
1 Introduction
Since the initial formulation of grouping principles within the framework of the Gestalt
theory, researchers have attempted to determine the interaction between principles (Koffka
1935/1963; Ko« hler 1920/1938; Wertheimer 1923/1938), although the quantitative study
of this issue only has been developed recently.

Several studies have attempted to quantify the interactions between grouping principles
and to examine how the grouping effect of principles acting alone combines when
they are conjoined. Recently, Kubovy and van den Berg (2008) performed a thorough
review of these studies, examining whether the previous results are compatible with
additive effects of grouping or, on the contrary, the combination of grouping principles
generates no additive emergent patterns, as suggested by classical Gestalt psychologists
(eg Koffka 1935/1963).

In their review, Kubovy and van den Berg (2008) distinguished between two strat-
egies used in the study of this issue: the trade-off strategy and the proximity-first
strategy. The trade-off strategy consists of measuring the strength of grouping principles
acting alone at the same time as that of conjoined principles (Claessens and Wagemans
2005; Hochberg and Hardy 1960; Hochberg and Silverstein 1956; Oyama and Miyano
2008; Oyama et al 1999; Quinlan and Wilton 1998). The results of studies using the
trade-off strategy can provide information on compatibility of data with additive effects
of grouping principles, but they cannot determine definitely whether or not grouping
principles are combined additively (see Kubovy and van den Berg 2008, for a review
and reanalysis of previous data).

The proximity-first strategy consists of first measuring the strength of grouping
by proximity (Kubovy et al 1998; Kubovy and Wagemans 1995; Oyama 1961) and then
studying the relation between proximity and other grouping principles (Kubovy and van
den Berg 2008). Using this strategy, Kubovy and van den Berg developed a definitive
procedure to measure separately the grouping strength of each principle alone and that of
conjoined principles and also to determine whether the combined effects of grouping
principles are additive. They manipulated relative proximity and relative luminance, and
their results showed that the relations between conjoined principles are additive, and that
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each principle contributes independently to grouping. That is, the conjoint effect of
grouping by proximity and luminance similarity is the sum of their individual effects.

All of the studies in this line of research have examined the interactions between
classical Gestalt principles (proximity, similarity, etc). Interestingly, Palmer (1992) distin-
guished between intrinsic grouping principles (most of the classical principles) and a
new set of grouping principles that he called extrinsic grouping principles. According
to Palmer, intrinsic principles are based on intrinsic relations between the properties
of the grouped elements (eg their shape, position, colour, etc). In contrast, extrinsic
principles are based on relations between the elements and other external elements that
induce them to group. For example, identical elements equally spaced in a display
tend to be grouped together when they are located within the same spatial region (group-
ing by common region proposed by Palmer 1992) or when they are connected by lines
(grouping by connectedness proposed by Palmer and Rock 1994a, 1994b). Although
extrinsic grouping principles have not received much attention, it has been suggested
that they could constitute a different kind of principle (Palmer 1992) and that they may
operate differently from intrinsic principles (Palmer and Beck 2007).

One important issue which, to our knowledge, none of the studies have examined to
date, is the interactions between intrinsic and extrinsic grouping principles in the process
of perceptual organisation. The aim of the present study is to examine how the extrinsic
principle of common region and intrinsic principles of proximity and similarity interact
and combine, and whether the pattern of results is compatible with additive effects of
grouping principles.

To examine the interactions between intrinsic and extrinsic grouping principles in
the present study, we used a procedure similar to that of Quinlan and Wilton (1998).
These authors used a trade-off strategy to examine the interaction between grouping
by proximity and grouping by similarity in shape or colour. They presented different
displays formed by seven elements in which grouping principles acted alone or were
conjoined under cooperation and competition conditions. The participants' task was to
rate the degree to which the central element (the target) grouped with the elements on
the left or on the right, using a rating scale. Quinlan and Wilton's results showed that,
when grouping by proximity and colour similarity were used, the grouping effect of prin-
ciples conjoined in such a way that their cooperation was greater than that of principles
acting alone, whereas the grouping effect of principles conjoined so that they were in
competition was less than that of principles acting alone. Lastly, the combination of
proximity and shape similarity followed a different pattern: the grouping effect of proxim-
ity acting alone did not differ from that of the cooperation condition, and there was no
grouping effect in shape acting alone or in the competition conditions.

In the present work, we conducted an experiment in which intrinsic (similarity or
proximity) and extrinsic (common region) principles acted alone or were conjoined
with other principles. In this experiment, the relative salience of principles acting alone
was similar in order to avoid its influence on interactions, given that the results of
preliminary experiments in our lab suggested that the relative salience of principles
acting alone can affect the interactions when they are combined in the cooperation
or the competition conditions. When principles acting alone are very different in salience,
the grouping effect of the strongest principle acting alone is similar to that of cooper-
ating conjoined principles, whereas the grouping effect of the weakest principle acting
alone is similar to that of competing conjoined principles. On the other hand, the
relative salience can affect the dominance of intrinsic or extrinsic grouping principles
in the competition condition. When principles acting alone are similar in salience,
there is no dominance of intrinsic or extrinsic principles, whereas when there are large
differences in salience, the more salient principle dominates the organisation and wins
the competition.
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We chose the extrinsic principles of common region and the intrinsic principles of
proximity and similarity, because all of them produce element aggregations in which
the elements maintain their perceptual independence despite their relationships with the
other elements in the group (Palmer 1999). There were two types of conjoining condi-
tions: (i) cooperation, when two grouping principles are conjoined so that they cooperate,
strengthening grouping on the same side of the pattern and leading to stable perceptual
organisation; and (ii) competition, when two grouping principles are conjoined so that
they compete and operate against each other, leading to unstable and ambiguous
perceptual organisation that fluctuates between grouping the central element with the
elements on the left or on the right. Examples of these conditions are shown in figure 1.

1. No shape similarity and no proximity

2. No shape similarity and no proximity

3. No luminance similarity

4. No luminance similarity

5. No common region

6. Shape similarity only

7. Luminance similarity only

8. Proximity only

9. Common region only

10. Shape similarity and common region

11. Luminance similarity and common region

12. Proximity and common region

13. Shape similarity vs common region

14. Luminance similarity vs common region

15. Proximity vs common region

No grouping conditions

Grouping principles acting alone

Combined grouping principles

A. Cooperation

B. Competition

Figure 1. Examples of the displays used in the experiment. Displays 1 ^ 5 are examples of
no-grouping conditions; displays 6 ^ 9 are examples of grouping principles acting alone condi-
tions; displays 10 ^ 12 are examples of the cooperation between principle conditions; and displays
13 ^ 15 are examples of the competition between principle conditions.
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According to Kubovy and van den Berg (2008), in this kind of experiment, the following
relations to additivity could be inferred from the results: (i) compatibility of data with
additive effects of grouping principles could be inferred when the strength of conjoined
cooperating principles is greater than the strength of either grouping principle operating
alone, and the strength of conjoined competing principles is less than the strength of
either grouping principle acting alone; (ii) no incompatibility could be inferred when the
grouping effect of conjoined cooperating principles is not stronger than that of either
principle acting alone, and the grouping effect in the competition condition is not
weaker than that of principles acting alone; and (iii) incompatibility could be inferred
when the grouping effect of conjoined cooperating principles is weaker than that of
either principle acting alone, and the grouping effect of conjoined competing principles
is stronger than that of principles acting alone.

2 Method
2.1 Participants
Twenty-two undergraduate students from a third-year course in Psychology participated
in the experiment and received course credits for their participation. All of them had
normal or corrected-to-normal vision. The study was approved by the Local Ethics
Committee and conforms to the Declaration of Helsinki.

2.2 Apparatus
The experiment was run in collective sessions of about fifteen participants in a multi-
media laboratory. The stimuli were presented on 17-inch colour computer displays
with a 75 Hz refresh rate and a screen resolution of 10246768 pixels controlled by
microcomputers running E-prime 1.2 software (Psychology Software Tools, 1996 ^ 2002).
Viewing distance was about 60 cm.

2.3 Stimuli
Each display was made up of seven elements arranged in a row; the central element was
the target. The other six elements were organised into two cohorts (right or left, made
up of three elements flanking the target). The shapes used were squares (10 mm610 mm)
and circles (10 mm in diameter), which subtended 1.0 deg at a viewing distance of 57 cm.
The distance between the elements was 2.5 mm. The shapes were black and presented
on a white background with the exception of stimuli used to generate luminance similar-
ity, which were filled squares with two values of luminance (220 and 148 RGB). A pattern
mask was presented following each display. The mask consisted of black and white
squares (0 and 255 RGB, respectively) for all the displays except for luminance
displays, in which the mask was made up of a 2968 matrix checkerboard of
squares with three different values of luminance distributed proportionally (142, 184,
and 220 RGB).

Several displays were presented: examples of the displays are shown in figure 1.
In the no-grouping displays, it was not possible to group the central target with the
elements on the right or on the left by means of a grouping principle. In the principle
acting alone displays, the target can be grouped with elements on the right (rightward
displays) or on the left (leftward displays) by means of only one principle (proximity,
similarity, or common region). Lastly, in the conjoined principle displays, two grouping
principles (one intrinsic and one extrinsic) were combined. In the conjoined cooperat-
ing displays, the two principles cooperate to group the target with the elements on
the right or on the left. In the conjoined competing displays, the two principles compete
to group the target with the elements on the right or on the left.
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2.4 Procedure and design
General verbal instructions were provided to each group at the beginning of the session.
Additionally, comprehensive instructions were provided on the computer screen at the
start of the experiment proper. Participants were instructed to rate the degree to which
the central element (the target) grouped with either the right or the left flanking elements
on a 9-point rating scale. They were told that a value of 5 represented their perception
that the target did not group either with the elements on the left or on the right,
ratings lesser than 5 implied that the target tended to group with the elements on
the left, and ratings greater than 5 indicated that the target tended to group with the
elements on the right. Subjects were instructed to consider the distance from 5 directly
proportional to the strength of grouping.

Each trial started with the presentation of a cross-shape fixation mark at the centre
of the screen; 1000 ms later, the rating display was presented for 200 ms and replaced
by a checkerboard mask for 250 ms. The mask completely overlapped the position of
the shapes in the displays. When the mask was removed, nine squares with digits inside
from 1 to 9 were displayed. Once the sequence ended, a new trial began. Participants
had to make their ratings by clicking the mouse on the square containing the chosen
number without response time demand. The displays were masked and presented with
brief exposure duration to induce participants to respond to their immediate visual
impression of stimuli.

We conducted a single large experiment in which all the principles acting alone
(shape similarity, luminance similarity, proximity, and common region) had the same
grouping magnitude, and all the principles acting alone as well as the combinations
were within-subject variables.(1). Four experimental conditions were presented, corre-
sponding to the described displays: no grouping, grouping principles operating alone,
and grouping principles conjoined with other principles under conditions of coopera-
tion or competition. Examples of these conditions are shown in figure 1. Each block
of trials consisted of a random presentation of all the displays (rightward and leftward
displays): no proximity displays, grouping principle acting-alone displays, and combined
principle displays (cooperation or competition). There were 38 practice trials, and four
experimental blocks consisting of 46 trials each.

2.5 Results and discussion
The scores were transformed following the procedure described by Quinlan and Wilton
(1998). For this purpose, a dominant cohort was defined as that which contained the
target in each grouping display. Leftward displays contained the dominant cohort at
the left, and rightward displays contained the dominant cohort at the right. In the
principle acting-alone displays, the dominant cohort was defined by each group-
ing principle. For example, the dominant cohort in the shape-only displays was defined
as that which had the same shape as the target element (display 6 of figure 1), whereas
in the conjoined cooperating principle displays, the dominant cohort was defined by
both the two conjoined principles, for example, shape similarity and common region
(display 10 of figure 1). In the conjoined competing displays, the dominant cohort was
determined arbitrarily and assigned to the common region principle (displays 13, 14,
and 15 of figure 1). Ratings were transformed on a scale ranging from ÿ4 to 4, which
reflected the strength of grouping the target with the elements on the right or on
the left.

(1) A preliminary pilot experiment in which different levels of shape (squares ^ circles, squares ^
rounded squares), luminance (148 ^ 220 RGB, 160 ^ 220 RGB), proximity (distance between the
two cohorts of elements: 7 or 9 cm) and common region (boxes or lines) was conducted to find
grouping effects of the same magnitude for similarity, proximity and common region. Similar levels
of shape, luminance, proximity, and common region were used in the present experiment.
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2.5.1 Data for no-grouping conditions. To examine whether there were any systematic
biases in the responses, the data for the no-grouping conditions were tested. The mean
rating of each condition was compared with a predicted value of 0 by means of the
one-sample t-test. No systematic bias was found with this analysis (all ps 4 0:33).
Additionally, data were analysed with a one-way repeated-measures ANOVA (no-group-
ing by shape, luminance, proximity, or common region). The analysis revealed that
there was no significant main effect for no-grouping conditions (F1 2 � 0:62, p � 0:43).
The data from no-grouping displays were not entered in the remaining analyses.

2.5.2 Data for grouping conditions. The data corresponding to the grouping conditions
were represented in figure 2 and they were analysed as follows: first, the observed
mean rating was compared with an expected value of 0 by means of the one-sample
t-test. The grouping effect was significant in all principle acting-alone conditions: shape
only (t21 � 13:97, p 5 0:001), luminance only (t21 � 12:73, p 5 0:001), proximity only
(t21 � 13:64, p 5 0:001), and common region only (t21 � 15:02, p 5 0001). Significant
grouping effects were found in all conjoined cooperating conditions: cooperation between
shape and common region (t21 � 17:67, p 5 0:001), cooperation between luminance
and common region (t21 � 27:55, p 5 0:001), and cooperation between proximity and
common region (t21 � 19:70, p 5 0:001). Concerning the competition conditions, the
grouping effect only was reliable in the competition condition between proximity and
common region (t21 � 3:08, p � 0:006). There were no reliable grouping effects for the
competition condition between similarity principles and common region.

Second, a one-way repeated-measures ANOVA was conducted to determine whether
the grouping strength varied across the conditions in which the grouping effect was
significant in the former analysis. The analysis revealed a significant main effect of
grouping conditions (F7 147 � 34:43, p 5 0:001). Lastly, to compare the size of the group-
ing effects in the different conditions, a-posteriori comparisons applying Bonferroni
corrections were used. Relevant comparisons showed that: principle acting-alone
conditions (similarity in shape and luminance, proximity, and common region) had a
similar grouping effect (all ps � 1, except the grouping effect of luminance and prox-
imity that was marginally significant, t21 � 2:53, p � 0:54). Cooperation between shape
and common region produced more grouping than shape only (t21 � ÿ3:57, p � 0:05)
or common region only (t21 � ÿ3:46, p 5 0:06, marginally significant); cooperation
between luminance and common region showed greater grouping effect than luminance
only (t21 � ÿ4:95, p � 0:002) or common region only (t21 � ÿ4:32, p � 0:008); and
the grouping effect in the cooperation condition between proximity and common
region was greater than that in proximity only (t21 � ÿ3:70, p � 0:037) or common region
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Figure 2. Results for the grouping conditions. The bars represent �1 SD.
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only (t21 � ÿ5:27, p 5 0:001). Lastly, the grouping effect in the competition condition
between proximity and common region was lower than that in proximity only (t21 � 6:69,
p 5 0:001) or common region only (t21 � 6:53, p 5 0:001).

In summary, the results showed strong reliable grouping effects in the acting-alone
and cooperation conditions, a small grouping effect in the competition condition between
proximity and common region, and a lack of grouping effect in the competition condi-
tions when similarity principles were combined with common region. In addition, the
error bars in the competition conditions were larger than in the other conditions, and
approximately half of the participants tended to group by common region, and the
other half by the intrinsic principle (proximity, luminance, or shape), or they scored 0.
This may reveal individual differences in the competition condition that require a
closer scrutiny of the pattern of individual responses.

A more appropriate analysis of the participants' individual responses was conducted,
which could provide additional information whether the participants are consistent in
their responses to the different grouping conditions. We examined whether participants
show the same pattern of integration results for combined conditions, cooperation,
and competition. In the competition conditions, we tested whether the dominance
of either principle in the acting-alone conditions is consistent with that in the acting
alone conditions, analysing whether the grouping effect in the competition conditions
are systematically smaller than for the acting-alone conditions, even when they are
analysed separately according to the dominant grouping principle. That is, whether the
participants who show stronger grouping effects for the common region principle than
for the intrinsic principle (proximity or similarity) in the acting-alone conditions also
show positive average ratings in the competition condition, and whether the partici-
pants who show smaller grouping effects for the common region than for the proximity
or similarity principles in the acting-alone conditions also show negative average ratings
in the competition conditions.

This measure of consistency in the cooperation and competition conditions was
examined by computing, across all participants, correlations between the sum of the
grouping effects of each pair of acting-alone principles with the grouping effect of
the cooperation condition between these same principles and the difference of the
grouping effects of each pair of acting-alone principles with the grouping effect of
the competition condition. Significant strong correlations between the sum of the
effects in the acting-alone conditions and the effect in the cooperation conditions
were observed (for cooperation between shape and common region, r � �0:91,
p 5 0:001; for luminance and common region, r � �0:78, p 5 0:001; and for prox-
imity and common region, r � �0:90, p 5 0:001). However, the correlations between
the difference of the effects of each pair of acting-alone principles with the effect of the
competition condition were significant and moderate in the competition between
similarity principles and common region (for competition between shape and common
region, r � �0:61, p 5 0:001; and for luminance and common region, r � �0:58,
p 5 0:005) and positive but non-significant in the competition between proximity and
common region (r � �0:12, p � 0:61). Thus, these findings indicated greater individual
differences in the competition than in the cooperation condition, mainly when proximity
and common region were combined.

2.5.3 Compatibility of the present results with additive effects of grouping. To draw infer-
ences about the additivity of principles, we employed the procedure used by Kubovy
and van den Berg (2008) in their reanalysis of Quinlan and Wilton's data. The data
of the present experiment were normalised, adjusting the effect size values to fall within
an interval from 0 to 1. These data are represented in figure 3.
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The overall pattern of results showed that the effect size values of the principles
acting alone fall between the values of the cooperation and competition conditions.
From these data, it can be inferred that, when common region and similarity or prox-
imity principles were conjoined so that they cooperated, the grouping effect was
greater than that of each principle acting alone. On the other hand, when common
region and similarity or proximity principles were in competition, the grouping effect
was lower than that of each principle acting alone. Thus, it can be concluded that the
results of the present experiment are clearly compatible with additive effects of grouping
principles (Kubovy and van den Berg 2008).

3 General discussion
The aim of the present study was to examine the interactions between extrinsic (common
region) and intrinsic (similarity and proximity) principles and to determine whether
the pattern of interactions was compatible with an additive effect of grouping principles.
The results showed grouping effects for: (i) extrinsic (common region) and intrinsic
(shape or luminance similarity and proximity) principles operating alone, which were
similar for both extrinsic and intrinsic principles; and (ii) intrinsic and extrinsic principles
when conjoined so that they cooperated. In contrast, there was no grouping effect when
intrinsic and extrinsic principles were conjoined so that they competed with each other,
with the exception of the competition condition between proximity and common region,
which showed a significant grouping effect.

The present results are consistent with those found by Quinlan and Wilton (1998)
on the interactions between proximity and colour similarity intrinsic principles. The
results of the present experiment differ from those observed by Quinlan and Wilton on
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the interactions between proximity and shape similarity, which showed no grouping
effect in shape acting alone or in the competition conditions, and that the group-
ing effect of proximity acting alone did not differ from that of the cooperation condition.
The difference in the results could be accounted for by the relative salience of principles
used in the experiments. In the present experiment, the salience of the principles was
similar, whereas in the experiments of Quinlan and Wilton, the salience of proximity
was greater than that of shape similarity, and this could have been responsible for
the pattern of results found when proximity and shape similarity were combined.
Moreover, the present results go beyond those of Quinlan and Wilton by examining
the interactions between extrinsic and intrinsic principles and provide the first empiri-
cal evidence that, in general, these interactions mirrored the interactions between
intrinsic principles. In addition, we examined the compatibility of the present results
with additivity of grouping principles.

With regard to the compatibility with additive effects of grouping principles, accord-
ing to the criteria of Kubovy and van den Berg (2008), the results are compatible with
additive effects of grouping principles and suggest that intrinsic (shape, luminance sim-
ilarity or proximity) and extrinsic (common region) principles contribute independently
to grouping when they are combined. These results are in line with those obtained in
recent studies on interactions between intrinsic principles (Quinlan and Wilton 1998;
Kubovy and van den Berg 2008).

An unexpected result highlighted by the current study concerns the greater individ-
ual differences found in the competition condition as compared with the cooperation
condition. This result could be related to the dominance of grouping principles in the
competition condition, which depends on the relative salience reflected in the grouping
effect of principles acting alone. When intrinsic and extrinsic principles acting alone
have a similar salience, as in the present experiment, and are pitted against each other
in the competition condition, the perceptual organisation of the stimulus is unclear
and fluctuates between grouping the central element with the elements on the left
or on the right. As a consequence, some participants consistently tend to group by
common region, whereas others consistently tend to group by the other principle of the
pair (similarity or proximity), and there is no dominance of either principle. Further
analysis of individual differences tested whether the pattern of integration results in
the combined grouping principle conditions was consistent with the strength of the
single-factor effects across participants. The consistency was different for the coopera-
tion and competition conditions. As expected, there was a strong relation between
the sum of the grouping effects of principles acting alone and the grouping effect in the
cooperation condition, whereas the relation between the difference of the grouping effect
of principles acting alone and the grouping effect of the competition condition was
moderate when similarity principles and common region were combined, and very low
in the combination of proximity and common region. Thus, the results showed a strong
intra-individual consistency between the responses in the principles acting alone and the
cooperation conditions, whereas this consistency was moderate in the competition con-
dition between similarity and common region, and it was negligible in the competition
condition between proximity and common region.

A tentative explanation for the differences in consistency in the competition con-
ditions between similarity and common region or proximity and common region could
rely on the kind of relationships in which grouping principles that are combined are
based. In combinations of similarity and common region, grouping in each principle
is based on different relationships between the elements. In the case of similarity
principles, the grouping is based on intrinsic relations between the features (luminance
or shape) of the elements, whereas common region is based on the spatial relationships
between elements and the external elements that induce them to group. In contrast,
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in combinations of proximity and common region, grouping in both principles is based
on similar (spatial) relationships and this match could facilitate more changes (or inver-
sions) from the dominant grouping principle in the acting-alone conditions to that which
is dominant in the competition condition decreasing the intra-individual consistency in
the responses of the participants.

The results indicated that, in general, and with the exception of combinations of
proximity and common region, the participants showed the same pattern of interaction
between principles in the combined conditions regardless of the dominant principleö
if there was anyöfor each subject. However, the consistency across participants was
greater in the cooperation conditions than in the competition conditions, indicating
greater individual differences in the competition condition than in the cooperation
condition.

To conclude, we find that: (i) the overall pattern of interactions between the extrinsic
principle of common region and intrinsic principles (similarity and proximity) mirrored
the pattern found previously between intrinsic principles; (ii) the results are fully com-
patible with additive effects of grouping; (iii) there were greater individual differences
in the competition condition than in the cooperation condition.
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