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LIFESPAN CHANGES 
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THE VISUAL SEARCH TASK 
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There are two popular frameworks for the study of visual attention. Treis- 
man’s Feature Integration Theory focuses on the effortful process of binding 
together the multiple attributes of an object. Posner’s Visual Orienting Theory 
emphasizes the movement of an attentional spotlight across space. Although 
both aspects are undoubtedly important in any visual search task, it is not 
clear how each of these aspects changes with age. We tested observers aged 
6, 8, 10, 22, and 72 years on visual search tasks designed to isolate these fac- 

tors. No age-related differences were found in single- or double-feature dis- 
crimination, attention movement to a single item, or search for a single- 
feature target among distracters. Two age-related changes were found: (1) 
young children were less able than either young adults or seniors to search for 
targets defined by a conjunction of features, and (2) both children and seniors 
were less able than young adults to move attention voluntarily from item to 
item. This implies that feature integration and voluntary movement of atten- 
tion have different trajectories over the lifespan. 

The visual search task is an important tool in the study of visual-spatial attention. 

In this task, observers try to indicate as rapidly as possible whether a given target 
item is present in a display. The experimenter manipulates the number of other 
items that are present (called non-targets or distracters), usually using the slope of 
the response time function over display size (RT slope) as a convenient index of 
the involvement of attention (Duncan & Humphrey% 1989; Neisser, 1967; Treis- 
man & Gelade, 1980; Wolfe, Cave, & Franzel, 1989). 
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Many studies of visual search have emphasized two distinct patterns of perfor- 

mance. When targets and distracters differ by an easily discriminable feature, 

such as color, size, or orientation, display size has little effect on search times and 

the RT slope is shallow or even flat. In contrast, when targets are not easily dis- 

criminable, or differ from distracters by a conjunction of features (e.g., a particu- 

lar combination of color and shape), display size has a large effect on search times 

and the RT slope is steep. 

One widely accepted interpretation of these results comes from Feature Integra- 
tion Theory, or FIT (Treisman & Gelade, 1980). This theory proposes that visual 

features such as color and shape are initially registered in separate topographically 

organized regions of the brain. In order to identify any particular conjunction of 

features as belonging to the same object, information from remote brain regions 

must be integrated. (The metaphor of attention as “glue” was used in early papers 

on FIT, the term “binding” is used in more recent papers.) The integration of fea- 
tures requires a master map of spatial locations to which all feature maps have 

access. Moreover, feature integration is inherently a serial operation; it can only 

be done one location (or object) at a time. 

According to FIT, RT slopes in conjunction search are steep because effortful 

feature integration must be performed for each item in the display until the target 

is found. RT slopes in feature search, on the other hand, are low because targets 

can be identified on the basis of unique activity in a single feature map. No linking 
between different feature maps is required and so display size is unimportant. 

Since its origin, FIT has undergone several modifications (Treisman & Gormican, 
1988; Treisman, 1988; Treisman & Sato, 1990), but it is widely accepted that tar- 

gets defined by conjunctions demand more attentional processing than those 

defined by features (see Bundesun, 1990; Duncan & Humphreys, 1989; Wolfe, 

1994). 

Another popular interpretation of the observable differences between conjunc- 

tion and feature search comes from Posner’s theory of visual orienting, or VO 
(Posner, 1980). VO is based on the idea that attention can be focused on a 

restricted region of visual space in order to facilitate processing at that location, in 

much the same way that physically orienting the fovea of the eye on a particular 
region enhances the perception of objects located there. Because the attention 
spotlight has a limited spatial extent, the voluntary inspection of multiple loca- 
tions must be done serially. 

Research with neurological patients (Posner & Petersen, 1990) and various 
brain imaging techniques (Posner & Raichle, 1994) has led to the view that VO 

involves the coordinated activity of widely distributed brain regions. The engage- 
ment of attention on a stimulus is governed by a thalamic brain structure (pulvinar 
nucleus) that acts to block neural inputs to the cortex from stimuli that are cur- 

rently unattended; the movement of attention from one location to another is gov- 
erned by a midbrain structure (superior colliculus); and the disengagement of 
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attention from one stimulus in order to process another is governed by a cortical 

structure (parietal lobe). 

According to this view, the onset of the display in a feature search task ini- 
tiates a disengagement of attention from the fixation point, a movement of atten- 
tion to the salient target item, and an engagement of attention by the target. The 
non-target items that are also in the display play no other role than to form a 
contrasting background for the target item. Compare this with the operations 
putatively involved in conjunction search. Here the observer is forced to disen- 
gage, move, and engage attention voluntarily, going from item to item until the 
target is found. This is necessary because the target does not differ sufficiently 
from the distracters to draw attention to itself. In support of this view, patients 
with parietal lobe lesions, who typically show the clinical condition of “neglect”, 
have difficulty with conjunction search, but not with feature search (Posner & 
Raichle, 1994). 

FIT and VO thus emphasize very different aspects of attention in the visual 
search task. FIT focuses primarily on the effort involved in selecting targets from 
distracters, using feature integration to account for the difficulty of conjunction 
search; VO focuses primarily on the necessity of repeatedly moving and re-engag- 
ing the attentional spotlight. Of course, both of these aspects of attention are 
required in any visual search task and the theories should properly be seen as com- 
plementary. However, the standard visual search methodology does not separate 
these two aspects of attention and so their relative importance has never been eval- 
uated. The confusion is compounded in the literature on the development of atten- 
tion, where age-related differences in visual search are attributed to both factors, 
as discussed below. 

Lifespan Differences in Visual Search 

There is now considerable evidence that performance in visual search improves 
markedly during childhood (e.g., Day, 1978; Doussard-Roosevelt, 1989; Gibson 
& Yona, 1966a, 1966b; Kaye & Ruskin, 1990; Miller, 1973; Thompson & Mas- 
saro, 1989; Vurpillot, 1968) and deteriorates in later life (e.g., D’Aloisio & Klein, 
1990; Plude, 1990; Plude & Doussard-Roosevelt, 1989; Rabbitt, 1965). To our 
knowledge, however, there have been no previous studies that have tested both 
ends of the lifespan with the identical task specifications (see Plude, Enns, & Bro- 
deur, 1994 for a review). 

Three lifespan trends can be culled from the literature. First, the baseline search 
times of college-age adults are generally faster than those of either children or 
older adults. This is not too surprising, given that senior adults and children have 
a higher mean RT than college-age observers in even the simplest of speeded tasks 
(Wickens, 1974). Second, and of greater interest, is that there have been no reports 
of age-related differences in feature search; all age groups yield similarly shallow 
RT slopes when targets are highly salient. Third, marked age-related differences 
in conjunction search are ubiquitous: children and senior adults invariably have 
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much larger RT slopes than young adults when targets are defined by more than 
one feature, or by the spatial relations among features. 

The interpretations offered for childhood improvements in visual search impli- 
cate a wide range of mechanisms, including peripheral visual acuity (Akhtar, 
1990; Mackworth, 1976) the ability to move the eyes (Miller, 1973), the ability to 
move the focus of attention (Enns & Brodeur, 1989; Pearson & Lane, 1991), the 
ability to divide visual attention among multiple tasks and objects (Day, 1978; 
Kaye & Ruskin, 1990), and meta-cognitive strategies in coordinating complex 
activities (Miller, Haynes, & Weiss, 1985; Vurpillot, 1968). 

Accounts of age related decreases in performance in old age encompass a sim- 
ilar range, including optical factors that influence peripheral acuity (Harpur, 
Scialfa, & Thomas, 1995; Owseley, Ball, & Keeton, 1995; Scialfa, 1990), the abil- 
ity to ignore distracters (Rabbitt, 1965) the ability to perform feature integration 
(Plude & Doussard-Roosevelt, 1989) the ability to move attention over the visual 
field (Hartley, Kieley, & Slabach, 1990; Madden, 1984) and the ability to disen- 
gage attention from a visual item (Connelly & Hasher, 1993; D’Aloisio & Klein, 
1990). 

Scope of the Present Study 

Why is conjunction search more difficult for children and senior adults than it 
is for young adults? In this study we looked specifically at the relation between 
feature integration (binding) and movement of the attentional spotlight in visual 
search tasks. We acknowledged at the outset that we could not rule out the 
importance of all other factors, but given the ambiguity involved in interpreting 
visual search data, we thought it worthwhile to begin by clarifying the role that 
each of these aspects played in the lifespan pattern. As noted above, although 
both aspects are important in any visual search task, it is not clear whether only 
one or both of these aspects change with age. It is even possible that a different 
aspect is responsible for the change with age at each end of life. Two previous 
lifespan studies in which we had been involved, one on covert visual orienting 
(Brodeur & Enns, 1997), the other on visual enumeration (Trick, Enns, & Bro- 
deur, 1996), have shown that there are different lifespan trends for some compo- 
nents of attention. 

Our strategy was to isolate various factors involved in a fairly typical search 
task by designing simplified versions of the task. We began by testing observers 
on a task in which all uncertainty about the location of the target object was 
eliminated-a single item always appeared at the center of the display and 
observers indicated as rapidly as possible whether it was the target or not (Fixed 
Location-No Distracters). The target either differed from distracters by a single 
feature (as in feature search) or a combination of two features (as in conjunction 
search). If responding on the basis of two features was more difficult for some 
groups than responding on the basis of a single feature, it would point to a fun- 
damental difficulty for that age group in coordinating responses based on two 
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features. We thought it important to rule out such effects before interpreting age 
differences in conjunction search tasks as reflecting feature binding or attention 

movement. 
In a second task we added location uncertainty-the single item now appeared 

in random locations in the display and observers judged whether it was the target 
or not (Random Location-No Distracters). Once again, the target either differed 
from distracters by a single feature (as in feature search) or a combination of two 
features (as in conjunction search). Two questions were of interest. First, did the 
increase in spatial uncertainty and fovea1 eccentricity influence any age groups 
disproportionately? Such a result would point to a fundamental difficulty in either 
peripheral acuity and/or moving attention to a new location in the visual field. 
Second, was the relation between one- and two-feature discrimination any differ- 
ent across age in this task than in the previous one? If so, it would suggest that the 
difficulty of responding on the basis of two features was only observed for some 
age groups when spatial attention was not already focused on the target location. 
Again, it is important to examine these effects, because they alone could contrib- 
ute to age differences in the conjunction search task. 

In the third task we added varying number of distractor items to the displays 
(Random Location-Distracters) to create a standard search task. This added two 
additional sources of complexity: one of the items had to be selected in order to 
make a correct response, and in the conjunction task, the visual features of the tar- 
get item had to be seen as belonging to the same item for a correct response to be 
made. A first analysis in this task therefore concerned the difference between Ran- 
dom Location-No Distracters and Random Location-One Distractor. If the mere 
presence of a distractor hindered both feature and conjunction search for some age 
groups, it would point to a fundamental difficulty in visual selection (i.e., ignoring 
items in the display that compete for attention). However, if conjunction search 
produced larger age differences than feature search in this comparison, it would 
indicate something more specific, namely, that the feature binding process was 
undergoing age-related change in efficiency. 

A final analysis in the Random Location-Distracters condition examined the 
ability to move attention from item to item in the displays. This was done by com- 
paring the slope of the response times in the conjunction search task as a function 
of display size when there were 2 or more items. Observers who were less efft- 
cient at moving attention from item to item should yield search slopes that were 
larger than more efficient observers. Of course, this interpetation could only be 
made in the context of the findings we obtained for the other, simplified versions 
of the search task. 

Method 

Observers. A total of 114 observers were tested in the two No Distractor 
Tasks, comprising five different age groups: 6 years (n = 23, 14 males, M = 5;6, 
SD = 3.5 months); 8 years (n = 17, 11 males, M = 8;2, SD = 5.3 months); 10 years 
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(n = 30, 14 males, M = 10;4, SD = 9.6 months); 22 years (n = 20, 10 males, M = 

21;8, SD = 31.3 months); and 72 years (n = 24, 7 males, M = 71;11, SD = 67.4 

months). A total of 108 observers performed the Distractor task (with 101 of these 

observers participating in all 3 tasks): 6-year-olds (n = 26, 15 males, M = 5;7, SD 

= 3.6 months); 8-year-olds (n = 18, 10 males, M = 8;4, SD = 4.9 months); lo-year- 

olds (n = 27, 13 males, M = 10;5, SD = 9.8 months); 22-year-olds (n = 19,9 males, 

M = 21;9, SD = 31.8 months); and 72-year-olds (n = 18, 5 males, M = 72;8, SD = 

73.3 months). 

There were unequal numbers of observers in each task because some observers 

did not attend all experimental sessions and some data were lost due to a computer 

disk malfunction. However, the pattern of significance for each of the reported 

results was unaffected by whether the analyses were restricted to those observers 

who participated in all tasks or whether the analyses were conducted under the 
conservative assumption that different observers participated in each task. The 

reported analyses are based on this more conservative approach. 

The children were all volunteers from public schools in the Vancouver and 

Richmond school districts; the young adults were members of the University of 

British Columbia subject pool and received partial course credit; the senior adults 

were recruited through advertisements in the local paper and were paid $10 an 

hour for their participation. All observers were healthy, all had normal or cor- 

rected-to-normal vision, and none of the senior adults had received a diagnosis of 

glaucoma or cataracts. 

Apparatus and Stimuli. The experiments were conducted on a Macintosh 

computer, using VSearch software (Enns & Rensink, 1992), which measures 

response time to within 8.3 ms. All display items were located on an imaginary 

grid of 6 columns by 4 rows, which fell within a 9.6’ x 6.4’ visual angle area 

when viewed from 50 cm. The background screen was gray (50% pixels lit). Tar- 

gets and distractor items were the same size, 1.0’ visual angle, and when there 

was more than one item on the screen there was a minimum of 1.6’ between 

items. 

The target item in all tasks was a dark outline circle (75% lit pixels). Distracters 

varied with type of search. In Feature search the distracters were randomly 

divided between light gray (25% lit pixels) outline circles and squares. In Con- 
junction search the distracters were randomly divided between light gray (25% lit 

pixels) outline circles and dark gray (75% lit pixels) outline squares. Sample dis- 

plays are shown in Figure 1. 

The target item was present in a random one half of the trials in all tasks. In the 

No Distractor tasks there was always only one item in the display (the target or the 

distractor). This item always appeared at fixation in the Fixed Location task, and 
appeared anywhere within the display area in the Random Location task. In the 

Distractor task, the target again appeared randomly in the display area but there 
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Figure 1. Sample visual displays for feature search (upper panel) and conjunction 
search (lower panel) among 18 items. The target item is a black circle, presented along 
with X7 distractor items. 

were now an additional 1,9, or 17 distractor items randomly positioned in the dis- 
play on target-present trials, and 2, 10, or 18 distracters on target-absent trials. 

Procedum. A female research assistant tested the observers singly in a small 
room, under normal office lighting conditions. Observers were instructed to indi- 
cate whether a target was present or absent by pressing one of two computer keys. 
With regard to speed and accuracy, participants were told, “Press the key as 
quickly as possible without making mistakes.” 
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Each trial began with a 480 ms interval, during which a small fixation cross 
was shown at the center of the display. Then the search display was presented 
until the observer responded or until 7.8 seconds had elapsed. Timing began at 
the onset of the display and ended with the observer’s response. Following the 
display, visual feedback was presented for 480 ms at the center of the screen (“+” 
for correct; “-” for incorrect, 0.5’ in size). 

Testing order of the three tasks was counterbalanced, as was the order of Search 
type (Feature vs. Conjunction) within each task. Observers were tested on a total 
of 30 trials in each search for the No Distractor tasks, and 90 trials (3 blocks of 30 
trials) for each search in the Distractor Task. Immediately prior to testing in each 
condition, observers were given one block of practice trials. This was adequate for 
all observers to report complete understanding of the task; the data show that 
accuracy was high for all age groups. 

Results 

Analyses of variance (ANOVAs) were conducted on the mean correct RT and 
mean percentage errors, followed by Tukey’s HSD tests of individual means when 
appropriate. Violations of the assumption of homogeneity of variance were noted 
in the mean RTs between two age groups: There was greater variability among 6- 
year-old than among 22-year-old observers (p < .05, F-max statistic, Kirk, 1968). 
However, this was not of much concern because we were not interested in the 
main effect of age. Differences in mean RT are seen in all studies of this age range 
and are expected based on differences in motor speed alone. What was of primary 
interest was whether age interacted with any of the attentional variables we 
manipulated on a within-subjects basis. The assumption of sphericity in mixed- 
factor designs is at issue here, and we addressed it by reporting the Geisser-Green- 
house conservative F-statistic (Kirk, 1968) for these effects. All effects that were 
significant on the basis of an uncorrected analysis of variance were also signifi- 
cant using this correction. 

Statistical Power. We estimated the statistical power of all interactions 
involving age, using the mean squared error variance from each ANOVA to esti- 
mate effect sizes (Cohen, 1977). These analyses indicated that our design was sen- 
sitive to 100 ms differences between age groups (in two-way interactions) at the 
.80 level. For three-way interactions involving age, the same level of sensitivity 
was achieved for 200 ms differences. These effect sizes can be evaluated against 
two benchmarks: (1) the size of RT differences that are theoretically relevant and 
(2) estimates of the error variance within groups. In our opinion, sensitivity to 
detect 100 ms differences between groups in RT effects, under conditions in 
which the standard errors of the mean RT are on the order of 50-100 ms is suffi- 
cient to put our hypotheses to a rigorous test. 

No Distractor Tasks. The analyses for this task involved the within-subjects 
factors of Location (Fixed, Random), Discrimination (Feature vs. Conjunction) 
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Figure 2. Mean correct RT and percentage errors in the two No Distractor tasks. 
Bars represent standard errors of the mean. 

and Target (Present, Absent); and the between-subjects factor of Age (6,8, 10,22, 

72). Mean correct RT and mean percentage errors are shown in Figure 2. 

All age groups had their search slowed to a similar extent by the change from 
a fixed to a random target location (RT difference = 41 ms, error difference = 

0.04% more errors). Distinguishing between targets and distracters only requires 
consideration of one feature in feature discrimination whereas conjunction dis- 

crimination requires two. The change from feature to conjunction discrimination 

slowed all age groups similarly (RT difference = 71 ms, error difference = 

1.68%). 

These observations were supported by statistical analyses. All four main effects 

were significant: location, F( 1, 109) = 10.61, MSE = 35491, p < .Ol; discrimina- 

tion, F(l, 109) = 32.33, MSE = 34575, p < .OOl; target, F(1, 109) = 73.85, MSE = 
12631, p < .OOl; and age, F(4, 109) = 46.95, MSE = 143553, p < .OOl. However, 

there was no trace of an Age x Discrimination interaction, F (4, 109) = 0.6, MSE 
= 34575, p > .20). Nor was there evidence of an interaction of age x location x dis- 

crimination, F (4, 109) = 0.9, MSE = 30027, p > .20), which would have indicated 

that the difficulty of responding to two features varied more with age when 

observers had to respond to items in unpredictable locations. The Location x Dis- 

crimination interaction was also examined separately for each age group, but the 

F-value never exceeded 1 .O. 

The only interactions yielding F-values larger than 1.0 involved the factor of 
target: discriminationxtarget,F(l, 109)=8.16, MSE= 12911,~~ .Ol,andagex 

target, F(l, 109) = 3.14, MSE = 12631, p < .05. The pattern here was consistent 
with previous reports that target absent responses are slowed in proportion to the 

baseline difficulty of the task and to the naivete (age) of observers in search tasks 

(Treisman & Gormican, 1988). 
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Figure 3. Mean correct RT and percentage errors in the No Distractor-Random 
Location task and the One Distractor-Random Location task. Bars represent stan- 
dard errors of the mean. 

Error rates were generally very low (2.7% on average) and so only a few effects 
attained significance in the analysis of errors. A combined analysis for the Fixed 

and Random Location task revealed only two significant effects: discrimination, 
F (1,109) = 19.10, MSE = 33,~ < .Ol, and discrimination x target, F(l, 109) = 8.4, 

MSE = 25, p < .Ol, reflecting lower accuracy in two-feature discriminations, espe- 
cially on the target absent trials. There was no hint that the RT results were con- 

taminated by speed-accuracy tradeoffs. 

Distractor Task. The first analysis performed for this task involved a compar- 

ison of the one-distractor condition (i.e., display size = 2) with the No Distractor- 
Random Location task, in order to examine the effect of a single distractor item 
on the search tasks. The factors in this analysis acre therefore Distractor (zero, 

one), Search type (feature, conjunction), Target (present, absent), and Age (6, 8, 
10, 22, 72). 

Mean correct RTs from this analysis are shown in Figure 3. It was immedi- 
ately evident that there were two effects that interacted with age. First, the pres- 
ence of a single distractor item slowed the responses of younger children more 
than those of older children, college students, and senior adults. This was evi- 
dent in both the feature and conjunction search conditions. Second, the differ- 
ence between conjunction and feature search was now larger for children than 

for younger or older adults, whereas in the previous analyses it had been about 
the same. 

In support of these conclusions, an ANOVA revealed a significant three-way 

interaction of distractor x search x age, F(4,96) = 2.94, MSE = 32567, p -C .03, as 
well as significant two-way interactions of distractor x age, F(4,96) = 12.74, MSE 
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= 58265, p < .OOl, and search x age, F(4, 96) = 6.38, MSE = 27436, p < .OOl. 

Interactions involving target presence vs. absence were also significant and con- 

sistent with the trends reported previously. 

The corresponding analysis on the error data again revealed no significant 

effects involving age, probably because the error rate was again very low (overall 

mean = 2.8%). Other than the effects already noted for these tasks individually, 

the only significant effect was a larger difference between feature and conjunction 

search in the No Distractor-Random Location condition than the Distractor con- 

dition, F (1, 94) = 4.38, MSE = 19, p < .05. 

Display Size Effects. In order to investigate the processes involved in item-to- 

item search, it was necessary to look at the effect of increasing the number of 

items beyond two in the Distractor task. In this analysis, the factors were Search 

type (feature, conjunction), Display size (2, 10, 18), Target (present, absent), and 

Age (6, 8, 10, 22, 72). These data are shown in Figure 4A for feature search and 

in Figure 4B for conjunction search. On the whole, these results were consistent 

with those from previous studies testing different segments of this age span. Spe- 

cifically, mean RT tended to decrease with age in childhood and then increased 

between 22 and 72 years. Feature search RT varied little with display size (mean 

RT slope for target present was less than 1 ms per item overall) and RT slope var- 

ied little with age. Mean target present RT slopes were 5 ms per item for 6-year- 

olds, 3 ms per item for 8-year-olds, 1 ms per item for lo-year-olds, 1 ms per item 

for 22-year-olds, and 2 ms per item for 72-year-olds. Conjunction search RT 

slopes, on the other hand, decreased steadily with age during childhood to young 

adulthood, and then increased for older adults. Mean RT slopes for target present 

trials were 32 ms per item for 6-year-olds, 16 ms per item for 8-year-olds, 13 ms 

per item for lo-year-olds, 9 ms per item for 22-year-olds, and 25 ms per item for 

the 72-year-olds. 

An ANOVA for the RT data showed that all main effects and interactions were 

significant atp < .05: search, F(l, 103) = 413.0, MSE = 101367; display size, F(2, 

206) = 133.0, MSE = 20831; target, F(l, 103) = 86.4, MSE = 41575; age x search, 
F(4, 103) = 21.4, MSE = 101367; age x display size, F(4, 103) = 8.6, MSE = 

20831; age x target, F(4, 103) = 4.9, MSE = 101367; search x display size, F(2, 

206) = 147.7, MSE = 19779; search x target, F(l, 103) = 109.5, MSE = 19402; dis- 

play size x target, F(2,206) = 9.4, MSE = 13444; age x search x display size, F(8, 

206) = 8.6, MSE = 19779; age x search x target, F(4, 103) = 6.5, MSE = 19402; 

search x display size x target, F(2, 206) = 3.9, MSE = 17411; and age x search x 

display size x target, F(8, 206) = 2.2, MSE = 17411. 

The pattern in the error data was similar to the RT data, but because the error 

rate was generally low (overall mean = 3.5%) most effects were not significant. In 

general, errors tended to be higher for conditions with larger RTs, which suggests 

that observers were not trading speed for accuracy. 
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Figure 4. Mean correct RT and percentage errors in the Distractor-Random Loca- 
tion task. (A) Feature Search. (B) Conjunction Search. The number of display items 
(Display Size) was varied randomly between 2, 10, and 18 in each search task. Bars 
represent standard errors of the mean. 
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DISCUSSION 

In this section, we will first discuss the lifespan trends that were observed, before 

discussing the implications of these findings for attentional development. 

Lifespan Changes in Visual Search 

Previous studies have reported age differences in visual search performance, 

most notably when searching for targets that require a conjunction of features. 

The slope of the response time function over display size tends to decrease with 

age during childhood (Kaye & Ruskin, 1990; Thompson & Massaro, 1989) and 

then increase again in later life (Rabbitt, 1965; Plude, 1990). However, the reason 

for these changes is unclear. Two of the most popular explanations include 

changes in the processes of feature integration or binding (Treisman & Gelade, 

1980) and changes in the voluntary movement of attention from item to item (Pos- 

ner, 1980). The goal of this study was to find out how each of these factors con- 

tributed to the age-related trends in visual search. 

Our strategy was to isolate these factors by first ruling out age-related changes 

in a number of other components of the visual search task. In this regard, the 

present study provided no evidence of a change with age in visual discriminations 

involving two features. When a single item was presented at a fixed location in the 

display, responding on the basis of two features (conjunction discrimination) was 

indeed more difficult than responding to only one feature (feature discrimination), 

but the age of the observer had no influence on this effect. Similarly, when a single 

item was presented at a random location, responding to two features was slower 

than responding to one by approximately the same amount at each age. 

This study also provided no evidence that the efficiency of moving attention to 

a single display item in an otherwise empty field changed with age. Responding 

to a single item in a random location was slower than responding to an item at a 

fixed location for all observers, with age playing no role in the difference. This is 

an important finding because it rules out age differences in peripheral acuity 

(Akhtar, 1990), simple eye movement speed (Miller, 1973), and reflexive orient- 

ing to new stimuli (Enns & Brodeur, 1989) as sources for the age effects in search. 

If any of these factors were at work, they should have produced an interaction 

between age and target location. The difficulty experienced by the very young and 

older observers in visual search for conjunction targets must lie elsewhere. 

It is important to note that these failures to find age differences were not due to 
a lack of statistical power. The magnitudes of the effects (measured in RT differ- 

ence scores) were remarkably similar at vastly different ages, despite there being 

sizeable and expected age differences in absolute RT. Note that any transforma- 

tions of the data designed to factor out baseline differences in RT would have led 
to the conclusion that the youngest children and the senior adults were actually 

more efficient than young adults in these tasks: an unlikely prospect. Consider too 
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that similar numbers of trials with the same observers were sufficient to detect age 

differences in some of the tasks (e.g., conjunction search amidst distracters). 

Each of the age differences that were observed in the present study occurred 

when more than one item was displayed simultaneously. There were two different 

types of distractor effects of this sort. One of these effects was evident only in 

children, resulting in a monotonic lifespan pattern; a second effect was observed 

in both children and senior adults and therefore followed a U-shaped pattern. 

The presence of two items rather than only one in the display (Distractor Task 

with Display Size = 2 versus No Distractor-Random Location Task, see Figure 3) 
interfered markedly in the performance of the youngest children, and this effect 

diminished with age. The fact that this trend was evident even in the feature search 

task, where the target and distractor were highly distinctive, suggests that it may 

reflect a difficulty children have in selecting among two possible items. Such an 
effect has been noted many times before, even in situations where there are many 

visual cues to aid in the selection (e.g., Enns, 1990). Consistent with this interpre- 

tation, studies in the aging literature have reported that senior adults are similar to 

younger adults in their ability to ignore distracters in non-search tasks, whereas 
young children experience large interference effects from these irrelevant items 

(for a review, see Plude et al, 1994). An alternative interpretation is that the dis- 

tractor effect seen in young children may have been one of “set,” referring to the 

fact that the two-item displays were tested in the context of a more complex task 

in which the display size varied. Children are also well known to suffer dispropor- 

tionately from increasing task complexity (e.g., Miller, Haynes, & Weiss, 1985). 

The finding that this age-related distractor effect was even more pronounced for 

feature conjunctions than for simple features (see Figure 3) indicates that some 
factor other than selection and set were contributing to the age trend in conjunc- 

tion search. Since this was the simplest version of the task in which feature bind- 
ing was required, we take this pattern as evidence that feature binding improves in 

efficiency with age, and that it does not deteriorate later in life. 

The monotonic lifespan trend seen for the distractor effect in Figure 3 constrasts 

sharply with the U-shaped trend for display size effects seen in Figure 4A. Both 
young children and senior adults produced large RT slopes in the conjunction 
search task relative to young adults. We can attribute this U-shaped slope effect to 
a difficulty in voluntary movements of attention from item to item. This conclu- 
sion is warranted because we were able to rule out differences in other task com- 
ponents (e.g., movement of attention to a single item, feature binding) that would 
ordinarily be valid candidates to explain the U-shaped trend in visual search RT 

slopes. 

Implications for Attentional Development 

Feature integration theory (Treisman & Gelade, 1980) and visual orienting the- 
ory (Posner, 1980) do not exclude one another, and are probably best considered 
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as being complementary to one another. However, they do place emphasis on dif- 
ferent aspects of attention in the visual search task. 

According to FIT, RT slopes in conjunction search reflect the incremental time 
associated with binding the visual features of each item in the display. The results 
of this study indicated that feature binding did indeed contribute to the age-related 
changes in visual search speed, but only in the early phases of the lifespan. Six- 
year-olds found it more difficult than all other age groups to detect a target in the 
presence of a distractor that shared one of the target features. This suggests that 
feature binding is an attentional operation that matures rather quickly. 

According to VO, conjunction search is less efficient than feature search 
because the target item does not stand out from the background items. As a con- 
sequence, observers must intentionally guide the spotlight of attention from item 
to item. This involves repeated uses of the disengage, move, and engage opera- 
tions proposed by Posner and colleagues (Posner & Raichle, 1994; Posner & 
Petersen, 1990). The visual search results in our study suggest that some or all of 
these operations are both rather late in maturing and sensitive to the effects of 
aging. 

Some researchers have already begun to speculate on which subset of the three 
attention orienting components are at issue when age differences are found (e.g., 
Brodeur & Enns, 1997; Connelly & Hasher, 1993; D’Aloisio & Klein, 1990; Hart- 
ley, Kieley, & Slabach, 1990; Madden, 1984), but systematic investigation has yet 
to be done. For example, the disengage operation could be studied directly by 
using search tasks in which there are variable temporal gaps between the offset of 
a currently attended stimulus and the onset of a stimulus to be attended (Fischer 
& Breitmeyer, 1987; Kingstone & Klein, 1993). Although this type of research 
has not been tried with children, a recent study used a similar technique to study 
ey-e movements in senior adults (Pratt, Abrams, & Chasteen, 1997). That study 
found that the removal of a fixation point prior to the onset of the target produced 
equivalent reductions in eye movement latency for younger and older adults. This 
suggests that that disengage operation may not be at fault in the slower search 
rates of seniors. However, this study did not also manipulate the temporal interval 
between fixation offset and target onset, and so there may be age-related time 
course effects waiting to be discovered. 

The move operation could also be isolated in a number of ways. One way might 
involve manipulating the spacing and configuration of items in the display. 
Finally, the engage operation could be tested in relative isolation by comparing 
psychometric functions of visual acuity in regions of the display that were either 
attended or not attended. 

Conclusion 

This study has demonstrated that although there may be many cognitive opera- 
tions involved in a typical visual search task, only some of these operations are 
influenced by the age of the observer. Furthermore, among the operations that are 
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age-sensitive, feature binding shows evidence of early maturation with no deteri- 

oration in later life. In contrast, voluntary movement of spatial attention follows a 

pattern of late maturation and significant decline in senior adulthood. This study 

therefore offers a clear example of a U-shaped pattern of performance across the 

lifespan that does not necessarily spring from similar factors at each end of life. 

That is, steep RT slopes in visual search tasks in early and late phases of life do 

not need to be seen as evidence for the same kinds of attentional inefficiency. 

Future studies of this kind should be able to isolate with even greater resolution 

the various task components involved. 
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