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Position, direction, and their perceptual integrality
HERBERT H. CLARK and HIRAM H. BROWNELL
Stanford University, Stanford, Cah’fornia 94305
Subjects were shown an arrow inside a rectangle and were asked to decide on either its vertical
direction (up vs. downl or its height (high vs. low) as quickly as possible. Whenever vertical direction was
criterial, height was irrelevant, and vice versa. In four conditions, the irrelevant dimension (1) did not
vary, (2) covaried positively with the criterial dimension, up with high and down with low, (3) covaried
negatively with the criterial dimension, up with low and down with high, or (4) varied orthogonally with
the criterial dimension. Height and vertical direction satisfied one of W. R. Garner’s prerequisites for
"integral" dimensions in that Condition 4 took longer than Condition 1. But Condition 2 was faster than 1,
and 3 was slower than 1, a pattern unlike those of other known integral di~nensions. The positive
correlation in Condition 2 facilitates, and the negative correlation in 3 interferes, it is argued, because
height and vertical direction have interpretations with components in common oc in conflict.
Garner and Felfoldy (Feltbldy & Garner, 1971; lntegrality has been tound to take other forms as well
Garner. 1972. 1974; Garner & Felfoldy, 1970) have(see Pomerantz & Garner. 1973: Pomerantz & Sager.
1975).
argued that two attributes of a single stimulus can be
In this study, we consider a lorm of integrality
"integral," "separable," or somewhere in between.
The lightness and saluration of a single color chip, tbr unhke others Garner has catalogued so far. a type we
example, are integral. When subjects were asked to turned up in a study on judgments of height and
sort color chips on the basis of saturation, they vertical direction (Clark & Brownell, 1975). In that
couldn’t ignore irrelevant variation in lightness, or study, we confronted subjects with a single arrow
xice versa (Garner & Feltbldy, 1970). This is a inside of a rectangle. The arro~ pointed either up or
defining characteristic of ir~tegral dimensions. Garner do~n. and it was either high or low in the rectangle.
11970) has gone on to propose that one attribute will The four configurations used are shown in Figure 1.
be integral with another "it in order for one dimension When subjects had to decide whether the arrow
to exist the other must be specified" (p. 146). For pointed up or do~ n. they \~ ere faster for the UP arro~
example, it is impossible to specify the lightness of a \~hen it ~as high in the rectangle (configuration a)
color chip ~ithout specifying its saturation, and vice than ~hen it was lo\~ (b). In contrast, they were faster
on the DOWN arro~ when ~t was low (d) than when it
~ersa. and so lightness and saturation should be
s~mmetricall~ integral. Indeed, subjects found it as ~as high (c). The subjects uere faster uhen the
hard to ignore one attribute as the other in Garner direction of the arrou (rip vs. down) was in
,rod FeHbldv’s experm~ent.
As Garner (1974) has noted, however, integrality
can be asymmetrical when one of two dimensions
requires the specification of the other, but not vice
versa. For illustration, Garner pointed to an
experiment b.~ Wood and Day (cited in Garner, 1974)
in ~hich subjects had to discriminate among the two
s~llables /ba/ and !ga/ spoken at either a high or a
b
lo~ pitch. Since every syllable must have pitch, pitch
ought to be integral with syllabicity, but since not
every audible stimulus with pitch is a syllable,
syllabicity ought not to be integral with pitch.
Consistent ~ith thin analysis, Wood and Day’s
subjects in judging pitch were able to ignore irrelevant
variation in syllabicity, but in judging s)llables
~eren’t able to ignore irrelevant variation in pitch.
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"congruity" 4ith its position (high vs. low). When, Given our previous findings, it is logically possible
instead, the subjects had to decide whether the arrow for position to facilitate or interfere with judgments of
~as high or low in the rectangle, they yielded the direction even when it does not vary. Consider
analogous "congruity effect." These findings suggest subjects sorting configurations a and c into two piles.
that the height and vertical direction of an arrow are They should be fast in sorting a, in which height is in
perceptually integral, and that the integrality is congruity with direction, but slow in sorting c, in
symmetrical.
which height is not in congruity with direction. On the
If this height-direction integrality is symmetrical,other hand, since there is only one position for all
however, it fails to fit Garner’s hypothesis that one arrows being sorted, subjects may be able to ignore
dimension will be integral with another "if in order tbr position altogether and not be affected by it. Our
one dimension to exist the other must be specified." tburth empirical question, then, was whether or not
Every tangible object has a height, but not a direction. there would be such a congruity effect when there was
Height and direction should theretbre yield no variation on the irrelevant dimension.
asymmetrical integrality, since they are logically
Because of this last question, we could not use the
analogous to pitch and syllabicity in the Wood and card-sorting technique developed by Felfoldy and
Da> study. Whereas irrelevant variation in height Garner (1971). In that technique, the investigator
should interlere with judgments of direction, measures only how long subjects take to sort a deck of
irrelevant variation in direction should not interfere cards. He does not measure separately how long they
~ ith judgments in height. Our first empirical question take to sort one arrow into one pile and another arrow
~as whether height and direction actually are into another pile. We therefore had subjects "sort"
s>mmctrical, as our earlier data suggest.
configurations in blocks of 24 trials, but measured the
The integrality of height and direction, however, is latency tbr each decision separately.
unhkc other types of integrality in a more important
respect. In the Garner and Feltbldy study, subjects
METHOD
sometimes sorted color chips whose lightness and
saturation ~ere perfectly correlated. Compared to
On each o! 240 trials, subjects were shown an arro~ ~th~n a
sorting ~ithout any variation on the irrelevant rectangle and ’~ere asked to decide as quickly as possible either
attribute, sorting here was facilitated. Apparently, ,~hether the arro~ ~as potnting up or down ("direction
~hcn subjects could use information from both ludgments") or ~hether ~t was h~gh or low in the rectangle
dimensions at once. they could discriminate between !"posU~on judgments"). The ptctor~al configuration shown on each
trial ~as one ol tour posstble: (a) an UP arrow at Posiuon 1 (lUSt
the color chips more quickly. Actually. there were two abo~e the m~ddlc), Ib) an UP arro~ at Position 2 (just below the
"correlated dimension" conditions, one with the m~ddlel: Ic) a DOWN arrow at Posit~on 1; and (d) a DOWN arrow
lighter chips being the h’ss saturated and a second at Posinon 2. These tour configurations are illustrated in Figure 1.
The total sesston consisted of 10 different tasks of 24 trials each,
4ith the lighter chips being the more saturated. It
tasks reqmrtng d~rection judgments and 5 tasks requiring position
tnadc no dillcrcncc ho4 the t4o dimensions were 5judgments.
The 5 dtrection tasks differed in the subset of
c~wrclatcd, lot there 4as facilitation in either case.
configurations they used: (1) a and c, UP and DOWN arrows both
With height and vertical direction, however, the at Position 1: (2)b and d. UP and DOWN arrows both at
d~vection o! the correlation appears to be critical. In Posmon 2: (3) a and d, UP arrows at Position 1, and DOWN
at Position 2: (4) b and c, UP arrows at Position 2. and
our caviler stud>’, subjects were faster in judging arrows
DOWN arrows at Posmon 1; and (5) a. b, c, and d. both arrows at
configurations a and d, those with congruity between both posmons. Thus 1 and 2 are both single dimensions tasks, 3 is a
position and direction, than in judging configurations pos~ti~el3 correlated dimensions task, 4 is a negatively correlated
b and c. those 4ithout congruity. In a card sorting d~menstons task, and 5 ts an orthogonal dimensions task. The 5
task like Garner and Felfoldy’s, then, subjects should positron tasks were analogous and consisted of the following
Ill a and b. UP arrows at Positions 1 and 2; (2) c and d.
bc quicker in sorting configurations a and d than in subsets:
DOWN arrows at Positions 1 and 2; (3) UP arrows at Position 1
sorting configurations b and c, the two "correlated and DOWN arrows at Posit~on 2; (4) b and c, DOWN arrows at
dimension" conditions. They should do better when Position 1 and UP arrows at Position 2; and (5) a. b, c, and d, both
height and direction are correlated "positively," high arrows at both posit~ons. For each task there was a deck of 16
4ith UP and low with DOWN, than when they are d~splays consisting ot equal numbers of the two or four
in that task. Before each task, the deck was shuffled,
correlated "negatively," high with DOWN and low configurations
and the subject was presented the first eight displays as practice
4ith UP. The negatively correlated condition may trmls. These eight displays were then placed at the end of the deck,
even be harder than the conditions without any and without a break the subject was given the whole deck for 16 test
variation on the irrelevant dimension. If so, here is trials. The practice trials went unanalyzed.
The 10 tasks ~ere presented to subjects in a counterbalanced
one instance where redundancy not only doesn’t help, order.
For e~ery 10 subjects, each task appeared in each serial
but actually hinders, and this is unlike other types of position just once. Th~s was achieved by use of a 10 x 10 Latin
integrality. Our second and third empirical questions, square (combtning the 10 tasks, the 10 serial positions, and 10
then, were whether or not there is a disparity between subjects) that also constrained each task to follow each other task in
the positively and negatively correlated conditions, as onb one of the 10 orders of presentation. At the start of the session
were two additional practice tasks to get the subjects used to
we expect, and if so, whether the negatively correlated there
the apparatus and procedure. One practice task required position
condition actually hinders.
judgments of unadorned hnes (arrows without their heads) at
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Posit~ons 1 and 2, and the other required direction judgments of UP
and DOWN arrows in the very middle of the rectangle (half way
between Positions 1 and 2). The two practice tasks went unanalyzed
as well.
The subject started each trial by pressing a "ready" button. The
configuration appeared before him t/2 sec later and remained on
until he indicated his answer by pressing one of two response
buttons labeled "up" and "down," or "high" and "low,"
depending on the instruction. The response latency was measured
from the appearance of the display to the press of a button in
milliseconds. The subjects pressed the "high"i"up" button with
one thumb, and the "low"/"down" button with the other, and the
"ready" button (situated between the other two buttons in a
hand-held response panel) with either thumb. For half the subjects,
"high"/"up" was on the left, and "low"/"down" on the fight; for
the other hall the assignment was reversed. We did not include the
response assignments "high"/"down" and "low"/"up" because
they were potentially so confusing. We discuss the possible
consequences of this confnunding later.
The four configurations were drawn in black india ink on white.
The enclosing rectangle was 4 cm wide and 5 cm high, and the
arrow was 1 cm long. There were two complete sets of
configurations differing only in the discriminability of Positions 1
and 2. In Set A, the arrows at Positions 1 and 2 had their centers
.75 cm above and below the midline of the rectangle. In Set B, they
were 1 cm above and below the midline. We included these two sets
to look at certain effects of discdminability; as it turned out, the
t~’o sets yidded virtually identical results, so the two sets will be of
no interest. All arrows .were in the horizontal center of the
rectangle. The configurations were viewed at 51 era in the center of
a 13 x 7 cm window of a modified Iconix tachistoscope. The
rectangle therefore subtended 5.6° of visual angle. Between trials,
the subjects looked at a 13 x 15 cm blank adaptation field. The test
field coincided with the lower 13 x 7 cm portion of that field.
The 40 subjects we used were high school and college age men
and women earning $2 or fulfilling a course requirement for
introductory psychology during the summer session at Stanford
University. The 20 subjects receiving Set A filled two complete
replications of the 10 x 10 Latin square design, one replication with
the "high"/"up" button on the left, and the other with the
"high"/"up" button on the right. The 20 subjects receiving Set B
fitted the same design. One additional subject was eliminated for
making more than 10°7o errors. Before each block of trials, the
subjects were told whether the task required position judgments or
direction judgments. They were encouraged to respond as quickly
as possible without making errors.

RESULTS
We analyzed the latencies in two ways. One was to
view the experiment as a card-sorting experiment ~ la
Garner and Felfoldy with only one mean latency per
task. The other was to view the individual displays as
critical and to examine the differences between
displays within each task as well. Obviously, the
Table: 1
Mean Latencies (in Milliseconds) for the
Five Direction Tasks
Task Name
Single dimension (Position 1)
Single dimension (Position 2)
Positively correlated dimensions
Negatively correlated dimensions
Orthogonal dimensions
Mean

Mean
471
453
436
520
511
478

Table 2
Mean Latencies (in Milliseconds) for the Five Position Tasks
Task Name

Mean

Single dimension (UP arrows)
Single dimension (DOWN arrows)
Positively correlated dimensions
Negatively correlated dimensions
Orthogonal dimensions

441
438
428
454
465

Mean

445

analyses by task and by display are not independent,
but they do raise different issues. For both analyses,
we averaged the latencies of each subject over the
correct responses to each display within each task and
used the resulting 960 means as our basic units of
analysis.

Analysis by Task
The mean latencies for the five direction tasks are
shown in Table 1, and those for the five position tasks
in Table 2. In an analysis of variance incorporating all
these latencies, there were only three reliable effects.
The five tasks differed from each other significantly,
F(4.152) : 23.66, p < .001. The position judgments
were 33 msec faster, on the average, than the
direction judgments, F(1,38) : 31.61, p < .001. And
there was a reliable interaction between tasks and
types of judgments, F(4,152) = 4.48, p < .005.
Somewhat surprisingly, there were no reliable main
effects or interactions that involved Sets A and B, and
so we can deal solely with the 10 means in Tables 1
and 2. Furthermore, among those 10 means, the five
tasks accounted tbr 57.0% of the variance, type of
judgment (position vs. direction) 30.4%, and their
interaction only 12.6°7o. Hence we are justified in
concentrating on the differences among the five tasks.
The two single dimension tasks, viewed as controls,
were not reliably different in either the direction or the
position judgments, F(1,152) : 3.04 and F < I,
respectively. Overall, they averaged 451 msec.
Compared to this mean, the positively correlated tasks
(432 msec) were significantly faster, whereas the
negatively correlated tasks (487msec) and the
orthogonal dimensions tasks /488 msec) were each
significantly slower. The positively correlated tasks
(432 msec) were theretbre significantly faster than the
negatively correlated tasks (487 msec). These four
comparisons yielded F(1,152) : 9.03, 32.42, 34.25,
and 56.75, respectively, w~th the first p < .005 and
the other three p < .001. For the direction judgments
alone, these four comparisons were all highly
significant, F(1,152) ----- 8.40.42.08, 20.02, and 66.19,
respectively, all at least p < .005. For the position
judgments alone, however, the same four comparisons
were smaller, F(1,152) ---- 1.51, 2.81, 8.46, and 6.34;
only the last two comparisons are significant, at
p < 005 and p < .025. respectively. Thus it is the
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Table 3
Mean Latencies (in Milliseconds) of Each Display in the Direction Judgments*
Position 2

Position 1
UP

Task
Single dimension
Correlated dimensions
Orthogonal dimensions
Mean

464
429
485
460

DOWN
477
524
525
509

(1.6)
(.3)
(2.5)

(1.6)
(2.8)
(4.4)

DOWN

UP
447
516
542

(1.6)
(4.4)
(8.8)

458
443
497
466

502

(1.2)
(.3)
(0)

Congruity
Effect
+0
+84
+42
+42

*Percentage errors in parentheses

consistently larger variation in the direction tasks that task in the earlier analysis by tasks; the 84-msec
accounts tbr the significant interaction between tasks congruity effect in Table 3 matches the 84-msec
and judgments noted earlier.
difference between the two tasks in Table 1. In effect,
then, we are separating out the positively and
Analysis by Display
negatively correlated displays in the single
Each of the four displays (the UP arrow at dimensional tasks and in the orthogonal tasks the
Position 1, tbr example) appeared in three direction same way we did in constructing the two correlated
tasks--a single dimension task. a correlated dimension tasks.
dimensions task, and the orthogonal dimensions task.
Taken together, the direction and position
That is, it appeared in the context of another arrow at judgments yielded a highly reliable congruity effect,
the same position, in the context of another arrow at averaging 34 msec, F(1,38) = 81.87, p < .001. The
the opposite position, and in the context of all three congruity effect was slightly larger for direction
remaining displays. Each display also appeared in judgments (42 msec) than for position judgments
three position tasks, one with single dimensions, one (25 msec), F(1,38) = 5.29, p < .05, but both were
\~ith correlated dimensions, and one with orthogonal highly reliable by themselves, F(1,48) = 63.82 and
dimensions. The mean latencies tbr each display 22.61, respectively, p < .001. What is important,
classified this way are listed tbr the direction however, is that the congruity effect varied
judgments in Table 3 and for the position judgments considerably with the classification of the displays.
in Table 4.
With direction and position judgments averaged
The main point of this analysis was to examine the together, the single dimensions tasks yielded the
"congruity effect." In our previous work (Clark & smallest congruity effect (7 msec), the orthogonal
Brownell, 1975), subjects were faster in direction dimensions tasks the next largest (38 msec), and the
judgments on UP arrows that ~ere high in the correlated dimensions tasks the largest (55 msec),
rectangle than on those that were 1o~; and they were F(2,70) ---- 14.04, p < .001. But this variation was due
faster on DOWN arrows that were low in the rectangle almost entirely to the direction judgments, as shown
than on those that were high. Arithmetically, the in the reliable interaction between judgments and
congruity effect in direction judgments is the mean of display classification, F(2,76) = 6.70, p < .005.
these t~ o differences in latencies. The congruity effect Taken separately, the direction judgments yielded a
m position judgments is analogous. In this analysis. highly significant variation in the congruity effect.
unlike the earlier study, we can compare the congruity F(2,76) ---- 20.74, p < .001, whereas the position
effects of displays in the three distinct contexts--in judgments did not, F(2,76) = 1.31, n.s. So, for
single dimension tasks, in correlated dimensions direction judgments, there is no congruity effect when
tasks, and in orthogonal dimensions tasks. The sizes position doesn’t vary over trials, but there is a
of these congruity effects are shown separately for substantial one when it does. For position judgments.
direction and position judgments in Tables 3 and 4. on the other hand, there is approximately the same
Note that i, the correlated tasks, the congruity effect congruity effect no matter whether the arrow’s
is exactly equivalent to the difference between the direction varies over trials or not.
positively correlated task and the negatively correlated
As in the analysis by tasks, Sets A and B yielded
Table 4
Mean Latencies (in Milliseconds) of Each Display in the Position Judgments*
Position 1
Single dimensions
Correlated dimensions
Orthogonal dimensions
Mean
*Percentage errors in parentheses

430
427
442
433

(.6)
(1.9)
(0)

UP
Position 2
451
461
485
466

(1.2)
(1.6)
(3.1)

DOWN
Position 1
442
447
481
457

(1.2)
(1.2)
(1.9)

Position 2
435
430
454
440

(1.2)
(1.9)
(1.2)

Congruity
Effect
+14
+26
+35
+25
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almost identical patterns, .and so they have not been
listed separately in ’Fables. 3 and 4. Actually, three
small interactions with Sets A and B reached
statistical significance, but they were only at the .05
level and none was larger than 9 msec. All were higher
order interactions with no ready interpretation and
did not in any way alter the trends in the congruity
effects we just examined.
The error rate overall was 1.8%, ranging from 0%
to 6.9% for individual subjects. The error rates for
each display are shown in Tables 3 and 4, but are so
low and unreliable that we did not analyze them any
further. Overall, the error rates by display correlated
.52 with mean latencies, indicating at least that there
was no severe speed-accuracy tradeoff that might go
against our conclusions.

it was direction that was the more discriminable and
also the more intrusive.
These findings are difficult to square with Garner’s
proposal, which leads to the prediction that position
should intrude on direction judgments, but not vice
versa. We found interference on both sides, and with
no hint even that position is more intrusive than
direction. So, for these two dimensions at least,
discriminability seems to be more important than
intrinsicality in determining how much one dimension
will intrude on the other.
Unexpectedly, however, position and direction
judgments diverged in one qualitative aspect. In
direction judgments, the congruity effect was nil
(0 msec) in the single dimension tasks, moderate
(42 msec) in the orthogonal dimensions tasks, and
very large (84 msec) in the correlated dimensions
DISCUSSION
tasks. For the position judgments, in contrast, the
congruity effect was virtually the same in all three
We have demonstrated that the position and types of tasks, 14, 35, and 26 msec. Why? The
direction of an arrow are perceptually integral explanation may lie in the nature of position and
dimensions of a rather novel variety. Like other direction as dimensions.
integral dimensions, position and direction were In our configurations, position is relative, and
judged more slowly when there was orthogonal direction is absolute. An .arrow is high or low only
variation along the other, irrelevant dimension. But relative to some outside standard. When height
unlike most other integral dimensions, position and changes from trial to trial, the observer should take
direction were judged more quickly when there was the middle of the rectangle as that standard, "seeing"
positively correlated variation along the irrelevant the arrow as either high or low. But when height
dimension, UP with high and DOWN with low, but doesn’t change, he can take the level of the arrow
itself as the standard, "seeing" the arrow as neither
more slowly when there was negatively correlated
variation. UP with low and DOWN with high. Here, high nor low. If this is so, height should intrude on
then, is one case where providing the subjects with a direction judgments in the first case, but not in the
redundant dimension helped or hindered depending second. This is just what we found. Likewise, an
on whether the two dimensions were correlated arrow points up or down relative to some standard
direction. But no matter whether direction does or
positivdy or negatively.
The integrality of position and direction appears to doesn’t change from trial to trial, the observer has
be roughly symmetrical. For our configurations, the only the directionality inherent in the display to take
two positions were slightly more discriminable than as the standard, and so he will always "see" an UP
the two directions UP and DOWN, for there was a arrow as pointing up and a DOWN arrow as pointing
440- to 462-msec advantage favoring position in the down. If this is so, dire, ction should intrude on
single dimension tasks, F(1,38) = 5.68, p < .025. position judgments about equally in the two cases.
Since position was more discriminable than direc- This, too, is just what we found. This explanation,
tion, position should more easily "intrude" on however, should be taken with some caution, for it is
direction judgments than vice versa (Clark & post hoc and requires further testing.
In this study, "up" was always assigned to the same
Brownell, 1975; Morgan & Alluisi, 1967), and it did.
Orthogonai variation in position slowed down hand as "high," and "down" to the same hand as
direction judgments by 49 rnsec, whereas orthogonal "low." Might this, along with the rapid succession of
variation in direction slowed down position judgments the 10 tasks, have fostered a correlation between
by only 25 msec, F(1,152) ---- 9.23, p < .005. The high-low and up-down and thereby produced our
positively correlated task exceeded the negatively findings artificially? We think not. In one of our
correlated task by 84 msec in direction judgments, earlier tasks (Experiment 1, Clark & Brownell, 1975),
but by only 26 msec in position judgments, F(1,152) subjects judged arrows as ]pointing "up" or pointing
: 53.88, p < .001. And the overall congruity effect "down" for configurations like those in Figure 1.
was larger for direction judgments (with position Without any mention of "high" or "low" in the
intruding) than for position judgments (with direction experiment, there was a substantial congruity effect.
intruding), 42 to 25 msec. In this study, then, position In a second task (Experiment 2), subjects read a
was more discriminable and therefore more intrusive. one-word instruction up or down and then judged
tn Experiments 3 and 4 of Clark and Brownell (1975), each configuration as "true" or "false" depending on
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whether the instruction was true or false of the arrow’s between two dimensions, we must be able to define a
direction. Without any mention of "high" and "low" directionality, an increasing scale, along both
and without even the overt responses "up" and dimensions. For example, we cannot define
"’down." there was again a substantial congruity directionality for hue (red. vs. blue) or shape
effect; furthermore, it had the same size and form as trectangle vs. circle), since neither dimension lies on a
the previous one. The response system does not seem directed scale. Indeed, directionality is a rather
to be the source of the congruity effect (see Clark & abstract property. Nothing intrinsic to the shape of an
Bro~ nell. 1975).
UP arrow says it is "increasing in value" in an upward
Evidence internal to the present study suggests that direction; rather, it is a symbol we take as standing for
there was little, if any, contamination from task to something moving or pointing upward. And nothing
task. A pure contamination explanation would intrinsic to an arrow’s position says it is positive in
predict the congruity effect to be just as large in the height; tbr this we must impute up-down
single dimension tasks as in the correlated dimension directionality to the surrounding rectangle and
tasks tTables 3 and 4). Yet, in the direction compare the arrow’s position to a point along that
judgments, the congruity effects were 0 and 84 msec, scale. Only when the arrow’s shape is interpreted as
respectively, a very large difference for these data. vertical direction and its position as height can the two
This explanation would have special trouble with the perceptual codes facilitate and interfere with each
0 msec effect here, because any contamination at all other from elements they have in common or in
from task to task would make this greater than 0. The conflict (see Clark & Brownell, 1975).
0- vs. 84-msec difference, indeed, underlies the main
Where else should positive correlations facilitate
result of the study: positive correlations facilitate, and and negative correlations interfere? It may be critical
negative correlations interfere. In the position that two dimensions have a central component of
judgments, the two effects were 14 and 26 msec, interpretation in common, just as height and vertical
respectively, more in line with the contamination direction have "verticality" in common. Height and
explanation. But why should contamination work horizontal direction, for example, should not show
from up-down to high-low and not vice versa? Nor can any strong congruity effects. In informal experiments,
contamination explain the other differences between we have found congruity effects for size and height,
the position and the direction judgments. So, even if with the component "extent" in common, but not for
there was some contamination from tasks to task, it length and vertical direction, with no obvious
does not compromise the main findings.
component in common. But it may not be critical that
At least two other studies have noted that direction the two dimensions belong to the same stimulus, as
of correlation makes a difference, but both studies the word integrality presupposes. Other investigators
turned up results exactly opposite to our own. (e.g., Bernstein & Edelstein, 1971; Simon & Craft,
Pomerantz and Garner (1973) had subjects sort the 1970) have found facilitation and interference even
tbur figures ( (, (), ) (, and ) ) into piles. They defined when the two dimensions were in separate stimuli and
the t~o dimensions in these figures to be the first and in different modalities--for example, visual height
second parentheses and compared, among other and auditory frequency (which is described as height).
things, sorting of the two positively correlated figures In this way, these findings are also akin to the
( ( and ) ) ~ ith sorting of the two negatively correlated well-kno~n Stroop effect (see Clark & Brownell,
figures () and )(. Subjects tbund the latter much 1975).
easier to sort, and according to Pomerantz and
Ultimately, these phenomena bear on several
Garner (1973) that was because the figures had important questions. What is the nature of the
entergent properties that made sorting easier. perceptual code? When are two dimensions
Similarly, Lappin, Bell, Harm, and Kottas (1975) had interpreted with coding components in common? How
people judge the spatial and temporal intervals are the various types of integrality related to the
bet~ een two dots. Subjects were much faster when the varieties of the Stroop phenomenon? When are two
space and time intervals were negatively correlated, dimensions combined into an emergent dimension?
making the dots appear to move at very different We need to answer these questions before we can
velocities, than when the two intervals were positively make sense of perceptual integrality in all its guises.
correlated, making the dots appear to move always at
the same velocity. As Lappin et al. argued, their
subjects used the emergent property, apparent dot
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