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Visual search for compound patterns was examined in observers aged 6, 8, 10, and 22 years. The main 
question was whether age-related improvement in search rate (response time slope over number of items) 
was different for patterns defined by short- versus long-range spatial relations. Perceptual access to each . 
type of relation was varied by using elements of same contrast (easy to access) or mixed contrast (hard 
to access). The results showed large improvements with age in search rate for long-range targets; search 
rate for short-range targets was fairly constant across age. This pattern held regardless of whether 
perceptual access to a target was easy or hard, supporting the hypothesis that different processes are 
involved in perceptual grouping at these two levels. The results also point to important links between 
ontogenic and microgenic change in perception (H. Werner, 1948, 1957). 

Most visual patterns can be organized perceptually at different 
scales. For instance, when looking at a group of human faces, a 
person's visual attention may be directed to the individual features 
of one face (e.g., eyes or mouth), to the relations between features 
(e.g., eye-to-eye or eye-mouth distance), or even to the relations 
between the various heads in the crowd. The terms local and 
global are convenient terms that are used to mark relative locations 
along this organizational continuum. 

In this study we asked whether developmental change in the 
ability to organize a visual pattern at different scales follows the 
same developmental trajectory or whether there might be separate 
developmental paths for perceptual organization at local and 
global levels. The immediate impetus for the study is both theo- 
retical and methodological. The theoretical motivation derives 
from a long-standing debate in the literature regarding the relative 
rates of development in the perception of local versus global visual 
structure. The methodological spark is provided by a behavioral 
tool that promises to measure the relative attentional requirements 
for perceiving patterns at these two levels (Enns & Kingstone, 
1995). This tool, a visual search task with items made up of 
compound patterns, permits the systematic manipulation of the 
relative salience (perceptual accessibility) of each level, thereby 
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eliminating many of the confounds inherent in past research. The 
simplicity of the task permits the testing of participants over a wide 
range of ages and attentional abilities. 

The stimuli used in this study were compound items designed in 
keeping with the logic of previous studies of global-local percep- 
tion (Navon, 1977, 1981a, 1981b, 1983; see Figure 1). Specifi- 
cally, a target pattern can be drawn at a global level independently 
of whether it is drawn at a local level. The present patterns are 
unique in that the spatial distance among elements in a perceptual 
group (at either the local or global level) can be systematically 
controlled. Because of this, we refer to these levels with the more 
precise terms, short-range and long-range grouping, respectively. 
Among adults, the pattern of performance for short- versus long- 
range grouping parallels that obtained from traditional stimuli, 
such as global squares made up of local triangles and vice versa 
(Enns & Kingstone, 1995). 

Deve lopmen ta l  Change  in Global  and Local  Process ing 

The idea of fundamental differences in the perception of global 
and local structure has a long history in the developmental litera- 
ture (for reviews see Gibson, 1969; Kemler, 1983). One popular 
early view was that the perception of developing children moves 
along a global-to-local trajectory. For example, eye scanning pat- 
terns of infants indicate fixation on external contours of objects 
early in life, with fixations on interior details and active compar- 
isons made between external and interior contours several months 
later (Fantz, 1961; Ghim & Eimas, 1988; Quinn & Eimas, 1986; 
Zaporozhets, 1965). Others have reported that newborns (Slater, 
Mattock, Brown, & Bremner, 1991) and 3-month-old infants 
(Bhatt, Rovee-Collier, & Shyi, 1994; Quinn, Burke, & Rush, 1993) 
are more sensitive to emergent properties of line elements than to 
component lines. In studies of children, age-related transitions in 
object categorization have also been reported, with younger chil- 
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Figure 1. Items used in the visual search tasks. 

dren basing their judgments on overall similarity, and older chil- 
dren basing theirs on the similarity of specific object features 
(Ames, Metraux, Rodell, & Walker, 1974; Gibson, Gibson, Pick, 
& Osser, 1962; Smith & Kemler, 1977; Younger & Fearing, 1999). 
Older children were also generally more adept at finding targets 
hidden in camouflage (Enns & Girgus, 1985; Ghent, 1956). 

However, the notion of one-way progression has not been sup- 
ported unequivocally. For example, contrary to the global-to-local 
hypothesis, infants younger than 3 months of age are able to show 
habituation to the individual elements of a pattern (e.g., lines, 
animal body parts), but it is not until 7 months of age that they are 
able to respond on the basis of the relations formed by the elements 
such as angles and whole animals (Cohen, 1998). Evidence from 
older children also indicates that age-related patterns of global and 
local performance can be task dependent; children of all ages are 
able to perform similarly with regard to global and local attributes 
under appropriate conditions (Stiles, Delis, & Tada, 1991; Ward, 
1988; Ward & Scott, 1987; Ward & Vela, 1986). The specific 
strategy adopted can be influenced both by manipulations of 
stimulus accessibility (e.g., increased intensity) and by task de- 
mands (e.g., instructions to attend only to one level; Freeseman, 
Colombo, & Coldren, 1993; Stiles et al., 1991; Ward, 1988; Ward 
& Scott, 1987). Consequently, age differences observed on these 
tasks are not always interpreted as a tendency to see either the 
larger Gestalt or the local details but rather as an inability of young 
children to appropriately tailor their attentional strategy to the 
demands of the task (Enns & Girgus, 1985; Tada & Stiles, 1996). 

The developmental literature, therefore, now includes consider- 
able evidence of perceptual analysis at multiple levels of structure. 
This literature supports the notion that the relative contribution of 
any given level in the control of behavior can be influenced by a 
variety of bottom-up (stimulus driven) and top-down (attentional) 
factors. However, the question of age differences in the cognitive 
difficulty of attending to one level or the other remains unresolved. 
We attribute the lack of an answer to this question to methodolog- 
ical shortcomings: Previous paradigms did not permit systematic 
control over the relative ease of perceptual access to information at 

The Role of  At tent ion in Globa l -Loca l  Perception 

In visual search tasks, participants try to detect and respond to 
the presence of a target in a display as rapidly and accurately as 
possible. Correct response times (RTs) to a target are examined as 
a function of the total number of visual items in the display (the 
target plus distractors). Typically, RT increases linearly with dis- 
play size. The RT in the smallest display size is conventionally 
used to measure the time needed to complete the sensory and 
motoric operations of the visual search task that are common to all 
trials regardless of display size. The slope of the RT function over 
display size reflects the costs associated with attending to a larger 
number of potential targets and the process of selecting the target 
item from the larger set (Duncan & Humphreys, 1989; Sternberg, 
1969; Treisman & Gelade, 1980; Wolfe, 1994, 1998). As such, RT 
slope is a convenient index of attention-limited processes in 
search. 

In a study by Enns and Kingstone (1995) of visual search, each 
potential search item consisted of four dots arranged to constitute 
one of four different configurations (see Figure 1). The four dots 
could be arrayed either in a straight vertical column (labeled 
distractor in Figure 1) or in an oblique line (labeled dual in Figure 
1). When these items were used as distractors and targets, respec- 
tively, observers were able to detect the target effortlessly, and the 
slope of the resulting RT function over display size was corre- 
spondingly flat. The more informative conditions involved the 
targets labeled short range and long range in Figure 1. The spatial 
configurations of the four dots in each item differed from the 
vertical distractor item with regard either to the positioning of the 
dots within the dot pairs (short range) or to the positioning between 
the dot pairs (long range). The extent to which search was more 
difficult in each of these conditions than in the dual condition was 
taken as a measure of the time required to detect each level of 
structure. 

Among adult observers, variations in element size and item 
density affect search for short- and long-range targets in qualita- 
tively different ways (Enns & Kingstone, 1995). These stimulus 
factors tend to influence baseline RT in search for short-range 
targets, whereas they influence RT slope in search for long-range 
targets. This suggests that perception of the long-range groupings 
is more dependent on an attention-limited stage of processing than 
is the perception of short-range groupings. However, groupings 
can be made relatively more demanding of attention over either the 
short or the long range by using dot elements that are either the 
same or opposite in contrast polarity. Dots within groups that are 
opposite in contrast polarity lead to increased RT slopes over dots 
of the same polarity. This hypothesis was confirmed for short- 
range grouping by Enns and Kingstone and was tested in the 
present study for long-range grouping as well. 

The differential influence on short- and long-range grouping by 
some variables (Enns & Kingstone, 1995) is consistent with a 
two-stage model of visual grouping (Rensink & Enns, 1995; Trick 
& Enns, 1997). In the first stage, grouping is accomplished by 
low-level visual mechanisms that operate in parallel for all items in 
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the visual field and are not influenced by higher level, and inher- 
ently serial, processes. These rapid low-level grouping mecha- 
nisms are not as extensive or sophisticated as the grouping mech- 
anisms associated with focused attention but appear to be based on 
a reduced set of the traditional Gestalt laws of grouping, such as 
proximity and contrast similarity within a fairly small spatial 
neighborhood. 

By comparison, the rules governing long-range grouping are 
potentially more sophisticated but are also more spatially limited 
in their operation. This seems to reflect an inherent trade-off, both 
in computational and neurological terms, between the spatial range 
over which operations can be performed and their relative sophis- 
tication (Enns & Rensink, 1992; Rensink & Enns, 1995). For 
example, when attention is focused, visual grouping can be based 
on the element proximity in 3-D space (Rock & Brosgole, 1964), 
the similarity of element color after color constancy mechanisms 
are invoked (Rock, Nijhawan, Palmer, & Tudor, 1992), and the 
similarity of elements that are partially occluded (Palmer, Neff, & 
Beck, 1996). However, the apparent cost of grouping on the basis 
of such sophisticated visual operations is that the grouping is only 
accomplished on a significantly reduced subset of items in the 
visual display, thereby leading to the serial inspection of multiple 
items. 

A simple illustration of the difference between these two levels 
of grouping is evident in a study of rapid visual enumeration (Trick 
& Enns, 1997). Adult observers can count (i.e., subitize) shapes 
that are drawn with connected lines very rapidly, both when these 
shapes are presented alone in a display and when they are pre- 
sented among distractor shapes. In contrast, the same shapes drawn 
with disconnected dots can no longer be subitized among distrac- 
tors. Apparently, the perceptual grouping of elements that are 
physically connected can be performed by rapid parallel mecha- 
nisms, whereas the grouping of elements not physically connected 
is limited by the mechanisms of serial attention. 

Figure 2. Representative examples of two visual search displays involv- 
ing the largest display size (18 items). A: The mixed-contrast within-pairs 
condition, with a long-range target appearing on the left side of the display. 
B: The mixed-contrast between-pairs condition, with a short-range target 
appearing on the right side of the display. 

A Developmenta l  Study of  Short- and 
Long-Range  Grouping  

We examined visual search in observers of four different groups 
with mean ages of 6, 8, 10, and 22 years. As shown in the 
examples of search displays in Figure 2, all display items consisted 
of a cluster of four dots. The target item differed from the distrac- 
tor items in that some or all of its dots were oriented obliquely, 
whereas all the dots in the distractor items were oriented vertically. 

Two design features of the experiment were central to our goals. 
One was that each display item consisted of two different levels of 
visual structure: One level involved the orientation of pairs of dots 
that were nearest neighbors; the second involved the orientation of 
dots over longer distances. This permitted a separate examination 
of the sensitivity of observers to short-range and long-range 
grouping. 

The second design feature involved a manipulation of level 
accessibility (see Figure 1). In the same-contrast condition, all the 
dots were black, making them easy to group. In the mixed-contrast 
within-pairs condition, each pair consisted of both a white and a 
black dot, thereby rendering the local level of orientation less 
accessible. In the mixed-contrast between-pairs condition, one of 
the pairs was white and the other black, making the global level of 
orientation less accessible. These manipulations provided a full 

range of search-task difficulty, ensuring that the comparison of 
short-range versus long-range grouping would not be confounded 
by overall differences in the ease of access for a given level of 
structure. 

A left-fight target discrimination task was used instead of the 
typical presence-absence search task. This yielded a more efficient 
measure of target detection (the target was displayed on each trial, 
rather than only on a random one half of the trials) and avoided the 
complications involved in interpreting responses on target-absent 
trials (Treisman & Gelade, 1980; Trick & Enns, 1998; Wolfe, 
1994, 1998). Accordingly, a target was presented on each trial, and 
participants were required to indicate as rapidly as possible 
whether it was on the right or left side of the display. Among 
adults, direct comparisons of these two procedures in the same- 
contrast condition showed no differences in the pattern of data 
obtained with each procedure for trials with the target present. 

As with all studies based on RT measures, we expected age- 
related improvements in baseline RT, resulting from improve- 
ments with age in perceptual discrimination, motor planning, and 
execution (Wickens, 1974). However, the primary question was 
whether age-related improvements in visual search rate (RT slope) 
would be different for targets defined by short-range versus long- 
range grouping. Age-related changes in search rate that are larger 
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for long-range than for short-range targets would suggest  that 
short-range grouping involves simpler  and more  automatic visual 
processes  than long-range grouping (Enns & Kingstone,  1995; 
Trick & Enns,  1997). This interpretation would  be s t rengthened 
further if  the same pattern were  found at both generally easy and 
hard levels o f  task difficulty. 

M e t h o d  

Participants 

Twenty observers were tested in each of four age groups: 6 years 
(M = 75 months, SD = 6 months), 8 years (M = 98 months, SD = 11 
months), 10 years (M = 122 months, SD = 5 months), and 22 years 
(range = 18-27 years). The children were recruited from a public elemen- 
tary school in the Montreal area; the adults were McGill University 
students who participated as volunteers. The data from 11 observers were 
excluded from analysis because they failed to achieve an accuracy criterion 
of fewer than 10% errors overall (n = 6, 3, and 2 from the 6-, 8-, and 
10-year-olds, respectively). 

Stimuli and Apparatus 

A Macintosh computer, running Vscope software (Enns & Rensink, 
1992), generated the displays and collected the data. The visual items used 
in the displays are shown in Figure 1. In the same-contrast condition, all 
dots were drawn in black on a medium gray background (every other pixel 
was black); in the mixed-contrast between-pairs condition, one half of the 
dots were white (all pixels lit), with the dots of the two pairs opposite in 
contrast; and in the mixed-contrast within-pairs condition, the dots within 
each pair were opposite in contrast to one another. In mixed-polarity items, 
the spatial arrangement of white and black dots was randomly chosen. Each 
item subtended 1.25 ° in overall extent, with each individual dot subtend- 
ing 0.20 ° , making the center-to-center distances between dots 0.30 ° for 
short-range grouping and 0.75 ° for long-range grouping. On each trial, 
either 2, 10, or 18 visual items were distributed randomly on an imaginary 
6 X 4 grid subtending 21 ° x 14 °, with half the items appearing on each 
side of fixation. Each item was randomly jittered in its grid location by 
- 0 - 0 . 2 5  ° to prevent influences of item collinearity. 

Procedure 

Observers performed the visual search task while seated 50 cm from the 
computer screen. The task was to detect a target item with an oblique 
orientation among 1, 7, or 17 other vertically oriented items. A target item 
was present in each display; the task was simply to indicate with a 
corresponding key press whether it was present on the left or the right side 
of the display. 

To make the task as appealing and as clear as possible to the children, 
all participants were told a story about soldiers guarding a palace. The 
instructions were to press one key with the left hand when a target (an item 
with a slanting part) was detected on the left side of the screen and to press 
a right key when a target appeared on the right side. Examples of each of 
the three types of possible targets were shown to observers on a card, and 
they were told that each type would appear equally often. 

Participants were administered three sets of 40 experimental trials in 
each of the three conditions, in counterbalanced order. A set of 10 practice 
trials preceded each condition to ensure that observers understood all 
aspects of the task. These were repeated if any problems were encountered. 
Participants were permitted to rest between blocks, but all conditions were 
completed for each observer within a single testing session lasting approx- 
imately 1 hr. 

Each trial began with a fixation symbol lit for 500 ms, followed by the 
search display, which remained visible until the observer responded. A 

keypress was followed by a feedback symbol (plus for a correct response 
or minus for an incorrect response), which served as the fixation point for 
the next trial. Participants were instructed to maintain fixation at the center 
of the screen and to respond as quickly as they could without making 
errors. The experimenter monitored the number of errors to ensure that the 
percentage of errors remained below 10%. Any participant whose error rate 
exceeded 10% overall was excluded from the analysis. Trials were counted 
as errors if the participant failed to respond within 4 s. 

R e s u l t s  

The mean correct  RTs for each of  the participant groups are 
shown in Table 1. These  data were first analyzed by analysis o f  
variance (ANOVA),  with one between-subjects  factor of  age (6, 8, 
10, and 22 years), three repeated measures factors o f  condition 
(same contrast, mixed contrast within pairs, and mixed contrast 

be tween pairs), target (short range, long range, and dual), and 
display size (2, 10, and 18 items). This analysis indicated that all 
main effects were significant, as were two interactions involving 
age (all ps  < .001). A significant interaction of  Age X Display 

Size, F(6, 152) = 3.99, MSE = 147,930, p < .001, indicated that 
RT slopes over  display size generally decreased with age. Age x 
Display Size x Target, F(12, 304) = 3.20, MSE = 66,855, p < 
.001, indicated that the differences in RT slope between various 
targets also decreased with age. No other  interactions involving 
age approached significance (all ps  > .10). 

Because RT in visual search tasks generally increases linearly 
with display size (Enns & Kingstone,  1995; Wolfe ,  1998), we 
examined the display-size effects more  closely using two param- 

eters o f  a linear regression line (baseline, slope) as convenient  
summary statistics to describe these functions.  Note that the same 

effects were significant when we used a simple effects approach to 
examine the factorial A N O V A  more closely. Our reasons for 
reporting the regression analysis over  the simple effects tests were 
threefold. First, baseline RT and slope RT have repeatedly been 
demonstrated in the visual search literature to be influenced by 
different variables on visual search tasks (Tong & Nakayama, 

1999; Wolfe ,  1994). Second,  the f indings are communica ted  more 
simply, because a two-way interaction involving display size be- 
comes a main effect  o f  RT slope. Third, baseline differences in RT 
are expected with age, even when there is no search task, so it is 

important  not to confound these separable effects (Trick & Enns, 
1998). In the present  data, linear regression lines fit the display- 
size effects very well  for each combinat ion o f  age, condition, and 
target (all r e > .91), indicating that the present  results were in line 
with previous studies o f  visual search in children (Trick & Enns, 
1998). However ,  before  turning to these analyses in detail, we 
discuss the accuracy data, because the interpretation of  RT results 
is contingent  upon different groups of  observers '  performing with 
similar criteria concerning the relation between RT and accuracy. 

Accuracy 

The mean percentage accuracy for each group was very high; 
the largest accuracy difference between groups was no greater than 
4% (M = 94, 98, 98, and 96%, respectively,  for 6-, 8-, 10-, and 
22-year-olds).  Although these differences were significant, F(3, 
76) = 4.24, MSE = 0.053, p < .01, it is important  to note that the 
pattern across age did not point  to speed-accuracy  trade-offs as the 
underlying cause of  the RT differences.  The 4% increase in accu- 
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Table 1 
Mean Correct Search Times (in Milliseconds) 

Target type 

Dual-display size Short-range display size Long-range display size 

Age (in years) 2 10 18 2 10 18 2 10 18 

Same-contrast RT 

6 1,348 1,280 1,325 1,288 1,453 1,486 1,339 1,589 1,807 
8 1,042 1,032 1,003 999 1,013 1,083 1,066 1,157 1,257 

10 956 957 921 897 991 1,047 905 1,023 1,138 
22 706 722 695 670 725 786 722 837 932 

Mixed-contrast within-pairs RT 

6 1,384 1,491 1,595 1,409 2,055 2,302 1,343 1,792 1,933 
8 1,032 1,192 1,242 1,101 1,724 1,945 1,098 1,318 1,565 

10 907 1,011 1,072 987 1,540 1,689 939 1,219 1,348 
22 877 1,010 1,006 976 1,502 1,763 881 1,175 1,305 

Mixed-contrast between-pairs RT 

6 1,409 1,421 1,433 1,368 1,494 1,604 1,406 1,964 2,219 
8 1,071 1,059 1,063 1,086 1,153 1,150 1,119 1,522 1,767 

• 10 932 956 946 955 979 1,082 997 1,366 1,479 
22 765 750 765 764 834 909 841 1,312 1,371 

Note. RT = response time. 

racy between 6- and 8-year-olds was consistent with the faster 
responses of 8-years-olds; the 2% decrease between 10- and 22- 
year-olds indicated that the adults were only slightly more liberal 
in their accuracy criterion than 10-year-olds. 

The ANOVA for accuracy indicated that all interactions involv- 
ing age were significant or approached significance, including 
Condition x Age, F(6, 152) = 2.40, MSE = 0.006, p < .04; 
Target x Age, F(6, 152) = 21.99, MSE = 0.006, p < .07; Display 
Size x Age, F(6, 152) = 3.95, MSE = 0.005, p < .01; Condi- 
tion X Target X Age, F(12, 152) = 2.27, MSE = 0.005, p < .01; 
Condition x Display Size x Age, F(12, 304) = 2.28, 
MSE = 0.004, p < .01; Target X Display Size × Age, F(12, 
304) = 2.82, MSE = 0.003, p < .01; and Condition X Target X 
Display Size X Age, F(24, 608) = 2.52, MSE = 0.003, p < .001. 
Closer inspection of the means showed that these interactions 
could all be attributed to the disproportionate number of errors 
made by young participants searching for long-range targets in the 
large display sizes of the mixed-contrast between-pairs condition. 
Most important, this pattern was consistent with the RT data in all 
important respects, indicating that RT differences and interactions 
among groups could not be explained by speed-accuracy 
trade-offs. 

Baseline R T  

Mean correct RT in the smallest display condition is shown in 
the left-hand panels of Figure 3 for each of the three search 
conditions. This is a convenient and direct measure of RT that is 
independent of the search rate (RT slope over display size). These 
data were analyzed with ANOVA, as well as with an ANCOVA in 
which RT slope was entered as a covariate. The ANCOVA was 
intended as a check on the assumption that baseline RT intercept 

was statistically unrelated to RT slope in these data. The covariate 
was not significant (p > .20); both analyses therefore showed the 
identical pattern of significant results. 

As expected, baseline RT decreased significantly with age, F(3, 
76) = 16.90, MSE = 596,609, p < .001. Fisher 's  least significant 
difference (LSD) tests revealed that this decrease was significant 
for the transition from 6 to 8 years of age (p < .05) and for the 
transition from 8 to 22 years of age (p < .01). 

A second significant effect in the analysis of baseline RT was 

that of condition, F(2, 152) = 6.52, MSE = 69,487, p < .01. This 
indicated, as we expected, that RT in the same-contrast condition 
was significantly faster overall than in either the mixed-contrast 
within-pairs condition (by 79 ms), F(1, 152) = 11.82, p < .01, or 

the mixed-contrast between-pairs condition (by 64 ms), F(I ,  
152) = 7.17, p < .01, which did not differ significantly from one 
another (F < 1). 

A third significant effect of baseline RT was Condition X 
Target, F(4, 304) = 6.46, MSE = 15,365, p < .00l. This indicated 
that RTs to short-range targets were slower than to long-range 
targets in the mixed-contrast within-pairs condition (by 50 ms) and 
that RTs to long-range targets were slower than to short-range 
targets in the mixed-contrast between-pairs condition (by 47 ms). 
This result confirmed that our manipulation of contrast polarity 
had the intended effect in both mixed contrast conditions. 

Although the Condition X Age interaction did not reach signif- 
icance, F(6, 152) = 1.7, MSE = 69,487, p < .12, there appeared 
to be different age trends for the mixed-contrast within-pairs 
condition versus the same-contrast and the mixed-contrast 
between-pairs conditions (see the left-hand panels of Figure 3). 
These trends were examined with polynomial contrasts. Whereas 
the mixed-contrast within-pairs condition (Figure 3B) had both 
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Figure 3. Results of the visual search task in (A) the same-contrast condition, (B) the mixed-contrast 
within-pairs condition, and (C) the mixed-contrast between-pairs condition. Left panels: baseline response time 
(RT when display size was 2); right panels: search rate expressed as RT slope. 
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significant linear and quadratic trends (p < .05), the same-contrast 
(Figure 3A) and the mixed-contrast between-pairs conditions (Fig- 
ure 3C) each had only significant linear trends (p < .01). A related 
examination of condition differences at each age revealed that only 
those of the adult group were significant (p < .05). This suggests 
that children reached adult levels of RT faster in the mixed- 
contrast within-pairs condition than in the others. 

One interpretation of this finding, offered with caution because 
of the nonsignificant interaction overall, is that short-range group- 
ing follows a different developmental progression than long-range 
grouping, even as estimated by RT independent of visual search. 
Although there seems to be a severe limit on how rapidly short- 
range grouping can be accomplished by all observers (the long 
RTs indicate that the task is difficult), this limit is reached earlier 
in life than it is for long-range grouping. This hypothesis deserves 
more careful testing in future research. 

Search Rates (RT Slopes) 

The mean slopes of the linear RT functions are shown in the 
right-hand panels of Figure 3. These were analyzed with ANOVA, 
as well as with an ANCOVA in which baseline RT was entered as 
a covariate. The covariate was not significant (p > .20), and both 
analyses showed the identical patterns of significant results. 

As in the analysis of baseline RT, a significant Condition x 
Target interaction, F(4, 304) = 87.74, MSE = 175.09, p < .001, 
reflected the intended result that short-range targets resulted in 
slower search rates than long-range targets in the mixed-contrast 
within-pairs condition (52 ms/item vs. 30 ms/item), whereas long- 
range targets yielded slower search rates than short-range targets in 
the mixed-contrast between-pairs condition (39 ms/item vs. 8 
ms/item). 

There was also a significant interaction of Age x Target, F(6, 
152) = 3.50, MSE = 198.82, p < .01. This interaction is shown in 
Figure 3 for each of the three search conditions. Simple effects 
tests revealed that only search rates for the long-range target 
improved significantly with age, F(3, 76) = 7.47, MSE = 410.14, 
p < .001. The nonsignificant age effects were as follows: for 
short-range targets, F(3, 76) = 1.95, MSE = 241.57, p > .10; for 
dual targets, F(3, 76) < 1.0, MSE = 168.46, p > .10. 

Simple effects tests on search rates for long-range targets re- 
vealed much the same pattern in each condition. There was a 
significant effect of age in each of the three conditions: for same 
contrast, F(3, 152) = 5.21, p < .01; for mixed contrast within- 
pairs, F(3, 152) = 2.72, p < .001; for mixed contrast between- 
pairs, F(3, 152) = 10.76, p < .01. Fisher's LSD tests showed 
further that 6-year-olds searched more slowly than the older three 
age groups for long-range targets in the same-contrast condition 
(p < .05). In both the mixed-contrast within-pairs and mixed- 
contrast between-pairs conditions, 6-year-olds searched signifi- 
cantly more slowly than the oldest two age groups for long-range 
targets (p < .05). 

The same simple effects tests on search rates for short-range 
targets revealed a very different pattern. Age was not a significant 
factor in any of the three tasks, although Fisher's LSD tests 
revealed one significant pairwise effect: Search rates for short- 
range targets were significantly slower for 6-year-olds than for 
8-year-olds (but not any other age groups) in the mixed-contrast 

between-pairs condition (p < .05). All other differences involving 
short-range target search rates were not significant. 

Discuss ion 

The main finding of this study was that age trends in visual 
search were different for targets defined by short-range versus 
long-range grouping. When a target differed in spatial orientation 
from the distractor items at a short-range level of grouping, search 
rates were similar for observers of all ages. However, when targets 
were defined by long-range grouping, search rates were signifi- 
cantly slower for younger than for older observers. This finding of 
different developmental patterns for long- and short-range group- 
ing is consistent with the view that they rely on different mecha- 
nisms: parallel and simpler processes for short-range grouping, and 
serial and more sophisticated processes for long-range grouping 
(Enns & Kingstone, 1995; Rensink & Enns, 1995; Trick & Enns, 
1997). 

But to what extent is a two-process theory really necessary to 
explain the present developmental results? One possibility is that 
short- and long-range grouping are both performed by the same 
mechanisms but that long-range grouping is simply more difficult, 
thereby taxing these mechanisms to a greater extent. By this 
account, the different age patterns for the two tasks merely reflect 
a difference in task difficulty. The short-range task appears fully 
developed before the long-range task because the grouping mech- 
anisms are not stressed to the same extent. However, one encoun- 
ters difficulty with this view because of an important feature of the 
present data--namely, that the different age patterns for short- and 
long-range grouping can be seen at all levels of task difficulty. A 
single grouping mechanism predicts that short-range grouping 
should generally be easier than long-range grouping. Thus, if 
short-range grouping were made to be equal to, or more difficult 
than, long-range grouping, the age patterns should then be similar 
or even reversed. The finding of different age trends for short- and 
long-range grouping, despite manipulations that made the short- 
range task more difficult overall (see Figure 3B), is therefore 
strong evidence in favor of the two-mechanism hypothesis. 

A second possibility is that the present manipulation of task 
difficulty (same vs. mixed-contrast polarity) had a differential 
effect on short- versus long-range grouping. For example, perhaps 
mixing contrast polarity within pairs of dots influenced both short- 
and long-range grouping, whereas mixing polarity between pairs 
of dots influenced only long-range grouping. In this case, using 
contrast polarity to vary grouping difficulty would not have the 
same effects on both levels of grouping. Indeed, the data provide 
some evidence in favor of this possibility. A comparison of the 
pattern of search slopes over age, between the same contrast 
condition (Figure 3A) and the mixed within-pairs condition (Fig- 
ure 3B) shows that not only is the short-range target now much 
more difficult for all observers to localize but that the long-range 
target also yields somewhat steeper search slopes. A similar com- 
parison of the same-contrast condition (Figure 3A) and the mixed- 
contrast between-pairs condition (Figure 3C) indicates that only 
the long-range target now results in steeper slopes. Therefore, the 
contrast polarity manipulation may not have been pure, in that it 
may have influenced both types of grouping in one case and only 
one in the other. However, this only strengthens, rather than 
weakens, our confidence in the different age patterns seen for 
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short- and long-range grouping, as these differences were observed 
despite the possibility of less-than-pure manipulations of difficulty 
at each level. 

Finally, it is also worth noting that the differences in age trends 
cannot be attributed to differential requirements of attention for 
search involving the two types of grouping. One line of reasoning 
might be that only long-range grouping is demanding of attention 
and that because older observers are better able to manage atten- 
tional resources, this type of grouping shows the larger change 
over age in visual search slopes. But this account is also belied by 
the data. Note that the search slopes for short-range targets in the 
mixed-contrast within-pairs condition (Figure 3B) are steep for all 
observers. Given the logic of visual search analyses, this means 
that search was very demanding of attention for observers of all 
ages. Yet no age difference in search slopes was apparent. In 
contrast, the age trends in search for long-range targets could be 
seen in tasks in which search was much less demanding of atten- 
tion overall (see Figures 3A and 3B). 

We do not intend to imply that all single-mechanism theories of 
grouping are ruled out by the present data. We acknowledge that 
the present data are limited in that we have examined grouping in 
the context of one particular task (visual search), one particular 
difficulty manipulation (mixed-contrast polarity), and one partic- 
ular set of stimuli (virtual lines made from dot clusters). Only 
future studies exploring a larger range of variables will be able to 
confirm whether a single-, dual-, or even multiple-mechanism 
view of grouping will be generally supported. On the one hand, a 
single mechanism may eventually predict the particular interac- 
tions we found here between spatial proximity and contrast polar- 
ity. However, any such theory needs to be constrained by data such 
as these. On the other hand, even more than two separable mech- 
anisms of grouping may eventually be identified, as some have 
proposed (Rensink & Enns, 1995). In the present context, for 
example, support for such a position could be explored with an 
experiment in which three or more factors of grouping are manip- 
ulated (e.g., spatial proximity, contrast similarity, line relations). 
Although the finding of three or more nonparallel lines as a 
function of age would not in itself imply three different mecha- 
nisms, the case for multiple mechanisms would certainly be 
strengthened if those lines maintained their distinctive pattern over 
age at all levels of task difficulty. 

The Perceptual World of the Child 

In addition to the theoretical implications regarding multiple 
mechanisms of grouping (Rensink & Enns, 1995; Trick & Enns, 
1997), the present findings are relevant to understanding the at- 
tentional functioning of children. First, it is notable that the present 
age differences cannot be attributed to differences in the stimuli, as 
is sometimes argued in the literature. The spatial arrangement of 
the stimuli was as identical as possible for the two target types in 
the present study; the main difference lay in the spatial distance 
over which the grouping was performed. Second, the present age 
differences in grouping are striking because the discrepancy in the 
spatial separation between the two levels was so minimal. These 
observations help to establish that there is meaningful develop- 
mental change after 6 years of age in the ability to integrate visual 
elements that are not in immediate proximity to each other. This 
may have important implications for understanding some of the 

controversy in the existing literature regarding whether an infant or 
child of a given age is sensitive to the relatively more global level 
of structure in a pattern. Future studies will need to examine more 
systematically the variable of spatial separation between compo- 
nents that are to be attended in any given task. 

Evidence for an Orthogenic Principle ? 

These results also point to a possible link between changes in 
visual attention on two very different time scales. At a microscopic 
level in adult observers (where the time scale is on the order of 
milliseconds), search for targets defined by short-range grouping 
appears to involve simpler and more parallel mechanisms than 
search for targets defined by long-range grouping (Enns & King- 
stone, 1995). At a considerably more macroscopic level (a time 
scale on the order of years), 6-year-olds in the present study were 
similar to older children and adults in their ability to search for 
targets defined by short-range grouping. In contrast, adultlike 
search performance was not seen for long-range grouping until 
children were 8 or even 10 years of age. 

This kind of similarity over different time scales is reminiscent 
of Werner's (1948, 1957) orthogenic approach to psychological 
research. Werner advocated a search for common principles in 
studying change in human development (i.e., ontogenesis), in the 
emergence of perception over time (i.e., microgenesis), and even 
in atypical human development (i.e., pathogenesis). Werner's mo- 
tivation for this approach was his belief in an underlying unity in 
the biological mechanisms of change, whether on a small or large 
scale. The mechanism was "coordinated differentiation," which 
means that development always proceeds from an initially undif- 
ferentiated state to one of increasing specialization and finally to 
the coherent integration of specialized components. 

One of Werner's (1957) illustrations of this underlying unity 
involved a comparison of the verbal responses of younger and 
older observers to Rorschach stimuli (ontogenesis) with the pattern 
of verbal responses of adults viewing the same stimuli for various 
exposure durations (microgenesis). He found that increasing the 
exposure duration of a stimulus from 10 ms to 10 s resulted in 
changes in the verbal responses of adults that were similar to those 
given by observers between the ages of 3 and 10 years. In both 
cases, Werner noted that responses that were initially globally 
diffuse became more analytic with time, leading ultimately to 
responses that integrated the part and the whole. 

In applying Werner's (1948, 1957) orthogenic principle to con- 
temporary research, we wish to distinguish between methodolog- 
ical and theoretical aspects of the principle. At the level of meth- 
odology, the present developmental data can be linked quite 
directly to previous microgenetic data involving similar perceptual 
tasks (Enns & Kingstone, 1995). However, at the level of Werner's 
specific orthogenic theory, the present pattern of results is less 
easily reconciled with his view. Werner's central premise was that 
development proceeded invariably from diffusion to differentia- 
tion to coordination. This contrasts, at least superficially, with the 
present finding that local visual groupings in a visual search task 
actually are completed developmentally before global groupings. 
This apparent contradiction can be reconciled in one of two ways. 
First, it could be argued that the developmental progression evi- 
dent in this study represents not the initial transition from diffusion 
to differentiation but rather the later transition from differentiation 
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to increased coordination of the parts within the whole. If so, then 
the earlier shift from diffuse globality to differentiation would only 
become evident if younger observers were tested or psychophys- 
ical tests were devised to probe earlier visual processes. 

However, a second option is that Werner was simply wrong 
about the specific direction of changes in the development of 
perception. This possibility suggests that rather than assuming a 
particular developmental course a priori, one should use method- 
ological orthogenesis to discover the underlying principles. Such a 
methodological orthogenesis is still premised in Werner 's  (1948, 
1957) belief in the underlying unity of change in biological sys- 
tems; it is simply less committed to any a priori principle concern- 
ing the specific direction of those changes. This proposed shift is 
also consistent with the many ways in which biological change is 
now seen as more complex than it was in the mid-century period 
during which Werner wrote. 

In conclusion, there are emerging parallels between the onto- 
genic and microgenic study of global-local perception. These 
include the abandonment of a theory premised on global prece- 
dence, along with a greater emphasis on studying the dynamic 
interactions between perception (what is registered) and attention 
(what is seen and used for action). The specific parallel seen in the 
present study prompts in us a degree of optimism concerning the 
usefulness of the orthogenic framework, especially when applied 
as a form of convergent methodology. We believe that it is 
promising when the areas to be conjoined in an interdisciplinary 
venture have as much in common as do the literatures on percep- 
tual development and organization. 

R e f e r e n c e s  

Ames, L. B., Metraux, R. W., Rodell, J. L., & Walker, R. N. (1974). Child 
Rorschach responses: Developmental trends from two to ten years. New 
York: Brunner/Mazel. 

Bhatt, R. S., Rovee-Collier, C., & Shyi, G. C. W. (1994). Global and local 
processing of incidental information and memory retrieval at 6 months. 
Journal of Experimental Child Psychology, 57, 141-162. 

Cohen, L. B. (1998). An information-processing approach to infant per- 
ception and cognition. In F. Simion & G. Butterworth (Eds.), The 
development of sensory, motor, and cognitive capacities in early in- 
fancy: From perception to cognition (pp. 277-300). Hove, England: 
Taylor and Francis. 

Duncan, J., & Humphreys, G. W. (1989). Visual search and stimulus 
similarity. Psychological Review, 96, 433-458. 

Enns, J. T., & Girgus, J. S. (1985). Developmental changes in selective and 
integrative visual attention. Journal of Experimental Child Psychol- 
ogy. 40, 319-337. 

Enns, J. T., & Kingstone, A. (1995). Access to global and local properties 
in visual search for compound stimuli. Psychological Science, 6, 283- 
291. 

Enns, J. T., & Rensink, R. A. (1992). Preattentive recovery of three- 
dimensional orientation from line drawings. Psychological Review, 98, 
335-351. 

Fantz, R. L. (1961, May). The origin of form perception. Scientific Amer- 
ican, 204, 66-72. 

Freeseman, L. J., Colombo, J., & Coldren, J. T. (1993). Individual differ- 
ences in infant visual attention: Four-month-olds' discrimination and 
generalization of global and local stimulus properties. Child Develop- 
ment, 64, 1191-1203. 

Ghent, L. (1956). Perception of overlapping and embedded figures by 
children of different ages. American Journal of Psychology, 69, 575- 
587. 

Ghim, H., & Eimas, P. D. (1988). Global and local processing by 3- and 
4-month-old infants. Perception & Psychophysics, 43, 165-171. 

Gibson, E. J. (1969). Principles of perceptual learning and development. 
New York: Appleton-Century-Crofts. 

Gibson, E. J., Gibson, J. J., Pick, A. D., & Osser, H. A. (1962). A 
developmental study of the discrimination of letter-like forms. Journal 
of Comparative and Physiological Psychology, 55, 897-906. 

Kemler, D. G. (1983). Holistic and analytic modes in perceptual and 
cognitive development. In T. J. Tighe & B. E. Shepp (Eds.), Perception, 
cognition, and development: Interactional analysis (pp. 77-102). Hills- 
dale, NJ: Erlbaum. 

Navon, D. (1977). Forest before trees: The precedence of global features in 
visual perception. Cognitive Psychology, 9, 353-383. 

Navon, D. (1981 a). Do attention and decision follow perception? Comment 
on Miller. Journal of Experimental Psychology: Human Perception and 
Performance, 7, 1175-1182. 

Navon, D. (1981b). The forest revisited: More on global precedence. 
Psychological Research, 43, 1-32. 

Navon, D. (1983). How many trees does it take to make a forest? Percep- 
tion, 12, 239-254. 

Palmer, S. E., Neff, J., & Beck, D. (1996). Late influences on perceptual 
grouping: Amodal completion. Psychonomic Bulletin and Review, 3, 
75- 80. 

Quinn, P. C., Burke, S., & Rush, A. (1993). Part-whole perception in early 
infancy: Evidence for perceptual grouping produced by lightness simi- 
larity. Infant Behavior and Development, 16, 19-42. 

Quinn, P. C., & Eimas, P. D. (1986). Pattern-line effects and units of visual 
processing in infants. Infant Behavior & Development, 9, 57-70. 

Rensink, R. A., & Enns, J. T. (1995). Preemption effects in visual search: 
Evidence for low-level grouping. Psychological Review, 102, 101-130. 

Rock, I., & Brosgole, L. (1964). Grouping based on phenomenal proximity. 
Journal of Experimental Psychology, 67, 531-538. 

Rock, I., Nijhawan, R., Palmer, S. E., & Tudor, L. (1992). Grouping based 
on phenomenal similarity of achromatic color. Perception, 21, 779-789. 

Slater, A., Mattock, A., Brown, E., & Bremner, J. G. (1991). Form 
perception at birth: Cohen and Younger (1984) revisited. Journal of 
Experimental Child Psychology, 51, 395-406. 

Smith, J. D., & Kemler, D. G. (1977). Developmental trends in free 
classification: Evidence for a new conceptualization of perceptual de- 
velopment. Journal of Experimental Child Psychology, 22, 279-298. 

Sternberg, S. (1969). The discovery of processing stages: Extensions of 
Donder's method. Acta Psychologica, 30, 276-315. 

Stiles, J., Delis, D. C., & Tada, W. (1991). Global and local processing in 
preschool children. Child Development, 61, 1258-1275. 

Tada, W., & Stiles, J. (1996). Developmental change in children's analysis 
of spatial patterns. Developmental Psychology, 5, 951-970. 

Tong, F., & Nakayama, K. (1999). Robust representations for faces: 
Evidence from visual search. Journal of Experimental Psychology: 
Human Perception and Performance, 25, 1016-1035. 

Treisman, A., & Gelade, G. (1980). A feature-integration theory of atten- 
tion. Cognitive Psychology, 12, 97-136. 

Trick, L. M., & Enns, J. T. (1997). Clusters precede shapes in perceptual 
organization. Psychological Science, 8, 124-129. 

Trick, L., & Enns, J. T. (1998). Lifespan changes in attention: The visual 
search task. Cognitive Development, 13, 369-386. 

Ward, T. B. (1988). When is category learning holistic? A reply to 
Kemler-Nelson. Memory & Cognition, 16, 85-89. 

Ward, T. B., & Scott, J. (1987). Analytic and holistic modes of learning 
family-resemblance concepts. Memory & Cognition, 15, 42-54. 

Ward, T. B., & Vela, E. (1986). Classifying color materials: Children are 
less holistic than adults. Journal of Experimental Child Psychology, 42, 
273-302. 

Wemer, H. (1948). Comparative psychology of mental development. New 
York: International Universities Press. 



740 BURACK, ENNS, IAROCCI, AND RANDOLPH 

Werner, H. (1957). The concept of development from a comparative and 
organismic point of view. In D. B. Harris (Ed.), The concept of devel- 
opment (pp. 125-148). Minneapolis: University of Minnesota Press. 

Wickens, C. D. (1974). Temporal limits of human information processing: 
A developmental study. Psychological Bulletin, 81, 739-755. 

Wolfe, J. M. (1994). Guided search 2.0: A revised model of visual search. 
Psychonomic Bulletin & Review, 1, 202-238. 

Wolfe, J. M. (1998). What can 1 million trials tell us about visual search? 
Psychological Science, 9, 33-39. 

Younger, B. A., & Fearing, D. D. (1999). Parsing items into separate 

categories: Developmental change in infant categorization. Child Devel- 
opment, 70, 291-303. 

Zaporozhets, A. V. (1965). Psychology (3rd ed). Moscow, USSR: Pros- 
veshchenie. 

Received June 29, 1999 
Revision received May 8, 2000 

Accepted May 9, 2000 • 

Members of Underrepresented Groups: 
Reviewers for Journal Manuscripts Wanted 

If  you are interested in reviewing manuscripts for APA journals, the APA Publications 
and Communications Board would like to invite your participation. Manuscript re- 
viewers are vital to the publications process. As a reviewer, you would gain valuable 
experience in publishing. The P&C Board is particularly interested in encouraging 
members of  underrepresented groups to participate more in this process. 

If  you are interested in reviewing manuscripts, please write to Demarie Jackson at the 
address below. Please note the following important points: 

• To be selected as a reviewer, you must have published articles in peer-reviewed 
journals. The experience of  publishing provides a reviewer with the basis for 
preparing a thorough, objective review. 

• To be selected, it is critical to be a regular reader of  the five to six empirical jour- 
nals that are most central to the area or journal for which you would like to review. 
Current knowledge of  recently published research provides a reviewer with the 
knowledge base to evaluate a new submission within the context of  existing re- 
search. 

• To select the appropriate reviewers for each manuscript, the editor needs detailed 
information. Please include with your letter your vita. In your letter, please iden- 
tify which APA journal(s) you are interested in, and describe your area of  exper- 
tise. Be as specific as possible. For example, "social psychology" is not suffi- 
c i e n t - y o u  would need to specify "social cognition" or "attitude change" as well. 

• Reviewing a manuscript takes time (1-4 hours per manuscript reviewed). If  you 
are selected to review a manuscript, be prepared to invest the necessary time to 
evaluate the manuscript thoroughly. 

Write to Demarie Jackson, Journals Office, American Psychological Association, 750 
First Street, NE, Washington, DC 20002-4242. 


