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The homogeneity effect in counting

ROBERT W. FRICK
University of Washington, Seattle, Washington

In Experiment 1, college students counted digits presented in one row. In the homogeneous
condition, the digits were identical to one another; in the heterogeneous condition the digits were
different. Homogeneous rows of digits were counted more slowly and less accurately. In Experi
ments 2 and 3, this "homogeneity" effect remained when a space was inserted between each digit,
when a heterogeneous border was put around the digits, and when subjects used a finger to count
each digit one by one. However, the homogeneity effect was eliminated when the digits were
presented on three different levels. Presenting the digits on three levels also improved counting
in the heterogeneous condition. These results are consistent with the hypothesis that the Gestalt
principles of grouping can act preattentively against the process of isolating each object to be
counted.

The standard model for counting a set of objects seems
to be to locate an object, say "one" (out loud or sub
vocally), locate a second object, say "two," and so on,
pairing each object with a number from the sequence
"one, two, three, .... " The number paired with the last
counted object corresponds to the total number of objects.
There are several components to this process of count
ing. One component is being able to recite the sequence
"one, two, three, .... " A second component is order
ing the objects linearly, such that each object is counted
exactly once. For example, a line of children is easier to
count than a playground full of children. A third compo
nent is that the objects have to be isolated and identified
as individual units. For example, the number of drops in
a glass of water cannot be counted without some opera
tion to separate the drops from one another.

In Experiment 1, college students were asked to count
a row ofdigits as quickly and accurately as possible. The
issue was whether counting would be more difficult when
the digits were all the same (e.g., 16 sevens) or when a
mixture of different digits was presented. The former will
be called the homogeneous condition and the latter the
heterogeneous condition. College students, of course,
know how to recite the sequence "one, two, three, ... ,"
and the digits were presented in a single row so there was
no difficulty in ordering the digits. Finally, the digits were
not adjoining and seemed to be easy to isolate. Thus, there
was no obvious difficulty in counting the digits. Further
more, given the model presented above for counting, there
was no obvious reason why a homogeneous row of digits
would be more difficult to count thana heterogeneous row
of digits.

Beckwith and Restle (1966) suggested that a homogene
ous row of objects should be no more difficult to count
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thana heterogeneous row of objects. Notwithstanding this
prediction, in their experiment, homogeneous rows of ob
jects were counted more slowly. They noted this result
but presented no statistical verification. Similarly, in a
simpler task than counting, one in which objects were
presented in two rows and children were asked to point
to each object exactly once, homogeneous rows of ob
jects were less accurately pointed to than heterogeneous
rows of objects (potter & Levy, 1968). Again, no statisti
cal verification was presented. Thus, despite no obvious
reason for why a homogeneous row of objects might be
more difficult to count, two experiments have reported
this fmding with no statistical verification. Experiment 1
investigated whether a homogeneous row of objects is ac
tually more difficult to count.

EXPERIMENT 1

Method
Subjects. Thirty students from introductory psychology classes

at the University of Washington volunteered in order to earn extra
credit toward their course grades.

Design. There were two conditions, a homogeneous condition
and a heterogeneous condition. There were 20 trials for each con
dition, and each number of digits was presented once. The order
of these trials was randomized. Preceding these 40 trials were 5
practice trials, selected randomly from the set of possible trials.

Stimuli. On each trial, from 1 to 20 digits were presented simul
taneously in one horizontal row. The digits 1 to 9 were used. The
first (leftmost) digit of each presentation was selected randomly.
In the homogeneous condition, the remaining digits were the same
as the first digit. In the heterogeneous condition, the remaining digits
were selected randomly with the constraint that no two adjacent
digits could be identical.

The digits were presented on an NEC monitor, Model ffi-120IM,
controlled by an Apple ll+ computer. Each digit was approximately
5 mm high and 3.5 mm wide. The digits were separated by I mm
and were viewed from a distance of approximately .75 m. The first
digit was always positioned in the same location.

Procedure. The subjects were tested individually. The procedure
for the experiment was explained to each subject before the experi
ment was begun. The subject was instructed to count both quickly



and accurately, although he or she was also told not to restart count
ing, but to continue counting even if unsure about whether he or
she had counted the digits correctly. Finally, the subject was in
structed to count the digits one by one.

Each trial began with the message "READY" on the computer
screen. When the subject responded by saying "ready," the ex
perimenter pressed a computer key. A dash then appeared and dis
appeared twice in the location that the first digit was to be presented.
The dash and the digits were presented at an even tempo, such that
the dash also cued when the digits would be presented. The digits
were then presented and remained on the computer screen until the
subject responded. The subject counted these digits silently and
spoke the answer.

As soon as the subject spoke the answer, the experimenter pressed
the space bar on the computer. The computer measured the time
between the presentation of the digits and the keypress. This method
of measuring response latency was unsophisticated, but it was un
biased and sufficiently reliable for thisexperiment. The experimenter
then entered the subject'S answer intothe computer, ending the trial.
When there was an irregularity in the trial, which happened in
frequently, the experimenter voided the trial. In that case, the results
of the trial were not recorded and another trial with the same con
dition and number of digits became the last trial. Testing for each
subject was completed in 15 to 20 min.

Results
After testing, one subject reported estimating the num

ber of digits rather than counting them, and another sub
ject reported sometimes counting only half the digits and
then doubling the answer. The data from these two sub
jects were discarded from the following analyses (although
the direction of their results tended to be consistent with
the to-be-reported findings).

Two obvious dependent measures are the overall
response latency and accuracy. A third useful dependent
measure is the estimated time required to count each digit.
This third measure was calculated as follows: An in
dividual subject's performance can be graphed in a man
ner similar to that shown in Figure 1, with the number
of digits to be counted placed on the abscissa and the
response latency placed on the ordinate. In this graph,
the slope of the line represents the estimated time to count
one digit. Figure 1 presents the averages across all sub
jects. As shown in the figure, and as found in previous
experiments (e.g., Chi & Klahr, 1975), the response
latency does not begin to increase very much until there
are about five digits in the presentation. Therefore, a slope
for each subject and for each condition was calculated con
sidering only trials on which five or more digits had been
presented.

Descriptive statistics for each condition are presented
in Table I. The results were the same for all three de
pendent measures: The subjects were slower overall to
respond [t(27) = 5.92, p < .001], slower per digit [t(27)
= 3.77, p < .001], and less accurate [1(27) = 3.65,
P < .01] in the homogeneous condition than in the heter
ogeneous condition. The robustness of the homogeneity
effect is suggested by the number of subjects who showed
the effect. As shown in Table I, almost all of the sub
jects responded more quickly in the heterogeneous con
dition, and most of the subjects were more accurate in
the heterogeneous condition.
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Figure 1. Latency to respond as a function of how many digits
were presented.

A trial was defined as being overcounted when too many
digits were reported and as being undercounted when too
few digits were reported. In the homogeneous condition,
76% of the miscounted trials were overcounted (60/83),
and in the heterogeneous condition, 71 % of the mis
counted trials were overcounted (32/45). The subjects
were classified as overcounters or undercounters on the
basis of whether they had overcounted or undercounted
more of the trials. In the homogeneous condition, 68 %
of the subjects were overcounters (15/22), and in the het
erogeneous condition, 72 % of the subjects were over
counters (13/18). Thus, in both conditions, subjects tended
to report too many digits, although there seemed to be
individual differences, with one subject, for example, un
dercounting five trials and not overcounting any.

One aspect of Figure 1 deserves mention. As expected,
the curve in Figure 1 increases little, ifat all, in the range
from 1 to 4 digits. This common finding reflects the span
of apprehension (Kaufman, Lord, Reese, & Volkmann,
1949), in which the magnitude of a small number of ob
jects is perceived directly. However, it seems reasonable
to assume that when 5 or more objects are presented, ev-

Table 1
Descriptive Statistics for the Homogeneous and Heterogeneous

Conditions of Experiment 1

Number of
Subjects Better

Averages in Heterogeneous
HOM HET Condition

Response Latency 4.3 3.7* 26/28*
Milliseconds per Digit 463 353* 26/28*
Percent Correct 85 93* 17/21*
Note-Response latency in seconds; HOM = homogeneous condition;
HET = heterogeneous condition. *p < .05.
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ery object is counted. If this assumption were correct, the
intercept of the line through the response latencies in the
range from 5 to 20 digits would represent the processing
time needed on every trial to, for example, initiate count
ing and responding. However, as also found in previous
experiments (e.g., Aoki, 1977; Chi & Klahr, 1975), the
intercept is negative. Therefore, the original assumption,
that when 5 or more digits are presented they are all
counted, does not seem to be correct. Figure 1 suggests
that when 5 or more objects have to be counted, 4 of these
objects are directly apprehended and the rest are counted.

Discussion
The results suggest that a homogeneous row of digits

is more difficult to count than a heterogeneous one. This
will be called the "homogeneity" effect. The homogeneity
effect seems to be quite robust: It occurred for almost all
of the subjects and it increased the response latency by
approximately 16%.

One explanation of the homogeneity effect to be dis
pensed with involves the Stroop effect. When a property
of a stimulus differs from that of the correct response,
the response is made more slowly and is less accurate
(Stroop, 1935). If a Stroop effect were operating on the
final spoken response in the homogeneous condition, it
would have produced a constant delay unrelated to the
number of digits to be counted. Instead, as can be seen
in Figure 1, the time to count each individual digit in a
homogeneous row increases. Also, a Stroop effect could
have occurred as each digit was being counted, whenever
that digit differed from the number the subject was sup
posed to be saying subvocally. Such an effect would in
crease the time taken to count each digit. However, the
probability of a digit's differing from the number that
should have been said subvocally was the same in both
the homogeneous and heterogeneous conditions. Further
more, the Stroop effect usually is demonstrated by hav
ing the interfering property of the stimulus change from
stimulus to stimulus. Thus, there is more reason to ex
pect a Stroop effect in the heterogeneous condition (in
which the interfering property changed) than in the
homogeneous condition (in which the interfering property
did not change). Thus, the Stroop effect does not explain
the homogeneity effect.

Another explanation for the homogeneity effect that
does not seem to be correct involves the number of digits
actually counted. More errors were made in the
homogeneous condition, and when subjects made an er
ror they tended to report too many digits. The consequence
of these two effects was that more digits were reported
in the homogeneous condition. A report of too many digits
suggests that some digits were counted more than once.
However, the slower responses in the homogeneous con
dition could not have been a consequence merely of count
ing more digits. Overall, 5,950 digits were reported in
the homogeneous condition and 5,922 digits were reported

in the heterogeneous condition. Thus, approximately
0.5% more digits were reported in the homogeneous con
dition. This increase is not large enough to explain the
16% increase in response latency in the homogeneous con
dition.

Three types of explanations for the homogeneity effect
are consistent with the results of Experiment 1. Expla
nations of the first type will be called fatigue hypotheses.
The visual system might fatigue when reading the same
object over and over again, leading to slower perception
and hence slower counting. Similarly, attention to an ob
ject might become more difficult when attending to the
same object over and over again.

Explanations of the second type will be called error cor
rection hypotheses. The eye movement to the next object
to be counted might not always be accurate. Perhaps when
the objects are heterogeneous the eye movement can be
easily corrected, whereas when the objects are homogene
ous the subject might not know whether the direction of
gaze had moved too far or not far enough. The same ar
gument can be made for direction of attention.

Explanations of the third type will be called grouping
hypotheses. It seems that the perception of a scene is
divided into units preattentively (see Duncan, 1984, for
a review). The Gestalt principles of grouping describe the
results of this unit formation. One Gestalt principle, called
the principle of similarity, is that identical objects tend
to be grouped together. By this principle, a homogene
ous row of objects would have a stronger tendency to be
grouped together than would a heterogeneous row of
objects.

There are several reasons why the Gestalt principles
of grouping might be involved in counting. People often
count objects in small subsets, usually by twos or threes.
The subjects in the preceding experiment were instructed
to count the digits one by one, but there was no method
of verifying that they in fact did so. When the Gestalt prin
ciples of grouping act to unify the group of objects, sub
dividing the group into subsets might be more difficult.

Beckwith and Restle (1966) suggested that, instead of
counting objects one by one, subjects select a small sub
set of the objects and immediately apprehend (or "subi
tize' ') the number of objects in that subset. The numbers
of objects in the subsets are added together to produce
the total. This hypothesis differs from the above hypothe
sis about counting in subsets. If the subset is formed be
fore it is counted, as Beckwith and Restle suggested, then
different subsets presumably could contain differing num
bers of objects. Like the other method of counting in
groups, this method also requires subdividing the objects.

Finally, one step in counting is to isolate the object to
be counted from the other objects. Introspectively, it does
not seem to be difficult to isolate the digits. However,
isolating individual digits may be more difficult when the
Gestalt principles of grouping act to unify the total set
of digits to be counted. This third grouping hypothesis
can be differentiated from the first two in that the first
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easily subdivided or isolated in both the heterogeneous
condition and the homogeneous condition, the
homogeneity effect should be eliminated. In the normal,
spaced, and border configurations, the stimuli were
grouped by good continuation, so the homogeneity effect
should occur. In the finger configuration, the stimuli were
also grouped together by good continuation, but the sub
jects were required to point to the digits one by one. Thus,
in that configuration, the digits would not be counted in
subsets. If the homogeneity effect occurred only as a con
sequence of attempts to subdivide the digits into subsets,
it should not occur in the finger configuration. However,
if the homogeneity effect occurred as a consequence of
having to isolate each digit, it should occur in the finger
configuration.

The homogeneity effect might involve error correction.
By varying such factors as the size of the errors and what
the subject does when an error occurs, a variety of error
correction hypotheses can be constructed. Ifan error oc
curred when the subject was trying to move direction of
gaze or attention to a 7, he or she might look for a nearby
7. In the homogeneous condition, there would be a 7 on
both sides of the direction of gaze or attention, perhaps
creating difficulty. If this hypothesis was correct, there
should be a homogeneity effect in all configurations.
However, if the errors were small enough and the digits
were separated by spaces, the subject might be able to
accurately resolve an error in the homogeneous condi
tion by moving to the closest digit. Ifa separation of digits
eliminated the homogeneity effect, there should be no
homogeneity effect in the 3-level configuration or the
spaced configuration.

Alternatively, the subject might recognize an error in
movement by noting that the visual field at the current
direction of gaze or attention did not match the intended
visual field, and then correct the error by redirecting gaze
or attention to the intended visual field. The homogene
ous condition would create difficulties because the visual
field on one side of a digit would be the same as the visual
field on the other side of the digit. Thus, moving the direc
tion of gaze or attention too far would not be distinguish
able from moving the direction of gaze or attention not
far enough. The relevant visual field could not be of un
limited size: If it were, the edge of the computer screen
and the boundaries of the row of digits would be refer
ence points with which one side of a digit could be dis
tinguished from the other in the homogeneous condition.
On the other hand, the relevant visual field could not be
minutely small: If it was too small, it might contain only
a small portion of blank computer screen and provide no
evidence concerning the direction of error. If the visual
field was large enough, the homogeneity effect might be
eliminated in the 3-level configuration, because the visual
fields on each side of each digit would be different in that
configuration. If the visual field was that large, it would
also be large enough to include the border in the border
configuration. Thus, the homogeneity effect would also
be eliminated in the border configuration.
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two involve subdividing the objects into smaller subsets,
whereas the third involves isolating each object.
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The purpose of Experiment 2 was to test the hypothe
ses generated from Experiment 1. The homogeneity ef
fect was tested for.a variety of configurations of digits.
The "normal" configuration (Figure 2a) was a replica
tion of Experiment 1. The "finger" configuration was
identical to the normal configuration except that the sub
ject touched the digits being counted with his or her finger.
The "spaced" configuration (Figure 2b) was like the nor
mal configuration except that an extra blank space was
inserted between each digit. In the "border" configura
tion (Figure 2c), there was a border of irrelevant digits
surrounding the digits to be counted. Finally, in the
"3-level" configuration (Figure 2d), the digits were
placed on three different levels in the vertical direction.

If the homogeneity effect was a result of fatigue, it
should occur in all configurations. However, suppose that
the homogeneity effect involved grouping. Presenting the
digits on different levels in the 3-level configuration would
eliminate grouping by good continuation and allow the
digits to be easily subdivided or isolated. If the digits were

(d)

Figure 2. The configurations tested in Experiment 2: (a) normal
and finger, (b) spaced, (c) border, and (d) 3-level.

791395647622
444444444444444
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Finally, in the finger configuration, the finger is a part
of the visual field, albeit a moving part. Therefore, if the
homogeneity effect involved error correction, it might not
occur in the finger configuration.

Method
Experiment 2 differed from Experiment 1 in thefollowing details.
Design. There were five groups of subjects, corresponding to

the five different configurations ofdigit presentation, with 12 sub
jects in each group. Altogether, 60 subjects were tested.

Stimuli. The five configurations are illustrated in Figure 2. In
the spaced configuration, the space between digits doubled the to
tal length of the presentation of the normal configuration. In the
border configuration, the digits on the border were selected ran
domly and spaced irreguIarly to prevent subjects from counting the
border and inferring the number of digits. The 3-level configura
tion was like the spaced configuration, except that there were three
possible levels OQ which the digits could be placed. The level on
which a digit was placed was determined randomly with the re
striction thattwo successive digits not appearon the same level and
the first digit be presented on the middle level. In all of the config
urations, the first digit was presented at the far left of the computer
screen.

One of the configurations required more time between trials for
the computer to construct the stimuli thanwas required in Experi
ment 1. The length of time between trials was held constant across
configurations by inserting delays between trials for the other con
figurations. The number of digits presented on a trial varied from
6 to 20. Because the homogeneity effect did not seem to exist when
fewer than 6 digits had to be counted, the trials with 5 or fewer
digits would not have been informative in revealing the existence
or nonexistence of the homogeneity effect.

Results
Descriptive statistics are presented in Table 2. Consider

first the overall response latency. An ANOVA was per-

Table 2
Descriptive Statistics for tbe Homogeneous and Heterogeneous

Conditions of Experiment 2

Number of

Averages
Subjects Better

in Heterogeneous
HOM HET Condition

Response Latency (in Seconds)

Normal 5.0 4.2* 12/12*
Finger 4.7 4.1* 11/12*
Spaced 4.4 3.8* 11/12*
Border 6.1 5.1* 11/12*
3 Level 3.2 3.2 6/12

Milliseconds per Digit
Normal 404 333* 10/12*
Finger 345 315 10/12*
Spaced 344 297* 10/12*
Border 428 386 10/12*
3 Level 221 228 7/12

Percent Correct

Normal 81 84 5/9
Finger 90 92 4/10
Spaced 84 92 7/9
Border 83 94* 9/10*
3 Level 88 87 5/10

Note-HOM = homogeneous condition; HET = heterogeneous con-
dition. *p < .05.

formed comparing all five configurations and using the
difference between the homogeneous condition and the
heterogeneous condition as the dependent measure. There
was an overall effect of configuration [F(4,55) = 6.47],
suggesting that the configurations should be analyzed
separately. There was a homogeneity effect in the nor
mal configuration [t(l1) = 4.75], the finger configura
tion [t(l1) = 3.47], the spaced configuration [t(11) =
6.77], and the border configuration [t(11) = 4.59] (all
ps < .01). When only these four configurations were
considered in an ANOVA, there was no overall effect of
configuration [F(3,44) = 1.31]. Thus, there was no de
tectable difference in the size of the homogeneity effect
for these four configurations. In the 3-level configuration,
however, there was no indication of a homogeneity ef
fect [t(l1) = .05].

The dependent measure of estimated time to count each
digit was not as sensitive as overall response latency.
There was a homogeneity effect for this measure in the
normal configuration [t(11) = 2.89, p < .02] and in the
spaced configuration [t(11) = 3.01, p < .02]. The finger
configuration and the border configuration each had 1sub
ject for whom the estimated time to count each digit was
much longer in the heterogeneous condition than in the
homogeneous condition (despite a slower overall response
latency in the homogeneous condition). Because of these
2 subjects, the difference between the homogeneous con
dition and the heterogeneous condition was not statisti
cally significant in those configurations. However, the
proportionof subjects showing the homogeneity effect in
those two configurations was statistically significant
(10/12, p < .05). Again, there was no sign of a
homogeneity effect in the 3-level configuration.

Finally, consider the dependent measure of accuracy.
The difference between the homogeneous condition and
the heterogeneous condition was statistically significant
in the border configuration [t(11) = 3.88, p < .01],
providing additional evidence for a homogeneity effect
in that configuration. For the 3-level configuration, the
difference between the homogeneous condition and the
heterogeneous condition was not statistically significant
[t(l1) = .30], which is consistent with the lack of a
homogeneity effect found in that configuration. For the
remaining three configurations, the subjects were more
accurate in the heterogeneous condition than in the
homogeneous condition, but the difference was not statisti
cally significant. The important implication of the latter
result is that the faster responses in the heterogeneous con
ditions were not merely a consequence of a speed-accuracy
tradeoff.

There again was no detectable difference in overcount
ing between the homogeneous and heterogeneous condi
tions, so the data from these two conditions were com
bined. For the four configurations excluding the 3-level
configuration, the subjects again tended to overcount the
number of digits: The number of digits was overcounted
on 80 % of the miscounted trials (144/179), and 84% of
the subjects were overcounters (31/37). In the 3-level con-



figuration, the picture is not as clear. Six subjects were
overcounters and only 3 were undercounters (67%).
However, the 3 undercounters made most of the errors,
so only 37% of the miscounted trials (17/46) were over
counted.

Discussion
There was no indication that the homogeneity effect was

reduced by spacing the digits further apart on the com
puter screen, by placing a heterogeneous border around
the digits, or by having the subjects point to each digit
with a finger. However, the homogeneity effect was
greatly reduced if not eliminated by presentation of the
digits on three different levels.

The hypothesis that perception or attention fatigues
when the same digit is perceived over and over again
predicted that the homogeneity effect should have oc
curred in all of the configurations. The lack of an effect
in the 3-level configuration suggests that the homogeneity
effect is not a consequence of fatigue.

Hypotheses involving error correction have difficulty
explaining both the elimination of the homogeneity effect
in the 3-level configuration and the presence of the
homogeneity effect in the other configurations. Errors in
movement of the direction of gaze or attention might be
resolved by moving to the closest object when the objects
are separated. This hypothesis explains the lack of a
homogeneity effect in the 3-level configuration, but it
predicts that the homogeneity effect should have been
eliminated in the spaced configuration as well. Another
possibility is that errors might be correctable when the
visual field on one side of a digit is different from that
on the other side of the digit. This hypothesis explains
the lack ofa homogeneity effect in the 3-level configura
tion, but it predicts that the homogeneity effect should
have been eliminated in the border configuration as well.

Thus, several hypotheses involving error correction
were considered, and none were consistent with the results
of this experiment. These hypotheses were not exhaus
tive, which is to say that other hypotheses involving er
ror correction could exist and one of these unimagined
hypotheses might be correct. All that can be said is that
the spaced, border, and finger configurations constituted
a variety of unsuccessful attempts to eliminate the
homogeneity effect on the basis of the assumption that
there was a problem in error correction. Only the 3-level
configuration eliminated the homogeneity effect, and the
elimination in that configuration can be explained by
grouping hypotheses.

The results of Experiment 2 suggest that the Gestalt
principles of grouping are involved in the homogeneity
effect. In four of the configurations (normal, finger,
spaced, and border), the digits were grouped together by
the Gestalt principle of good continuation. In those con
figurations there was a homogeneity effect. In the 3-level
configuration, the digits were not grouped together by the
Gestalt principle of good continuation. In that configura
tion there was no homogeneity effect. Apparently, the
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digits in the 3-level configuration were easily subdivided
or isolated in both the homogeneous and heterogeneous
conditions.

Two of the grouping hypotheses were based upon the
notion that the subjects might be subdividing the digits
into subsets. In the finger configuration, subjects had to
point to the digits one by one, so presumably they were
not subdividing the digits. Nonetheless, a homogeneity
effect still occurred. Apparently, isolating each digit of
a homogeneous row is difficult.

Finally, response latencies for both the homogeneous
and heterogeneous conditions were faster in the 3-level
configuration than in the other configurations. The 3-level
configuration could have been faster than the other con
figurations in the homogeneous condition because of the
lack ofa homogeneity effect in that configuration. There
fore, it is appropriate to compare just the heterogeneous
conditions. In an overall ANOVA of response latencies
in the heterogeneous condition, the five configurations
were different [F(4,55) = 3.40, p < .05], and in pair
wise comparisons, the 3-level configuration was counted
more quickly than all of the other configurations [t(22)
> 2.45, p < .05]. This result suggests that (1) even a
heterogeneous row of digits is difficult to isolate or sub
divide, and (2) isolating or subdividing these digits can
be improved by presenting the digits in a way that avoids
grouping by good continuation. However, confidence in
this result should be moderated by the fact that accuracy
tended to be lower in the 3-level configuration than in the
other configurations, suggesting the possible presence of
a speed-accuracy tradeoff.

EXPERIMENT 3

There were several reasons for wanting to retest the
3-level configuration. First, the left-to-right order of
report was obvious to the experimenters and was sug
gested by the dash that signaled where to start counting.
However, the subjects could have counted the digits in
the 3-level configuration level by level rather than from
left to right. Because (1) there would rarely be more than
6 digits in a level, and (2) there seems to be little or no
homogeneity effect for rows of 6 or fewer digits, such
a strategy might have eliminated the homogeneity effect. 1

To prevent the use of this strategy in Experiment 3, sub
jects were required to point to the digits one by one, in
order to verify that the digits were being counted from
left to right. Second, the post hoc finding in Experiment 2
that subjects could count more quickly overall with the
3-level configuration provides additional support for a role
of Gestalt principles of grouping in counting. To confirm
this finding, performance on the 3-level configuration was
compared with that on the spaced configuration. To facili
tate this comparison, a completely within-subject design
was used.

The most sensitive measure in the previous experiment
was overall response latency. An examination of Figure I
reveals that the difference between the homogeneous con-
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Note-HOM = homogeneous condition; HET = heterogeneous con-
dition. *p < .05.

Table 3
Descriptive Statistics for the Homogeneous and Heterogeneous

Conditions of Experiment 3

Percent Correct

Spaced 92 93 2/7
3 Level 95 94 1/4

dition and the heterogeneous condition was small when
fewer than approximately 9 digits had to be counted. In
Experiment 2, the difference was again small when fewer
than 9 digits had to be counted, with the average being
156,456, and 244 msec, respectively, when 6,7, and 8
digits had to be counted (collapsing across the four con
figurations that showed the homogeneity effect). To ac
commodate the testing of both configurations without
greatly increasing the total time needed, only trials with
9 to 20 digits were presented.

Discussion
The results of this experiment replicated and extended

several findings from Experiment 2. First, the
homogeneity effect was present when the digits were
spaced and when subjects pointed to the digits. Second,
the homogeneity effect was eliminated in the 3-level con
figuration. This elimination was not a result of subjects'
counting the digits level by level instead of from left to
right. Finally, the 3-level configuration facilitated count
ing even in the heterogeneous condition. This facilitation
was not the result of a speed-accuracy tradeoff. Further
more, it occurred even though the digits were counted
one by one. These effects are consistent with the hypothe
sis that the Gestalt principles of grouping impair the
process of isolating each digit.

The dependent measure ofestimated time to count each
digit did not always detect the homogeneity effect in Ex
periment 2. The reliability of this measure was further
impaired in Experiment 3 by the exclusion of trials of 6
to 8 digits, which reduced both the number of trials and
the range upon which the estimate was based. Therefore,
this dependent measure was not necessarily appropriate
for this experiment, and the lack ofstatistical significance
in the spaced configuration [t(1l) = .92] and the 3-level
configuration [t(1l) = 1.39] should not be interpreted as
evidence for or against the existence of the homogeneity
effect. As in Experiment 2, the measure ofaccuracy also
did not differentiate the homogeneous and heterogeneous
conditions. The important result concerning the latter
measure is that the homogeneity effect found for response
latency in the spaced configuration was not a consequence
of a speed-accuracy tradeoff.

The same pattern of counting errors appeared as in the
previous experiments. In the spaced configuration, 81%
of the miscounted trials (17/21) were overcounted and
71 % of the subjects (5/7) were overcounters. In the 3
level configuration, 60% of the subjects (3/5) were over
counters. However, because of one prolific undercoun
ter, only 44% of the miscounted trials (7/16) were over
counted. There was no observable difference between the
heterogeneous and homogeneous conditions in either con
figuration.

The final comparison between the spaced configuration
and the 3-level configuration considers only the hetero
geneous condition. For overall response latency, the
difference between these two configurations was highly
significant [t(1l) = 12.04, P < .001], with every sub
ject responding faster in the 3-level configuration. These
two configurations also differed for the dependent mea
sure of estimated time to count each digit [t(ll) = 7.52,
P < .001]. Accuracy was also slightly higher in the 3
level configuration than in the spaced configuration. This
difference was not statistically significant, but it indicates
that the findings concerning response latency were not the
result of a speed-accuracy tradeoff.

7/12
7/12

11/12*
9/12

Number of
Subjects Better

in Heterogeneous
Condition

Averages

Milliseconds per Digit

308 296
242 229

Response Latency (in Seconds)

4.5 4.2*
3.6 3.6

HOM HET

Spaced
3 Level

Spaced
3 Level

Method
Experiment 3 differed from Experiment 2 in the following details.
Subjects. Twelve subjects participated.
Design. The 3-level configuration and the spaced configuration

were tested. The spaced configuration was chosen for testing be
cause, of the configurations tested in Experiment 2, the spaced con
figuration was most like the 3-level configuration. Each subject was
tested for both of these configurations in both the homogeneous
and the heterogeneous conditions. In addition, the subjects always
pointed to each digit as in the finger configuration of Experiment 2.

Stimuli. To prevent the subject's hand from blocking the initial
view of the digits, the first digit in the 3-level configuration ap
peared on the bottom level. There were 12trials per condition, each
containing 9 to 20 digits, for a total of 48 experimental trials. In
addition, there were 6 practice trials. There were no long pauses
between trials as there had been in Experiment 2.

Results
The descriptive statistics are presented in Table 3. The

only discriminating dependent measure was overall
response latency. A 2x2 ANOVA was performed test
ing the spaced configuration versus the 3-level configu
ration and the homogeneous condition versus the hetero
geneous condition. There was an interaction [F(I,l1) =
12.13,p < .01], suggesting that the two configurations
should be analyzed separately. The spaced configuration
produced a homogeneity effect [t(ll) =4.39,p < .01],
whereas the 3-level configuration did not [t(l1) = .82].



GENERAL DISCUSSION

Empirical Findings
There were three empirical findings of importance.

First, homogeneous rows of digits were more difficult to
count than heterogeneous rows. This homogeneity effect
was robust, occurring as it did for almost all subjects and
across a variety of situations. Second, the homogeneity
effect did not occur when the digits were presented on
three different levels. Third, digits evenly spaced on one
row were more difficult to count than digits presented on
three different levels, even in the heterogeneous condition.

Explanations of the Homogeneity Effect
Several explanations of the homogeneity effect were not

supported by the results. To review these, the Stroop ef
fect did not explain why performance would be better in
the heterogeneous condition than in the homogeneous con
dition. Explanations involving fatigue in repetitively per
ceiving or attending to identical digits did not explain why
the homogeneity effect was eliminated in the 3-level con
figuration. Two hypotheses involving error correction
could explain the lack of a homogeneity effect in the 3
level configuration. One hypothesis was that when the
digits were separated, the subject could correctly resolve
errors by moving to the closest digit. This hypothesis in
correctly predicted that there would not be a homogeneity
effect in the spaced configuration. The second hypothe
sis was that differing visual fields on each side of a digit
allowed subjects to distinguish moving too far from not
moving far enough. This hypothesis incorrectly predicted
that there would not be a homogeneity effect in the border
configuration.

In these experiments, counting was impaired to the ex
tent that the digits were unified by Gestalt principles of
good continuation and similarity. Counting sometimes in
volves subdividing the digits into subsets, and the process
of subdividing digits might be impaired when the digits
are grouped together. However, even when digits were
counted one by one, counting was impaired when the
digits were grouped together. Thus, the hypothesis that
best accounted for the results of these experiments was
that the digits were not easily isolated when they were
unified by Gestalt principles of grouping.

The Effect of Good Continuation
Digits on three levels were more quickly counted than

digits in a single row. This finding was unexpected. A
completely unorganized set of digits is difficult to count
because the digits are difficult to order. One might thereby
conclude that the more organized a set of digits is, the
easier that set of digits would be to count. However, the
ultimate in organization would be to align the digits in
one evenly spaced row. This "most organized" configu
ration is also difficult to count, apparently because it elicits
a unified grouping of the digits according to Gestalt prin
ciples. A set of digits seems to be most easily counted
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when it is moderately disorganized: There must be enough
organization to allow ordering of the digits and enough
disorganization to prevent the Gestalt principles of group
ing from operating.

Shifting Attention in Counting
When the number of objects to be counted exceeds the

span of apprehension, a person apparently cannot attend
to all of the objects at once and simultaneouslycount them.
Instead, my subjective impression is that when I count
objects one by one I attend to the objects one by one.
Assuming that a person is attending to one object (or a
subset of objects), how does the person know the loca
tion of the next object (or subset of objects) to which at
tention should be shifted? One hypothesis would be that
attention glides smoothly along the row of digits and the
digits are counted as they are perceived. This explana
tion has several difficulties. First, it does not match the
introspection of attending to each digit one at a time. Sec
ond, this hypothesis provides no explanation of the
homogeneity effect. Third, this hypothesis seems to
predict slower counting in the 3-level configuration, in
which the location of the next digit is not as predictable
as it is in the other configurations. Finally, people who
are convinced by the evidence for an "object-based" the
ory of attention (e.g., Duncan, 1984) would argue that
this explanation is not object-based.

Suppose, then, that attention shifts from object to ob
ject. Ifattention is upon one object, how does the subject
know the location of the next object, so that attention can
be shifted to that object? If unattended stimuli were not
processed, the subject would not know the location of the
next object. Furthermore, the subject could not discover
the location of the next object without first attending to
that object. In fact, unattended stimuli are processed
(Cherry, 1953; Eich, 1984; Treisman, 1964). One pur
pose of processing unattended stimuli presumably is to
guide the shifting of attention to unattended stimuli. This
guidance is most obvious when attention is involuntarily
shifted to an unattended object, but this guidance would
also be useful for voluntary shifts of attention such as those
that occur when scanning a scene. If attention is directed
toward objects rather than toward points in space, these
objects must be defined in this preattentive representa
tion. The Gestalt principles of grouping describe the out
come of the processes used to form objects.

Thus, it seems quite reasonable to suppose that there
is a preattentive representation of the environment that
is used to guide the shifting of attention. When the sub
ject is attending to one digit in a row of digits, the loca
tion of the next digit is contained in this preattentive
representation. However, before attention can be shifted
to the next digit, the digit must be isolated and recognized
as an individual object in this preattentive representation.
When the Gestalt principles group the digits together, the
process of recognizing individual digits as objects is more
difficult.
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The explanation of the homogeneity effect derived from
these experiments was unusual in that it concerned the
Gestalt principles of grouping but did not match introspec
tive experience. The Gestalt principles were first dis
covered and demonstrated by using introspection, whereas
in the present experiments the effect of the Gestalt prin
ciples was inferred from subjects' performance. Introspec
tively, the digits did not seem difficult to isolate. However,
the inferred conclusion was that the process of isolating
the digits was impaired. The above model can account
for the discrepancy between introspection and this con
clusion. According to the above model, the difficulty in
isolating a digit occurred preattentively. Therefore, by the
time a digit was available for attention, it had already been
isolated. Thus, the preattentive difficulty in isolating the
digit was not introspectively observable.

Summary
Counting is impaired when objects in a row are identi

cal. This was called the homogeneity effect. Counting is
also impaired when the objects to be counted are evenly
spaced and aligned in one row. A hypothesis consistent
with the findings was that the Gestalt principles of group
ing act against the process of isolating each object to be
counted. A model was proposed in which (l) a preatten
tive representation of the environment guides the shift
ing of attention, and (2) the grouping by Gestalt princi
ples impairs the process of isolating objects in this
preattentive representation.
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