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Abstract Using a tactile variant of the negative-priming
paradigm, we analyzed the influence of Gestalt grouping
on the ability of participants to ignore distracting tactile
information. The distance between participants’ hands, to
which the target and distractor stimuli were simultaneously
delivered, was varied (near/touching hands vs. hands far
apart). In addition, the influence of touching hands was
controlled, as participants wore gloves and their hands were
blocked from vision by a cover. The magnitude of the tactile
negative-priming effect was modulated by the interaction
between hand separation and whether or not gloves were
worn. When the hands were touching, negative priming
emerged only while wearing gloves that prevented direct
skin-to-skin contact. In contrast, when the separation be-
tween the participants’ hands was larger, negative priming
emerged only when gloves were not worn. This pattern of
results is interpreted in terms of the competing influences of
two interacting Gestalt principles—namely, connectedness
and proximity—on the processing of tactile distractors.

Keywords Touch . Grouping and segmentation .

Negative priming

At every waking moment, a wealth of information from the
various sensory systems is processed by our brains. How-
ever, the efficient control of action requires that only certain
features of particular stimulus representations be fully pro-
cessed, and subsequently used to guide our actions (e.g.,

Allport, 1987). It is now widely believed that selective
attention helps us to find, and preferentially process, rele-
vant information at the expense of less relevant information.
In fact, selection is considered to represent one of the
principal functions of attention (see Pashler, 1998; Spence,
2010). By and large, it has been assumed that selection is
achieved through the facilitation of the processing of rele-
vant stimuli and/or the inhibition (or ignoring) of irrelevant
stimuli. In the present article, the focus is on the latter
process—that is, on the ignoring of irrelevant tactile infor-
mation (i.e., distractors).

Abundant evidence now supports unimodal selection in
the visual and auditory modalities (see, e.g., Allport, 1993;
Johnston & Dark, 1986; Spence, 2010). Yet, to date, few
studies have attempted to analyze distractor processing
within the tactile modality (see Frings, Amendt, & Spence,
2011; Frings, Bader, & Spence, 2008; Frings & Spence,
2010; Gallace & Spence, in press; Moeller & Frings, 2011;
Spence & Gallace, 2007). So far, it seems that established
experimental paradigms such as the negative-priming task
(Tipper, 1985; see Fox, 1995, for a review), which are
assumed to tap the ignoring of distractors, work just as
effectively in touch as in vision. Intriguingly, though, the
magnitude of negative priming seems to be larger in the
tactile modality than in vision (cf. Frings et al., 2011).

In a similar vein, stimulus–response binding effects have
been demonstrated in the tactile modality that are compara-
ble to those documented previously in vision (see Zmigrod,
Spapé, & Hommel, 2009). In fact, the integration of stimu-
lus features (irrespective of feature modality) with response
features into coherent stimulus–response episodes appears
to be modality-independent. For example, repeating a visual
stimulus with a certain response will lead to beneficial
effects if the response is also repeated; the same holds true
for tactile stimuli (Zmigrod et al., 2009). Furthermore,
Moeller and Frings (2011) recently provided evidence dem-
onstrating the influence of stimulus–response binding on the
processing of tactile distractors; that is, the co-occurrence of
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a tactile distractor with a particular response leads to the
integration of the distractor and the response into one mem-
ory entry that could be retrieved by another presentation of
the distractor. Overall, distractor processing in the tactile
modality appears to be comparable (albeit by no means
identical) to the distractor processing that has been docu-
mented previously in the visual modality. That said, further
research will certainly be needed in order to understand the
processing of tactile distractors in anything like as much
detail as we already have for vision. In the study reported
here, we analyzed how specific perceptual mechanisms—
which we interpret in terms of Gestalt grouping mechanisms
(see Gallace & Spence, 2011)—might affect the selective
processing of tactile distractors.

The Gestalt grouping principles were originally formulated
more than a century ago by researchers working in the field of
visual perception (e.g., von Ehrenfels, 1890; Wertheimer,
1912). Extensive research by Gestalt psychologists on the
topic of unimodal perceptual organization has revealed the
existence of a number of different grouping principles—such
as spatial proximity, similarity, good continuation, common
fate (or uniform destiny), closure, and Einstellung (or “set”)—
that appear to exert a profound influence on people’s percep-
tion of the organization of visual displays (e.g., Koffka, 1935;
Köhler, 1930; Smith, 1988; Wagemans et al., 2012;
Wertheimer, 1923/1938). Following on from the original stud-
ies in the visual modality, researchers have subsequently been
able to demonstrate that many, if not all, of the Gestalt group-
ing principles also apply to the auditory modality as well (for
reviews, see Bregman, 1990; Dyson, 2009; Julesz, 1971;
Wagemans, 2012), not to mention to the tactile modality (see
Gallace & Spence, 2011, for a recent review).

Generally speaking, it is assumed that Gestalt grouping
principles further the selection of relevant as opposed to
irrelevant information, as they help to separate targets from
distractors on the basis of varying properties such as prox-
imity, similarity, closure, and common fate (see, e.g., Driver
& Baylis, 1989; Egly, Driver, & Rafal, 1994; Kahneman &
Henik, 1981; Lamers & Roelofs, 2007; Reynolds, Kwan, &
Smilek, 2010). For example, Driver and Baylis (see also
Reynolds et al., 2010) have demonstrated that more distant
distractors that just so happen to move in the same direction
as a target stimulus elicit stronger compatibility effects than
do nearer distractors not moving in that direction—thus
overriding the immediate spatial proximity between the
target and the distractor (i.e., the principle of common fate
presided over the principle of proximity, and over any
influence of spatial attention under the particular stimulus
conditions used in this study). In a similar vein, some
evidence has indicated that Gestalt grouping principles af-
fect the deployment of selective attention in the Stroop task
(see, e.g., Lamers & Roelofs, 2007; see also Davis & Driver,
1994). In addition, Frings and Rothermund (2011) recently

demonstrated that the stimulus–response bindings of
responses to targets and to distractor stimuli accompanying
these targets are influenced by the principles of Gestalt
grouping. Specifically, binding effects for distractors were
larger if the distractors were perceived as belonging to the
target as a result of perceptual grouping.

In the present study, we were interested in the influence
of Gestalt grouping principles on the processing of tactile
distractors. In particular, we analyzed whether the distance
in external space between targets and distractors and the
touching of the hands to which the stimuli were delivered
would influence the processing of tactile distractors. We
interpreted these experimental manipulations in terms of
the Gestalt principles of spatial proximity and connected-
ness. There is evidence that both principles can work in the
tactile modality. In particular, the Gestalt principle of spatial
proximity (i.e., elements that are close together group to-
gether) have been observed in touch when the eccentricities
from which different tactile stimuli were presented have
been manipulated (e.g., Chang, Nesbitt, & Wilkins, 2007).
In addition, the apparent-motion illusion can be elicited in
the tactile modality on the basis of the proximity of the
stimulated elements (e.g., Harrar & Harris, 2007; Lakatos
& Shepard, 1997; see also Carter, Konkle, Wang, Hayward,
& Moore, 2008). The Gestalt principle of connectedness
(e.g., elements that are connected group together—i.e., as
a unit) has also been observed in touch. In fact, research
reported by Haggard, Kitadono, Press, and Taylor-Clarke
(2006) demonstrated a significant influence of touching
versus nontouching hands on the detection and identifica-
tion of tactile stimuli delivered to the hands and/or digits. In
terms of the principles of Gestalt grouping, one may inter-
pret this as some kind of grouping based on connectedness
(see Gallace & Spence, 2011, for a review).

In the present study, we adopted the tactile negative-
priming paradigm from Frings et al. (2008). In each trial,
the participants had to try to identify the vibrotactile target
stimulus while simultaneously trying to ignore the distractor
vibration. Slower responses were expected in those trials in
which a vibrotactile stimulus that had been ignored in the
preceding trial (the prime) constituted the target in the
current trial (the probe).1 In addition, the separation between
the target and distractor vibrations in external space was
varied. When the distance between the target and distractor
is large, participants normally find it easier to select the
target (and to ignore the distractor), according to the

1 Negative priming is assumed to involve the ignoring of prime dis-
tractors. That said, the underlying mechanism(s), be they inhibition
(e.g., Houghton & Tipper, 1994) or the retrieval of a “do-not-respond”
tag (e.g., Neill, 1997), are still being debated (e.g., Tipper, 2001). For
the purposes of understanding the influence of the Gestalt grouping
principles on distractor processing in the tactile modality, we can,
however, ignore this debate.
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principle of proximity, as compared to when the distance
between the target and distractor is small (see Kahneman &
Treisman, 1984). Tactile negative priming should, in turn, be
more pronounced in the condition in which the distance
between the target and distractor is small, as compared to a
condition with a large distance in external space, as it is known
that the negative-priming effect increases with increasing
selection difficulty (Frings & Spence, 2011; Frings & Wühr,
2007; Houghton & Tipper, 1996). Evidence from experiments
conducted in the visual modality also provides support for this
argument. In these studies, the Gestalt grouping principles
influenced visual negative priming, in that distractors that
grouped together with the target elicited larger negative-
priming effects than did distractors that were not grouped with
the target (Fox, 1998; Yeh & Chao, 2004; but see Fuentes,
Humphreys, Agis, Carmona, & Catena, 1998).

However, in the condition in which the distance between
the hands was small, the hands did actually touch each other—
that is, the index fingers as well as the thumbs of the left and
right hands touched, thus possibly leading to the impression
that the vibrations originated from the same object. In terms of
the principles of Gestalt grouping, one may therefore interpret
this as some kind of grouping by connectedness (see Gallace
& Spence, 2011, for a review). By comparing results from the
near conditions with or without touching hands (or the im-
pression thereof), we could judge the possible influence of
connectedness on the processing of distractors and analyze the
influence of proximity without the confound of touching
versus nontouching hands.

Experiment 1

In this experiment, four different vibrotactile patterns were
presented in the context of a target identification task. One
target and one distractor vibrotactile stimulus were presented
simultaneously in each trial until participants responded to the
target stimulus. The location of the target was unpredictable
and was cued by the color of the display at the start of each
trial. Importantly, each vibrotactile pattern was mapped to a
specific finger (not to a response key) for responding. After
the first block of trials in the experiment, the participants’
hands were placed in another location (such that the spatial
distance between the hands could be manipulated). A learning
phase was presented prior to the experimental phase in order
to reduce participants’ error rates. Note that the procedure and
apparatus/materials closely followed those described in Frings
et al. (2008).

Methods

Participants A group of 14 students from Saarland Univer-
sity took part in this experiment for a payment of €8. Their

median age was 23 years (ranging from 19 to 33 years). All
of the participants had a normal sense of touch and
normal or corrected-to-normal vision by self-report. Also,
all of the participants were naïve as to the purpose of the
experiment.

Design Essentially, the experiment consisted of a 2 (priming
condition: ignored repetition [IR] vs. control [C]) × 2 (ex-
ternal distance between target and distractor: near vs. far)
within-participants design. The sequence of external distan-
ces between targets and distractors (near → far vs. far →
near) was varied between participants. Negative-priming
effects were computed as the difference in performance
between control and ignored-repetition trials.

Apparatus and materials The experiment was conducted on
a standard PC with a 17-in. CRT screen. Vibrotactile stimuli
were delivered by means of two skin transducers (Model
VBW32, Audiological Engineering Corporation). Each
transducer weighed 6.5 g (including the Velcro strip used
to fasten it to the participant’s hand) and was 2.54 cm ×
1.85 cm × 1.06 cm in size. The transient response of each
transducer was measured at 5 ms (attack and decay). The
amplitude range extended to 50 dB above the average sen-
sory threshold. E-Prime (Version 1.1) was used to conduct
the experiment. The software was used to control the pre-
sentation of the sound files. A Sony hi-fi system was used to
amplify the sounds. Instead of normal loudspeakers, how-
ever, the skin transducers were connected to the amplifier.
Thus, the sound files were used to generate vibrotactile
stimuli presented via the transducers. Four tones with dif-
ferent rhythms were used to produce the vibrotactile stimuli.
The signals were created using the freeware program Au-
dacity (Version 1.2.6). The stimuli were presented repeated-
ly until the participant responded or until 5,000 ms had
elapsed since the start of the trial. One stimulus consisted
of a single longer pulse (340 ms) followed by three shorter
pulses (180 ms each). There were two pauses of 60 ms each,
one after the longer pulse and one after the last of the three
short pulses. The duration of the whole sequence was
1,000 ms. Another of the stimuli comprised four pulses of
equal length (192 ms each) and intensity, with each pulse
being followed by a 58-ms empty interval. The third stim-
ulus was composed of one short pulse (110 ms) followed by
an 890-ms pause. The fourth stimulus simply consisted of a
continuous vibration presented until participants reacted or
5,000 ms had elapsed.2

2 The four stimuli differed in terms of at which point in time they could
be safely identified, as well as in processing difficulty. However, as
probe target type was orthogonally varied with respect to all other
factors, these issues were not problematic. In addition, negative prim-
ing was not significantly different with respect to stimulus type.
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Procedure The participants were tested individually in a
quiet and dimly lit room. Each participant sat 60 cm in front
of the PC, and the skin transducers were fixed onto his or
her palms. The transducers were placed on the side of each
of the participant’s palms. Participants had to identify the
target vibrations by responding with the appropriate finger.
The four response fingers were placed by the experimenter
on a QWERTY keyboard in front of the participant. To limit
the noise made by the transducers touching the table, we
used armrests on which the participant put his or her wrists.
Instructions were given on the screen and summarized by
the experimenter at the beginning of each phase of the
experiment. White noise was presented over headphones
to mask the sounds made by the operation of the vibrotactile
stimulators (see Fig. 1).

The experimental session comprised four training phases,
in which the assignments of the vibrotactile stimuli to spe-
cific finger responses were learned, and an experimental
phase, in which the participants had to perform the
negative-priming task itself.

In the experimental phase, each trial consisted of the
following events: The participants initiated each trial by
pressing the space bar. Next, the prime was presented. This
comprised two stimuli (i.e., the target vibration and the
distractor vibration). Both stimuli were simultaneously pre-
sented until the participant responded. The participants were
instructed to identify the target and to ignore the vibrotactile
distractor stimulus. They were also told to respond as rap-
idly and accurately as possible. Simultaneous with the onset
of the stimuli, the display changed color; the screen also
remained colored until the participants reacted. A red screen
indicated that the target stimulus would be presented to the
participant’s right hand, whereas a blue screen indicated that

the target would be presented to the left hand. The Velcro
strips (with which the tactile stimulators were taped to the
palm) were colored in a congruent manner (i.e., the Velcro
strip on the participant’s right hand was red, whereas the
Velcro strip of the left hand was blue). Thereafter, a white
screen was displayed for 1,000 ms, followed by the probe.
The probe also consisted of two stimuli, one the target and
the other the distractor. Again, the participants had to iden-
tify the target vibration that was indicated by the color of the
screen.

Importantly, in the condition with targets and distractors
separated by a small distance in external space, the two
centers of the palm surfaces were approximately 10 cm
apart. In this condition, the experimenter placed the partic-
ipant’s left index finger on the “B” key, the left middle
finger on the “V” key, the right index finger on the “N”
key, and the right middle finger on the “M” key. In the
condition in which the targets and distractors were separated
by a large distance in external space, the two centers of the
palm surfaces were approximately 40 cm apart. In this
condition, the experimenter placed the participant’s left in-
dex finger on the “X” key, the left middle finger on the “Z”
key, the right index finger on the “2” key of the number pad,
and the right middle finger on the “3” key of the number
pad.

All possible combinations of each probe with two differ-
ent stimuli were constructed while orthogonally varying the
positions of the stimuli, resulting in 24 different probes.
Since we were only interested in the ignored-repetition
(IR) and control (C) conditions, we built all possible primes
for each probe that would transfer this prime–probe se-
quence into an IR or C trial (four IR primes and four C
primes for each probe). In an IR trial, the prime distractor

Rubber gloves with openings for  
skin transducers and fingertips

Black cover for hands and
keyboard  

Top view upon test arrangement,  
adapted from Frings et al. (2008)

Hand separation 

~ 10 cm ~ 40 cm

hands close
together

hands far
apart

Experimental conditions, 
Experiments 1-3

Gloves and cover

no gloves worn
no cover

gloves worn
cover

hands close
together

Exp. 1, Exp. 2 Exp. 2

hands far
apart

Exp. 1, Exp. 2, Exp. 3  Exp. 3

Fig. 1 Procedural details of the
test arrangement (see the main
text for details). The distance
between the participant’s hands
was measured as the distance
between the centers of the left
and right hands (depicted as
black circles). In the near
distance condition, the
participant’s hands were
touching in Experiments 1
and 2
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was repeated as the probe target, whereas in a C trial, all four
stimuli were different. Note that the positions of the targets
as well as the response hands were orthogonally varied with
respect to all other factors (cf. Frings et al., 2008). This
design resulted in 192 experimental trials (96 IR and 96 C
trials). The trials were presented in a pseudorandomized
fashion for each distance condition.

Half of the participants started the experiment with their
hands arranged in the far distance condition, whereas the
other half of the participants started with their hands in the
near distance condition. After the first 96 experimental
trials, the participants could rest for a short period (1–
3 min). Thereafter, the experimenter placed the participant’s
response fingers according to the other distance condition;
that is, if the participant had started with the near condition,
her or his fingers were placed according to the far distance
condition arrangement in the second block of the experi-
ment. Participants received 12 training trials before each
experimental block, in addition to the stimulus–response
mapping learning phases (see below).

A learning phase was conducted at the start of the ex-
periment, in which the participants learned the assignments
of the vibrotactile stimuli to the response fingers. In each
trial of Learning Phase 1, one of the vibrations was random-
ly presented to either hand. Simultaneously, an image was
displayed on the screen that showed a photograph of one left
and one right hand. One finger was colored green, indicating
the corresponding response finger for this vibration. The
background of this image was white. The trial ended when
the participant responded with the particular finger. Each
vibration was presented three times to each hand (i.e., 24
trials in total). We used photographs for a direct mapping of
responses to vibrotactile patterns, thereby minimizing pos-
sible strategies (e.g., verbal recoding of the tactile patterns)
on the part of the participants. It was also stressed that the
participant’s fingers would be placed on different keys dur-
ing the course of the experiment, and hence that the partic-
ipant would have to learn the stimulus–finger association. In
Learning Phase 2, the participants were given practice in
attending to a specific target hand. The procedure was the
same, except that the background of the display was now
either red or blue. When red, the participant sensed the
vibration on his or her right hand, and when it was blue,
he or she sensed it on the left hand. This phase of the
experiment also consisted of 24 trials. In Learning Phase
3, we tested whether the participants had learned the correct
stimulus–response mappings between the vibrotactile stim-
uli and the fingers that they had to respond with. Once
again, the color of the screen (red or blue) indicated on
which hand the target vibration would be presented. The
participants were instructed to try to identify the vibration
and respond with the appropriate finger. This time, however,
the photograph of the two hands indicating the correct finger

was no longer displayed. Feedback concerning the correct-
ness of a participant’s responses was provided after each
trial. The four vibrations were presented repeatedly in a
random order until the participants were able to correctly
identify each of the vibrations five times in a row (on
average, participants needed 12 min to fulfill this learning
criterion). Finally, in Learning Phase 4, the participants were
presented with 48 trials containing both targets and distrac-
tors. These trials were exactly the same as the experimental
trials, except that participants were still given feedback
about the correctness of their answers. The length of all four
learning phases was about 20–25 min in total.

Results

Only correct probe reaction times (RTs) were analyzed (the
error rate on the probe displays was 25.5 %). Moreover, RTs
had to be longer than 350 ms and lower than the Tukey
outlier criterion (1.5 interquartile ranges above the third
quartile, Tukey, 1977; this criterion was 4,036 ms, leading
to 1.9 % of the trials being discarded as outliers). With
respect to these criteria, 27.0 % of the trials were discarded.
The mean RTs and error rates are highlighted in Table 1.

Reaction times The sequence of the external distance con-
dition showed no main effect or interaction effect except the
interaction of sequence with external distance (meaning that
participants were always somewhat slower in their first than
in their second block). Thus, for the sake of simplicity we
dropped the factor sequence of distance conditions. Correct
probe RTs were subjected to a 2 (priming condition: IR
vs. C) × 2 (external distance: near vs. far) multivariate
analysis of variance (MANOVA). The main effect of priming
condition was not significant, F(1, 13) = 1.98, p = .183, ηp

2 =
.13, indicating no average negative-priming effect. In addi-
tion, the main effect of external distance was not significant,
F(1, 13) = 0.0, p = .787, ηp

2 = .006, showing that participants’
RTs were not different in these conditions. Importantly, the
interaction between external distance and priming condition
was marginally significant, F(1, 13) = 3.00, p = .053 (one-

Table 1 Mean reaction times (in milliseconds) and percentages of
errors (in parentheses) as a function of priming condition and external
distance in Experiment 1

External Distance

Priming Condition Near Far

Ignored repetition (IR) 1,971 [299] 2,034 [363]

(22.9) [18.5] (21.9) [17.2]

Control (C) 2,001 [347] 1,956 [301]

(20.2) [16.1] (16.9) [13.7]

Standard deviations appear in square brackets
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tailed), ηp
2 = .19, thus showing that negative-priming effects

differed as a function of external distance. In particular, in the
near distance condition, a trend toward a positive- instead of a
negative-priming effect was observed, M = 25 ms (SD =
175 ms), that was not significantly different from zero,
t(13) = 0.53, p = .606; however, in the far distance condition,
a significant negative-priming effect of M = −93 ms (SD =
134 ms ) was observed, t(13) = 2.60, p = .022 (cf. Fig. 2).

Error rates We conducted the same MANOVA on the error
data. However, neither the main effects nor their interaction
was significant, all ps > .15.

Discussion

The results of Experiment 1 demonstrate a modulation of
tactile negative priming due to the variations in the distance
between the target and distractor vibrations in external space
while the internal (or somatotopic) distance was held con-
stant: In a condition with a larger distance between the
hands, we found negative-priming effects comparable to
the effect observed in Frings et al. (2008) using a middle
distance. Yet, when the distance between the hands was
small, tactile negative priming diminished to a nonsignifi-
cant level. This result is at odds with experiments in vision,
which usually show that a smaller distance between targets
and distractors enhances the interference from the distractor
and, in turn, requires stronger inhibition/ignoring of the
distractor. As a result, one would have expected larger
negative priming with a smaller external distance between
targets and distractors.

Yet, in the near condition, the hands actually did touch.
Thus, it seemed possible that the connectedness of the hands
may have overridden the effect of spatial proximity. Before

elaborating on this effect, we tested this assumption in a
second experiment, in which we replicated the near condi-
tion while participants wore gloves, thereby preventing the
impression of touching hands.

Experiment 2

In Experiment 2, we conducted the near condition from
Experiment 1 with or without touching hands (or the im-
pression thereof), and thus we could judge the possible
influence of connectedness on the processing of tactile dis-
tractors and analyze the influence of proximity without
having to worry about the potentially confounding influence
of whether or not the participants’ hands were actually
touching.

Method

Participants A group of 38 students from Saarland Univer-
sity or the University of Trier took part for course credit.
Their median age was 22 years (ranging from 20 to
49 years). All of the participants had normal touch and
normal or corrected-to-normal vision by self-report. The
data from three of the participants were discarded (two had
high error rates that were outliers according to Tukey, 1977,
when compared with the error rate of the full sample, and
the data from one additional participant had to be excluded
due to technical issues while delivering the tactile patterns—
i.e., the amplifier was disconnected, and in turn, the vibra-
tions were hard to identify).

Design Essentially, the experiment consisted of a 2 (priming
condition: IR vs. C) × 3 (external distance between target
and distractor: far vs. near vs. near with gloves) within-
participants design. The sequence of external distance be-
tween targets and distractors was counterbalanced across
participants. In addition, prime target position and probe
target position were also varied orthogonally with respect
to the other factors but were collapsed in the analysis.
Negative-priming effects were computed as the difference
in performance between C and IR trials.

Apparatus, materials, and procedure Experiment 2 was a
replication of Experiment 1, with the following exceptions.
E-Prime (Versions 1.1 and 2.0) and a Sony STR-DN1030 or
a Tangent AMP-50 hi-fi system were used to conduct the
experiment. We conducted three conditions: far without
gloves, near without gloves (both as in Exp. 1), and near
with gloves. In the near condition with gloves, participants
wore rubber gloves with openings for the skin transducers to
contact a participant’s palms directly. In addition, a black
cover sheet prevented participants from viewing their hands
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Negative Priming Effects (in ms), Experiments 1-3  

Fig. 2 Negative-priming effects (in milliseconds) as a function of
distance between the hands and wearing gloves/using cover, Experiments
1–3. The error bars depict the standard errors of the means. *Significant
negative-priming effects (p < .05)
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(cf. Fig. 1). This design resulted in 288 experimental trials
(144 IR and 144 C trials). In an IR trial, the prime distractor
was repeated as the probe target, whereas in a C trial, all four
stimuli were different. The trials were presented in a pseu-
dorandomized order for each condition. The three condi-
tions (near with and without gloves, and far) were
counterbalanced between participants.

Results

Only correct probe RTs were analyzed (the error rate on
probe displays was 15.6 %). Moreover, RTs had to be longer
than 350 ms and below the Tukey outlier criterion (1.5
interquartile ranges above the third quartile, Tukey, 1977;
in the present experiment, this criterion was 3,664 ms, and
4.1 % of trials were discarded due to the outlier criterion).
Excluding outliers and error probes resulted in the elimina-
tion of 17.8 % of the trials. The mean RTs and error rates are
shown in Table 2. The sequence of the distance conditions
showed no main effect or interaction, except the interaction
of sequence with external distance (which meant that par-
ticipants were always somewhat slower in their first than in
their second or third block). Thus, for the sake of simplicity
we dropped this factor (i.e., sequence of distance conditions)
from further analysis.

Reaction times Correct probe RTs were subjected to a 2
(priming condition: IR vs. C) × 3 (external distance: far
vs. near vs. near with gloves) MANOVA. The main effect
of priming condition was significant, F(1, 34) = 15.06, p <
.001, ηp

2 = .31, indicating an average negative-priming
effect. Yet the main effect of external distance was not
significant, F(2, 33) = 2.29, p = .127, ηp

2 = .012, showing
that participants’ RTs were not different in these conditions.
The interaction between external distance and priming con-
dition was significant, F(2, 33) = 3.51, p = .041 , ηp

2 = .18,
thus showing that the negative-priming effects differed as a
function of the external distance between the participant’s
hands. In addition to the nonspecific interaction effect, we
built contrasts according to our hypothesis concerning the

interaction of distance and priming condition. In fact, the
negative-priming effect in the near distance condition was
significantly different from the negative-priming effects ob-
served in either the far distance condition, F(1, 34) = 5.27,
p = .028, ηp

2 = .13, or the near-with-gloves condition,
F(1, 34) = 6.39, p = .016, ηp

2 = .16, whereas the near-
with-gloves condition and the far condition did not differ,
F < 1. This pattern of results was also reflected when the
simple negative-priming effects in the three distance con-
ditions were tested against zero (cf. Fig. 2). In particular, in
the near distance condition, no significant negative-priming
effect was observed, M = 2 ms (SD = 145 ms), t(34) = 0.06,
p = .953. In contrast, in the far and gloves conditions,
significant negative-priming effects were observed:
M = −90 ms (SD = 144 ms), t(34) = 3.71, p = .001, for the
gloves condition, and M = −89 ms (SD = 181 ms), t(34) =
3.06, p = .004, for the far condition.

Error rates We conducted the same MANOVA on the error
data. However, only the main effect of priming condition
was significant, F(1, 34) = 8.14, p < .007, ηp

2 = .19,
indicating an average negative-priming effect in the error
data, as well.

Discussion

The results of Experiment 2 replicated the main finding of
Experiment 1: Tactile negative priming was modulated by
variations in the distance between the target and distractor
vibrations in external space. In a condition with a larger
distance between the hands, we found negative-priming
effects, while when the distance between the hands was small,
tactile negative priming diminished to a nonsignificant level.
Yet, intriguingly, if participants wore gloves and their hands
were blocked from vision, negative-priming effects emerged
even when the distance was small. In other words, the touch-
ing of the participant’s hands overrode the principle of spatial
proximity. This result appears to be in line with previous
reports on the effects of touching hands (cf. Haggard et al.,
2006). However, the effects of gloves and blocking the hands
from vision could not safely be interpreted as long as their
influence on tactile negative priming in the far condition was
not analyzed. In addition, it seemed worthwhile to analyze
participants’ impressions of wearing gloves. We analyzed the
effects of wearing gloves in the far condition in Experiment 3,
and analyzed the impression of wearing gloves by getting a
group of participants to complete a questionnaire.

Questionnaire on the effects of wearing gloves

With this questionnaire, we analyzed participants’ impres-
sions of wearing the gloves (and blocking their hands from

Table 2 Mean reaction times (in milliseconds) and percentages of
errors (in parentheses) as a function of priming condition and external
distance in Experiment 2

External Distance

Priming Condition Near Far Near + Gloves

Ignored
repetition (IR)

1,897 [398] 1,982 [400] 2,014 [400]

(16.4) [11.4] (16.0) [9.8] (17.1) [12.6]

Control (C) 1,899 [397] 1,888 [366] 1,923 [401]

(15.5) [10.4] (12.8) [8.0] (16.2) [11.8]

Standard deviations appear in square brackets
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vision). Our hope was that the subjective impressions of
people would help to interpret the effects of gloves and a
visual occluder on the tactile negative-priming effect.

Method

Participants A group of 31 students from the University of
Trier took part for course credit. Their median age was
21 years (ranging from 19 to 49 years). All of the partic-
ipants had normal touch and normal or corrected-to-normal
vision by self-report.

Materials and procedure The participants were tested indi-
vidually, seated in the laboratory in which Experiment 2 had
taken place. The participants placed their hands on the
response keys of the near condition as in Experiment 2
and answered six questions concerning their subjective
impressions associated with the touching of their hands
(see Fig. 3 for details). All questions were asked twice, once
while the participants wore the same gloves as in Experiment
2 and had a black cover occluding their hands from view, and
once without the gloves and cover. The order of conditions
(with or without gloves and cover) was counterbalanced
across participants.

Results and discussion

For each item, we computed the difference with respect to
whether or not the participants wore gloves while answering
the question. These six differences were submitted to a
MANOVA, and thereby tested against the null vector. The
constant term was significant, F(6, 25) = 3.62, p = .010, ηp

2 =
.47, demonstrating that the two conditions differed. Planned
contrasts showed that Items 2 (If you move your right ring

finger, how strongly do you feel this movement with your left
hand?), 3 (How strongly do you feel that your hands touch the
same object?), and 4 (How far are your hands apart?) differed
significantly between the two conditions, with F(1, 30) = 5.35,
p = .028, ηp

2 = .15;F(1, 30) = 3.42, p = .037 (one-tailed), ηp
2 =

.10; and F(1, 30) = 6.13, p = .019, ηp
2 = .17, for Items 2, 3, and

4, respectively. The other three items did not differ, Fs < 1.
Taken together, the results of the subjective rating ques-

tionnaire suggest that wearing gloves and blocking the par-
ticipant’s hands from view gave participants the impression
that their hands seemed to be farther away and less
connected.

Experiment 3

Method

Participants A group of 16 students from the University of
Trier took part for course credit. Their median age was
22 years (ranging from 20 to 49 years). All of the partic-
ipants had normal touch and normal or corrected-to-normal
vision by self-report.

Design Essentially, the experiment consisted of a 2 (priming
condition: IR vs. C) × 2 (gloves/cover: with gloves and with
cover vs. without gloves and without cover) within-
participants experimental design. The sequence of blocks
with or without gloves/cover was counterbalanced across
participants. In addition, prime target position and probe
target position were also varied orthogonally with respect
to the other factors but collapsed in the analysis. Negative-
priming effects were computed as the difference in perfor-
mance between C and IR trials.

0 1 2 3 4 5 6 7

How strongly do you feel your right hand with
your left?

If you move your right ringfinger, how strongly 
do you feel this movement with your left hand?

How strongly do you feel that your hands touch
the same object? 

How far are your hands apart?

How strongly do you feel your left hand with
your right?

If you move your left thumb, how strongly do
you feel this movement with your right hand?

1

2

3

4

5

6

not at all 
very near

very strongly
very far

With gloves/ cover

Without gloves/ cover

Fig. 3 Six items of the
questionnaire on the
proprioceptive impressions of
both hands. The light gray
columns depict means for the
condition without gloves and
cover, while the dark gray
columns depict means for the
condition with gloves and
cover. The error bars depict the
standard errors of the means
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Apparatus, materials, and procedure Experiment 3 was an
exact replication of the far condition of Experiment 1. How-
ever, in one block of trials, the participants wore the gloves
and a cover was used to block their hands from view
(exactly as in the near-with-gloves condition of Exp. 2),
whereas in the other block, the participants worked through
the far conditions as in previous experiments.

Results

Only correct probe RTs were analyzed (the error rate on
probe displays was 28.2 %). Moreover, RTs had to be longer
than 350 ms and below the Tukey outlier criterion (1.5
interquartile ranges above the third quartile, Tukey, 1977;
in the present study, this criterion was 4,002 ms, and 4.0 %
of the trials were discarded due to the outlier criterion).
Excluding outliers and error probes resulted in the elimina-
tion of 30.7 % of the trials. The mean RTs and error rates are
shown in Table 3. The sequence of the glove conditions
showed no main effect or interaction and was dropped for
the sake of simplicity.

Reaction times Correct probe RTs were subjected to a 2
(priming condition: IR vs. C) × 2 (gloves: with vs. without
gloves) MANOVA. Neither of the main effects was signif-
icant, both Fs < 1.81, both ps > .197. Yet the interaction
between priming and gloves was significant, F(1, 15) =
5.68, p = .031, ηp

2 = .28, indicating different negative-
priming effects as a function of whether or not the partici-
pant wore gloves. In contrast to the results of Experiment 2,
wearing gloves diminished negative priming in the far con-
dition to nonsignificant levels, M = 25 ms (SD 152 ms), t
(15) = 0.65, p = .526, whereas when the participants did
without the gloves, negative priming of a size comparable to
that in the far conditions of the previous experiments was
found, M = −107 ms (SD 178 ms), t(15) = 2.43, p = .028
(cf. Fig. 2).

Error rates The same MANOVA was conducted on the
error data. However, only the main effect of priming

condition showed a tendency toward significance, F(1, 15) =
4.26, p = .057, ηp

2 = .22, indicating an average negative-
priming effect in the error rates, too.

Discussion

The results of Experiment 3 replicated (for the third time)
the tactile negative-priming effect in the far condition with-
out gloves; note that this effect was quite comparable from
Experiments 1 to 3 in terms of its size (cf. the bars in Fig. 2).
However, when participants wore gloves and had their
hands blocked from view in the far condition, negative
priming diminished to nonsignificant levels. With respect
to the results from the questionnaire, one might have as-
sumed that selection in the far condition would have become
easier still whenever the gloves and the cover were used, as
the subjectively reported effect of this condition was that the
hands seemed to be farther apart and less connected. Thus,
tactile negative priming appears to be modulated by the
interaction of connectedness and proximity. We will return
to this issue in the General Discussion. First, though, we will
analyze this interaction by means of an analysis comparing
the negative-priming effects from all of the experiments.

Combined analysis of negative-priming effects, experiments
1–3

We entered the negative-priming effects from all of the
experiments as the dependent variable in a multiple regres-
sion analysis. Wearing gloves (with vs. without) was entered
as a contrast-coded predictor, as well as the distance (near
vs. far). In addition, the product term of Distance × Gloves
(accessing the interaction of distance and gloves) was en-
tered as a predictor variable, too. The regression model was
significant, F(3, 3) = 48.86, p = .005. Importantly, the
product term was also significant, β = .99, p = .002, reflect-
ing different effects of distance on negative priming as a
function of whether or not gloves were worn (cf. Fig. 4).

General discussion

The results of the present study demonstrate the influence of
Gestalt grouping principles on the processing/ignoring of
tactile stimuli (specifically, tactile distractors). It has been
argued that negative priming with tactile distractors indexes
the processing and ignoring of interfering tactile stimuli
(Frings et al., 2011; Frings et al., 2008; Frings & Spence,
2011). In the visual modality, it has been argued that the
interference of distractors that can be separated from targets
on the basis of Gestalt grouping principles is diminished;
this has led to reduced negative-priming effects with visual
distractors. In touch, it would appear that the influence of

Table 3 Mean reaction times (in milliseconds) and percentages of
errors (in parentheses) as a function of priming condition and gloves
in Experiment 3

Gloves

Priming Condition With Without

Ignored repetition (IR) 1,743 [456] 1,841 [382]

(32.2) [22.1] (28.7) [19.6]

Control (C) 1,768 [420] 1,734 [327]

(26.9) [20.3] (27.6) [19.6]

Standard deviations appear in square brackets
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the Gestalt principle of proximity is modulated by other
Gestalt principles, such as connectedness. We will discuss
our results with respect to these two Gestalt principles.

Connectedness in touch

Here, using tactile stimuli, we observed, in comparison to
vision, a different influence of the Gestalt principle of prox-
imity. Although negative priming diminished to nonsignifi-
cant levels when the distance between targets and distractors
was small, this effect seemed to be caused by another
grouping principle. In fact, if a participant’s hands were
placed too close together/touching, there may have been a
tendency for the participant to group the target and distractor
into a single perceptual object. This, in turn, might be
expected to prevent, or override, the ignoring of distractors,
leading to diminished negative-priming effects in this con-
dition. The effect of touching hands may be understood in
terms of the Gestalt principle of connectedness; that is, both
stimuli may be encoded as coming from the same object,
due to the fact that the hands to which the stimulation was
delivered were in contact with each other. This is also what
participants reported in the questionnaire. Studies in the
visual modality have generated results that are in line with
this argument. For example, Behrmann and Tipper (1999)
showed that two circles connected by a line (thereby sug-
gesting the impression of a barbell) were grouped into one

object, in contrast to two squares that were not connected
(despite the spatial distance). In addition, in real life, it
seems likely that the simultaneous stimulation of the two
hands would often originate from stimulation delivered by
the same object (cf. Gallace & Spence, 2011; O’Regan,
1992). Note, however, that we cannot safely judge whether
touching or not touching hands could lead to equivalent
differences in the impression that a participant was holding
a single object in both hands versus a distinct object in each
hand (see, e.g., Gillmeister, Adler, & Forster, 2010).

Yet, when their hands touched, participants were quite
efficient in responding to the tactile targets. Note that the
probe RTs may not have provided a valid measure of selec-
tion difficulty (even in the control trials), as response hand
and target side switches would bias the raw probe RTs. Yet,
when looking at the prime RTs (which are free of these
biases), in both Experiment 1 and 2 the prime RTs for the
condition with touching hands were faster (2,062 ms in Exp.
1, and 2,031 ms in Exp. 2) as compared to the conditions
with hands not touching (2,137 ms in Exp. 1, and 2,088 vs.
2,074 ms in Exp. 2 for, respectively, the far vs. near-with-
gloves conditions), all ps < .09 (one-tailed). Thus, the prin-
ciple of connectedness leads to efficient selection here; one
idea may be that integrating both rhythms into one object
may change the selection from object- to feature-based
selection, and in turn, the target feature may benefit from
the same-object advantage (e.g., Duncan, 1984). This

near far

distance

Fig. 4 Multiple regression
model with the negative-
priming effect as the dependent
variable and distance between
the hands and wearing gloves as
independent variables. The
product term of both indepen-
dent variables was significant,
reflecting the interaction be-
tween distance and whether or
not the participant wore gloves
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reasoning is certainly quite speculative and needs further
investigation in the future; nevertheless, it would seem to be
an area worth pursuing in future research.

We hasten to add that in the gloves condition—in which
we prevented the impression of the hands touching—prob-
ably more than just preventing the touching of hands was
manipulated. In particular, by using a black cover and con-
ducting the experiment in a dark room, participants also
received no visual feedback concerning the position of their
hands. Note that Gallace and Spence (2005) had shown
previously that the visually perceived distance between the
participant’s hands can modulate the perception of tactile
stimuli delivered to the hands, irrespective of the hands’
actual spatial separation. Thus, in the gloves condition, we
prevented both the touching of the hands and visual feed-
back concerning their position, and thereby possibly manip-
ulated, or biased, the participants’ perceptions of their
hands’ locations. Indeed, in a questionnaire on the proprio-
ception of participants’ hands, we found that wearing gloves
and blocking vision appeared to increase the perceived
distance and reduce the connectedness of the participant’s
hands. We cannot confidently conclude whether one or a
combination of these aspects counteracts the Gestalt princi-
ple of connectedness in the near condition without gloves.
However, note that the intriguing point is that the negative-
priming effect diminishes to a nonsignificant level if none of
these aspects is controlled for. Therefore, it would seem
reasonable to conclude that the distance in external space
per se is not what reduces the tactile negative-priming effect,
but rather a combination of aspects that we interpret as the
Gestalt principle of connectedness, grouping the target and
the distractor together into a single perceptual object.

Spatial proximity in touch

The results reported in the first two experiments of the
present study failed to demonstrate any modulation of tactile
negative priming as a function of the spatial separation
(small vs. large) between the target and distractor hands (at
least when the two hands did not directly touch one another).
It is important to point out that this null result (of varying
spatial separation) might, at least at first glance, appear to
contrast with the results of several previous studies that have
demonstrated a modulatory effect of varying spatial separation
on a variety of tactile tasks (see, e.g., Azañón & Soto-Faraco,
2008; Gallace & Spence, 2005; Soto-Faraco, Ronald, &
Spence, 2004). What explains this apparent contradiction?

Well, one plausible possibility here relates to the sugges-
tion that the spatial modulation of tactile performance may
simply be more apparent in those studies in which the
participants’ task is in some sense spatial, as when they
are explicitly required to discriminate the spatial location
of the target stimulus (e.g., Soto-Faraco et al., 2004). Even

the results of tactile temporal order judgment (TOJ) studies
can in some sense be thought of as being spatial, in the sense
that participants respond by indicating the hand (or location)
that was stimulated first (or second; Gallace & Spence,
2005; Röder et al., 2004). Interestingly, however, as soon
as the spatial aspect of the task is removed—as when par-
ticipants are simply required to judge whether or not the two
tactile stimuli (one presented to either hand) were simulta-
neous, the spatial modulatory effect can dissipate (see Axelrod,
Thompson, & Cohen, 1968). Furthermore, it is also relevant to
note here that the results of several spatial attention studies
have documented a more pronounced spatial modulation of
tactile performance when the participants’ task is spatial as
compared to when it is nonspatial (see also, e.g., Gallace, Soto-
Faraco, Dalton, Kreukniet, & Spence, 2008; Spence &
McGlone, 2001; Spence, Pavani, &Driver, 2004). The entirely
nonspatial nature of the participants’ target identification task
reported in the present study may therefore have contributed to
the apparent absence of a modulatory effect of placing the
target and distractor hands near versus far from each other.

Another aspect is that, when modulating the distance
between targets and distractors in touch, the distance in
external space, as well as the somatosensory distance (i.e.,
the distance across the skin surface), has to be taken into
account. In our experiments, only the distance in external
space was varied; thus, we cannot exclude the possibility
that the Gestalt principle of proximity may have influenced
the processing of tactile distractors when the somatosensory
distance between targets and distractors was manipulated.
However, recent data from the processing of haptic distrac-
tors in a haptic search task has also failed to show an
influence of the Gestalt principle of proximity, while the
principles of similarity and good continuation were ob-
served in the same study (Overvliet, Krampe, & Wagemans,
2012). Moreover, it was also argued that the influence of
common fate (in the Overliet et al. study, this was the
temporal structure of the stimuli) may have overridden the
influence of proximity. Generally speaking, it may make
sense that, especially for haptics (and maybe for touch
stimuli in general), other Gestalt principles would be stron-
ger than proximity in external space, as we can move the
effectors with which we experience tactile stimulation in the
space around us. For example, if one were exploring quite a
big object, it would be maladaptive if, only due to the fact
that the hands were far apart, the information from the two
hands concerning the object were not to be integrated.

Numerous previous studies have demonstrated that the
selection of relevant tactile information—and the ignoring
of irrelevant distractor information, no matter whether it is
presented in the same or in a different sensory modality—is
enhanced (i.e., selection is easier) as the distance between
the target and distractors is increased (see Spence & Gallace,
2007, for a review). Whether the same effect of increasing
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distance would still be obtained if the target and distractor
were both presented as part of the same perceptual object is
currently not known (though see Driver, 1999, for an anal-
ogous debate in the world of visual attention). Here, one
might consider the body to be an object much like any other,
and to the extent that it is, any object-based attention effects,
realized here through the touching of the participants’
hands, might be expected to modulate the magnitude of
attention effects—as has, in fact, been demonstrated (e.g.,
Coslett & Lee, 2004).

Finally, one may explain the effects of wearing gloves
and the cover in the far condition of Experiment 3 as an
effect of spatial proximity. In fact, when the hands were far
apart, negative priming diminished to a nonsignificant level
while participants were wearing gloves. As the effects of
wearing gloves and blocking vision manipulate the per-
ceived distance of the hands, it can be argued that selection
becomes easier still and, in turn, that the magnitude of the
negative-priming effect diminishes. A look at the prime RTs
indeed shows that in the far condition without gloves, the
average RT to correct primes was 1,845 ms, whereas with
gloves it was 1,824 ms (p < .10). Note that probe RTs are not
an ideal measure of selection difficulty (even in control
trials), as response hand and target side switches bias the
raw probe RTs. Thus, as long as the hands do not touch each
other, the results of Experiment 3 suggest an influence of
spatial proximity in line with that found in vision.

Conclusion

Taken together, the data reported in the present study sug-
gest that Gestalt principles modulate the ignoring of tactile
distractors. The Gestalt principle of proximity hardly seems
to play any role at all—at least, in the range of external
distances analyzed in the experiments reported here—with
respect to the external space in touch. By contrast, the
touching of hands modulates whether or not vibrotactile
stimuli delivered to both hands are grouped together, thereby
influencing the processing and ignoring of distractors.
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