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When visual transients impair tactile change detection: A novel
case of crossmodal change blindness?
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Abstract

The inability of people to detect changes between consecutively presented visual displays, when separated by a blank screen or distractor, is
known as “change blindness”. This phenomenon has recently been reported to occur within the auditory and tactile modalities as well. To date,
however, only distractors presented within the same sensory modality as the change have been demonstrated to produce change blindness. In the
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resent experiment, we studied whether tactile change blindness might also be elicited by the presentation of a visual mask. Participants made same
ersus different judgments regarding two successively presented displays composed of two to three vibrotactile stimuli. While change detection
erformance was near-perfect when the two displays were presented one directly after the other, participants failed to detect many of the changes
etween the tactile displays when they were separated by an empty temporal interval. Critically, performance deteriorated still further when the
resentation of a local (i.e., a mudsplash) or global visual transient coincided with the onset of the second tactile pattern. Analysis of the results
sing signal detection theory revealed that this crossmodal effect reflected a genuine perceptual impairment.

2006 Elsevier Ireland Ltd. All rights reserved.
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hange blindness is the name given to the surprising inabil-
ty of people to detect even obvious visual changes between
onsecutively-presented visual scenes. The phenomenon has
een reported when irrelevant visual transients are presented
etween the to-be-compared displays (e.g., [10,20,27,30,32]).
any different stimuli/events have been shown to elicit visual

hange blindness when presented between the two to-be-
ompared scenes: These include blank (or black) screens (e.g.,
28]), eye blinks [26], saccades (e.g., [19]), movie cuts (e.g.,
21]), and multiple discrete masking elements known as “mud-
plashes” (e.g., [27]; see also [31,39]).

Change blindness has also been reported within the audi-
ory modality (e.g., [5,9,40]) and more recently within touch
11–14]. In particular, recent studies conducted in this labora-
ory have demonstrated that participants frequently fail to detect
he presence of positional and identity changes between simple
onsecutively-presented vibrotactile patterns (composed of two

∗ Corresponding author. Tel.: +44 1865 271380; fax: +44 1865 310447.
E-mail address: alberto.gallace@psy.ox.ac.uk (A. Gallace).

or three discrete vibrotactile stimuli) presented over the body
surface. Moreover, tactile change blindness has been demon-
strated to be more pronounced when tactile distractors are super-
imposed on the display at the moment of change [13,14], in a
similar fashion to that reported previously using the visual mud-
splash paradigm [27].

Although tactile change blindness occurs for stimulus dis-
plays consisting of smaller numbers of tactile stimuli than for
vision, the existence of a number of similarities between the
change blindness phenomena in the two sensory modalities
suggests the possibility of a common underlying mechanism
(see [11,14]). Previously, we suggested that change blindness
in vision as well as in touch might be related to the failure of
a stimulus within a multisensory/amodal spatial representation
where the change took place to reach awareness and/or draw
spatial attention to itself.

In the present experiment, we specifically addressed the ques-
tion of whether change blindness in different sensory modalities
may have a common underlying substrate (perhaps related to the
crossmodal nature of attention and/or the crossmodal represen-
tation of space; e.g., [34]). In particular, we postulated that if the
304-3940/$ – see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.neulet.2006.01.009
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principal cause of change blindness relates to the existence of a
multisensory/amodal system used to process and integrate infor-
mation, then the detection of tactile changes should be impaired
not only when tactile transients are presented [11], but also when
visual transients are presented at the time of the tactile change.
Therefore, participants in the present study had to detect the pres-
ence of positional changes between two tactile displays (changes
occurred on 50% of trials) during the concurrent presentation of
a visual mask or of a visual mudsplash (see [27]).

Thirteen right-handed participants (seven males and six
females) took part in this 25 min experiment as paid volunteers
(mean age of 26.8 years, range of 19–33 years).

Participants sat on a chair for the duration of the experi-
ment. The vibrotactile stimuli were presented by means of six
resonant-type tactors (Part No: VBW32, Audiological Engi-
neering Corp., Somerville, MA, USA) with 1.6 cm × 2.4 cm
vibrating surfaces. The tactors were placed on the participant’s
body on top of any clothing they happened to be wearing by
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ig. 1. (A) The positions on the body surface where the tactors and LEDs were placed
houlder on the right arm; (4) on the waistline, to the right of the body midline; (5) jus
eg. Schematic illustration of the sequence of events presented in each trial of the ex
isual mudsplash; (F) non-coincident visual mudsplash. The numerical values shown
iscs represent vibrotactile stimuli and light grey discs (with black borders) visual stim
eflection.)
. (1) left wrist; (2) just above the left elbow; (3) midway between the elbow and
t above the left ankle; and (6) midway between the ankle and knee on the right
periment: (B) no interval; (C) empty interval; (D) visual mask; (E) coincident
above each figure indicate the duration (in ms) of the events concerned. Black
uli. (Note that the visual stimuli were seen on the participant’s body via mirror
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means of Velcro strip belts. Green LEDs were mounted at the
same position as each tactor but on the other side of the belts
(see Fig. 1A, for the position of the tactors and LEDs on the
body). The vibrators were driven by means of a custom-built 9-
channel amplifier circuit (Haptic Interface Laboratory, Purdue
University, Indiana, USA) that drove each tactor independently
at 290 Hz (close to its resonant frequency).

The intensity of each tactor was adjusted individually at the
beginning of the experiment, so that each vibrotactile stimulus
could be perceived clearly, and all of the tactile stimuli were
perceived to be of similar intensity. The amplification levels for
the tactors were kept at their individually-chosen levels through-
out the experiment. White noise was presented over closed-ear
headphones at 70 dB(A) to mask any sounds made by the opera-
tion of the vibrotactile stimulators. A 65 cm × 90 cm mirror was
placed 100 cm in front of the participant (measured from the
upper edge of the mirror to the participant’s eyes). The ability
of participants to correctly detect the visual stimuli presented
from each body location was confirmed at the beginning of the
experiment for each participant.

The stimuli consisted of two patterns, equiprobably com-
posed of two or three vibrotactile stimuli. Both patterns were
presented sequentially, and their duration was set at 1000 ms
(i.e., we adopted the “one shot” procedure used in previous visual
change blindness experiments; [6]). The positions of the stimuli
were chosen randomly between all possible combinations of the
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participant’s response. Participants were instructed to respond
as accurately as possible. Eighty trials were presented in each
experimental condition. In 50% of the trials, a positional change
between the two patterns was presented, and in the remaining
trials no change occurred. Each participant completed 400 trials
in total.

Trials in which participants failed to make a response (<1%
of trials overall) were not analysed. The percentages of correct
and erroneous change detection responses were used to calcu-
late a measure of perceptual sensitivity (d′) and criterion (β),
for each block type using signal detection theory [23]. These
measures were submitted to a repeated measures ANOVA with
the factor of Block Type (five levels: no interval, empty interval,
non-coincident visual mudsplash, coincident visual mudsplash,
and visual mask). The analysis of the sensitivity data revealed a
significant main effect of block type [F(4,48) = 13.5; p < .0001].
A Duncan post-hoc test revealed significant differences between
the no interval condition and all of the other block types (all
p < .05). The differences between the empty interval condition
and each of the block types were also significant (all p < .05).
None of the other differences (i.e., between any of the three
visual masking conditions) reached statistical significance. The
lowest d′ value was observed in the visual mask condition and
the highest value (signifying the most accurate performance) in
the no interval condition (see Fig. 2A).

The analysis of the response bias data revealed a significant
m
c
n
t

Fig. 2. Performance in each experimental block: (A) mean d values; (B) mean
β values. Error bars represent the standard errors of the means.
ix body sites stimulated. In the no change trials, the two vibra-
ory patterns were identical. In the change condition, one of the
ibrotactile stimuli composing the second pattern was presented
rom a different position. The intertrial interval (ITI) was set at
00 ms.

The experiment was composed of five different blocks, pre-
ented in a randomized order between participants. In one block
f trials, the vibrotactile stimuli were presented sequentially
ithout any gap between them (no interval condition). In the
ther four blocks, the two patterns were always separated by
50-ms empty interstimulus interval (cf. [11,14]). In one of

hese blocks, no visual stimuli were presented (empty interval
ondition). In the remaining three blocks, a visual transient was
resented for 100 ms at the same time as the onset of the second
ibrotactile pattern. In one block, all six LEDs were illuminated
visual mask condition). In the remaining two blocks, only one
f the LEDs was illuminated (visual mudsplash conditions). The
osition of the LED that was illuminated was chosen randomly
rom amongst those body positions that were non-coincident
ith any of the tactile stimuli composing either of the two vibro-

actile patterns (non-coincident visual mudsplash condition) in
ne block, and the body positions that were coincident with the
osition of the changed location (in the second tactile pattern)
n the other block (coincident visual mudsplash condition; see
ig. 1B–F for a schematic illustration of the experimental con-
itions).

The participants pressed one of two keys on a computer key-
oard depending upon whether or not the second vibrotactile
attern felt the same as the first. The trial was terminated if
o response was made within 4 s of the offset of the second
attern. No feedback was given regarding the correctness of a
ain effect of Block Type [F(4,48) = 3.72; p < .05]. A Dun-
an post-hoc test revealed significant differences between the
o interval condition and all of the other experimental condi-
ions (all p < .05). None of the other differences were significant.

′
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The highest β value was observed in the non-coincident visual
mudsplash condition and the lowest value in the no interval
condition (see Fig. 2B). The significant effect reported for β

appears to be related to the near-perfect performance observed
in the no interval block of trials (with β close to zero indicating
little response bias). Therefore, the differences in performance
reported between the various different blocks of trials appear to
be determined by a change in participants sensitivity rather than
by a change in response bias.1

The results showed a significant difference in people’s sen-
sitivity between the condition in which the two tactile displays
were temporally separated and the condition where they were
presented without interruption on the body surface. This result
confirms the existence of tactile change blindness when people
have to detect the presence of a positional change between two
sequentially-presented vibrotactile patterns [11,14]. More sur-
prisingly, our results also demonstrate that the phenomenon can
be elicited when a transient (or change) occurs simultaneously
in a different sensory modality (here vision). Participants’ sen-
sitivity to detect the occurrence of a change between the two
vibrotactile displays decreased (as compared to the empty inter-
val condition) when a “visual” mask or distractor (mudsplash)
coincided temporally with the tactile onset of the second display.

No significant performance differences were reported
between the spatially-coincident and spatially non-coincident
visual mudsplash conditions. At first glance, this result would
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study, but were instead seen via mirror reflection, makes any
direct comparison between the two experiments difficult.

The most important finding to emerge from the present exper-
iment is the significant difference between all of the conditions in
which a visual stimulus was presented at the time of the change
(the mudsplash and mask conditions) and the condition in which
an empty interval separated the presentation of the two tactile
patterns. Given that in both conditions the duration of the tem-
poral gap between the two patterns was the same (50 ms), the
decrease in performance observed in the visual mask and mud-
splash conditions can only be attributed to the presence of the
visual transients interfering with tactile discrimination perfor-
mance. This result clearly shows that tactile change blindness
can be elicited by masking within the same sensory modality as
the change [12], but also by “masking” presented in a different
sensory modality. Such a crossmodal effect on change detection
performance cannot, however, simply be attributed to some form
of low-level sensory masking (cf. [17,33]), and must instead
reflect some form of higher-order central masking (e.g., [1,4];
cf. [18]). Furthermore, it is also worth noting that the influence
of the visual distractors on tactile change detection performance
in the present study does not reflect response bias (as measured
by β), but would instead appear to highlight a genuine percep-
tual effect (as indexed by the reduction in perceptual sensitivity,
as measured by d′).

We previously proposed that change blindness in vision as
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ppear to conflict with the results of a unimodal visual study
f change blindness obtained by O’Regan et al. [27] using a
udsplash paradigm. They reported that when a single black-

nd-white textured rectangle (instead of multiple mudsplashes)
riefly covered the location of the change at the moment of
hange in the display, participants were able to detect the pres-
nce of the change fairly accurately. However, the fact that: (a)
he change in O’Regan et al.’s study was not a positional change
ut an onset or offset change (i.e., an object either being added
o or removed from the display); (b) O’Regan et al. used a very
ifferent “unimodal” visual set-up; and (c) the visual and tactile
timuli were never actually spatially-coincident in the present

1 We performed a second experiment (N = 12 participants) in order to deter-
ine whether a visual mudsplash or mask would also impair tactile change

etection performance when the visual stimuli were not presented on the par-
icipant’s body. The methods were the same as in our main experiment with
he following exceptions: (1) the visual stimuli were presented on a wall 2 m
n front of the participant (the positions of the visual stimuli were the same
s those adopted in the main experiment but linearly projected onto the wall,
hile maintaining similar visual angles between the stimuli); (2) in the mud-

plash condition only non-coincident mudsplashes were used. The results of an
NOVA performed on the d′ data showed a significant effect of the experimental

ondition [F(3,33) = 3.82; p < .05]. A Duncan post-hoc test revealed significant
ifferences between the visual mask and no-interval conditions, and between
he mudsplash and the no-interval conditions (all p < .05), but not between the
ther conditions. A borderline significant difference was found between the
mpty-interval and mudsplash condition (p = .058). No significant differences
ere found on the analysis of the beta values [F(3,33) < 1; n.s.]. These results

herefore show that visual stimuli no matter whether they are presented on the
articipant’s body (i.e., in the same position as the vibrotactile stimuli) or not
i.e., when presented on the wall in front of the participant), can impair tactile
hange detection performance.
ell as in touch might be related to people’s lack of awareness
f, and/or inability to direct attention to (or to be captured by), the
patial position where a change was represented (or occurred)
ithin a multisensory/amodal representation [11,14]. This might
e the result of competition between the representation of differ-
nt concurrently stimulated positions [6], and/or of the limited
vailability of human information processing resources [42].

right et al. reported that visual change detection performance
s influenced by the number of stimuli presented in a display
i.e., the higher the number of stimuli, the worse the perfor-
ance). Interestingly, recent results from numerosity judgment

tudies obtained using multisensory stimulus presentation have
hown that the system responsible for processing information
egarding spatial location is limited multisensorially in terms
f the number of stimuli that can access consciousness, draw
ttention to themselves, or else elicit a response, regardless of
heir sensory modality of presentation [12,13]. Consequently,
t might be plausible that if change blindness reflects the fail-
re of a stimulus (presented in a given spatial position where the
hange took place) to reach awareness and/or spatial attention to
tself within a multisensory/amodal spatial representation, visual
istractors should be expected to be effective in eliciting tac-
ile change blindness (as demonstrated for tactile distractors;
11,14]).2 These are precisely the results obtained in the present

2 A further experiment was also conducted in order to investigate whether
isual change blindness would be elicited by the presentation of tactile distrac-
ors. The methods were the same as our main experiment with the only difference
eing that the to-be-compared patterns were visual while the distractors were
actile. However, performance in this visual change blindness experiment was
early errorless in all of the experimental conditions (i.e., when tactile distrac-
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study. Indeed, when concurrent transients are presented from
different spatial positions, they compete for access to conscious-
ness and/or to capture attention (see [6]; see also [24]; cf. [43]).
Therefore, it would appear that in situations where unimodal
transients are suppressed, and the number of positions stimu-
lated (regardless of the sensory modality of that stimulation)
exceeds a certain limit, change blindness may well be observed.
Alternatively however, the possibility that change blindness may
be elicited by the competition to elicit awareness/draw attention
between the representations of stimuli irrespective of their spa-
tial location cannot be ruled out on the basis of the present results.
This important matter should be addressed in future research.

Interestingly, our results show that it is not only visual tran-
sients presented on the body itself but also visual stimuli pre-
sented at some distance from the participants (2 m) that can elicit
tactile change blindness (see footnote 1). This result suggests
that the multisensory/amodal representation in which the stimuli
compete for accessing consciousness and/or drawing attention
to themselves (cf. [7]) is not a body-based representation, but
may instead constitute a more allocentric or environmental spa-
tial representation.

Responses to a target in a given sensory modality (for example
touch) are faster and more accurate when spatially-non predic-
tive cues (in either the same or different sensory modality) are
presented relatively close in space and time to the target (an
effect that is often referred to as “crossmodal exogenous spatial
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