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In the present study we examined the dominance dynamics of perceptual grouping cues.We used a paradigm in
which participants selectively attended to perceptual groups based on several grouping cues in different blocks of
trials. In each block, single and competing grouping cues were presented under different exposure durations (50,
150 or 350 ms). Using this procedure, intrinsic vs. intrinsic cues (i.e. proximity and shape similarity) were com-
pared in Experiment 1; extrinsic vs. extrinsic cues (i.e. common region and connectedness) in Experiment 2; and
intrinsic vs. extrinsic cues (i.e. common region and shape similarity) in Experiment 3. The results showed that in
Experiment 1, no dominance of any grouping cue was found: shape similarity and proximity grouping cues
showed similar reaction times (RTs) and interference effects. In contrast, in Experiments 2 and 3, common region
dominated processing: (i) RTs to common region were shorter than those to connectedness (Exp. 2) or shape
similarity (Exp. 3); and (ii) when the grouping cues competed, common region interfered with connectedness
(Exp. 2) and shape similarity (Exp. 3) more than vice versa. The results showed that the exposure duration of
stimuli only affected the connectedness grouping cue. An important result of our experiments indicates that
when two grouping cues compete, both the non-attended intrinsic cue in Experiment 1, and the non-dominant
extrinsic cue in Experiments 2 and 3, are still perceived and they are not completely lost.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The study of perceptual organization, segregation and grouping pro-
cesses, was developed in the context of Gestalt Theory about a century
ago (see Peterson & Kimchi, 2013; Wagemans et al., 2012, for reviews).
Wertheimer (1923/19553) formulated, in this context, the classical Ge-
stalt principles to describe some of the stimulus' factors which deter-
mine the visual grouping of discrete elements, including proximity,
similarity, common fate, good continuation and closure. Recently,
other new grouping principles have been proposed (for a revision, see
Brooks, 2015), such as common region (Palmer, 1992), element con-
nectedness (Palmer & Rock, 1994a, 1994b), synchrony (Alais, Blake, &
Lee, 1998; Lee & Blake, 1999), edge-region grouping (Palmer & Brooks,
2008), induced grouping (Vickery, 2008) or regularity (van den Berg,
Kubovy, & Schirillo, 2011).

Palmer (1992, 1999)made an important distinction between intrin-
sic and extrinsic principles. Intrinsic principles are based on inherent re-
lationships between the properties of the grouped elements (e.g. their
shape, position, colour, size, etc), like most of the classical Gestalt
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principles. In contrast, extrinsic principles are based on the relationships
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 (i.e. grouping by common region, as proposed by Palmer, 1992)
or when they are connected by lines (i.e. grouping by connectedness,
as proposed by Palmer & Rock, 1994a, 1994b).

In recent times, one of the issues receiving more attention in this
field has been the quantitative study of integration between perceptual
grouping cues, that is, how single grouping cues interact when they are
conjoined (see Peterson & Kimchi, 2013, for a review). In this context,
the majority of studies have examined relations between classical Ge-
stalt principles like similarity, proximity, etc. (Ben-Av & Sagi, 1995;
Claessens & Wagemans, 2005, 2008; Hochberg & Hardy, 1960; Kubovy
& van den Berg, 2008; Oyama & Miyano, 2008; Oyama, Simizu, &
Tozawa, 1999; Quinlan & Wilton, 1998; Shibata, Kawachi, & Gyoba,
2010), and only a few recent studies have examined the interactions be-
tween intrinsic and extrinsic principles (Luna & Montoro, 2011;
Montoro & Luna, 2015a, 2015b). Generally, the results observed in
these studies show stronger effects of grouping when two cues cooper-
ate andweaker effects when they compete, relative to the effect of each
single cue. In these studies, two single gestalt cues were combined so
that they compete and operate against each other. When spontaneous

http://crossmark.crossref.org/dialog/?doi=10.1016/j.actpsy.2016.07.001&domain=pdf
http://dx.doi.org/10.1016/j.actpsy.2016.07.001
mailto:mluna@psi.uned.es
http://dx.doi.org/10.1016/j.actpsy.2016.07.001
http://www.sciencedirect.com/science/journal/00016918
www.elsevier.com/locate/actpsy


147D. Luna et al. / Acta Psychologica 170 (2016) 146–154
grouping is required under competing conditions, usually one of the
grouping cues dominates the organization and wins the competition, or
rather, the organization of the percept remains unclear. A crucial issue
to solve in the study of competition between grouping cues is to identify
the rules which determine which principle will dominate the perceived
organization when two opposing cues are combined. In the present
study we assumed the rules which define processing dominance
(Navon, 1977, 1981;Ward, 1983) to examine grouping cues' dominance
when they compete in the same display. Thus, a grouping cue combined
in competitionwith other grouping cues will dominate the perceived or-
ganization when it is responded to faster, or it is less interfered by the
competing cue, orwhen it is perceivedunder shorter exposure durations.

In this line, some studies have used experimental phenomenological
methods (e.g., Kubovy &Gephstein, 2003) to examine the factors which
can affect the dominance of grouping cues when they are combined in
competition. In these studies, participants are asked to directly report,
in each trial, spontaneous grouping without specific instructions on
what should be perceived in the display. In this line, Montoro and
Luna (2015b) used phenomenological reports to examine the effects of
relative strength of grouping cues on competition between the intrinsic
principle of proximity and the extrinsic principle of common region by
means of varying their grouping strength. The relative strength of group-
ing by common region and proximity was similar in one group of partic-
ipants and itwas dissimilar (common region stronger than proximity) in
the other group. The results showed that the dominance of intrinsic or
extrinsic grouping cues in the competition condition depended on the
relative grouping strength of single extrinsic and intrinsic cues. When
single grouping cues presented large differences in strength, the
strongest cue dominated the organization, resulting in the competition
condition. However, there was no dominance when single cues had
similar strength. The results of this study suggest that one of the factors
that can affect the dominance of grouping cues in the competition condi-
tion is the relative grouping strength of single cues.

Other studies have introduced traditional psychophysical tasks (ac-
cording to Kubovy & Gephstein, 2003) or objective methods (according
to Palmer, 2003) to study competition between grouping cues. Howev-
er, thesemethods provide indirectmeasures of grouping, and spontane-
ous grouping is removed (Kubovy & Gephstein, 2003; Palmer, 2003;
Palmer & Beck, 2007). In this line, Palmer and Nelson (2000,
Experiment 2) used a traditional psychophysical paradigm to study
whether grouping based on illusory figures or, alternatively, on induc-
ing elements dominated perceived organization. They presented consis-
tent (equivalent to cooperation between two cues, favouring the same
grouping) and inconsistent (equivalent to competition between two
cues) stimuli. The results showed that, in general, grouping by illusory
figures dominated and was perceived faster than grouping based on in-
ducing elements.

Similarly, Han (2004) used a comparable task to study interactions
between proximity and shape similarity. Participants had to identify
the orientation of perceptual groups based on shape similarity or prox-
imity. They presented grouping cues that were congruent (both cues
favouring the same grouping, i.e. rows) or incongruent (each cue
favouring a different grouping, for example shape similarity favouring
columns and proximity rows) as stimuli. Their results showed that par-
ticipants were faster to identify the perceptual groups based on proxim-
ity than in shape similarity. They also showed that responses to
incongruent stimuli were slowed relative to those to congruent stimuli
and that this effect was larger in groups based on shape similarity than
in those based on proximity.

Unfortunately given that in the above two cited studies, congruent
stimuli were composed of two single cues combined in cooperation, it is
not possible to know the contribution of single grouping cues to the inter-
actions between them when they compete, or whether performance in
the competition condition can be predicted from that of single principles.

In order to get further information on the integration of multiple
grouping cues in visual patterns, the present study is focused on
dominance of grouping cues. In other words, the main aim of the pres-
ent study is to examine the dominance dynamics of single and compet-
ing grouping cues. This approach allows for: (i) testing the relative
advantage of single grouping cues; (ii) examining the interference ef-
fects between competing grouping cues and, more important, whether
the dominant cue inhibits (completely or only partially) the non-domi-
nant cue; and (iii) determining whether performance in competing
cues could be predicted on the basis of that of single-cues. With this
aim,we introduced a grouping paradigm inwhich participants were re-
quired to discriminate the orientation (right or left) of groups based on
two different cues that were presented in different blocks of trials. In
this procedure, as in those used by Palmer and Nelson (2000) and Han
(2004), participants were forced to perceive the displays grouped in a
determined way before responding, in order to introduce objectively
correct responses, and making it possible to measure the accuracy and
speed of responses. In addition, in our procedure, single and combined
grouping cues were presented randomly within the same block of trials
instead of the consistent and inconsistent combined grouping cues used
in Palmer andNelson (2000) andHan (2004). This procedure allows ex-
amining the contribution of single grouping cues to performance in the
competition condition.

We focused on measures of perceptual dominance similar to those
collected in research concerned with dominance processing in hierar-
chical stimuli (Navon, 1981;Ward, 1983) in order to examine the dom-
inance dynamics of interactions between grouping cues. Based on the
findings of these studies, we predict that if one grouping cue is
responded to faster and more accurately, or it is less interfered by the
presence of a second cue when they compete, or it is perceivable
under shorter exposure durations, it could be concluded that this group-
ing cue dominates information processing.Moreover, and given that the
exposure duration of stimuli can be a determinant of dominance
(Navon, 1981; Ward, 1983), we examined whether the exposure dura-
tion of stimuli affects the dominance of grouping cues. For example,
brief exposure durations can increase the advantage effect of the stron-
gest grouping cue, whereas long exposure durations can eliminate or
decrease the interference effect between grouping cues (Luna, 1993).
In the present research, we examined whether the exposure duration
of stimuli affects the dominance of grouping cues by presenting stimuli
under three different exposure durations, namely: 50, 200 and 350 ms.

Using this procedure, several types of relations between grouping
cues were examined according to the distinction between intrinsic
and extrinsic grouping cues made by Palmer (1999): in Experiment 1,
relations between intrinsic cues (proximity and shape similarity) were
tested, interactions between extrinsic cues (common region and con-
nectedness) were examined in Experiment 2 and those between extrin-
sic and intrinsic cues were examined in Experiment 3. As a preliminary
step, we selected the appropriate stimuli for our experiments to ensure
that phenomenological grouping strength was equated (as recom-
mended by previous studies (Kubovy & van den Berg, 2008; Montoro
et al., 2015; Nikolaev, Gephstein, Kubovy, & van Leeuwen, 2008).

2. Experiment 1. Shape similarity and proximity

In the present experiment we tested whether shape similarity or
proximity dominates the perceived organization. Dominance of one of
the two grouping cues was defined as faster or more accurate responses
to one cue than to the other one or less interference in a cue from the
competing cue than vice versa, or when a cue is more perceivable
than the competing cue under shorter exposure durations.

2.1. Method

2.1.1. Participants
Sixteen participants, eleven females and seven males, between 19

and 53 years of age (Mean=26.9, SD=8.3), from a second-year course
in Psychology,which received course credits for their participation, took
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part in the experiment. All participants reported normal or corrected-
to-normal vision and gave informed consent to participate in the
study. The experimentwas conducted in accordancewith ethical guide-
lines of the local committee and conformed to the Declaration of
Helsinki.

2.1.2. Apparatus and stimuli
The stimuli were presented on a 19-inch LCD-LED colour monitor

with a 60-Hz refresh rate, a 5:4 aspect ratio, and a screen resolution of
1024 × 768, controlled by a personal computer running E-Prime 2.0
software (Psychology Software Tools, 1996–2002). Viewing distance
was about 60 cm.

The stimuli displays consisted of seven elements arranged in a row
similarly to previous studies (e.g., Luna & Montoro, 2011; Quinlan &
Wilton, 1998). The central element was the target. The other six ele-
mentswere organized into two cohorts (three elements flanked the tar-
get at the right and the other three at the left). The shapes used were
squares (11 mm × 11 mm) and circles (11 mm in diameter) which
subtended 1.0° at a viewing distance of 60 cm. The regular distance be-
tween the elements was 3 mm (0.3°). In stimuli displaying proximity
cues, the distance between the target element and one of theflanker co-
horts of elements was 9.5 mm (0.9°). The shapes were made of black
lines (0 RGB) and presented on a white background (255 RGB).

Six different stimulus arrays were constructed involving grouping
cues as well as their mirror images for a total of twelve stimuli, divided
into two kinds of displays: single or combined in competition cues (see
Fig. 1). In single displays, the central target can be grouped with the el-
ements to the left or to the right on the basis of only one grouping cue
(for example, grouping by shape similarity). In combined displays, the
two grouping cues always competed. Thus, the central target could be
Fig. 1. Examples of stimuli presented in Experiment 1 (proximity and shape similarity), Experim
similarity).
grouped with the elements on one side of the display if grouping is
based on shape similarity and on the other side if it is based on proxim-
ity. In order to ensure that the grouping strength of both cues was
equated, the stimuli were obtained from the work of Luna and
Montoro (2011), which reported no differences between proximity
and shape similarity cues in a phenomenological measure of grouping
strength (Luna & Montoro, 2011, p. 1472). In each block there were a
total of eight different stimuli taken from thewhole set of twelve exper-
imental stimuli. In proximity-directed blocks, there were two proximi-
ty-only displays (and their mirror images) and two conjoined
competing displays (and their mirror images). In shape similarity-di-
rected blocks, therewere two shape-only displays (and their mirror im-
ages) and two conjoined competing displays (and their mirror images).
2.1.3. Design and procedure
The 2 × 2 × 3 design included three within-subjects factors: Stimu-

lus type (single or combined grouping cues); Directed attention (atten-
tion directed to groups based on shape similarity or on proximity
grouping cue); and Exposure duration of stimuli (50, 200, 350 ms).
RTs as well as error rates were taken as dependent variables.

Participantswere tested individually in a dimly lit, quiet room. In dif-
ferent blocks of trials, participants had to selectively attend to groups
based on oneof the grouping cueswhereas ignoring the other, and to in-
dicate their orientation (left or right). For example, in shape similarity-
directed blocks of trials, subjects were instructed to attend exclusively
to groups based on shape similarity and ignore those based on proxim-
ity, whereas in proximity-directed blocks of trials, they were instructed
to attend to groups based on proximity and ignore those based on shape
similarity.
ent 2 (common region and connectedness) and Experiment 3 (common region and shape



Fig. 2. Mean reaction times (ms), standard error bars and error rates (percentages) for
Directed attention and Stimulus type conditions in Experiment 1.
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Each trial started with a cross-shape fixation mark at the centre of
the screen; 1000 ms later, a stimulus was displayed at fixation for 50,
150 or 350 ms and replaced by a blank screen that remained until re-
sponse. There was an intertrial pause of 800 ms.

There were two practice blocks (one for each attention condition:
groups based on shape similarity or on proximity) and eight experimen-
tal blocks (four for each attention condition). The selection of stimuli
was randomized within blocks. The order of application of the blocks
was counterbalanced across subjects. Each experimental block
consisted of 96 trials, whereas each practice block consisted of 24 trials.
Therewere 768 experimental trials in total. Feedbackwas provided only
in the practice trials. The task of the participants was to indicate the ori-
entations of groups formedby shape similarity or by proximity by press-
ing the left (“Z”) or right (“M”) keys respectively from the keyboard
making use of the index fingers of both hands.
2.1.4. Results
The primary data of interest are plotted in Fig. 2 and Table 1. Data on

RTs and error rates were analysed separately using two repeated mea-
sures ANOVAs involving three factors: Stimulus type (single vs. compet-
ing), Directed attention to grouping cues (to shape similarity or to
proximity) and Exposure duration (50, 200, or 350 ms). RTs N1500 or
b200 ms, and errors, were excluded from the RT analysis (590 of
12,288; 4.8% of trials).

Analyses on RTs revealed a significantmain effect of Stimulus type F
(1, 15) = 34.79, MSe = 1477.3, p b 0.001, ηp2 = 0.70. No other main ef-
fect or interactionswere significant. Themain effect of Stimulus type in-
dicated that single grouping cues were responded to faster (437 ms)
than combined in competition grouping cues (470 ms). This result
was independent of directed attention and exposure duration of stimuli.
Consequently, the results showed no dominance of grouping cues since
responses to grouping by proximity and similarity were similar and the
interference effect in the competition condition between the two cues
reached a similar magnitude. A marginally significant three-way
interaction involving Directed attention, Stimulus type and Time
Table 1
Mean reaction time (ms), standard errors (in brackets), interference (Interf.) and advantage in

Directed
attention

Exposure time

50 ms 200 ms

Single Comp. Interf. Single

Proximity 422 (12) 462 (22) 40 420 (11)
Shape similarity 452 (11) 473 (9) 21 455 (11)
Advantage 30 11 35
[F (2, 30) = 3.16, MSe b 0.001, p = 0.06, ηp2 = 0.17] was observed. No
other main effects or interactions were significant.

Analysis on error rates (percentages)mirrored those of RTs. A signif-
icant effect of Stimulus type was found F (1, 15) = 20.64, MSe= 0.005,
p b 0.001, ηp2 = 0.58. Participants made more errors in the combined
cues conditions (6.9%) than in the single cues conditions (2.5%). This
analysis showed no significant speed–accuracy trade-off. Additionally,
the correlation between RTs and error rates was positive (r = 0.86,
p b 0.001).

3. Experiment 2 common region and connectedness

Interactions between the extrinsic grouping cues of common region
and connectedness were examined in a second experiment with a dif-
ferent sample of subjects. Shorter RTs to one of the grouping cues, less
interference in one of the cues from the other cue when they compete,
or more perceptibility of one of the cues under shorter exposure dura-
tions was defined as the dominance of one of the two grouping cues.

3.1. Method

3.1.1. Participants
Sixteen participants, nine females and sevenmales, between 19 and

45 years (Mean = 27.6, SD = 8.1), from a second-year course in Psy-
chology, who received course credits for their participation, took part
in the experiment. All participants reported normal or corrected-to-
normal vision and gave informed consent to participate in the study.
The experiment was conducted in accordance with ethical guidelines
of the local committee and conformed to the Declaration of Helsinki.

3.1.2. Apparatus and stimuli
The apparatus were the same as those described in Experiment 1.

Stimuli displays were generated in the same way as those described in
Experiment 1, but in the present experiment, grouping based on com-
mon region and grouping based on connectedness were presented as
stimuli. In this case, six different stimuli and their mirror images were
generated. Examples of the displays are presented in Fig. 1.

A previous pilot experimentwas conducted in order to select stimuli
that were equated in the subjective grouping strength of the grouping
cues displayed (i.e., connectedness and common region) in a different
sample of ten students from the UNED (seven females; age range =
19–52, Mean = 30.8, SD = 10.9). Based on previous studies assessing
strength of grouping (Luna & Montoro, 2011; Quinlan & Wilton,
1998), a set of 18 different stimuli (and their mirror images) were de-
signed by varying the thickness of the lines acting as connectors (for
connectedness cues) or common region cues. Each trial had two se-
quential stages. Firstly, participants had to pay attention to the central
element of a display composed of seven shapes and indicate whether
this target element was included in a uniform, left-side grouped or
right-side grouped display, by pressing down, left or right keys, respec-
tively, of the arrow keys of the keyboard, using the middle, index and
third fingers of the right hand as fast as possible. After pressing the
key, participants had to rate the degree towhich the targetwas grouped
with either the right or the left flanking elements on a 4-point rating
scale.
dices for each condition in Experiment 1.

350 ms

Comp. Interf. Single Comp. Interf.

466 (18) 46 421 (11) 469 (22) 48
474 (10) 19 454 (12) 478 (9) 24
8 33 9



Fig. 3. Mean reaction times (ms), standard error bars and error rates (percentages) for
Directed attention and Stimulus type conditions in Experiment 2.
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The selected stimuli for common region and connectedness showed
a mean rating of 2.71 (SD=0.50) and 2.78 (SD=0.53), respectively. A
paired-samples t-test confirmed the similarity in strength of grouping
between both conditions, t (9)=−0.377, p=0.72. The horizontal par-
allel bars and connectors serving as common-region and connectedness
cues, respectively, had an intermediate value of luminance (128 RGB)
between shapes and ground. The colour of the elements and the
connecting/common region lines was different (black/0 RGB, and
grey/128 RGB, respectively) in order to differentiate between local ele-
ments to be grouped and extrinsic grouping cues. The shapes usedwere
the same as those in Experiment 1, i.e. squares and circles. The distance
between the elementswas 12mm(1.14°), longer than in Experiment 1,
in order to increase the visibility of the connectors inducing grouping.
For connectedness displays, four lines joining local elements together
were used as connectors to induce a perceptual group. The thickness
of the connectors, i.e. 7 pixels (approximately 2.5 mm; 0.24°), was se-
lected from the pilot experiment in order to equate the strength of
both grouping cues. For common region stimuli, two horizontal parallel
bars acted as grouping cues. Similarly to connectedness, the thickness of
the parallel bars, i.e. 5 pixels (approximately 2mm; 0.19°), was selected
in order to equate the subjective grouping strength as indicated by the
results of the pilot experiment.

Twelve different stimuli were displayed during the experiment. In
each block there were a total of eight different stimuli taken from the
whole set of twelve experimental stimuli. In common region-directed
blocks, there were two common region-only displays, one made of
squares and another of circles (and their mirror images) and two con-
joined competing displays (and their mirror images). In connected-
ness-directed blocks, there were two connectedness-only displays,
one made of squares and another of circles (and their mirror images)
and two conjoined competing displays (and their mirror images).
3.1.3. Procedure and design
The procedure and design were the same as in Experiment 1, with

the exception of the factor Directed attention, which included attention
directed to groups based on connectedness and common region.
Table 2
Mean reaction time (ms), standard errors (in brackets), interference (Interf.) and advantage in

Directed
attention

Exposure time

50 ms 200 ms

Single Comp. Interf. Single

Common region 390 (13) 401 (16) 11 389 (13)
Connected 408 (10) 440 (12) 32 413 (13)
Advantage 18 39 24
3.1.4. Results
The data of interest are plotted in Fig. 3 and Table 2. The RTs and

error rates were analysed separately using two repeated measures
ANOVAs involving three factors: Stimulus type (single vs. competing),
Directed attention to grouping cues (to common region or to connect-
edness) and Exposure duration (50, 200, or 350 ms). RTs N1500 or
b200 ms, and errors, were excluded from the RT analysis (185 of
12,288; 1.5% of trials). Analyses on RTs, showed significant main effects
of Directed attention, F (1, 15)= 23.41, MSe=2481.93, p b 0.004, ηp2 =
0.61, indicating that RTs to grouping by common region (395 ms) were
shorter than those to grouping by connectedness (430ms). Themain ef-
fect of Stimulus type was also significant, F (1, 15) = 100.81, MSe =
206.96, p = 0.001, ηp2 = 0.87, showing that single cues (402 ms) were
responded to faster than combined cues (423 ms). The interaction be-
tween Directed attention and Stimulus type cue was significant F (2,
30) = 35.55, MSe = 174.48, p = 0.001, ηp2 = 0.70, indicating that the
interference effect of common region on connectedness (the difference
between single and combined cues) was greater (32ms) than the inter-
ference of connectedness on common region (10ms). Finally, the inter-
action between Directed attention and Time cue was also significant F
(2, 30)= 5.88,MSe= 99.83, p=0.007, ηp2 = 0.28. This result indicated
that RTs in the Directed attention to CR were similar in all exposure du-
rations. In contrast, in the Directed attention to connectedness, RTs in
the longest exposure duration (350 ms) were slower that those in the
50 or 200 ms exposure durations.

With regard to error rates, the main effect of Directed attention was
marginally significant F (1, 15)=3.69, MSe=0.00, p=0.07, ηp2=0.20,
pointing to a trend to make more errors in the connectedness (1.9%)
than in the common region condition (1.3%). The main effect of Stimu-
lus type was significant, F (1, 15) = 21.66, MSe = 0.001, p = 0.001,
ηp2 = 0.59, showing a higher error rate in the competition (2.3%) than
in the single condition (0.8%). The interaction between Directed atten-
tion and Stimulus type cue was also significant F (2, 30) = 11.45,
MSe = 0.00, p = 0.004, ηp2 = 0.43, and mirrored the results of RTs
(see Fig. 3). Correlational analyses indicated an absence of speed–
accuracy trade-off between RTs and errors (r = +0.77, p = 0.003).

3.1.4.1. Combined analysis of Experiment 1 and Experiment 2. A combined
analysis of Experiment 1 and Experiment 2 considering experiment as a
between subjects factor was conducted in order to confirm the differ-
ence in the pattern of results found in Experiment 1 (intrinsic grouping
cues) and Experiment 2 (extrinsic grouping cues). Beyond the apparent
dissimilarity between experiments, a direct comparison between them
by means of a mixed ANOVA is mandatory to clearly establish a signifi-
cant difference between the dominance dynamics of intrinsic and ex-
trinsic cues.

3.1.4.2. RT analysis. Therewere significantmain effects of Directed atten-
tion F (1, 30) = 13.69, MSe = 5449.96 p=0.001, ηp2 = 0.31, and Stim-
ulus type F (1, 30) = 81.78, MSe = 842.14 p b 0.001, ηp2 = 0.73.
Remarkably, we found a three-way interaction between Directed atten-
tion, Stimulus type and Experiment, F (1, 30) = 9.05, MSe = 1399.94,
p=0.005, ηp2 = 0.23, which confirmed the results obtained in each ex-
periment individually, i.e. a different pattern of interaction between
grouping cues in Experiment 1 with respect to Experiment 2. To
dices for each condition in Experiment 2.

350 ms

Comp. Interf. Single Comp. Interf.

399 (15) 10 394 (15) 401 (15) 7
445 (13) 32 422 (16) 455 (17) 33
46 28 54



Fig. 4. Mean reaction times (ms), standard error bars and error rates (percentages) for
Directed attention and Stimulus type conditions in Experiment 3.

151D. Luna et al. / Acta Psychologica 170 (2016) 146–154
decompose this three-way interaction, further ANOVAs could be per-
formed separately for each group.However, these analyses have already
been made and reported above in the individual analysis of each
experiment.
3.1.4.3. Accuracy analysis. Analyses of error rates (percentages) revealed
a significant main effect of Stimulus type F (1, 30) = 33.69, MSe =
0.003, p b 0.000, ηp2 = 0.53, showing that participantsmademore errors
in combined (4.6%) than in single cues (1.6%). A significant two-way in-
teraction between Stimulus type and Experiment was also observed, F
(1, 30) = 7.79, MSe = 0.003, p = 0.009, ηp2 = 0.21, indicating that the
difference between error rates in single and combined cues was greater
in Experiment 1 (Δ4.4%) than in Experiment 2 (Δ1.5%). The three-way
interaction between Directed attention, Stimulus type and Experiment
also was significant F (1, 30) = 4.66, MSe = 0.002, ηp2 = 0.14, which
matched RT data. Finally, the four-way interaction between Directed at-
tention, Stimulus type, Time and Experimentwas significant F (2, 36)=
3.41,MSe b 0.001, p=0.04, ηp2 = 0.10. This finding could be a reflection
of themarginally significant three-way interaction found in Experiment
1 betweenDirected attention, Stimulus type and Time [F (2, 30)= 3.16,
MSe b 0.001, p=0.06, ηp2=0.17],whichwas not observed in the Exper-
iment 2.
4. Experiment 3 shape similarity and common region

Finally, we examined interactions between intrinsic grouping and
extrinsic grouping cues, to further explore the interaction between
grouping principles. We chose one intrinsic cue from the Experiment
1 (i.e. shape similarity) and one extrinsic cue from the Experiment 2
(i.e. common region). As in previous experiments, the dominance of
one of the two grouping cues was defined by shorter RTs to one of the
grouping cues, or less interference when the two grouping cues com-
pete, or when a cue is more perceivable under shorter exposure
durations.
Table 3
Mean reaction time (ms), standard errors (in brackets), interference (Interf.) and advantage in

Directed
attention

Exposure time

50 ms 200 ms

Single Comp. Interf. Single

Common region 372 (8) 375 (8) 3 372 (11)
Shape similarity 477 (22) 493 (21) 16 463 (21)
Advantage 105 118 91
4.1. Method

4.1.1. Participants
Twelve participants, ten females and two males, between 21 and

44 years of age (Mean = 24.7, SD = 6.5), from a second-year course
in Psychology, took part in the experiment and received course credits
for their participation. All participants reported normal or corrected-
to-normal vision. They gave informed consent to participate in the
study. The experiment was conducted according to ethical guidelines
of the local committee and conformed to the Declaration of Helsinki.

4.1.2. Apparatus and stimuli
The apparatus were the same as those described in Experiment 1.

Stimuli displays were generated in the same way as those described in
Experiment 1. The only difference was that grouping based on shape
similarity and grouping based on common region displays were pre-
sented as stimuli (see Fig. 1). To ensure that the grouping strength of
shape similarity and common region cues was equated, the stimuli
were selected from previous experiments which reported no differ-
ences between common region and shape similarity cues in a phenom-
enological measure of grouping strength (Luna & Montoro, 2011, p.
1472).

Twelve different stimuli were displayed during the experiment. In
each block there were a total of eight different stimuli taken from the
whole set of twelve experimental stimuli. In common region-directed
blocks, there were two common region-only displays, one made of
squares and another of circles (and their mirror images) and two con-
joined competing displays (and their mirror images). In shape similari-
ty-directed blocks, there were two shape-only displays (and their
mirror images) and two conjoined competing displays (and theirmirror
images).

4.1.3. Procedure and design
The procedure and design were the same as in previous experi-

ments, with the exception of the factor Directed attention, which in-
cluded attention directed to groups based on shape similarity and
common region.

4.1.4. Results
Relevant results are plotted in Fig. 4 and Table 3. The RTs and error

rates were analysed separately using two repeated measures ANOVAs
involving three factors: Stimulus type (single vs. competing), Directed
attention to grouping cues (to shape similarity or to common region)
and Exposure duration (50, 200, or 350 ms). RTs N1500 or b200 ms,
and errors, were excluded from the RT analysis (271 of 9216; 2.9% of
trials).

Analyses on RTs showed a significant main effect of Directed atten-
tion, F (1, 11) = 50.40, MSe= 8711.08, p b 0.001, ηp2 = 0.82, indicating
that RTs to grouping by common region (372 ms) were shorter than to
grouping by shape similarity (483ms). A significantmain effect of Stim-
ulus type, F (1, 11) = 28.89, MSe = 207, p b 0.001, ηp2 = 0.72, showed
that single cues (421 ms) were responded to faster than combined
cues (434ms). Finally, a significant interaction between Directed atten-
tion and Stimulus type F (2, 22) = 18.66, MSe = 172.29, p = 0.001,
ηp2 = 0.63, indicated that the interference effect of common region on
dices for each condition in Experiment 3.

350 ms

Comp. Interf. Single Comp. Interf.

374 (8) 2 368 (9) 374 (10) 6
491 (20) 28 474 (23) 498 (23) 24
117 106 124
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shape similarity (the difference between single and combined cues)
was greater (23 ms) than the interference of shape similarity on com-
mon region (4 ms).

Analyses on error rates (percentages) showed a significant main ef-
fect of Stimulus type, F (1, 11)=25.2,MSe b 0.001, p b 0.001, ηp2 = 0.70,
indicating a higher error rate in the competitive (3.9%) than in the single
condition (2.4%). No other main effects or interactions were significant.
Therewere no indications of speed–accuracy trade-off between RTs and
errors (r = +0.47, p = 0.11).

5. General discussion

In the present work we examined the dominance of intrinsic (prox-
imity and shape similarity) and extrinsic (common region and connect-
edness) grouping cues. We used a procedure which presented different
grouping cues in different blocks of trials that were composed of single
and competing cues. Our main proposal was that a grouping cue will
dominate the perceived organization when it was responded to faster
and more accurately, when it was less interfered by the presence of an-
other cuewhen two cues compete, or if it was perceivable under shorter
exposure durations.

The results were somewhat different for intrinsic cues (Experiment
1) and extrinsic cues (Experiment 2) at least for the intrinsic (proximity
and shape similarity) and extrinsic (common region and connected-
ness) cues used in the present study. No dominance of any intrinsic
grouping cuewas found in Experiment 1, since (i) RTs to groups formed
by proximity and shape similarity were not significantly different in
both single and competing cues; and (ii) single grouping cues were
responded to faster than competing cues suggesting interference be-
tween competing grouping cues. Consequently, the results of Experi-
ment 1 indicate that, despite the instructions to selectively attend to a
determined intrinsic grouping cue in each block of trials, responses to
the attended cue were slowed by the simultaneous presence of the
non-attended competing cue. This result reflects that the competing
cue is still perceived and consequently affects themotor response. How-
ever, the interference effect was bidirectional and symmetrical (having
the samemagnitude as the interference of proximity on shape similarity
than vice versa) given that no significant interaction between stimulus
types and grouping cue was found. Thus, this result does not reflect
dominance of any cue, and also suggests that the perception of the
non-attended grouping cue is not lost or completely inhibited, given
that both competing cues are slowed relative to the single cues. This is
an important theoretical point concerning the dominance dynamics of
grouping cues.

On the contrary, in Experiment 2, a dominance of the extrinsic com-
mon region cue was indicated by two effects: (i) an advantage effect of
common region (shorter RTs to groups formed by common region than
those formed by connectedness); and (ii) a bidirectional and asymmet-
rical interference effect was found: when extrinsic grouping cues com-
peted, grouping by connectedness was slowed by the presence of the
competing common region cue more than vice versa. Again, this is an
important result showing that, even though common region dominates
the perceived organization in the competition condition, the non-dom-
inant connectedness cue is still perceived, and it is not completely
inhibited. The two effects of advantage and interference effects suggest
that grouping by common region was perceptually more salient than
grouping by connectedness. In addition, the results of Experiment 2 pro-
vide the first empirical evidence of dominance of grouping by common
region when competed with grouping by connectedness.

The results of Experiment 3 examining interactions between intrin-
sic (shape similarity) and extrinsic (common region) cues showed sim-
ilar results to those found in Experiment 2: shorter RTs to common
region than to shape similarity and greater interference from common
region to shape similarity than vice versa. These results supported the
conclusion that the more perceptually salient grouping cue dominates
the perceived organization in the competition condition.
Although, probably due to high variability in some data, the magni-
tude of some of the differences in Experiments 1 and 2 was relatively
small (e.g., 33 ms and 21 ms between single and competing conditions
in Experiments 1 and 2, respectively) and not much larger than other
non-significant differences; the effects were consistent between exper-
iments for RTs as well as for accuracy. In addition, the effect sizes esti-
mated by means of the partial eta squared index reached relatively
large values (e.g., ηp2 = 0.70 and ηp2 = 0.87 for main effects of Stimulus
type in Experiments 1 and 2, respectively), thus suggesting that an im-
portant proportion of the variance in the dependent variable is ex-
plained by the experimental factor (Richardson, 2011).

Regarding exposure duration of the visual patterns, the results
showed that the only effect found was an increase of RTs in connected-
ness (Experiment 2) in the larger exposure duration. However, neither
the advantage nor the interference effects were affected by the timing
of stimuli in Experiments 1 and 2. This could indicate that the exposure
durations used in the present experiments (50, 200, 350 ms) perhaps
were not brief enough to affect dominance of grouping cues. So, the
present results do not rule out the possibility that dominance of group-
ing cues could be affected by shorter exposure durations than those
used in the present experiments. Thus, the dominance of common re-
gion cannot be considered as determined by temporal factors. Rather,
it seems mainly determined by the perceptual salience of single group-
ing cues, at least when that is measured by speeded visuo-motor re-
sponses. When single cues had a similar perceptual salience, as
reflected in similar RTs for proximity and similarity cues in Experiment
1, no dominance of any grouping cue was found. Nevertheless when
they differed in perceptual salience, as reflected in shorter RTs to com-
mon region than to connectedness (Experiment 2) or to shape similarity
(Experiment 3), the more salient cue dominated the perceived organi-
zation in the competition condition. These results are in line with
those found byMontoro and Luna (2015b) using phenomenological re-
ports of grouping strength of proximity and common region cues.

Interestingly, we observed some divergent findings with those re-
ported in other studies using phenomenological grouping tasks (Luna
& Montoro, 2011; Montoro & Luna, 2015a). The results of these studies
showed no dominance of any grouping cues combined in competition,
when single cues had a relatively similar phenomenological rating in
grouping strength. However, the results of Experiments 2 and 3 showed
that grouping by common region dominated over grouping based on
connectedness (Experiment 2) or on shape similarity (Experiment 3)
despite that all the stimuli used in the present experiments were rated
in previous phenomenological tasks as having similar grouping
strength. Thus, despite that we selected as stimuli grouping cues that
were rated as equal in grouping strength in a phenomenological task,
this does not guarantee that the cues behave similarly in a different in-
direct experimental task. Rather, the present data suggest that the rela-
tive dominance of single principles can predict performance in the
competition condition.

The differences between the results of our previous studies using
phenomenological reports (Luna & Montoro, 2011; Montoro & Luna,
2015a, 2015b) and the task used in the presentwork could be tentative-
ly explained by the different nature of grouping measures (direct in
phenomenological reports and indirect in the present procedure) as
well as by differences in attentional task requirements. In phenomeno-
logical grouping tasks used in previous research (e.g., Luna & Montoro,
2011; Montoro & Luna, 2015a; Quinlan & Wilton, 1998), the partici-
pants rated on a scale the degree to which a central target grouped
with the elements located on the left or on the right without time pres-
sure. In order to do the task, participants had to pay attention to the
whole stimuli array without explicit instructions that directed their at-
tention towards a particular grouping cue (e.g. grouping by proximity,
similarity or common region). In contrast, in the present study partici-
pants were instructed to perform the task as quickly and accurately as
possible, and they had to explicitly direct attention to groups based on
different cues in different blocks of trials. This means that in order to
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perform the task participants had to exclusively attend to the groups
based on a given cue, and to indicate their orientation under time pres-
sure. Thus, the aforementioned differences in attentional task require-
ments could have influenced performance in a different way in these
two kinds of tasks, which would reflect different sensitivities of phe-
nomenological and objective measures.

A similar discrepancy has also been observed in the experiments of
Schmidt and Schmidt (2013), which studied speeded visuo-motor pro-
cessing of grouping cues. These authors examined competition between
intrinsic grouping principles, using a primed flanker procedure task and
stimuli with similar grouping strength. They found that grouping by
shape similarity generated bigger priming effects than grouping based
on size or brightness similarity, even though all the grouping cues
were equated in subjective grouping strength. Schmidt and Schmidt
(2013) proposed a related account as a plausible explanation for the dis-
sociation between subjective and objectivesmeasures that they also ob-
served in their data. The perceptual parameters determining grouping
strength are not necessarily represented in the same way by the phe-
nomenological perception and by the visuo-motor system. Undoubted-
ly, the systematic contrast of phenomenological and psychophysical
measures of grouping should be an interesting topic for future research
in this field.

The present procedure could be an important tool for analysing in-
teractions between grouping cues and for determining the dominance
dynamics of competing organizations. It may allow extending the sys-
tematic study of dominance dynamics of grouping cues under different
conditions (i.e. taking different levels in single cues) or by displaying
other stimulus' configurations traditionally used in thisfield (e.g., matri-
ces of discrete elements, dot lattices, etc.) in order to obtain further in-
formation on factors which determine the dominance of grouping
cues. In addition, as one reviewer suggested, the versatility of our exper-
imental approach would make possible to control – or even to system-
atically study – some relevant perceptual factors different from
grouping cues, like symmetry. In this sense, the manipulation of prox-
imity in Experiment 1 systematically changed the symmetry of several
stimuli providing an extra cue that could have guided the observers' re-
sponse in addition to grouping factors. Thus, as a reviewer points out,
symmetry could have acted as an extra cue for the proximity single-
cue condition, overriding the potential advantage of shape similarity.
Symmetry, as a visual regularity in which one half is the mirror image
of the other, is detected by the visual system as an integral part of the
perceptual organization process (see Bertamini & Makin, 2014; van
der Helm, 2015, for reviews). Also, as suggested by other reviewers, a
possible alternative explanation for the results of Experiment 3 could
be based on the effect of crowding (see Kim & Blake, 2005; Pelli &
Tillman, 2008, for reviews) caused by enclosing the circles and squares
in a common region. This could render the central element harder to
identify by the action of nearby contours weakening the potential ad-
vantage of the shape similarity cue.

Future experiments should take into account these relevant factors
and even others (e.g., statistical regularities, perceptual completion,
etc.) in order to study the complex interactions between different orga-
nizational factors involved in human vision. Additionally, other group-
ing cues, both intrinsic and extrinsic ones, should be examined by
means of the present paradigm in order to obtain a representative col-
lection of data on the interaction between diverse grouping cues and
to extend the generality of the findings of the present experiments.
The previous literature on grouping principles suggests that different
types of grouping have divergent temporal courses and different neural
origins (see Montoro et al., 2015; Sasaki, 2007, for reviews). Conse-
quently, dissimilar patterns of interaction between grouping cues
seem a plausible possibility that deserve being explored in the future.

Finally, a potential limitation of our procedure might be the direct
(or explicit) nature of the perceptual judgments demanded, which
could promote alternative strategies to perform the task, non-related
to the perceptual grouping operations. Although participants are
instructed to indicate whether perceptual groups based on different
cues are located to the left or to the right, it might be argued that they
could solve the task without doing so. A complementary approach
could be based on indirect (or implicit) measures of grouping by
means, for instance, of the repetition discrimination task (RDT) from
Palmer and Beck (2007). Beyond the (dis)advantages of direct and indi-
rect measures of grouping (see Kubovy & Gephstein, 2003, for a discus-
sion in-depth on subjectivity and objectivity in perceptual research),
certainly, a multi-method converging approach for the study of group-
ing effects have been revealed as the most successful strategy in con-
temporary vision science. In line with this view, we agree that the
introduction of indirect measures in our scheme will be a valuable
source of new findings in this topic.

In sum, themost important results of the present experiments show
that the relative dominance of single grouping cues could determine
dominance in competing cues, and it could be predicted from relative
dominance of single cues. An important result of our experiments indi-
cates that when two grouping cues compete, both the non-attended in-
trinsic cue in Experiment 1, and the non-dominant extrinsic cue in
Experiment 2 and Experiment 3, are still perceived and they are not
completely lost.

Acknowledgements

This work was supported by grants PSI2015-68368-P from the
Ministerio de Economía y Competitividad (MINECO) of Spain, H2015/
HUM-3327 from the Comunidad de Madrid and 2012V/PUNED/0009
from the UNED.

References

Alais, D., Blake, R., & Lee, S. H. (1998). Visual features that vary together over time group
together over space. Nature Neuroscience, I, 160–164.

Ben-Av, M. B., & Sagi, D. (1995). Perceptual grouping by similarity and proximity: Exper-
imental results can be predicted by intensity autocorrelations. Vision Research, 35,
853–866.

Bertamini, M., & Makin, A. D. J. (2014). Brain activity in response to visual symmetry.
Symmetry, 6, 975–996.

Brooks, J. L. (2015). Traditional and new principles of perceptual grouping. In J.
Wagemans (Ed.), Oxford handbook of perceptual organization (pp. 57–87). Oxford Uni-
versity Press.

Claessens, P. M., & Wagemans, J. (2005). Perceptual grouping in Gabor lattices: Proximity
and alignment. Perception and Psychophysics, 67, 1446–1459.

Claessens, P. M., & Wagemans, J. (2008). A Bayesian framework for cue integration in
multistable grouping: Proximity, collinearity, and orientation priors in zigzag lattices.
Journal of Vision, 8, 1–23.

Han, S. (2004). Interactions between proximity and similarity grouping. An event-related
brain potential study in humans. Neuroscience Letters, 367, 40–43.

Hochberg, J., & Hardy, D. (1960). Brigthness and proximity factors in grouping. Perceptual
& Motor Skills, 10, 22.

Kim, C. Y., & Blake, R. (2005). Psychophysical magic: Rendering the visible ‘invisible’.
Trends in Cognitive Sciences, 9, 381–388.

Kubovy, M., & Gephstein, S. (2003). Perceptual grouping in space and in space time: An
exercise in phenomenological psychophysics. In R. Kimchi, M. Berhmann, & C.
Olson (Eds.), Perceptual organization in vision. Behavioral and neural perspectives
(pp. 1–17). Psychology Press.

Kubovy, M., & van den Berg, M. (2008). The whole is equal to the sum of its parts: A prob-
abilistic model of grouping by proximity and similarity in regular patterns.
Psychological Review, 115, 131–154.

Lee, S. H., & Blake, R. (1999). Visual form created solely from temporal structure. Science,
284, 1165–1168.

Luna, D. (1993). Effects of exposure duration and eccentricity of global and local informa-
tion on processing dominance. European Journal of Cognitive Psychology, 5, 183–200.

Luna, D., & Montoro, P. R. (2011). Interactions between intrinsic principles of similarity
and proximity and extrinsic principle of common region in visual perception.
Perception, 40, 1467–1477.

Montoro, P. R., & Luna, D. (2015a). Competition and cooperation between intrínsic and
extrinsic perceptual grouping principles in vision. Anales de Psicología, 31, 345–354.

Montoro, P. R., & Luna, D. (2015b). Does the relative strength of visual grouping principles
modulate cooperation and competition between them? A study of grouping by prox-
imity and common region. Spanish Journal of Psychology, 18, 1–10.

Montoro, P. R., Luna, D., Albert, J., Santaniello, G., López-Martín, S., Pozo, M. A., & Hinojosa,
J. A. (2015). A temporo-spatial analysis of the neural correlates of extrinsic perceptual
grouping in vision. Neuropsychologia, 69, 118–129.

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

http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0005
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0005
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0010
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0010
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0010
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0015
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0015
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0020
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0020
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0020
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0025
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0025
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0030
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0030
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0030
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0040
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0040
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0045
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0045
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0050
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0050
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0055
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0055
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0055
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0055
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0060
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0060
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0060
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0065
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0065
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0070
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0070
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0075
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0075
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0075
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0080
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0080
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0085
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0085
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0085
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0090
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0090
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0095
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0095


154 D. Luna et al. / Acta Psychologica 170 (2016) 146–154
Navon, D. (1981). Do attention and decision follow perception? A comment on Miller.
Journal of Experimental Psychology: Human Perception and Performance, 7, 1175–1182.

Nikolaev, A. R., Gephstein, S., Kubovy, M., & van Leeuwen, C. (2008). Dissociation of early
evoked cortical activity in perceptual grouping. Experimental Brain Research, 186,
107–122.

Oyama, T., & Miyano, H. (2008). Quantification of gestalt laws and proposal of a percep-
tual state-space model. Gestalt Theory, 30, 29–38.

Oyama, T., Simizu, M., & Tozawa, J. (1999). Effects of similarity on apparent motion and
perceptual grouping. Perception, 28, 739–748.

Palmer, S. E. (1992). Common region: A new principle of perceptual grouping. Cognitive
Psychology, 24, 433–447.

Palmer, S. E. (1999). Vision science. Photons to phenomenology. Cambridge, MA: MIT Press.
Palmer, S. E. (2003). Perceptual organization in grouping. In R. Kimchi, M. Berhmann, & C.

Olson (Eds.), Perceptual organization in vision. Behavioral and neural perspectives
(pp. 3–45). Psychology Press.

Palmer, S. E., & Beck, D. (2007). The repetition discrimination task: An objective method
for studying perceptual grouping. Perception & Psychophysics, 69, 68–78.

Palmer, S. E., & Brooks, J. L. (2008). Edge-region grouping in depth perception and figure-
ground organization. Journal of Experimental Psychology: Human Perception and
Performance, 34(6), 1353–1371.

Palmer, S. E., & Nelson, R. (2000). Late influences on perceptual grouping: Illusory figures.
Perception and Psychophysics, 62, 1321–1331.

Palmer, S. E., & Rock, I. (1994a). On the nature and order of organizational processing: A
reply to Peterson. Psychonomic Bulletin and Review, 1, 515–519.

Palmer, S. E., & Rock, I. (1994b). Rethinking perceptual organization: The role of uniform
connectedness. Psychonomic Bulletin and Review, 1, 29–55.

Pelli, D. G., & Tillman, K. A. (2008). The uncrowded window of object recognition. Nature
Neuroscience, 11, 1129–1135.
Peterson, M. A., & Kimchi, R. (2013). Perceptual organization in vision. In D. Reisberg
(Ed.), Oxford handbook of cognitive psychology (pp. 9–31). New York: Oxford Univer-
sity Press.

Quinlan, P. T., & Wilton, R. L. (1998). Grouping by proximity or similarity? Competition
between the Gestalt principles in vision. Perception, 27, 417–430.

Richardson, J. T. E. (2011). Eta squared and partial eta squared asmeasures of effect size in
educational research. Educational Research Review, 6, 135–147.

Sasaki, Y. (2007). Processing local signs into global patterns. Current Opinion in
Neurobiology, 17, 132–139.

Schmidt, F., & Schmidt, T. (2013). Grouping principles in direct competition. Vision
Research, 88, 9–21.

Shibata, M., Kawachi, Y., & Gyoba (2010). Combined effects of perceptual grouping cues
on object representation: Evidence from motion-induced blindness. Attention,
Perception, and Psychophysics, 72, 387–397.

van den Berg, M., Kubovy, M., & Schirillo, J. A. (2011). Grouping by regularity and the per-
ception of illumination. Vision Research, 51, 1360–1371.

van der Helm, P. A. (2015). Symmetry perception. In J. Wagemans (Ed.), Oxford handbook
of perceptual organization (pp. 108–128). New York: Oxford University Press.

Vickery, T. J. (2008). Induced perceptual grouping. Psychological Science, 19, 693–701.
Wagemans, J., Elder, J. H., Kubovy, M., Palmer, S. E., Peterson, M. A., Singh, M., & von der

Heydt, R. (2012). A century of Gestalt psychology in visual perception: I. Perceptual
grouping and figure-ground organization. Psychological Bulletin, 138, 1172–1217.

Ward, L. M. (1983). On processing dominance: Comment on Pomerantz. Journal of
Experimental Psychology: General, 112, 541–546.

Wertheimer, M. (1923). Untersuchungen zur Lehre von der Gestalt II. Psychologische
Forschung, 4, 301–350.

http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0100
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0100
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0110
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0110
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0110
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0115
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0115
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0120
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0120
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0125
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0125
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0130
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0135
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0135
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0135
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0140
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0140
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0145
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0145
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0145
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0150
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0150
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0155
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0155
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0160
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0160
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0165
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0165
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0170
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0170
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0170
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0175
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0175
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0185
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0185
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0190
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0190
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0195
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0195
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0200
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0200
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0200
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0205
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0205
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0210
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0210
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0215
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0220
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0220
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0225
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0225
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0230
http://refhub.elsevier.com/S0001-6918(16)30131-7/rf0230

	Dominance dynamics of competition between intrinsic and extrinsic grouping cues
	1. Introduction
	2. Experiment 1. Shape similarity and proximity
	2.1. Method
	2.1.1. Participants
	2.1.2. Apparatus and stimuli
	2.1.3. Design and procedure
	2.1.4. Results


	3. Experiment 2 common region and connectedness
	3.1. Method
	3.1.1. Participants
	3.1.2. Apparatus and stimuli
	3.1.3. Procedure and design
	3.1.4. Results
	3.1.4.1. Combined analysis of Experiment 1 and Experiment 2
	3.1.4.2. RT analysis
	3.1.4.3. Accuracy analysis



	4. Experiment 3 shape similarity and common region
	4.1. Method
	4.1.1. Participants
	4.1.2. Apparatus and stimuli
	4.1.3. Procedure and design
	4.1.4. Results


	5. General discussion
	Acknowledgements
	References


