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In 1923, Max Wertheimer called attention to one of the 
fundamental problems of visual perception: How does the 
visual system organize the complex array of light striking 
the retinal mosaic into the coherent spatial array of objects 
that we experience when we view the world? Although 
Wertheimer did not by any means solve this complex and 
difficult problem, he did make substantial inroads by iden-
tifying a number of stimulus-driven principles of group-
ing. These include the well-known factors of proximity, 
similarity, good continuation, and common fate that are 
discussed in virtually all textbooks on vision (see, e.g., 
Palmer, 1999). Other principles of grouping have since 
been added to this list, including common region (Palmer, 
1992), element connectedness (Palmer & Rock, 1994a, 
1994b), and synchrony (Blake & Yang, 1997), but Wert-
heimer’s original article is still the definitive work.

The method Wertheimer (1923) used to investigate per-
ceptual grouping was phenomenological demonstration. 
He published displays that illustrated the principles he pro-
posed and left it up to readers to decide whether or not their 
phenomenology on viewing the displays agreed with the 
descriptions he gave in the accompanying text. Obviously, 
most people agreed, for Wertheimer’s principles of grouping 
are among the oldest, best-known, and most widely cited 
findings in perceptual psychology. The implicit agreement 
among his readers was sufficient for his purpose, which was 
simply to demonstrate the effectiveness of isolated stimulus 
factors in organizing individuated elements into groups.

There are two aspects of Wertheimer’s method that limit 
its usefulness for more sophisticated scientific purposes, 

however. One limitation is that it is qualitative rather than 
quantitative. That is, it generates no numbers that can be 
used to measure the strength of a single grouping factor 
or of the combined effect of multiple factors. This limi-
tation is important because Wertheimer’s principles are 
essentially ceteris paribus rules—rules that hold with cer-
tainty only when all else is equal in the sense that no other 
grouping factor differentially influences the outcome—
and ceteris paribus rules provide no way to predict the 
combined influence of multiple conflicting factors. Quan-
titative theories of multifactor integration are needed to 
overcome this problem, and such theories can be tested 
only with methods that allow grouping strengths to be 
quantitatively measured in both single-factor and multi-
factor designs.

A different limitation is that Wertheimer’s demonstra-
tion method is phenomenally based, or subjective, rather 
than physically based, or objective. The distinction we in-
tend to make between objective and subjective methods 
is simply that the former requires that there be observer-
independent (i.e., physically defined) correct responses 
to the stated task, whereas the latter requires only that 
there be observer-dependent (i.e., phenomenally defined) 
correct responses.1 At least for certain purposes, such as 
determining the accuracy of observers’ performance and 
any response biases that may exist, it is preferable to have 
a method that measures performance against a physically 
well-defined (objective) criterion rather than a purely 
phenomenal (subjective) one. Objective methods, for ex-
ample, would enable effective study of the extent to which 
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grouping processes are subject to strategic influences of 
various sorts (see, e.g., Beck & Palmer, 2002).

The first problem (i.e., the qualitative nature of stan-
dard grouping demonstrations) can be overcome by per-
forming an experiment in which one actually measures 
the proportion of trials on which different observers report 
perceiving each possible grouping outcome in an ambigu-
ous display. This approach has recently been employed 
with elegance and success by Kubovy and his associates 
(e.g., Kubovy, Holcombe, & Wagemans, 1998; Kubovy 
& Wagemans, 1995), by Kurylo (1997), and by our own 
laboratory (e.g., Palmer, Neff, & Beck, 1996; Palmer & 
Nelson, 2000; Rock, Nijhawan, Palmer, & Tudor, 1992). 
Such quantitative experimental methods do not alter the 
subjective nature of the task, however. Observers in such 
experiments are asked to report the grouping that they 
perceive on each trial, for which there is no objective, 
physically defined correct response. The probabilities of 
the various reports are simply computed within a well-
defined framework of phenomenal report.

One can introduce objectively correct responses into a 
grouping paradigm by requiring participants to report a 
particular physically defined kind of grouping and then 
measuring how long the responses take and/or how ac-
curate they are. For example, using complex displays of 
illusory figures induced by smaller elements, Palmer and 
Nelson (2000) required observers to discriminate group-
ing based on the orientation of the illusory figures on 
some blocks of trials and on the inducing elements on 
other blocks of trials. Thus they effectively forced partici-
pants to perceive the displays as grouped in a particular 
way before responding and then measured how long it 
took participants to make the required response. Another 
example is the detection paradigm developed by Field, 
Hayes, and Heiss (1993), which required participants to 
detect the presence or absence of strings of elements (as 
objectively defined by an algorithm devised by the experi-
menters) in a noisy display. The researchers then measured 
the accuracy with which such detections could be made 

under different conditions. The problem in both cases is 
that such tasks are necessarily at least somewhat removed 
from the basic phenomenon that the paradigm is aimed at 
understanding (i.e., spontaneous grouping in the absence 
of instructions about what should be perceived).

In the hope of fostering multiple converging methods 
for the study of grouping effects, the present article re-
ports a new objective method, which we call the repeti-
tion discrimination task (RDT). This method provides a 
physically defined correct response on a task that appears, 
superficially at least, to be unrelated to grouping and that 
can be studied under speeded performance conditions to 
generate quantitative measures of grouping strength. Par-
ticipants are presented with displays like the ones shown 
in Figure 1, each consisting of a single row of squares and 
circles that alternate except for a pair in which the same 
shape is repeated. (These displays are actually quite simi-
lar to those originally employed by Wertheimer in dem-
onstrating his principles of grouping subjectively.) The 
participants’ task on each trial is to determine whether the 
repeated shapes are squares or circles. This is an objective 
task because a physically defined fact allows observers’ 
responses to be classified as correct or incorrect. Re-
sponses are made by pressing a button—one for squares 
and another for circles—as quickly as possible.

Response time (RT) and accuracy in the RDT are typi-
cally measured in three different conditions. In within-
group trials, a grouping factor (such as common region, 
shown in Figure 1A) biases the target pair to be perceived 
as part of the same group. In between-group trials, the 
same factor biases the target pair to be perceived as part 
of two different groups (Figure 1B). In neutral trials, the 
factor is equalized and thus should not bias the pair one 
way or the other (Figure 1C). The primary expectation is 
that the target pair will be detected more quickly when 
its elements are in the same group than when they are 
in different groups. The difference in RTs between the 
within-group and the between-group trials can then be 
taken as a measure of the grouping effect of the manipu-
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Figure 1. The logic of the repetition discrimination task (RDT). Par-
ticipants should be faster at determining the shape of the repeated pair 
of elements when they are within the same group (A) than when they are 
within different groups (B), as defined by some grouping factor (here, 
common region). Performance on each can be compared to a neutral 
display (C) in which the factor is either absent or unbiased.
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lated factor. Performance on neutral trials is expected to 
be intermediate in RT, in such a way that consistent group-
ing produces faster responses and inconsistent grouping 
produces slower responses than do the neutral grouping 
trials. The latter prediction can be problematic in displays 
like those shown in Figure 1, because other differences 
may also influence RTs, such as the presence of the ovals 
in the within-group condition versus their absence in the 
neutral condition.

Notice that the response of the participant in the RDT 
is not superficially related to grouping at all, because the 
RDT directly measures how long it takes the participant 
to discriminate the shape of a repeated pair of elements. 
The RDT is therefore an indirect (or implicit) measure of 
grouping rather than a direct (or explicit) one, a distinc-
tion explored in some detail by Kubovy and Gepshtein 
(2003). The fact that the RDT is indirect is simultane-
ously a strength and a weakness. It is a strength because 
it may allow grouping effects to be studied without the 
participant’s being aware that grouping is the object of 
study, thus circumventing possible biases, demand char-
acteristics, and/or strategic effects that may be involved 
(see, e.g., Beck & Palmer, 2002). It is a weakness because 
it leaves the RDT open to the objection that it may not ac-
tually measure grouping at all. We will return to this issue 
in discussing Experiment 2, when we compare the results 
of the RDT directly with those of subjective ratings of 
grouping. We also hasten to add that we claim no special 
privilege for the RDT relative to other kinds of objective 
tasks one might employ. One could ask participants to de-
termine other properties of a given target pair—e.g., their 
color similarity or their left–right order rather than their 
shape similarity—and still have a paradigm that is sensi-
tive to grouping effects. We have found the RDT to be 
relatively simple to use and effective in producing robust 
effects that we believe are due to grouping.

The prediction that grouped pairs of repeated elements 
in the RDT will be discriminated faster than ungrouped 
pairs is related to the results of several other experiments 
that used quite different objective tasks. One task required 
participants to verify the presence of parts within whole 
figures (Palmer, 1977; Reed & Johnsen, 1975). For ex-
ample, Palmer (1977) found that three-line probes within 
connected six-segment figures were detected more quickly 
and accurately when the three-line probes constituted a 
natural part of the test figure than when they were spread 
over two different parts. He interpreted the results as in-
dicating that people could search for multiple elements 
more quickly when they were contained within the same 
perceptual part than when they were in different parts. An 
analogous difference in RTs is expected in the RDT (i.e., 
faster responses when the target pair is located within a 
single group than when it is between groups), except that 
the targets in the RDT are separate objects within uncon-
nected groups rather than parts within a single connected 
object.

Other findings relevant to the present paradigm come 
from experiments on object-based attention. In one of the 
earliest such studies, Duncan (1984) found that partici-
pants could better detect two different properties when they 

were part of the same perceptual object than when they 
were part of two different objects in the same general loca-
tion of the display. His findings indicate that participants 
can process information more efficiently when it comes 
from a single object than when it comes from multiple 
objects, consistent with the predictions of object-based 
theories of attention. Similar results supporting object-
based attention have since been reported by others using 
both discrimination tasks (e.g., Vecera & Farah, 1994) and 
detection tasks (e.g., Egly, Driver, & Rafal, 1994). If such 
effects generalize from objects to groups of separate ob-
jects, then within-group performance will be superior to 
between-group performance in the RDT. It is by no means 
clear, however, that the results from experiments either on 
object-part hierarchies (e.g., Palmer, 1977) or on object-
based attention (e.g., Duncan, 1984) guarantee similar ef-
fects for the looser perceptual groupings of spatially dis-
connected objects that are studied in the RDT experiments 
reported below. As Palmer and Rock (1994b) suggested, 
the grouping of multiple separate objects into superordi-
nate perceptual units in the present displays may unfold 
quite differently in time from the perception of uniformly 
connected objects in the displays employed by Duncan 
(1984), Egly et al. (1994), Palmer (1977), and Reed and 
Johnsen (1975). We therefore cannot simply assume that 
results analogous to those found in these other paradigms 
will also be found in the RDT.

In this article, we present five experiments that demon-
strate the usefulness of the RDT for studying the grouping 
of multiple disconnected objects. In Experiments 1 and 2, 
we validate the method using perhaps the best-known and 
most robust factor of grouping: proximity. In Experiment 3, 
we extend the method to grouping by color similarity as 
well as to the more recently reported factors of common 
region and element connectedness. In Experiment 4, we 
use the RDT to test a claim made by Palmer (1992) about 
the relative effectiveness of large versus small regions in 
grouping by common region. In Experiment 5, we use the 
RDT to tease apart different stimulus factors (size vs. ori-
entation) that were confounded in Experiment 4. The RDT 
proves to be a useful method capable of answering subtle 
questions about grouping that are difficult or impossible to 
answer using classical demonstration methods.

EXPERIMENT 1 
Grouping by Proximity

In the first experiment we decided to investigate par-
ticipants’ performance in the RDT when proximity was 
the factor used to induce the relevant grouping conditions: 
within-group versus between-group versus neutral. Prox-
imity was chosen because it is perhaps the most basic, 
robust, and well-studied of all grouping factors.

The stimulus set is illustrated in Figure 2. Each display 
consists of a row of nine elements (to save space, only seven 
are shown in Figure 2) that alternate between squares and 
circles except for a single pair of adjacent same shapes 
(always squares in Figure 2) somewhere within the middle 
five elements (always elements 5 and 6 in Figure 2). The 
design is defined by the orthogonal combination of the 
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target pair separation and the nontarget pair separation, as 
measured by the distance between the target elements (tar-
get pair separation) and the distance between one target 
element and its adjacent nontarget element (nontarget pair 
separation) in terms of the length of one side of a square. 
The stimuli along the positive diagonal are thus examples 
of equally spaced (neutral) arrays with different absolute 
spacing. The stimuli above this diagonal are examples of 
within-group arrays (in which the target pair separation 
is smaller than the nontarget pair separation) of different 
grouping strengths, and the stimuli below this diagonal 
are examples of between-group arrays (in which the target 
pair separation is larger than the nontarget pair separation) 
of different grouping strengths. The upper right display 
is thus the strongest within-group stimulus and should 
yield the shortest discrimination times, whereas the lower 
left display is the strongest between-group stimulus and 
should yield the longest discrimination times.

Method
Participants. Eleven naive participants took part in the experi-

ment for partial credit in an introductory psychology course.
Apparatus. Stimuli were displayed on an Apple Color Plus 14-in. 

color monitor via a Macintosh IIsi using PsyScope, a presentation 
programming language (Cohen, MacWhinney, Flatt, & Provost, 
1993). Participants sat approximately 2 ft (60 cm) from the monitor 
and responded by pressing one of two keys on a button box with 
their left or right index finger. The keys were labeled with a square 
or a circle and their positions (left vs. right) were counterbalanced 
over participants.

Design. The experiment was a five-way factorial, within-
 participants design. The factors included: target pair shape (square 
vs. circle), target pair separation (0.5, 1.0, or 1.5 side lengths), non-
target pair separation (0.5, 1.0, or 1.5 side lengths), target pair posi-
tion (elements 3–4, 4–5, 5–6, or 6–7, counting from the left), and 
the number of repetitions of the above conditions (1–8). The sides 
of the squares and diameter of the circles subtended approximately 
0.8º of visual angle, and the entire display subtended between ap-
proximately 10º and 16º of visual angle, depending on the separa-
tions used.

Procedure. The participants were read instructions that explained 
the task and encouraged them to respond as quickly as possible while 
keeping their error rate to no more than about 5%. Participants were 
shown examples of equal spacing, close spacing, and far spacing of 
the target pair as well as examples in which the position of the target 
pair varied. This acquainted the participants with these factors and 
the fact that they were irrelevant for the task to be performed. Par-
ticipants were then given 36 practice trials on the computer before 
the experimental trials began. The 576 experimental trials were then 
presented in 8 blocks between which participants were allowed to 
take a break if they wished.

The stimulus array was presented and left on until the participant 
responded. The array disappeared immediately after the response 
was made, and a 500-msec delay preceded the start of the next trial. 
If the response was incorrect, the computer beeped.

Results and Discussion
Each participant’s RTs were averaged over replications 

as a function of target pair separation, nontarget pair sepa-
ration, and target pair position, and they were submitted 
to an overall ANOVA. The results indicate that all main 
effects and interactions were highly significant: target 
pair separation [F(2,20)  50.54, p  .001], nontarget 
pair separation [F(2,20)  36.78, p  .001], target pair 
position [F(3,30)  59.03, p  .001], and interactions 
between target pair separation and nontarget pair separa-
tion [F(4,40)  23.42, p  .001], target pair separation 
and target position [F(6,60)  4.18, p  .01], and target 
pair separation, nontarget pair separation, and target posi-
tion [F(12,120)  1.95, p  .05]. The overall error rate 
was 3%.

The main results of interest are shown below the stimuli 
in Figure 2 and are plotted in Figure 3. Several findings 
are noteworthy. First, notice that the within-group con-
ditions (the three open squares in Figure 3) yielded, on 
average, faster RTs than the neutral conditions (the three 
filled circles) [F(1,10)  11.89, p  .01] and that the neu-
tral conditions yielded faster RTs than the between-group 
conditions (the three open diamonds) [F(1,10)  45.79, 
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Figure 2. Stimuli for Experiment 1 on proximity grouping. The separation between 
elements in the target pair and between adjacent nontarget elements was varied or-
thogonally to produce neutral conditions (along the positive diagonal), within-group 
conditions (above the positive diagonal), and between-group conditions (below the 
positive diagonal). (Actual displays contained nine elements rather than seven.)
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p  .001]. This is the predicted effect of proximity group-
ing on performance in the RDT, and it indicates that RTs 
in the RDT are a plausible measure of grouping effects. 
Second, notice that the responses in the neutral conditions 
are almost as fast as those in the within-group conditions. 
This probably occurred because the shape similarity of 
the target elements themselves produced some group-
ing in the neutral conditions. Therefore, shape similarity 
would tend to make the target pair group together and be 
perceived quickly even when proximity is neutral. Third, 
notice that there is a relatively clean division of the condi-
tions into those with fast RTs, consisting of the within-
group and neutral conditions (roughly 700–800 msec), 
and those with slow RTs, consisting of just the between-
group conditions (roughly 900–1,200 msec). This parti-
tion of the conditions seems to be a reasonable portrayal 
of the subjective organization of the stimuli, but we will 
defer further discussion of this issue until Experiment 2, 
in which we examine direct ratings of grouping for these 
stimuli.

There is an important and unavoidable confound in 
the present design that requires comment: The faster RTs 
in the within-group conditions necessarily correspond 
to shorter distances between the elements of the target 
pair, and the slower RTs in the between-group conditions 
necessarily correspond to longer distances. If RT were 
solely a function of absolute distance between elements 
of the target pair, with no grouping influences at all, one 
would still expect there to be differences in the predicted 
direction: within-group fastest, neutral intermediate, and 
 between-group slowest. Indeed, the data for the three neu-
tral conditions contain evidence that absolute distance 
matters, because performance was slower for the 1.5 side-
length spacing (788 msec) than for the 0.5 and 1.0 spacing 
(736 and 731 msec, respectively) [F(1,10)  29.72, p  
.001].

The overall pattern of results is not consistent with pre-
dictions based strictly on the distance between the target 
pairs, however. If it were, RTs should be affected only by 

the target pair separation and not by the distance between 
adjacent nontarget elements (nontarget pair separation). 
The problem with this alternative hypothesis in terms of 
absolute distance effects is perhaps most obvious for the 
1.0 condition of nontarget pair separation (i.e., the middle 
row of Figure 2). Because the distance between the target 
elements is 1.0 side lengths in each case, RTs should be 
the same, but they clearly were not. When the adjacent 
nontarget elements were closer (0.5 side lengths), RTs 
were about 180 msec slower than when the adjacent non-
target elements were the same distance (1.0 side lengths) 
or farther (1.5 side lengths).

Such interactions between target pair and nontarget pair 
separation show that it is the distance between the ele-
ments of the target pairs relative to the distance between 
adjacent nontarget elements that governs performance. Of 
course, one could maintain that it is not grouping per se 
that matters, but simply relative distances. There is no 
evidence against this interpretation in the present experi-
ment, but later we will present evidence of similar effects 
due to grouping by color, common region, and element 
connectedness in which relative distances are constant and 
equal (see Experiments 3–5). At this point, however, we 
acknowledge the ambiguity in interpretation and maintain 
that the results are consistent with either a grouping ac-
count or a relative distance account.

Figure 4 shows the effect of target position for within-
group, neutral, and between-group conditions. There is a 
very pronounced U-shape to these functions in all three 
grouping conditions, as indicated by the large effect of 
target position [F(3,30)  59.28, p  .001]. There was 
also a smaller interaction between grouping condition and 
target position [F(6,60)  4.55, p  .001], because the ef-
fect of target position was greatest for the between-group 
condition and smallest for the within-group condition. 
However, for all three conditions, when the target pair was 
in either of the central two positions, it was perceived sig-
nificantly more quickly than when it was in either of the 
outer two positions [Fs(1,10)  157.61, 70.32, 32.35, p  
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Figure 3. Results of Experiment 1 for separation conditions. 
Mean response times are plotted as a function of the nontarget 
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Between
group

Within
group

Neutral

700

800

900

1,000

1,100

R
es

p
o

n
se

 T
im

e 
(m

se
c)

600
3–4 4–5 5–6 6–7

Target Position

Figure 4. Results of Experiment 1 for target positions and 
grouping conditions. Mean response times are plotted as a func-
tion of the position of the target pair (x-axis) and the grouping 
condition (curves).



REPETITION DISCRIMINATION TASK    73

.001]. These differences presumably reflect either higher 
spatial resolution in central than in peripheral vision or a 
scanning strategy that begins in the center of the displays. 
Eye movements were not monitored, so we have no basis 
for deciding between these possibilities.

Another alternative to the grouping explanation that has 
been suggested is that participants were performing the 
task by detecting the symmetry axis, which always fell be-
tween the two identical elements, and then classifying the 
shapes of these two elements. Symmetry alone, however, 
would not produce the differences obtained between the 
within-group and between-group displays, because both 
displays were symmetrical about the same axis. Symme-
try is detected more rapidly and easily when elements are 
closer to the axis of reflection (Julesz, 1971), as they were 
in the within-group displays, and when the axis is close to 
the center of the display, where acuity is greatest. Again, 
the effect of distance would have to be based on relative 
rather than absolute displacement between elements to 
account for the obtained effects, as noted above, but an 
account based on distance effects in symmetry detection 
cannot be ruled out from the present data. We will return 
to this possibility in Experiment 3, in which several other 
grouping factors are studied, none of which involve differ-
ent distances between elements.

EXPERIMENT 2 
Subjective Ratings of Proximity Effects

Experiment 1 showed that grouping affects performance 
in the RDT as predicted and that the RDT may therefore 
provide a reasonable, objective, quantitative measure of 
grouping. To compare these results with a corresponding 
subjective grouping task, we used the same stimulus arrays 
in Experiment 2 and asked a different set of participants 
to rate the strength or degree of the grouping between the 
elements of the target pair in each display.

Method
Participants. Ten naive participants took part in the experiment 

for partial credit in an introductory psychology course.
Apparatus. The apparatus was the same as that used in 

Experiment 1.
Design. The experimental design was the same as that employed 

in Experiment 1.
Procedure. The participants were read instructions that asked 

them to rate each stimulus display in terms of “how easy or dif-
ficult it is to see that the row contains a pair of adjacent circles or 
squares” on a scale from 1 (very weak) to 9 (very strong). (For a full 
description of the rating instructions, see the Appendix.) Participants 
recorded their ratings using the numerical keys on the computer key-
board. Displays remained visible until the participants made their 
responses.

Results and Discussion
The main results of interest are plotted in Figure 5. Sig-

nificant differences in mean ratings are evident for the ef-
fects of target pair separation [F(2,18)  74.98, p  .001], 
nontarget pair separation [F(2,18)  32.75, p  .001], 
and their interaction [F(2,18)  3.72, p  .05]. There is 
a strong negative correlation with the corresponding data 

from Experiment 1 (r  .92, p  .001], indicating that 
high ratings in this experiment corresponded closely with 
short RTs in Experiment 1. All of this is as it should be.

Even so, there are some noteworthy differences be-
tween the rating data (Figure 5) and the corresponding 
RT data in Experiment 1 (Figure 3). First, the interaction 
between target pair separation and nontarget pair separa-
tion is much less pronounced here than in Experiment 1. 
Indeed, the rating data look very nearly additive with 
respect to these two factors, and the interaction between 
target and nontarget pair separation is only marginally sig-
nificant. Second, the rating data are less categorical with 
respect to grouping than the RDT RTs. By this we mean 
that the rating data provide less evidence of a clear divi-
sion into those arrays in which the target pair elements 
were grouped together versus those in which they were 
not. There is a cut at a rating of about 5.4 that separates the 
within-group and neutral conditions from the between-
group conditions, but the separation is quite narrow and 
there is a lot of variation within the conditions that are 
separated by this cut. It is not clear how to interpret these 
differences, however. They may be substantive, but they 
might also arise simply from a nonlinear relation between 
ratings and RTs. Because we have no reason to believe that 
this relation should be linear, we will tentatively assume 
that nonlinearities are the cause.

Figure 6 shows the effects of target position on the rat-
ing data. Although the U-shape of these functions is not 
as pronounced as the corresponding positional effects in 
the RT data (Figure 4), these functions are nevertheless 
reliable, both as a main effect [F(3,27)  5.87, p  .01] 
and in their interaction with grouping condition [within-
group, neutral, and between-group conditions, F(6,54)  
2.55, p  .05]. The difference in the size of these effects 
may be attributable to a nonlinear relation between ratings 
and RTs; it may also plausibly reflect the fact that par-
ticipants were able to look at the displays in Experiment 2 
for an extended period of time and make eye movements 
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to the target pairs, thus attenuating positional effects in 
Experiment 1 caused by differential visibility at different 
retinal positions.

The agreement between the results of Experiments 1 
and 2 is perhaps not as strong as one would have expected, 
but it is nevertheless substantial enough to support the 
conclusion that the RDT is measuring something closely 
akin to grouping strength. Indeed, there are certain re-
spects in which the data from the RDT appear to conform 
more closely to the categorical grouping one expects 
a priori than to the more graded structure of the explicit 
rating data.

We should emphasize that the subjective rating data are 
not necessarily the more accurate reflection of participants’ 
perceived grouping. In rating the displays, participants may 
have adopted an evaluation strategy that was more cogni-
tive than perceptual. The fact that the ratings followed the 
experimental factors very closely may be due to partici-
pants’ realizing what factors were being manipulated and 
making their ratings accordingly. For example, even if they 
perceived the within-group and neutral conditions as more 
similar, participants may have used the precise distance 
relationships in the displays to spread their ratings more 
evenly over the 9-point scale.

EXPERIMENT 3 
Color Similarity, Common Region,  

and Element Connectedness

The third experiment uses the RDT to examine group-
ing based on three other factors: color similarity, common 
region, and element connectedness. Figure 7 shows a small 
sample of the stimuli, including a single neutral condition 
(Figure 7A) and one within-group and one between-group 
condition for each factor we studied (Figures 7B, 7C, and 
7D). One reason for studying these factors was to dem-
onstrate that the results of Experiment 1 are not restricted 
to grouping by proximity. This is particularly important 
because of the confound between relative distance and 

grouping that was mentioned in the discussion of Experi-
ment 1, both as an explanatory factor by itself and in con-
junction with the symmetry-based alternative explanation 
to grouping. All three of the factors in Experiment 3 pro-
duce grouping with equal spacing between the elements. 
Indeed, common region actually induces a slight distance 
illusion, as readers may be able to verify by inspecting 
Figure 7C, in which the grouped elements within the same 
oval appear to be slightly farther apart than the adjacent, 
nongrouped elements in different ovals. Common region 
therefore provides a particularly strong test of the hypoth-
esis that the results of Experiment 1 can best be explained 
by general grouping effects or by relative distance effects, 
either alone or in conjunction with an account in terms of 
symmetry.

Color similarity (Figure 7B) was studied because it is 
another well-established classical grouping factor that can 
produce very robust grouping effects. Common region 
(Figure 7C) and element connectedness (Figure 7D) are 
more recently described grouping variables (Palmer, 1992; 
Palmer & Rock, 1994b) that have not yet received much 
study. Another reason for choosing these particular factors 
is that color similarity, like proximity, is an example of 
what Palmer (1992) called intrinsic grouping variables, 
whereas common region and element connectedness are 
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examples of extrinsic or induced grouping variables. The 
distinction is that intrinsic grouping factors are based on 
the properties of the grouped elements themselves (e.g., 
their positions and their colors), whereas extrinsic group-
ing factors are based on relations between the target ele-
ments and other contextual elements that induce them. 
Grouping by common region, for example, is induced by 
the presence of the ovals that surround certain pairs of ele-
ments in the displays, and grouping by element connect-
edness is induced by the bars that connect certain pairs 
of elements. The results of the present experiment thus 
will allow us to examine whether systematic differences 
emerge between intrinsic and extrinsic grouping factors 
within the RDT paradigm.

Method
Participants. Ten naive participants took part in the experiment 

for partial credit in an introductory psychology course.
Apparatus. The apparatus was the same as that used in 

Experiment 1.
Design. The experimental design was the same as that employed 

in Experiment 1 except that color similarity, common region, and 
element connectedness were the grouping factors employed.

Procedure. The procedure was the same as that followed in Ex-
periment 1 except for the difference in the stimulus materials.

Results and Discussion
The primary data of interest are shown in the histograms 

in Figure 8. In all three cases, the within-group conditions 
yielded significantly faster RTs than the between-group 
conditions [F(1,9)  52.9, p  .001 for color similarity; 
F(1,9)  18.0, p  .01 for common region; and F(1,9)  
6.65, p  .05 for element connectedness]. These differ-
ences demonstrate that these factors, in addition to prox-
imity, produce RTD effects consistent with predictions 
based on subjective grouping. None of the factors in the 
present experiment produced differential spacing, further 
demonstrating that RDT effects can be obtained in cases in 
which they cannot be explained by relative distance. The 

fact that common region and element connectedness also 
produced differences in the predicted direction for within-
group and between-group conditions also argues against 
an explanation in terms of symmetry. The within-group 
and between-group displays in these two conditions are 
equally symmetric, with no differences in distance from 
the central axis, so it is not clear how symmetry could 
explain the effects obtained by these conditions.

The pattern of results for the neutral conditions versus 
the within-group and between-group conditions differs 
among the three factors. Color similarity produced the 
same basic result as proximity in Experiment 1: within-
group conditions yielded RTs that were slightly but not 
significantly faster than those obtained from the neutral 
conditions [F(1,9)  0.64, p  .55], whereas between-
group conditions yielded RTs that were much slower than 
those obtained from the neutral conditions [F(1,9)  
77.37, p  .001]. Common region produced a markedly 
different pattern: neutral conditions produced RTs that 
were faster than those obtained from both the within-
group [F(1,9)  20.78, p  .01] and the between-group 
[F(1,9)  45.79, p  .001] conditions. The same was true 
for element connectedness [Fs(1,9)  50.64, 76.71, ps  
.001]. The faster responses to neutral conditions in the 
latter two cases may be due to the fact that the inducing 
 elements—i.e., the ovals in common region and the bars in 
element connectedness—were absent in the neutral con-
ditions, making the neutral conditions simpler and less 
cluttered than the within-group and between-group con-
ditions. Thus in neutral conditions, ignoring the inducing 
elements may not have required any attentional selection, 
and these conditions may therefore have been processed 
more quickly.

These differences in relation to the neutral trials are con-
sistent with Palmer’s (1992) distinction between intrinsic 
and extrinsic grouping. The two intrinsic principles we 
have studied (proximity and color similarity) showed the 
predicted pattern: Performance on the neutral trials was 
intermediate between the within-group and the between-
group trials. The two extrinsic principles (common region 
and element connectedness) showed a different pattern: 
Performance on neutral trials was faster than that on either 
within-group or between-group trials. With only two ex-
amples of each type in hand, drawing any firm conclusion 
would be premature, but the differences suggest signifi-
cantly different processing.

EXPERIMENT 4 
Size Effects in Grouping by Common Region

The fourth experiment employs the RDT to settle an 
empirical question that has been raised but is difficult to 
answer using phenomenological demonstrations: What 
happens when two different organizations compete in the 
same display? In the original article on grouping by com-
mon region, Palmer (1992) included figures in which two 
versions of common region conflicted with each other 
(see Figures 9C and 9D). Based on his subjective expe-
rience, Palmer suggested that the small ovals provided 
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stronger grouping, but admitted that such phenomeno-
logical evidence was insufficient to decide the issue. The 
RDT provides a more precise method for addressing this 
question. In the present experiment, the small and large 
ovals were arranged so that they competed with each other 
in influencing the perceived organization of the squares 
and circles. The empirical issue of whether grouping ef-
fects are stronger within the large ovals or the small ones 
amounts to asking whether observers are faster at detect-
ing the adjacent squares (or circles) when they are within 
the large ovals or the small ones. To determine whether 
any advantage for small or large ovals extended to condi-
tions without competition, the same (within-group) dis-
plays were presented with just the small ovals (Figure 9A) 
or just the large ovals (Figure 9B) as control conditions.

Method
Participants. Thirteen naive participants took part in the experi-

ment for partial credit in an introductory psychology course.
Apparatus. The apparatus was the same as that used in 

Experiment 1.
Design. Three types of common region displays were used: small 

ovals only (Figure 9A), large ovals only (Figure 9B), and competing 
small and large ovals (Figure 9C). These three common region types 
were combined with the following factors: (1) common region of the 
target pair [for competing oval displays, small oval (e.g., Figure 9C) 
vs. large oval (e.g., Figure 9D); for small and large oval displays, 
within-oval (e.g., Figure 9A) vs. between-ovals (e.g., Figure 9B)]; 
(2) shape of the target pair (squares or circles); (3) position of the 

target pair (elements 3–4, 4–5, 5–6, or 6–7, counting from the left); 
and (4) repetitions (1–4).

Procedure. The procedure was basically the same as that fol-
lowed in Experiment 1 except for the difference in the stimulus ma-
terials. All three common region types were randomly intermixed 
within a block. Participants were given instructions analogous to 
those in Experiment 1 and received practice on 48 trials.

Results and Discussion
The main result of interest is whether, for the compet-

ing displays, the participants were faster in determining 
the shape of the target pair when both target elements 
were within the large oval or when both were within 
the small oval. The data (see Figure 10) unequivocally 
show faster responses to target pairs within the small 
ovals (1,068 msec) than to those within the large ovals 
(1,326 msec) [F(1,12)  33.51, p  .001]. If we assume 
that these measures of performance in the RDT reflect the 
relative strength of grouping, as argued from the results of 
the first three experiments, then the RDT gives a clear and 
decisive answer to the question of whether large or small 
ovals are more effective in grouping by common region: 
The small ovals dominate perceived grouping.

Interestingly, the opposite effect is present for the non-
competing, single-oval displays. When the target pair was 
located within the same large oval, participants were faster 
(928 msec) at determining the shapes than when the tar-
get pair was located within the smaller ovals (975 msec) 
[F(1,12)  9.61, p  .01]. This small advantage may be 
related to the advantage for the neutral condition over the 
common region conditions in Experiment 3; that is, the 
large ovals produced less crowded displays than the small 
ovals and may therefore have required less attentional se-
lection. The increase in RTs to the small oval displays thus 
may reflect an overall cost of attentional filtering.

Regardless of the reason for the large oval advantage in 
noncompeting displays, it is clear that placing the ovals in 
competition is essential to obtaining the small oval advan-
tage. Alone, both oval sizes effectively group the stimulus, 
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Figure 9. Example stimuli for Experiment 4. Repeated pairs 
were presented within small ovals alone (A), within large ovals 
alone (B), within small ovals and between large ovals (C), or 
within large ovals and between small ovals (D). (Actual displays 
contained nine elements rather than seven.)
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but when the ovals are placed in direct conflict with each 
other, smaller ovals produce much stronger grouping.

EXPERIMENT 5 
Size Versus Orientation Effects in Grouping  

by Common Region

Unfortunately, there is a confound in the stimuli used 
in Experiment 4 that clouds the conclusion that size mat-
ters in grouping by common region: The smaller ovals 
were oriented horizontally, along the configural line of 
elements, whereas the larger ovals were oriented verti-
cally, perpendicular to the configural line of elements. It 
is therefore possible that the crucial factor in the results of 
Experiment 4 was the orientation of the ovals rather than 
their size.

Experiment 5 uses the RDT to resolve this issue. We 
designed a set of stimuli that orthogonally varied the size 
and orientation of the inducing ovals, as shown in Fig-
ure 11. The contours of the enclosing regions were either 
ovals or circles and the relative sizes of the regions were 
either the same as or different from each other.

Method
The methods were the same as those employed in Experiment 4 

except for the differences in stimulus displays. Thirteen naive par-
ticipants took part in the experiment for partial credit in an introduc-
tory psychology course.

Results and Discussion
The primary data of interest are shown under the stim-

uli in Figure 11. The upper number beneath each display 
indicates the mean RT required to discriminate the shape 
of the target pair when it was located between groups de-
fined by the small and/or horizontal ovals, and the lower 
number indicates the RT when the pair was located within 

groups defined by the small horizontal ovals. The RT dif-
ference between these two measures, indicating the extent 
to which the smaller and/or horizontal ovals dominated 
the larger and/or vertical ones, is indicated to the right 
of the raw data. The pattern of results indicates that both 
size and orientation appeared to play a role. When the dif-
ference scores were subjected to an ANOVA, collapsed 
over all other factors, there were main effects of both size 
[F(1,12)  34.53, p  .001] and orientation [F(1,12)  
18.58, p  .01], as well as an interaction between them 
[F(1,12)  9.71, p  .01] such that the combination of 
small and horizontal ovals produced an even greater RT 
difference than either small or horizontal ovals presented 
alone. Clearly, both size and orientation matter.

Summary and Conclusion
We have presented the results of five experiments that 

employ the RDT to study grouping phenomena in an 
objective, quantifiable way. Experiment 1 showed that 
proximity grouping produced the predicted differences 
in RTs for within-group versus between-group condi-
tions, although the results were open to an alternative 
interpretation in terms of relative distance effects. Experi-
ment 2 showed that the data from Experiment 1 were at 
least qualitatively similar to subjective ratings of group-
ing strength with the same displays. Experiment 3 fur-
ther demonstrated RDT effects with three other grouping 
factors—color similarity, common region, and element 
connectedness—that did not have the relative distance 
confound present in Experiment 1. Further, the pattern of 
results for the neutral versus within-group/between-group 
conditions in Experiments 1 and 3 suggests a measurable 
difference between intrinsic grouping factors (e.g., prox-
imity and color similarity) and extrinsic grouping factors 
that is unlikely to be noticed in standard phenomenologi-
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cal demonstrations. Experiments 4 and 5 showed how the 
method can be used to get clear answers to two empirical 
questions about grouping by common region that are not 
easily decided by phenomenology. The analysis of RDT 
RTs provides clear evidence that both the size and the ori-
entation of an enclosing region are important variables 
in grouping by common region and that their combined 
effect is superadditive.

We believe that the RDT will prove to be an important 
tool in the experimental analysis of perceptual grouping. 
The RDT is likely to be useful in solving grouping prob-
lems that involve discovering the integration rule when 
multiple factors are simultaneously present. Experiments 4 
and 5 addressed a very simple example of this sort. Such 
problems require quantitative data so that mathematical 
models of integration may be tested in rigorous ways. The 
RDT has already been used to address the class of prob-
lems that involve determining whether grouping is a truly 
obligatory, bottom-up process, or whether it is “cognitively 
penetrable” in the sense of being subject to strategic effects 
under voluntary control (see Beck & Palmer, 2002). Per-
haps the RDT method, in conjunction with other quantita-
tive objective methods, will enable the understanding of 
grouping to move beyond the purely qualitative limits of 
standard phenomenological demonstrations.
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NOTE

1. We note that the difference is not, as is often supposed, that objec-
tive tasks have correct answers and subjective ones do not. Both have 
correct answers. The difference is that the correct answer in an objective 
task can be defined independently of the observer, based on some physi-
cal fact (e.g., which of two displays is larger or brighter), whereas the 
correct answer in a subjective task can be defined only for a particular 
observer at a particular moment, based on a phenomenal or experiential 
fact (e.g., which of two displays appears more beautiful to the observer). 
We note further that in both cases, observers must make their responses 
based on phenomenal impressions (e.g., which display appears larger 
or brighter or more beautiful). The only difference between objective 
and subjective tasks lies in whether there is some other, physically well-
 defined fact of the matter that allows observers’ responses to be classi-
fied by the experimenter as correct or incorrect. This classification is 
possible for 2AFC judgments of size or brightness but not for 2AFC 
judgments of beauty.

APPENDIX 
Rating Instructions for Experiment 2

In this experiment we will want you to rate the degree to which 
it is easy or difficult to see that the row contains a pair of circles 
or a pair of squares. You will rate the degree of ease on a 9-point 
scale. If the pair stands out very well it should get the maximal 
rating of 9. If, on the other hand, the same shape pair is difficult 
to see, it should get the minimal rating of 1. All intermediate 
ratings will get numbers between 1 and 9. Thus, a rating of 5 
would be given to a row which seems to you to be about halfway 
between a very easy row and a very hard row. You will see a 
wide range of examples, so please try to use all of the numbers 
between 1 and 9.
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