT in our analyses. Because of variations in the manner in
which slope values were calculated in the Singleton Detection and Feature Mode search conditions,
overall RTs were considered to be a better general measure of task performance than intercept values.
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RT data are presented in Table 1. Second, RTs were converted to slope values relating RTs to the num-
ber of items in the stimulus displays. Preliminary analyses indicated a significant linear relation be-
tween set size and RT in all conditions where an effect of set size was observed (all ps < .05). Two
slope values were calculated for each participant in the Singleton Detection search condition (target
present and target absent). These data can also be found in Table 1. Eight slope values were calculated
for each participant in the Feature Mode Black and Feature Mode Gray conditions. Two slope values
(one target present and one target absent) in the Feature Mode conditions were associated with trials
in which half of the displays were black stimuli and half were gray stimuli, and RT was related to total
set size as in the Singleton Detection condition (see Table 1). Six additional slope values (three target
present and three target absent) were calculated relating RTs to total set size for conditions in which
the smaller subset size was held constant (either 2, 4, or 8 in the smaller subset) and total set size var-
ied. These slope values are presented in Table 2.
Analysis of RTs
Overall RTs were analyzed using a 3 (Age) � 3 (Search Condition) � 2 (Response Type) analysis of

variance (ANOVA) with response type treated as a within-participants condition. The analysis revealed
a main effect of age, F(2,171) = 121.13, p < .001, g2

p ¼ :95, with all three group means being signifi-
cantly different from each other (1007, 761, and 564 ms for the 6-, 9-, and 18-year-olds, respectively,
all ps < .05 using Tukey’s HSD [honestly significant difference]). There was also a main effect of search
condition, F(2,71) = 28.87, p < .001, g2

p ¼ :25, with RTs being significantly different in each condition
(661 ms in Singleton Search, 716 ms in Feature Mode Black, and 896 ms in Feature Mode Gray, all
ps < .05 using Tukey’s HSD). The main effect of response type was also significant, F(1,171) = 79.32,
p < .001, g2

p ¼ :32, with target present RTs being significantly faster than target absent RTs (720 and
805 ms, respectively). Three two-way interactions also reached significance: Age � Search Condition,
F(4,171) = 4.82, p < .01, g2

p ¼ :10, Age � Response Type, F(2,171) = 8.80, p < .001, g2
p ¼ :09, and Search

Condition� Response Type, F(2,171) = 4.71, p < .01, g2
p ¼ :05. The three-way interaction was not sig-

nificant. Tests of simple effects indicated that the Age � Search Condition effect revealed that in-
creases in RTs across conditions exhibited a different pattern across groups. The 6-year-olds
exhibited a relatively large increase in RTs between the Singleton Detection condition and the Feature
Mode Black condition (130 ms, p < .05) and an even larger difference between the Feature Mode Black
condition and the Feature Mode Gray condition (234 ms, p < .05). In contrast, the 9-year-olds exhib-
ited a small difference between the Singleton Detection condition and the Feature Mode Black condi-
Table 1
Mean response times and slope values (in ms) as a function of age group, search condition, and response type.

Age Singleton Detection Feature Mode Feature Mode
Black Gray

RT Slope RT Slopea RT Slopea

Target present
6 years 796 1.5 882 5.3 1121 10.5

(126) (1.3) (202) (4.7) (269) (6.5)
9 years 623 1.1 651 2.9 855 4.9

(102) (1.0) (93) (2.9) (155) (3.5)
18 years 482 1.2 467 1.9 507 2.1

(57) (1.1) (58) (1.3) (51) (1.4)

Target absent
6 years 887 1.4 1062 6.5 1292 8.3

(163) (1.2) (320) (9.3) (460) (12.7)
9 years 671 1.2 736 1.3 1029 12.2

(100) (1.0) (118) (4.8) (181) (10.4)
18 years 505 1.3 496 1.8 567 4.6

(52) (1.2) (76) (3.6) (87) (4.0)

Note: Standard deviations are in parentheses.
a For displays with equal numbers of black and gray squares.



Table 2
Mean subset slope values (in ms) for target displays as a function of age group, smaller subset size, and search condition

Age Present Absent
Subset size Subset size

2 4 8 2 4 8

Feature Mode Black
6 years 0.03 –.43 0.90 –1.5 2.3 2.3

(5.8) (3.5) (8.2) (6.4) (5.8) (8.7)
9 years 2.6 0.3 –0.5 0.6 0.5 –0.4

(2.5) (3.0) (3.4) (3.7) (3.9) (5.3)
18 years 1.5 1.1 2.2 0.8 1.3 2.0

(1.2) (1.0) (2.1) (1.7) (1.4) (3.9)

Feature Mode Gray
6 years 7.6 15.8 8.2 9.0 12.3 14.4

(5.8) (19.0) (15.7) (10.1) (15.9) (16.4)
9 years 5.7 4.9 4.0 10.1 14.6 14.0

(4.1) (5.7) (6.5) (10.3) (10.3) (14.1)
18 years 2.8 0.1 2.1 4.0 4.1 7.3

(2.1) (1.2) (2.7) (3.6) (3.4) (6.2)

Note: Standard deviations are in parentheses.
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tion (46 ms, p < .05) but a large difference between the Feature Mode Black condition and the Feature
Mode Gray condition (248 ms, p < .05). The 18-year-olds exhibited no difference between the Single-
ton Detection condition and the Feature Mode Black condition (�11 ms, ns) and a relatively small dif-
ference between the Feature Mode Black condition and the Feature Mode Gray condition (53 ms,
p < .05). The Age � Response Type interaction indicated that the 18-year-olds exhibited a smaller dif-
ference between target present and target absent displays (38 ms), in favor of the target present dis-
plays, than both the 9- and 6-year-olds (102 and 157 ms, respectively, p < .05). The Search
Condition � Response Type interaction indicated that the target present advantage varied across
Search Condition (54 ms for Singleton Detection, 98 ms for Feature Mode Black, and 138 ms for Fea-
ture Mode Gray, all ps < .05).
Analysis of slope values
Standard slope values. The initial analysis of slope values compared Singleton Detection slope values
with the slope values of the two Feature Mode conditions (calculated across set sizes for 4, 8, 16,
and 32 stimuli). For this analysis, Feature Mode slope values included only displays consisting of half
gray and half black stimuli (see Table 1 for means). Separate analyses were conducted on the target
present and target absent slopes because performance on target absent trials tend to be more suscep-
tible to the influence of extraneous variables (e.g., response bias, decision criteria) that vary both with-
in and across groups, adding nonsystematic variability to the basic results.

A 3 (Age) � 3 (Search Condition) ANOVA was conducted on the full display slope values for the tar-
get present condition. The analysis revealed a significant main effect of age, F(2,171) = 11.60, p < .001,
g2

p ¼ :12, with the 18-year-olds exhibiting a smaller slope values (1.7 ms) than both the 6- and 9-year-
olds (4.5 and 3.4 ms, respectively, both ps < .05). There was also a significant main effect of search con-
dition, F(2,171) = 20.57, p < .001, g2

p ¼ :20, with the Singleton Search condition yielding smaller slope
values (1.3 ms) than both the Feature Mode Black and Feature Mode Gray conditions (3.4 and 5.0 ms,
respectively, both ps < .05). However, both effects were qualified by the significant interaction of
Age � Search Condition, F(4,171) = 3.54, p < .01, g2

p ¼ :07. Tests of simple effects indicated that the
group slope values were not different in the Singleton Detection condition. However, in the Feature
Mode Black condition, the slope values for the 6-year-olds were significantly larger than the slope val-
ues for both the 9- and 18-year-olds (both ps < .05). Furthermore, in the Feature Mode Gray condition,
the slope values for the 6- and 9-year-olds were significantly larger than those for the 18-year-olds
(both ps < .05).

A 3 (Age) � 3 (Search Condition) ANOVA was also conducted on the full display slope values for the
target absent condition. This analysis also revealed a significant main effect of age, F(2,171) = 3.16,
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p < .05, g2
p ¼ :04, and a significant main effect of search condition, F(2,171) = 17.90, p < 001, g2

p ¼ :17.
Tests of simple effects indicated that the 18-year-olds exhibited smaller slope values (2.5 ms) than
both the 6- and 9-year-olds (5.4 and 4.9 ms, respectively, both ps < .05). In addition, slope values in
the Singleton Search and Feature Mode Black conditions were smaller (1.3 and 3.2 ms, respectively)
than those in the Feature Mode Gray condition (8.4 ms, both ps < .05). There was also a significant
two-way interaction, F(4,171) = 3.43, p < .01, g2

p ¼ :08. As was the case with the target present analy-
ses, groups did not differ in slope values in the Singleton Detection condition but did differ in the Fea-
ture Mode conditions. In the Feature Mode Black condition, the 6-year-olds exhibited larger slope
values (6.5 ms) than both the 9- and 18-year-olds (1.3 and 1.8 ms, respectively, both ps < .05). In
the Feature Mode Gray condition, both the 6- and 9-year-olds exhibited larger slope values (8.3 and
12.2 ms, respectively) than the 18-year-olds (4.6 ms, both ps < .05). One interesting difference be-
tween the patterns of performance observed for target present and target absent trials was the signif-
icant increase in slope values obtained for the 18-year-olds for Feature Mode Gray target absent trials
that was not observed for target present trials (p < .05 between Feature Mode Black and Feature Mode
Gray for the 18-year-olds).

Modified slope values. To evaluate search strategies in the two Feature Mode conditions, a 3 (Age) � 2
(Search Condition: Feature Mode Black or Feature Mode Gray) � 3 (Target Color Set Size: 2, 4, or 8)
ANOVA was conducted on the target present smaller subset slope values (see Table 2). In this analysis,
slope values were calculated relating changes in response times for overall set size when the size of
the subset including the target color was held constant (e.g., one slope value was calculated for dis-
plays consisting of 2 black of 4 stimuli, 2 black of 8 stimuli, 2 black of 16 stimuli, and 2 black of 32
stimuli). We assumed that if participants were able to restrict search to the subset of stimuli contain-
ing the target color, slope values should be at or near 0 when the subsets were the same size indepen-
dent of overall set size. Target present and target absent slope values were again analyzed separately.
Smaller subset size was treated as a within-participants variable.

The analysis of target present trials revealed a significant main effect of age, F(2,114) = 4.97,
p < .001, g2

p ¼ :08, with the 6-year-olds exhibiting larger slope values (5.3 ms) than the 18-year-olds
(1.7 ms, p < .05) and with the 9-year-olds falling between the extreme groups (2.8 ms) and not signif-
icantly different from either. There was also a significant main effect of search condition,
F(1,114) = 25.99, p < .001, g2

p ¼ :19, with the slope values in the Feature Mode Gray condition being
significantly larger (5.7 ms) than those in the Feature Mode Black condition (0.9 ms). The interaction
of Age � Search Condition was also significant, F(2,114) = 9.47, p < .001, g2

p ¼ :14. To evaluate the sig-
nificant interaction, the effect of age was analyzed separately for each search condition. For the Fea-
ture Mode Black condition, there was not a significant effect of age associated with the slope values of
the smaller set size. Apparently, when the target circle was black, search rate was not influenced by
the number of gray distracters in the display for any of our groups. For the Feature Mode Gray condi-
tion, there was a significant main effect of age, with the 6-year-olds exhibiting steeper slopes
(10.5 ms) than both the 9-year-olds (4.9 ms) and 18-year-olds (1.8 ms), and the 9-year-olds exhibited
significantly larger slopes than the 18-year-olds (all ps < .05). These results indicate that the search
rates of the 6- and 9-year-olds, but not those of the 18-year-olds, were influenced by the number
of black distracters in the target present displays when the target was gray. In addition, the search per-
formance of the 6-year-olds was interfered with more than that of the 9-year-olds.

A 3 (Age) � 2 (Search Condition: Feature Mode Black or Feature Mode Gray) � 3 (Smaller Set Size: 2,
4, or 8) ANOVA was also conducted on the target absent subset slope values (see Table 2). This analysis
revealed a significant main effect of search condition, F(1,114) = 38.68, p < .001, g2

p ¼ :27, and a signif-
icant interaction of Age � Search Condition, F(2,114) = 3.91, p < .05, g2

p ¼ :07. No other effects were sig-
nificant. Again, the effect of condition indicated that slope values in the Feature Mode Gray condition
(10.0 ms) were significantly greater than those in the Feature Mode Black condition (0.9 ms). To evalu-
ate the significant interaction, the effect of age was again analyzed separately for each search condition.
There was no effect of age in the Feature Mode Black condition, with all slope values being less than
2.5 ms, g2

p ¼ :02. However, there was an effect of group in the Feature Mode Gray condition,
F(2,57) = 4.54, g2

p ¼ :14. The slope values of the 6- and 9-year-olds were not significantly different
(11.9 and 12.9 ms, respectively), but both slope values were significantly different from those of the
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18-year-olds (5.1 ms, p < .05). Hence, the target absent data mirrored the target present data with the
exception that the college-age participants were also susceptible to the influence of the black stimuli
in the Feature Mode Gray condition, although not to the same degree as the younger participants.
Follow-up study

Although the pattern of results was consistent with our primary expectations, it is plausible that
that pattern of age-related differences we obtained was associated with a general increase in task dif-
ficulty across conditions rather than the introduction of an irrelevant stimulus dimension. To evaluate
this possibility, we repeated the Singleton Search condition with a circle target and hexagon distract-
ers that were much more similar to the target than the original square distracters. If general task dif-
ficulty was responsible for the observed variations in search rate among younger children, older
children, and adults, we should obtain results that are similar to those in one of the Feature Mode
search conditions. On the other hand, if the results observed in the Feature Mode conditions of the pri-
mary study were due to the introduction of the irrelevant feature dimension, we should obtain results
that are similar to those in the Singleton Search condition of the primary study.

Method

Participants
The participants in the study were 15 younger children (mean age = 6.7 years, SD = 0.44), 15 older

children (mean age = 9.6 years, SD = 0.47), and 15 college students (mean age = 18.2 years, SD = 0.99)
selected in a manner similar to the primary experiment.

Apparatus and materials
The apparatus was identical to that in the primary study. The stimulus displays were identical to

the Singleton Detection stimulus displays except that the distracter squares were replaced with hexa-
gons, making the distracters more similar to the circle target (Fig. 2). This resulted in 64 displays for
each of four different display sizes that included 4, 8, 16, or 32 stimuli. Half of the displays included a
target and half did not.

Design and procedure
The independent variables were age (6, 9, or 18 years), set size (4, 8, 16, or 32), and response type

(present or absent), with set size and response type manipulated within participants. The general pro-
cedure was identical to that in the primary study.
Fig. 2. Example of target present display in the follow-up study.
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Results and discussion

Median RTs, excluding trials in which an error was made, were calculated for each participant in
each condition. Errors were infrequent (2.3, 1.7, and 1.1% for the 6-, 9-, and 18-year-olds, respectively)
and were not analyzed further for that reason. RT and slope data are presented in Table 3. A 3
(Age) � 2 (Response Type) analysis of overall RTs revealed two significant main effects and no inter-
action. The main effect of age indicated that adults were faster than both groups of children and that
the 9-year-olds were faster than the 6-year-olds, F(2,42) = 57.66, p < .01, g2

p ¼ :93. The main effect of
response type indicated that participants responded faster when a target was present relative to when
a target was absent, F(1,42) = 6.74, p < .05, g2

p ¼ :14. Overall RTs for each group fell between those ob-
served for the two Feature Mode conditions in the primary study. Hence, we concluded that the gen-
eral difficulty of this version of the search task was greater than that of the Singleton Search condition
in the primary study and quantitatively more similar to the Feature Mode conditions. A 3 (Age) � 2
(Response Type) analysis of slope values revealed no differences as a function of age or response type
(both Fs < 1.0, g2

p values = .01 and .00, respectively). Hence, the manipulation of search difficulty by
increasing the similarity of the target and distracters did not produce the pattern of results observed
in the primary study. Apparently, the increase in RTs we observed in the follow-up study reflects an
increase in decision-making time rather than a change in search strategy and search rate such as that
produced by the introduction of an irrelevant stimulus dimension. We do believe that further increas-
ing the similarity between target and distracter could result in qualitative changes in search, as de-
scribed by Duncan and Humphreys (1989). But that was not observed, with a relatively modest
increase in search difficulty. It is also important to note that our manipulation of difficulty was not
equally effective for both adults and children. More specifically, the adult participants were less af-
fected by the manipulation of stimulus similarity than the child participants. Hence, the results of
the follow-up study might not fully address the question of how variations in general difficulty influ-
ence the relative performance of children versus adults in visual feature search.
General discussion

In this research, we examined the performance of 6-, 9-, and 18-year-old participants on several
versions of a visual feature search task. Our results support a general distinction between searching
for a singleton target versus searching for a target designated by a single feature. Consistent with
numerous previous results, there were no age-related differences in the detection of singleton targets
(e.g., Gerhardstein & Rovee-Collier, 2002; Quinn & Bhatt, 1998). However, when the target was
Table 3
Mean response times and slope values (in ms) as a function of age group and
response type in the follow-up study.

Age Overall RT Slope

Target present
6 years 1009 1.5

(180) (3.4)
9 years 757 1.4

(158) (1.6)
18 years 519 .6

(83) (1.4)

Target absent
6 years 1107 1.1

(195) (8.2)
9 years 819 0.5

(182) (2.7)
18 years 522 0.6

(89) (1.7)

Note: Standard deviations are in parentheses.
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presented in displays that varied on one relevant feature dimension (shape) and one irrelevant feature
dimension (black vs. gray), a number of age-related differences in performance appeared that we attri-
bute to an increasing ability to establish and maintain a task-specific goal with increasing age. In our
tasks, the goal should have been to focus on shape and search for the circle. The 18-year-olds appear to
have done this, were relatively immune to the manipulation of an irrelevant feature in the displays,
and were able to exhibit efficient search for the circle target in virtually all comparisons. The 9-
year-olds exhibited efficient search when the color of the target was black but exhibited a significantly
slower search rate when the color of the target was gray. Hence, color appears to have played a role in
the search goal established by the 9-year-olds through either interference or choice. The 6-year-olds
were unable to locate the target using efficient search processes in either Feature Mode condition.

As indicated above, we believe that the age-related differences observed in these studies reflect an
increasing ability to use goals to focus and maintain attentional control with increasing age. This pos-
sibility is consistent with previous research using a variety of other procedures such as the Stroop task
(Bub et al., 2006; Lorsbach & Reimer, 2010), the Dimensional Change Card Sort task (Chevalier & Blaye,
2009; Marcovitch et al., 2007), and the Continuous Performance Task (Lorsbach & Reimer, 2010). Max-
imally efficient performance would require participants to establish and maintain an appropriate per-
ceptual set (e.g., focus on shape and ignore color) throughout the task. We presume that this would
result in increased activation based on differences associated with shape and decreased activation
associated with the dimension of color/contrast during the construction of feature activation maps.
This seems to be the level at which children exhibit greater difficulty than adults. Perceptual process-
ing is less affected by the goal of the task for children relative to adults. Unfortunately, whether this is
due to a failure to understand the value of doing so (all participants perform the task very well) or a
lesser ability to engage attention in the control of perceptual processing is not clear from our data.

Our view of how goals influence visual search is compatible with models of visual search that in-
clude a distinction between bottom-up and top-down attention processes such as the guided search
model (Wolfe, 1994, 2007; Wolfe et al., 1989). We observed highly similar performances among age
groups in our Singleton Detection condition. It is reasonable to consider that these similarities resulted
from the similar operation of bottom-up attention processes that do not require much in the way of
individual effort to be executed. For example, in the guided search model, bottom-up processes can be
used to distinguish stimuli based on differences between them and surrounding items. During initial
processing, individual items receive activation designating them as warranting further attention dur-
ing search. The amount of activation accrued by any individual stimulus is related to how different
that stimulus is from the surrounding stimuli. Although it is possible to enhance activation of one
or more stimuli on the basis of task demands (Wolfe, 1994, 2007), a search for a singleton target des-
ignated by a difference of one feature is not likely to require any additional activation to be detected
rapidly. Hence, all participants in our research exhibited flat slopes, indicating a basic similarity in the
operation of bottom-up attention processes for the rapid detection of the target in our version of the
singleton search task.

When both black and gray squares were distracters and the target was a black circle, we believed
that a high level of activation could be generated for the black stimuli on the basis of bottom-up atten-
tion processes (at least partly due to the greater difference between the white background and the
black stimuli relative to the gray stimuli) but that a goal-related focus on the circle shape would re-
quire top-down goal-directed attention processes (see Wolfe, 1994, 2007). The pattern of performance
exhibited by the 6-year-olds is consistent with this suggestion. These participants were not able to lo-
cate the target as efficiently in this condition as in the Singleton Detection condition. However, the flat
slope values of the 6-year-olds associated with the black stimulus subset size indicated that they were
able to restrict search to the black stimuli without interference from the gray stimuli. Hence, it appears
that bottom-up processes were sufficient to adequately distinguish stimuli on the basis of color and
that even the youngest participants could limit search to the black stimuli. However, they were not
able to also consistently use knowledge of the shape of the target to increase activation based on this
feature and allow attention to be guided directly to the target. The performance of both the 9- and 18-
year-olds reflected a more efficient feature search, with slopes of search times being virtually flat
across all conditions. Our conclusion was that both older groups were able to use goal-directed atten-
tion to increase search efficiency and locate the black circle.



652 E.C. Merrill, F.A. Conners / Journal of Experimental Child Psychology 115 (2013) 640–654
When both black and gray squares were distracters and the target was a gray circle, we also be-
lieved that bottom-up processes would generate higher levels of activation for the black stimuli (again
because of contrast with a white background). Hence, to perform this version of the search task and
exhibit slopes consistent with a feature search, we expected that participants would likely be required
to reduce attention on the black stimuli to focus and maintain attention on the shape feature. Our re-
sults indicate that only the 18-year-olds were able to engage attentional processes in the manner nec-
essary to locate a gray circle without needing to consistently search multiple items in the target
displays. The 9-year-olds exhibited significantly steeper slope values than the 18-year-olds, and the
6-year-olds exhibited significantly steeper slope values than both of the older age groups, when
searching for the gray circle. At least a portion of this difference can be attributed to the difficulty
of reducing attention to the black stimuli versus the gray stimuli when the circle was gray. In the
analysis of subset slopes, when the gray stimuli were the smaller subset, neither the 6-year-olds
nor the 9-year-olds exhibited flat slopes for the trials when the subset was the same size and the total
size of the display varied. Apparently, highly salient but irrelevant distracters being presented in the
displays disrupted the search processes of both groups. In addition, the 6-year-olds were more seri-
ously affected than the 9-year-olds by the presence of black squares.

Although we have focused our discussion on the top-down nature of goal selection and mainte-
nance, it is also possible that age-related changes in the operation of bottom-up processes could be
at work in producing differences in visual search. We know that young children’s ability to perceptu-
ally distinguish between stimuli increases with age through learning processes associated with, for
example, perceptual learning (Goldstone, 1998). Because feature maps are constructed on the basis
of perceived differences between adjacent stimuli, any difference in perceptual processing of these
stimuli could result in differences in the feature maps and, ultimately, the activation map that is built
from the feature maps. Nevertheless, the differences in performance in the two Feature Mode condi-
tions highlight the relative importance of top-down goal-directed processes. Because the stimuli were
essentially identical in these two conditions (with the exception that the circle was either gray or
black), the observed age-related differences are likely to be related to processes that can selectively
enhance the relative perception of features rather than those that operate on the features without re-
gard to current goals.

Two aspects of our data also indicate that despite the observation of relatively flat slopes, the 18-
year-olds were not immune to the presence of the black squares when searching for the gray circle.
First, in the target absent condition, it appears that search rates were not consistent with focusing only
on the gray items during search. The analysis of the gray subset slopes indicated that slope values in-
creased with total set size rather than remaining flat with subset size only. This could mean that par-
ticipants engaged a strategy to search the gray subset multiple times as the total set size increased, or
they were less able to stay focused on the target category after the initial search produced a negative
result. Regardless of what they did, it appears that this condition also posed some difficulty for the 18-
year-olds. Lending additional support to this conclusion is the observation that the 18-year-olds re-
quired approximately 100 ms longer to identify the target when it was gray than when it was black.
Apparently, the refocusing of attention to the gray stimuli relative to the black stimuli is time-con-
suming as well as effortful, which may help to account for why the two younger groups were unable
or unwilling to engage in this activity.

Finally, we consider several additional issues relevant to the singleton versus feature search dis-
tinction. First, it is important to acknowledge that the addition of an irrelevant stimulus feature might
not always force participants to engage in feature search activities rather than singleton search activ-
ities. For example, Trick and Enns (1998) found relatively flat slopes across a wide age range when the
target was defined by color embedded in a display of two different shapes of a second color. Therefore,
it would appear that search for a singleton or difference based on some highly salient features (e.g.,
color, contrast) may be easier than searching for a difference based on other features (e.g., shape)
and must be taken into account when evaluating age differences in feature search. This is not surpris-
ing inasmuch as we view the distinction as being associated with participants’ search strategy rather
than with a particular stimulus arrangement. Second, it may be that younger participants did establish
and use goals but rather established different goals or changed goals from trial to trial. In either case,
search efficiency would be reduced and would result in larger slope values relative to the older
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participants, as was observed in the current study. Third, although we did find significant differences
in slope values among groups, all slopes reflected highly efficient search relative to what is typical of
conjunctive search tasks at all ages tested using very similar stimuli (e.g., Merrill & Lookadoo, 2004).
Hence, feature search as defined here was still more efficient than a search for targets that involve a
combination of features. It was simply less efficient than what we consider as the more basic search
for a singleton difference.
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