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ARTICLE INFO ABSTRACT

Keywords: The crossmodal congruency effect (CCE) is augmented when viewing an image of a hand com-
Crossmodal congruency task pared to an object. It is unclear if this contextual effect extends to a non-spatial CCE. Here,
Haﬂf% image participants discriminated the number of tactile vibrations delivered to the hand whilst ignoring
Multisensory visual distractors on images of their own or another’s hand or an object. The CCE was not
Touch . I , . .

Vision modulated by stimulus context. Viewing one’s hand from a third person perspective increased

errors relative to viewing an object (Experiment 1). Errors were reduced when viewing hands,
from first or third person perspectives, with additional identity markers (Experiments 2 and 3).
Our results suggest no effect of context on the non-spatial CCE and that differences in task
performance between hand and object images depend on their visual properties. These findings
are discussed in light of the relationship between body representation and perception of body-
centred stimuli in the temporal domain.

Visual hand identity

1. Introduction

Our perception of, and interaction with, the external world is strongly influenced by the experience of recognising one’s own body
as distinct from another’s. Over the past few years, a number of studies have demonstrated the multisensory nature of the body
representation, particularly in the ability to localise stimulation on the body. This has been highlighted robustly with the crossmodal
congruency task (CCT) (Spence, Pavani, & Driver, 2004; Spence, Pavani, Maravita, & Holmes, 2008). The CCT typically involves the
presentation of a tactile stimulus to different locations on the body, most commonly the index finger and thumb, and visual dis-
tractors in external space which are also arranged in corresponding spatial locations on or near the physical body. The task for the
participant is to indicate the elevation of the tactile stimulation whilst ignoring the distractors. Across trials, these visuotactile stimuli
are presented as spatially congruent or incongruent and the difference in performance, measured in terms of speed or accuracy,
between these trial types is known as the crossmodal congruency effect (CCE).

Several studies have provided evidence that the CCE occurs when visual distractors are superimposed on images of the body and
have reported that viewing a body part, or indeed a full body, significantly increases the magnitude of the CCE relative to viewing an
object (Aspell, Lenggenhager, & Blanke, 2009; Igarashi, Kimura, Spence, & Ichihara, 2008; Igarashi, Kitagawa, & Ichihara, 2004;
Igarashi, Kitagawa, Spence, & Ichihara, 2007; Salomon, Van Elk, Aspell, & Blanke, 2012; Thomas, Press, & Haggard, 2006). The
occurrence of a large CCE when viewing an image of a body part may reflect the role of ‘context’ in multisensory integration in which
cross-sensory events arising in a shared context are more likely to be integrated than those arising in separate contexts (Chen &
Spence, 2017; Welch & Warren, 1980). The context can be influenced by prior learning from everyday experiences; for example, a
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visual event appearing briefly on the body is typically accompanied by a tactile sensation at the same location (Johnson, Burton, &
Ro, 2006; Mirams, Poliakoff, Brown, & Lloyd, 2010). Even when viewing a body part is non-informative to the tactile task, the visual
percept can nevertheless influence tactile perception by increasing tactile sensitivity (Kennett, Taylor-Clarke, & Haggard, 2001;
Taylor-Clarke, Kennett, & Haggard, 2002; Tipper et al., 1998).

Despite clear evidence for a role of viewing the body on tactile perception, supporting evidence that this crossmodal interaction is
further influenced by the perception of body identity is equivocal. The processing of stimuli associated with the self can be prioritized
compared to stimuli associated with another (e.g. Frassinetti, Ferri, Maini, Benassi, & Gallese, 2011; Schéfer, Wesslein, Spence,
Wentura, & Frings, 2016; Sui & Rotshtein, 2019). There is evidence that the spatial CCE is enhanced when viewing an image of one’s
own body part compared to body parts not attributed to the self, through self-recognition or perceived ownership (Aspell et al., 2009;
Maravita, Spence, Sergent, & Driver, 2002; Salomon et al., 2012; Zopf, Savage, & Williams, 2010). However, viewing another’s body
or body part can also produce an enhancement of visual, tactile and crossmodal spatial discrimination compared to viewing an object
(Haggard, 2006; Salomon et al., 2012; Thomas et al., 2006; Whiteley, Spence, & Haggard, 2008). As such, the extent to which
crossmodal interactions are uniquely modulated by the compatibility between a viewed body part and oneself is unclear.

The processing of multisensory information relating to the body is thought to occur within fronto-parietal regions of the brain
(Blanke, 2012; Tsakiris, Hesse, Boy, Haggard, & Fink, 2007). Neurophysiological work with non-human primates established the
presence of bimodal neurons within this network that represent a somatosensory map of the body surface as well as the visual space
on, and within reachable distance from, the body (termed peripersonal space, PPS) (Rizzolatti, Fadiga, Fogassi, & Gallese, 1997).
Evidence from patient and neuroimaging studies supports the existence of a comparable visuotactile PPS representation in the human
brain (Ladavas, Pellegrino, Farne, & Zeloni, 1998; Makin, Holmes, & Zohary, 2007). Some suggest that the visual representation of
one’s own body can change visuotactile interactions via the projection of PPS onto the image of the self-identified body part
(Maravita et al., 2002; Salomon et al., 2012). Indeed, the multisensory, body-centred representation of PPS is thought to support one’s
sense of bodily self-consciousness (e.g. body ownership; Serino, 2019). Such a projection of PPS could contribute to the reported
contextual influence of viewing a body identified as one’s own on visuotactile interactions (Aspell et al., 2009; Maravita et al., 2002;
Salomon et al., 2012).

Most studies based on the CCT have investigated the role of spatial proximity between visual and tactile stimuli on the spatial
perception of touch. However, in everyday life, multisensory events are characterised not only by where they arise in space but also
when or how often these events occur across each modality. Indeed, both spatial and temporal coincidence can be important pre-
cursors to multisensory integration in the brain (Holmes & Spence, 2005; Shore, Barnes, & Spence, 2006; Stein & Meredith, 1990;
Wallace et al., 2004) often in a task-dependent manner (see McGovern, Astle, Clavin, & Newell, 2016; Spence, 2019). In the context of
body representation, evidence for an effect of viewing the body on the integration of visual and tactile inputs in the temporal domain
is mixed. For example, Ide and Hidaka (2013) reported that viewing a hand arranged in a plausible orientation with respect to the
body widens the temporal binding window for vision and touch compared to viewing an incompatible hand or an image of an arrow.
Maselli, Kilteni, Lopez-Moliner, and Slater (2016) also reported a dilated temporal binding window for tactile stimuli presented on a
participant’s hand and visual stimuli presented close to a virtual hand, the size of which correlated with the strength of virtual hand
ownership. Other studies involving visual and tactile asynchrony detection (Keys, Rich, & Zopf, 2018) and temporal order judgements
(Smit, Rich, & Zopf, 2019) have reported no effect of the body context on the visuotactile temporal binding window.

The following experiments were designed to assess whether visuotactile interactions for discriminating sequences of events are
modulated when viewing a hand or an object. There were several advantages to using the CCT, not least as it allowed us to maintain
important aspects of the paradigm to measure the effect of task-irrelevant visual information on tactile perception of events on the
body. We also investigated a role for visual body identity in crossmodal temporal discrimination by assessing differences in the extent
of the CCE when viewing images of one’s own over an unfamiliar other’s hand. While there is evidence that the CCE is larger when
viewing images of one’s own body than another’s (Salomon et al., 2012) and when viewing an image of a hand compared to an object
(Igarashi et al., 2007, 2008) it is not yet well established if visual self-recognition specifically influences crossmodal interactions.
Recognition of one’s own hand in the absence of motor cues can be difficult (Van Den Bos & Jeannerod, 2002; Tsakiris, Haggard,
Franck, Mainy, & Sirigu, 2005). However, visuotactile interactions can be influenced by the perceived compatibility of a hand with
one’s own body (Igarashi et al., 2004; Ide & Hidaka, 2013; Maselli et al., 2016; Pavani, Spence, & Driver, 2000; Zopf et al., 2010) and
viewing a mirrored image of one’s own hand compared to a rubber hand enhances the CCE (Maravita et al., 2002). Moreover, a self-
advantage effect has been found when viewing one’s own hand compared to that of another in an implicit task context (Frassinetti
et al., 2011). In the following study we conducted three experiments using a non-spatial CCT (Forsberg, O’Dowd, & Gherri, 2019;
Holmes, Sanabria, Calvert, & Spence, 2006, 2007; Poole, Couth, Gowen, Warren, & Poliakoff, 2015). Similar to the spatial CCT (e.g.
Spence et al., 2004, 2008), the non-spatial CCT can be sensitive to the temporal synchronicity and spatial compatibility of visual and
tactile signals, with larger CCEs for synchronous (or near-synchronous) and/or co-located signals (Holmes, Sanabria, Calvert, &
Spence, 2006; Poole et al., 2015). In our experiments, participants were instructed to discriminate tactile sequences of events whilst
ignoring visual distractors that were superimposed on an image of either the participant’s own hand, an unfamiliar ‘other’ hand or on
an object. We manipulated the specific viewing conditions of the images of the hands and object across experiments in order to
determine whether the perception of tactile sequences of events is affected by particular contexts of viewing the body.

2. Experiment 1

To examine whether tactile perception for sequences of events is modulated by visual stimuli as well as context of the body, we
presented distractors on an image of one’s own hand, another’s hand and an object. All images of these context stimuli (hand and
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object) were presented from an allocentric view (i.e. third person, or ‘mirror-image’ view in which the hand is pointed towards the
participant), consistent with several previous spatial CCT studies which presented body parts from this perspective (Aspell et al.,
2009; Igarashi et al., 2004; Salomon et al., 2012; Thomas et al., 2006). Our hypotheses were as follows:

1. A significant non-spatial CCE would arise in response to the visual distractors (e.g. see Holmes et al., 2006, 2007; Poole et al.,
2015). That is, that performance would be worse on incongruent than congruent trials.

2. A larger CCE would arise when viewing an image of a hand compared to an object, provided that context influences non-spatial
visuotactile interactions in a manner compatible with the spatial CCE (e.g. Igarashi et al., 2007, 2008).

3. A larger CCE would arise when viewing identified images of one’s own hand, if self-identification further influences temporal
visuotactile interactions (e.g. Aspell et al., 2009; Maravita et al., 2002; Salomon et al., 2012).

2.1. Materials and methods

2.1.1. Participants

Twenty-eight participants (3 males) with a mean age of 19.3 years (and an age range of 18-21 years) were initially recruited for
Experiment 1. All were students of the School of Psychology, Trinity College Dublin and took part in exchange for course credits or on
a voluntary basis. Participants were required to be right-handed, have normal or corrected-to-normal vision, no tactile impairments
and be neurologically healthy to be included in the study. The recruitment procedure excluded anyone with distinctive markings on
their right hand, such as obvious scars, birth marks or tattoos. All experiments were approved by the School of Psychology Research
Ethics Board (Trinity College Dublin) and conducted in accordance with the Declaration of Helsinki. Data were obtained in ac-
cordance with EU General Data Protection Regulation (GDPR). Written consent was obtained prior to each experiment.

2.1.2. Stimuli and apparatus

An image of each participant’s right hand (with their index finger outstretched, remaining fingers and thumb tucked underneath
the palm and palm facing downwards) was taken from an allocentric view, at a constant distance (15 cm) and under constant
luminance conditions across participants. The images of the hand therefore appeared as mirror-images of each participant’s physical
right hand during the experiment. Prior to taking the image, participants were instructed to remove any hand jewellery and to have
trim nails without nail polish. A random selection of 5 images of hands from different participants was morphed with an image of the
experimenter’s hand to create one image representing an ‘other’ hand and to ensure that the ‘other’ hand was unfamiliar and not
identifiable. All participants were shown the same image of the morphed ‘other’ hand. The object stimulus comprised an image of an
unfamiliar, three-dimensional object constructed from LEGO that was created to closely match the shape, size and colour of a hand.
Thus we made every effort to reduce potential confounds based on image differences in scale, visual complexity or saliency between
images of the hand and object. All images were edited to remove irrelevant background features and superimposed (using GIMP 2.8
image manipulation software) onto plain black backgrounds. The scale of each image was adjusted to an average size which was
determined based on size measurements taken from four original images of hands (2 female, 2 male).

Prior to the experiment, each participant conducted a hand recognition pre-study in order to ensure that our self- and other-hand
conditions were valid. To that end, an image of the participant’s own hand was presented in a printed 2 X 4 array together with a
random selection of images of 7 other hands. All images of hands were scaled to approximately match in size. The position of the
image of the participants’ own hand and the distractor hand images in the array was randomised across participants.

The main experiment (i.e. the CCT) included visual and tactile stimuli. An illustration of the experimental apparatus is shown in
Fig. 1la. The experiment was programmed on Psychopy (version 1.84.2; Peirce et al., 2019) and run on a desktop computer
(Alienware X51 R3, 64-bit, Intel Core i5-6400 @ 2.70 GHz, Nvidia GeForce GTX 970 graphics). The screen (59.8 cm by 33.6 cm, 2560
by 1440 resolution, 60 Hz refresh rate) was positioned approximately 15 cm away from the tip of the participant’s hand and at a
distance of 45 cm from the centre of the participant’s body. This ensured that the screen was well within the boundaries of PPS for the
hand and as close as possible to the boundaries of the body-PPS (given the constraints associated with the positioning of the ap-
paratus).

Fig. 1b provides an example of visual displays used in the experiment. The distractor stimulus was positioned in the middle of the
index finger thus ensuring that most of the information of the hand or object image was always visible. The display, including the
distractor, therefore comprised of an image of a hand (self or other) or object, which was positioned off-centre, 1.3 degrees of visual
angle to the right of a central fixation point. This spatial position of the distractor ensured that it was presented in central vision as
well as in the same hemifield (i.e. the right visual field) as the tactile events (on the right hand), such that attention was directed to a
single hemifield. The size of the hand or object image subtended a visual angle of approximately 8 by 8 degrees in the horizontal and
vertical dimensions respectively.

The tactile stimulus comprised of vibrations which were delivered to the fingertip via the single black coin vibration motor
(10 mm X 3 mm; 200 Hz; 500 mV). The motor was mounted on to a plastic pinhead that was secured to a black support column
positioned 15 cm above the table surface. The motor was connected to a custom-built electrical circuit which was located to the right
of the apparatus and connected to the computer via USB. The circuit was activated using an Arduino R3 Uno controller board and an
Arduino script (version 1.8.9). The circuit and the computer were occluded from view with an opaque black cloth. All participants
wore sound-attenuating headphones and white noise was played at 50 dB for the duration of the experiment to mask the sound of the
vibrations of the coin motor.

A single visual event involved the distractor stimulus presented for a duration of 200 ms. When two visual events were presented
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Fig. 1. An illustration of the experimental set-up of Experiment 1. (a) This schematic shows how a typical participant positioned their right hand,
which was always visible, over a coin vibration motor which delivered tactile vibrations to the index finger. (b) An illustration of a stimulus scene in
which a distractor (green disc) was superimposed on an image of a hand (upper image) or object (lower image). In this experiment, context stimuli
(hand or object) were presented from an allocentric view. A central fixation dot (blue) was present on the screen throughout the experiment.

these consisted of two presentations of the distractor for 100 ms each separated by an interval of 50 ms. A single tactile event
consisted of a vibration on the fingertip for a duration of 200 ms and double tactile event consisted of two vibrations for 100 ms each
separated by a period of 50 ms. The timing of the visual and tactile events was verified with a photodiode and oscilloscope re-
spectively.

Participants responded to each trial using one of two pedals (9 cm by 6.5 cm), each positioned directly under the toes and the heel
of the right foot respectively, and connected to the computer via a modified serial response box. The foot pedals were mounted on a
wooden support and their position was directly aligned with the location of the right hand on the table. Individual non-slip mats were
used to prevent movement of the foot pedals and wooden support. Each toe or heel press indicated the participant’s response to the
tactile events as ‘single’ or ‘double’ respectively.

During the experiment, trials were blocked according to each of the context stimuli (self-, other-hand, object) and each block was
repeated twice, yielding a total of six blocks. The order of these blocks was counterbalanced across participants. Each block consisted
of 48 trials (24 congruent and 24 incongruent visuotactile presentations) and trial order was random across participants. This design
yielded a total of 96 trials per stimulus context and 288 trials in total.

2.1.3. Procedure

All experiments took place in a dimly-lit, sound-attenuated testing space in the basement of the Institute of Neuroscience, Trinity
College Dublin. Each participant first performed a hand identification task in which they had to identify an image of their own hand
from an array of images including the target (own hand) and 7 images of hands from other individuals. All hand images in the array
were presented from an allocentric view. There was no time limit imposed on this task. Participants indicated their response verbally
which was manually recorded by the experimenter onto a computer. Participants were provided with feedback on their performance
on this task.

Following the hand identity task, the participant was then taken to the testing space and placed in a seated position at a table for
the main experiment. They were instructed to rest their right elbow on the table and to keep their left hand by their side so that it was
occluded from view for the duration of the experiment. The participant then placed the tip of their right index finger onto the coin
vibration motor and were instructed to maintain that position and posture during the experimental blocks. Prior to the start and
throughout the experiment, the experimenter ensured that the participant’s index finger and hand was aligned with the image of the
hand displayed on the computer screen and adjusted the position of the apparatus accordingly. The participant’s right hand was
visible throughout the experiment to enhance the effect of viewing a mirror image on the screen.

A brief training period was conducted before the main experiment to familiarize the participants with the task and the order and
timing of the visual and tactile events. As shown in Fig. 2 below, each trial began with an image of a hand or object stimulus along
with a central fixation dot, presented for a duration of 250 ms. The distractors were then presented on the image of the hand or object
along with tactile stimulation on the fingertip. Depending on the nature of the trial, the distractor event comprised of a single or a
double presentation of a green disc whilst the tactile stimulus comprised of a single or double tactile vibration on the fingertip.
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Fig. 2. An illustration of the sequence of stimuli presented during a typical (a) single and (b) double visuotactile congruent trial in the CCT of
Experiment 1. In this experiment, context stimuli (hand or object) were presented from an allocentric view. See main text for further details.

Consistent with previous CCT studies, the onset of the distractor stimulus preceded that of the tactile vibration by a short interval of
30 ms. This timing is considered within the temporal binding window of visuo-tactile integration (Meredith, Nemitz, & Stein, 1987;
Spence & Squire, 2003) and is known to maximise the size of both the spatial (Spence et al., 2004, 2008) and non-spatial (Poole et al.,
2015) CCE. The relative delay in the onset of stimulation across modalities may also help compensate for the differences in trans-
duction latency across vision and touch (Spence, Shore, & Klein, 2001).

Both the fixation dot and the image of the hand or object remained on the screen for the duration of each trial in the experiment
(see Fig. 2). The eye movements of the participants were covertly monitored by the experimenter to ensure that the participant was
looking at the screen and maintaining fixation throughout the experiment. Participants were instructed to fixate on the centre of the
visual scene throughout the experiment and they were also explicitly instructed to ignore the distractors and to perform the task
based on tactile information only. Specifically, their task was to indicate if they felt a single or double vibration on their index finger
for every trial via the foot pedals and to respond as quickly and as accurately as possible. Participants were given 1500 ms to respond
and either a response or the end of the trial triggered the onset of the subsequent trial. The experiment took approximately 40 min for
each participant to complete in one experimental session.

2.1.4. Design
The experiment was based on a 2 (congruency) X 3 (stimulus context) within-subjects design.

2.1.5. Data analysis

Trials with missing data were removed (i.e. where participants either failed to make a response, made a response outside of the
response time allocated, or did not press the pedal with enough force to register a response), as were statistical outliers defined as
responses which were 2.5 standard deviations beyond the population mean. The mean correct RTs and percentage errors were
calculated per participant for each of the temporal sequence and stimulus context conditions. All analyses were conducted using R
(Team R, 2017) via Rstudio (version 3.5.0) (Team R, 2015). For the ANOVAs, the ez package (Lawrence, 2016) was used with type 3
sum of squares to test for main effects and interactions. All assumptions of ANOVA were satisfied. Significance values are reported
with Greenhouse-Geisser corrections in cases where sphericity was violated and we used Bonferroni correction in cases of multiple,
post-hoc comparisons.

The data were analysed with a within-subjects 2 (distractor number) X 2 (congruency) 3 (stimulus context) ANOVA. We included
distractor number as an independent variable to better explore the effect of different visuotactile combinations on task performance.
For example, on incongruent trials, a response of ‘2’ may occur in response to 2 distractors and 1 target and a response of ‘1’ may
occur in response to 1 distractor and 2 targets. Following on from audiovisual research (Andersen, Tiippana, & Sams, 2004; Shams,
Kamitani, & Shimojo, 2000, 2002), we have labelled these erroneous responses as ‘fission-like’ and ‘fusion-like’ responses respectively
(note, we recognise that these effects are not identical to those reported in multisensory illusions which typically involve shorter
stimulus durations). The dependent variables were speed and accuracy of responses to the tactile events.

The ANOVA was conducted on the percentage of errors only. Response time data per congruency condition (congruent, incon-
gruent) and stimulus context (self-, other-hand, or object) are reported in all main tables and analyses of RT data can be found in
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Table 1
The means and standard deviations (in parentheses) of errors (%), RTs (ms) and IE scores (ms) across congruency conditions (Cong = Congruent,
Incong = Incongruent) for each stimulus context (Self-hand, Other-hand, Object) presented from an allocentric view in Experiment 1.

Overall Self Other Object
Cong Incong Cong Incong Cong Incong Cong Incong
Error (%) 8.9 (9.9) 29.3 (16.9) 12.1 (14.4) 33.9 (17.3) 7.4 (6.4) 27.6 (15.7) 7.1 (6.4) 26.3 (17.4)
22.99 (26.63) 18.18 (23.57) 16.97 (24.92)
RT (ms) 819 (80) 836 (83) 809 (81) 828 (84) 815 (74) 830 (82) 832 (88) 849 (88)
IE (ms) 910 (144 1264 (38 4) 949 (20 5) 1345(421) 884 (104) 1210 (339) 898 (98) 1236 (79 1)

Supplementary materials. Inverse efficiency scores (IE; the mean correct RTs divided by the proportion of correct responses;
Townsend & Ashby, 2014) are reported in Tables 1-3 across experiments. There was no evidence of a speed-accuracy trade-off in the
data and given the recommendations that IE is not analysed if accuracy is below 90% in an experimental condition (Bruyer &
Brysbaert, 2011), these scores were not subjected to further analysis.

Bayesian within-subjects ANOVAs and paired t-tests were conducted to quantify Bayes Factors (BF(;) for non-significant inter-
actions using the BayesFactor package, with default prior settings (Morey, Rouder, & Jamil, 2018; see Rouder, Speckman, Sun,
Morey, & Iverson, 2009, and Rouder, Morey, Speckman, & Province, 2012, for information on models, priors, and methods of
computation for Bayesian ANOVAs and t-tests using the BayesFactor package). This allowed us to assess the strength of support for
the null hypotheses (Dienes, 2014). A cut-off of BFy; > 3 was taken as indication of robust support for the null hypothesis (Jeffreys,
1961). Finally, exploratory signal detection analyses (McGovern, Roudaia, Stapleton, McGinnity, & Newell, 2014; Rosenthal,
Shimojo, & Shams, 2009) were conducted to examine whether the influence of the different numbers of distractors (1, 2) on the
discrimination of tactile sequences of events may be due to perceptual or response-based factors. These analyses were conducted on
the data for each experiment and are presented in Supplementary materials.

2.2. Results

We first analysed the participants’ responses to the hand recognition test. Eight participants (28.6%) failed to recognize an image
of their own hand in the array. Given that self-hand recognition was a necessary requirement for this study to ensure a distinction
between self- and other-hands, the data from these participants were not included in subsequent analyses. Data from a total sample of
20 participants were deemed eligible for further analysis. Of these participants, data from one participant (female, 20 years) were
removed due to consistently low levels of accuracy (< 50%) throughout the experiment, suggesting a failure to follow the in-
structions of the task. Responses to trials with missing values and statistical outliers (RT) were removed which resulted in a further
removal of 4% and 3.6% of overall trials respectively. Table 1 shows the descriptive statistics for percentage error, reaction times and
inverse efficiency scores for Experiment 1.

The mean error rate across all 19 participants was 19.08% (SD = 17.16). The within-subjects 2 (distractor number) X 2 (con-
gruency) X 3 (stimulus context) ANOVA on mean error rates revealed a main effect of distractor number (F(1,18) = 27.82,
p < 0.001,n2 = 0.14) and congruency (F(1,18) = 42.80,p < 0.001, nZ = 0.24). There was also a main effect of stimulus context
(F(2,36) = 5.44,p = 0.009, né = 0.02) (Fig. 3a). The two-way interaction between congruency and stimulus context failed to reach
significance (p = 0.81) and the Bayes Factor indicated support for the null hypothesis (BFy; = 12.5).

Post-hoc pairwise-comparisons (Bonferroni corrected) confirmed more errors were made in response to the self-hand
(M = 23.01%, SD = 19.18) than the object (M = 16.72%, SD = 16.20) (p = 0.04). No other pairwise comparisons reached
significance (p > 0.05). The Bayes Factors for the comparisons of other-hand and object and self-hand and other-hand were in-
conclusive (BFy; = 2.5; BFy; = 0.66). The two-way interaction between distractor number and congruency was significant (F
(1,18) = 18.22,p < 0.001, n3 = 0.24), as shown in Fig. 3b. Post-hoc pairwise comparisons confirmed a significant congruency
effect only in response to 2 distractors (M diff = 41.60%, SD = 31.36). All other interactions were non-significant (all ps > 0.05).

2.3. Discussion

The results confirmed a large CCE on the error responses across all stimuli, with a significant increase in errors to judgements of
tactile events in the incongruent than congruent trials. Further analysis of the performance across the number of visual distractors
shown suggested that tactile discrimination was more difficult when 2 distractors rather than 1 distractor was presented on in-
congruent trials. This finding is consistent with previous reports (Holmes et al., 2006) and may be due to a combination of perceptual
sensitivity as well as a response bias (see Supplementary materials).

Although the effect of congruency was present for RTs also (see Supplementary materials), it was weaker than that found for
percentage error. The results suggest more errors were made in the context of viewing one’s own hand relative to an object.
Moreover, there was no difference in the size of the CCE on errors made (nor on RTs) across stimulus context, with strong support for
the null hypothesis (Dienes, 2014). As such, there was no strong evidence that the visuotactile CCE for sequences of events was
modulated by stimulus corporeality or body identity, unlike previous reports of the CCE involving spatially congruent or incongruent
visuo-tactile information (e.g. Aspell et al., 2009; Igarashi et al., 2004, 2007; Igarashi et al., 2008; Maravita et al., 2002; Salomon
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Fig. 3. The results (mean % error) of Experiment 1. (a) Plot shows % errors made to each of the stimulus contexts presented from an allocentric view
as a consequence of visuotactile congruency. (b) Plot shows the interaction between distractor number and congruency. Individual mean error rates
are shown. Error bars represent 95% confidence intervals.

etal., 2012; Thomas et al., 2006). Given this discrepancy with previous findings, and that our results suggested a greater error rate for
the self-hand than object stimulus context, we conducted additional experiments to further explore the role of visual body identity
and context on visuotactile interactions for sequences of events.

3. Experiment 2

To examine visuotactile integration of sequences of events across the contexts of viewing a hand or object further, in the following
experiment we presented images of the hand from a more naturalistic view, that is, aligned with the position of the participant’s own
hand. As such, all context stimuli, including the object, were presented from an egocentric (i.e. first person) view in which one’s own
body is typically experienced, with the hand extending away from the body. This view is also consistent with that usually presented in
the spatial CCT (Spence et al., 2004, 2008) in which both visual and tactile body information is typically aligned. To ensure the
images of the hand were aligned with that of the participant’s real hand, we also used an apparatus that allowed us to present the
images on or as near as possible to the actual spatial location of the participant’s real hand. We predicted that visual body identity
may affect the CCE such that a difference between ‘self- and ‘other-hand’ might emerge by presenting the image of one’s own hand
from a perspective that is compatible with that usually experienced. Indeed, there is evidence that the visual representation of one’s
own dominant hand is distinct from the representation of another’s hand, particularly when shown from an egocentric view, facil-
itating self-other distinction (Brady, Maguinness, & Choisdealbha, 2011; Conson, Aromino, & Trojano, 2010; Saxe, Jamal, & Powell,
2005).

3.1. Methods

3.1.1. Participants

Nineteen participants (6 males) with a mean age of 19.7 years (and a range of 18-29 years) were recruited for Experiment 2. All
were students of the School of Psychology, Trinity College Dublin, and some took part in the experiment in exchange for course
credits. All participants were naive to the task and none took part in Experiment 1. All participants reported to be right-handed, had
normal or corrected-to-normal vision, no tactile impairments and neurologically healthy. As in Experiment 1, anyone with distinctive
markings on their right hand, such as obvious scars, birth marks or tattoos, were excluded from taking part.

3.1.2. Design and procedure

The experimental set-up and procedure were almost identical to that of Experiment 1 with the exception of the viewpoint of the
hand and object images shown. An image of each participant’s right hand was taken under constant luminance conditions with the
hand in the same pose as that of Experiment 1. The camera was now positioned a fixed distance above the hand so as to achieve an
egocentric view. To maintain this view during the CCT, a computer screen was placed flat on a table using a raised wooden column.
The participant completed the experiment from a standing position in which they looked down at the image displayed on the screen
(see Fig. 4a). The participant’s physical hand rested on a flat surface positioned 20 cm directly under the screen and was occluded
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Fig. 4. An illustration of the experimental set-up of Experiment 2. (a) This schematic shows how the participant stood at the apparatus and looked
down onto a flat computer screen to view a visual image of a hand or object stimulus. (b) An example of the images of the hand (upper panel) and
object (lower panel) used in the experiment. In this experiment, context stimuli (hand or object) were presented from an egocentric view. See main
text for details.

from view throughout the experiment by the screen and a black cloth (Fig. 4b). The black cloth also covered the bottom portion of the
screen that corresponded to the location of the participant’s arm. This set-up allowed for all visual context stimuli (self-, other- hand
and object) to be displayed from an egocentric view and spatially aligned with the position of the participant’s actual hand. These
images of the hands or objects subtended a visual angle of approximately 10 by 16 degrees in the horizontal and vertical dimensions
respectively.

The experiment was based on a 2 (congruency) X 3 (stimulus context) within-subjects design. Prior to the experiment, the
participants were first required to explicitly identify their hand from a 2 X 4 array of hand images shown from an egocentric view.
However, based on the results of Experiment 1, here we also added a self-report measure by asking participants to rate the degree to
which they self-identified with the images of each hand or object presented during the completed block of CCT trials. A 7 point Likert
scale was used to address the question “I identified the stimulus on screen as my hand” on a range from —3 (“Definitely not”) to +3
(“Definitely”). The analysis of these data can be found in Supplementary materials. The entire experiment was completed in one
session, lasting approximately 40 min.

3.2. Results

All participants correctly identified the image of their own hand in the array of hand images, all presented from an egocentric
view. Trials with missing values or statistical outliers (RT) amounted to a removal of 4.9% and 3% of the data from the final dataset,
respectively. Table 2 shows the descriptive statistics for percentage error, reaction times and inverse efficiency scores for Experiment
2. The mean error rate across all participants was 24.46% (SD = 21.11). The within-subjects 2 (distractor number) X 2 (con-
gruency) x 3 (stimulus context) ANOVA on mean error rates yielded a main effect of distractor number (F(1,18) = 26.71,

Table 2
The means and standard deviations of error rates (%), RTs (ms) and IE scores (ms) across congruency conditions (Cong = Congruent,
Incong = Incongruent) for each stimulus context (Self-hand, Other-hand, Object) presented from an egocentric view in Experiment 2.

Overall Self Other Object
Cong Incong Cong Incong Cong Incong Cong Incong
Error (%) 12.7 (12.3) 36.2 (21.6) 5.2 (6.0) 31.7 (20.3) 5.3(7.1) 24.4 (20.1) 27.5 (6.1) 52.6 (13.4)
18.53 (28.11) 14.89 (24.99) 39.93 (21.99)
RT (ms) 805 (125) 832 (118) 796 (130) 829 (122) 817 (125) 843 (121) 803 (127) 826 (117)
IE (ms) 943 (212) 1479 (654) 842 (135) 1308 (393) 866 (135) 1211 (487) 1121 (231) 1919 (798)
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Fig. 5. The results (mean % error) of Experiment 2. (a) Plot shows % errors made to each of the stimulus contexts presented from an egocentric view
as a consequence of visuotactile congruency. (b) Plot shows the interaction between congruency and distractor number. (c) Plot shows the inter-
action between distractor number and stimulus context. Individual mean % errors are shown. Error bars represent 95% confidence intervals.

p < 0.001,n2 = 0.11) and congruency (F(1,18) = 39.69,p < 0.001, n% = 0.30). There was also a main effect of stimulus context
(F(2,36) = 62.33, p < 0.001, n2 = 0.27). The two-way interaction between congruency and stimulus context failed to reach
significance (p = 0.14) and the Bayes Factor indicated support for the null hypothesis (BFy; = 9.1)

Post- hoc pairwise comparisons (Bonferroni corrected) revealed more errors were made to the object (M = 39.93%, SD = 21.99)
than either the self- (M = 18.53%, SD = 28.11; p < 0.001) or other-hand (M = 14.89%, SD = 24.99) (both p < 0.001) with no
difference between the self- and other-hand (p = 0.13) (see Fig. 5a). The Bayes Factor for the comparison of the self- and other-hand
was inconclusive (BFy; = 0.64).

The two-way interaction between distractor number and congruency was significant (F(1,18) = 20.43, p = 0.003, nZ = 0.25) as
shown in Fig. 5b. Post-hoc pairwise comparisons confirmed a significant congruency effect emerged only in response to 2 distractors
(M diff = 44.03%, SD = 33.05) (p < 0.001). There was a large difference in error rates between the object and the self- (M
diff = 29.67%, SD = 10.33) and other-hand (M diff = 31.47%, SD = 10.18) in response to 1 distractor (p < 0.001) and no
difference between the self- and other- hand (M diff = 1.81%, SD = 7.41) (p = 0.93). The Bayes factor the self- and other-hand
comparison was inconclusive (BFy; = 2.65). There were comparatively smaller differences between the object and self- (M
diff = 13.12%, SD = 15.20) (p = 0.005) and other-hand (M diff = 18.60%, SD = 15.72) (p < 0.001) in response to 2 distractors
and no difference between the self- and other-hand (M diff = 5.48%, SD = 9.44) (p = 0.07). The Bayes factor the self- and other-
hand comparison was inconclusive (BFy; = 0.38). All other interactions failed to reach significance (all ps > 0.05).

3.3. Discussion

Consistent with the findings from Experiment 1 we found a large non-spatial CCE on error responses when participants viewed
visual distractors during a task in which they reported the number of tactile events in a sequence. As in Experiment 1, this was driven
primarily by responses to 2 distractors, due to a combination of perceptual sensitivity and response bias (see Supplementary ma-
terials). Also consistent with Experiment 1 was the presence of a weaker effect of congruency for RTs and no modulation of RT by
stimulus context (see Supplementary materials). There was no evidence that stimulus context influenced the magnitude of the non-
spatial CCE on error rate (or RTs): again, the effect was present and comparable for both the self- and other-hand conditions and the
object, with strong support for the null hypothesis (Dienes, 2014). However, in contrast to Experiment 1, a relative increase in errors
to the object was found across both the congruent and incongruent sequence conditions, suggesting a cost in tactile discrimination
and larger interference from the distractors when viewing the object. This was observed across distractor conditions but largely
driven by differences in error rates across stimulus contexts in response to 1 distractor. A signal detection analysis (see Supplementary
materials) indicated that poorer performance in response to the object relative to hand contexts was due to reduced perceptual
sensitivity to the tactile vibrations. We found no evidence for an influence of visual body identity on visuotactile interactions.
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The principle focus of Experiments 1 and 2 was to investigate the influence of viewing images of a hand versus object stimuli on
the CCE for sequences of events, and specifically, whether self-recognition modulated the size of the CCE. We found no robust
evidence for a role of visual body identity on the CCE in this task. One possibility why visual body identity did not affect the CCE in
Experiment 1 was that recognition of one’s own hand was not sustained during the main experiment. Here we assessed self-re-
cognition throughout the experiment using a rating task and the results suggested that there was no loss in identifying one’s own hand
and no evidence that the other’s hand was identified as one’s own during the experiment. Nevertheless, the finding that self-iden-
tification of a body part did not influence the visuotactile CCE is inconsistent with some previous studies examining spatial (Aspell
et al., 2009; Maravita et al., 2002; Salomon et al., 2012; Zopf et al., 2010) and temporal (Maselli et al., 2016) visuotactile interactions
and evidence for the prioritization of self-relevant information (Frassinetti et al., 2011; Humphreys & Sui, 2016; Schéfer et al., 2016;
Sui & Rotshtein, 2019). Therefore, this finding deserves further scrutiny. To that end, we attempted to further enhance self-re-
cognition of the hand in the following experiment to measure the subsequent effect of visual body identity on the CCE for sequences
of events.

4. Experiment 3

The following experiment was designed to address the possibility that presenting images of hands alone was not sufficiently
effective in evoking a perception of visual body identity. Indeed, previous work has implied that differences in the spatial CCE across
self versus other stimuli may be driven by more reliable visual cues to identity, such as images of faces (Salomon et al., 2012). Thus,
in the following experiment we added extra cues to identity, in the form of images of faces or names, to each of the visual displays. We
used images of faces and names in order to assess the role of salient corporeal and non-corporeal social cues to identity on crossmodal
integration and in response to evidence for self-prioritization effects in response to these identity cues (Humphreys & Sui, 2016). We
expected that, by reinforcing visual body identity, images of one’s own hand would be associated with a greater CCE for sequences of
events than images of another unfamiliar person’s hand or a control object.

4.1. Methods

4.1.1. Participants
The same participants who took part in Experiment 2 also conducted this experiment.

4.1.2. Design and procedure

The experimental set-up and procedure were near identical to that of Experiment 1 with the exception of the content of the visual
displays. We adapted the visual displays used in Experiment 1 as follows: first we used images depicting an allocentric view of the
hand, and included an image of a face or name to each display, across the two body contexts (self- and other-hand). An image of each
participant’s face was taken under constant luminance conditions while the participant stood against a plain white wall and adopted a
neutral expression. Images were cropped so that only the face was presented. Fig. 6 provides an example of the stimuli used in this
experiment. In any one trial, the face images were positioned off-centre, to the left of fixation as well as the image of the hand (the
hand was positioned to the right of fixation as in Experiments 1 and 2). In this way, both the image of the face and the hand were
aligned with the physical position of the participant, and were convincingly presented as a ‘mirror’ image of the participant’s face and
right hand during the experiment. The image of the hand slightly overlapped the bottom right of the face image to ensure that relative
image sizes were maintained and that all information contained in the scene was visually accessible from the central fixation point.
The image of the participant’s own hand was always paired with an image of their face (self), whereas the image of another person’s
hand was paired with an unfamiliar face selected from the Chicago-Face Database (Ma, Correll, & Wittenbrink, 2015). Faces used for
the other-hand condition were selected to be sex-matched to the participant’s own face. All face images (self and other) were
presented with a neutral expression. Finally, the image of the control object (used in previous experiments) was paired with a face-
like configuration made from LEGO (Fig. 6). The hand or object image occupied an area of approximately 14 by 15 degrees in visual
angle.

We also decided to use names as an alternative to face images in order to investigate whether visuotactile integration was
specifically affected by visual body identity or semantic knowledge of identity more generally (see Fig. 6). For the self-hand con-
dition, an image of the participant’s own hand was paired with an image of their name. For the other-hand condition, the images of
the hand were paired with a name that was sex-matched to the participant and was composed of the same number of letters as the
participant’s name. Finally, in the object condition the object image was paired with a nonsense word that was also matched in letter
length with each participant’s name. The letters were written in upper case and in a white, sans-serif font to contrast with the black
background and were positioned to the left of the scene thus matching the location of the face image in the face conditions. The visual
angle subtended by the name stimuli varied from approximately 9 to 14 degrees horizontally, depending on word length, and was
approximately 9 degrees vertically.

Experiment 3 was based on 2 (congruency) X 3 (stimulus context) X 2 (identity marker) within-subjects design. As in
Experiments 1 and 2, the participants were required to first identify their hand and face in separate 2 x 4 arrays of hand and face
images. The same self-identity ratings were provided at the end of each experimental block, as described in Experiment 2. The
analysis of these data can be found as Supplementary material. To avoid carry-over or learning effects in the data, the order of the
experimental sessions of Experiment 3 and Experiment 2 were counterbalanced across participants and separated by a duration of at
least two weeks. Moreover, the order of the face and name blocks was counterbalanced across participants and the presentation of
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Fig. 6. An example of the visual stimuli used in Experiment 3 in which an image of participant’s own face (self), an ‘other’ face or face-like object
(panels on the left), or an image of participant’s own name (self), ‘other’ name or nonsense word (panels on the right) were included. In this
experiment, context stimuli (hand or object) were presented from an allocentric view. See main text for further details. Note, the face shown is for
illustrative purposes and was not included in the experiment.

these blocks was separated by a duration of at least two weeks. Each condition (face or name) was completed in one experimental
session, lasting approximately 40 min.

4.2. Results

All participants correctly identified the image of their own hand in the array of hand images, both from an allocentric or ego-
centric view. Trials with missing values or statistical outliers amounted to a removal of 3.7% and 3.2% of the data from the final
dataset, respectively. Table 3 shows the descriptive statistics for percentage error, reaction times and inverse efficiency scores for
Experiment 3. Overall, participants’ error rate was on average 27.50% (SD = 20.84). The within-subjects 2 (distractor number) X 2
(congruency) X 3 (stimulus context) x 2 (identity marker) ANOVA on mean error rates revealed a main effect of distractor number
(F(1,18) = 50.91,p < 0.001, qé = 0.16) and congruency (F(1,18) = 62.65,p < 0.001, né = 0.32). There was also a main effect of
stimulus context (F(2,36) = 94.41,p < 0.001, né = 0.18) (Fig. 7a). There was no two-way interaction between congruency and
stimulus context (p = 0.78) and the Bayes Factor indicated support for the null hypothesis (BFy; = 20).

Post-hoc pairwise comparisons (Bonferroni corrected) confirmed higher error rates in response to the object (M = 40.22%,
SD = 28.34) than either the self- (M = 20.75%, SD = 30.48) (p < 0.001) or other-hand (M = 22.26%, SD = 32.30) (p < 0.001)
with no difference between the self- and other-hand (p = 0.46). The Bayes Factor for the comparison of self- and other-hands was
inconclusive (BFy; = 1.57). The main effect of identity marker failed to reach significance (p = 0.57).

A two-way interaction between distractor number and congruency (F(1,18) = 39.36,p < 0.001, nZ = 0.45) was found, as shown

Table 3
The means and standard deviations of error rates (%), RTs (ms) and IE scores (ms) across congruency conditions (Cong = Congruent,
Incong = Incongruent) and for each stimulus contexts (Self-hand, Other-hand, Object) shown from an allocentric view in Experiment 3.

Overall Self Other Object
Cong Incong Cong Incong Cong Incong Cong Incong
Error (%) 14.3 (12.9) 40.8 (18.8) 6.7 (7.8) 33.7 (18.0) 8.9 (10.8) 34.9 (18.5) 27.1 (8.5) 53.7 (12.3)
20.75 (30.48) 22.26 (32.30) 40.22 (28.34)
RT (ms) 768 (130) 782 (136) 778 (138) 800 (136) 761 (119) 772 (130) 764 (136) 776 (144)
IE (ms) 915 (205) 1426 (412) 839 (162) 1267 (284) 844 (141) 1249 (278) 1061 (222) 1762 (432)
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Fig. 7. Plots showing the results (mean % error) from Experiment 3. (a) Plot shows % errors made to each of the stimulus contexts shown from an
allocentric view as a consequence of visuotactile congruency. (b) Plot shows the interaction between distractor number and congruency. (c) Plot
shows the interaction between distractor number and stimulus context. (d) Plot shows the interaction between distractor number and identity
marker. Individual mean errors are shown. Error bars represent 95% confidence intervals.

in Fig. 7b. Post-hoc pairwise comparisons confirmed a congruency effect in response to 2 distractors only (M diff = 60.53%,
SD = 33.10) (p < 0.001). The two-way interaction between distractor number and stimulus context also reached significance (F
(2,36) = 35.68,p < 0.001, n2 = 0.04) as shown in Fig. 7c. Post-hoc pairwise comparisons confirmed large differences in error rates
between the object and the self- (M diff = 27.64%, SD = 6.71) (p < 0.001) and other-hand (M diff = 25.42%, SD = 8.33)
(p < 0.001) in response to 1 distractor with no difference between the self- and other-hand (M diff = 2.21%, SD = 6.50) (p = 0.49).
The Bayes Factor for the comparison of self- and other-hand was inconclusive (BFy; = 1.69). There were smaller differences in error
rates between the object and the self- (M diff = 11.32%, SD = 9.68) and other-hand (M diff = 10.51%, SD = 10.55) (p < 0.001) in
response to 2 distractors, with no difference between the self- and other- hand (M diff = 0.81, SD = 6.16) (p = 1.00), as supported by
the Bayes Factor (BFy; = 3.70). Finally, a significant two-way interaction was found between distractor number and identity marker
(F(1,18) = 5.98, p = 0.025, n% = 0.001) as shown in Fig. 7d. However, post-hoc pairwise comparisons indicated no differences
between the face or name identity markers in response to either 1 or 2 distractors (ps > 0.05). All other interactions failed to reach
significance (all ps > 0.05).
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4.3. Discussion

The results of Experiment 3 provide further evidence that the CCE extends beyond the spatial domain, in that performance in
discriminating tactile sequences of events was significantly worse in response to the presentation of incongruent visual events,
particularly in response to 2 distractors. Unlike Experiments 1 and 2, an effect of congruency on RTs was not found (see
Supplementary materials). However, consistent with previous results, the results of Experiment 3 also suggest that the magnitude of
the CCE on error rates or RTs was not affected by stimulus context or visual self-recognition, even when the display included markers
(face or name) to the identity of one’s own hand over another’s, with strong support for the null hypothesis (Dienes, 2014). Again, the
self-report data add supporting evidence that participants identified their own hands throughout the CCT (see Supplementary ma-
terials). Overall performance in discriminating tactile sequences of events was significantly worse on trials in which an object context
was presented, a result that is consistent with that of Experiment 2. A signal detection analysis (see Supplementary materials)
indicated that this was due to overall reduced perceptual sensitivity to the vibrations in response to the object than the hand, as in
Experiment 2.

5. General discussion

Across three separate experiments we investigated whether the CCE also generalises to tasks beyond the spatial domain, and
assessed the influence of viewing images of the hand or an object on the discrimination of tactile sequences of events and the role of
body identity in this process. Participants were required to discriminate the presence of 1 or 2 tactile sequences of events on their
hand whilst ignoring numerically congruent or incongruent visual distractors superimposed onto images of a self-hand, other-hand or
object. The results of all experiments suggest that the CCE also applies to the temporal domain, specifically in tactile perception of
sequences of events, but mainly when attempting to ignore 2 distractors. The magnitude of the CCE for error rates is compatible with
that of previous studies using a similar non-spatial set-up (e.g. see Forsberg et al., 2019; Holmes et al. 2006, 2007; Poole et al., 2015),
suggesting that the non-spatial CCT yields largely consistent results. The RTs appeared less sensitive to non-spatial visuotactile
congruency than error rates, and the CCEs for RTs were larger in magnitude than the CCE reported by Poole et al. (2015) but smaller
than the CCE reported by Holmes et al. (2006, 2007). Unlike error rates, the RTs were consistently unaffected by stimulus context,
suggesting that RT may be a less sensitive measure of stimulus induced changes to the discrimination of tactile sequences of events
than accuracy.

We found no difference in the magnitude of the CCE (i.e. a greater number of errors to the crossmodal incongruent than congruent
trials) between the hand and object conditions across all experiments. This latter result is not consistent with previous reports of the
CCE in the spatial domain in which a larger CCE is often observed in response to viewing a body or body part versus an object (Aspell
et al., 2009; Igarashi et al., 2004, 2007; Igarashi et al., 2008; Salomon et al., 2012; Thomas et al., 2006). However, it is consistent
with evidence that temporal visuotactile perception can be unaffected by the body context (Keys et al., 2018; Smit et al., 2019). This
finding may reflect a fundamental difference in how visual and tactile inputs interact across the spatial and temporal domains of
perception in response to stimulus corporeality (e.g. Smit et al., 2019). For example, viewing a body context may have a higher
relevance for spatial as opposed to temporal perception as vision can provide greater spatial precision for localising touch (Eimer,
2004; Margolis & Longo, 2015). Moreover, viewing the body may activate the body schema (Reed & Farah, 1995) which is known to
facilitate tactile localisation specifically (Head & Holmes, 1911). Importantly, a link between body schema and patterns of spatial
visuotactile interactions in PPS has been demonstrated (Holmes & Spence, 2004). It seems unlikely that the body does not provide an
important context for perceiving sequences of events, given the sensitivity of the tactile system in perceiving temporal information
(Green, Reese, Pegues, & Elliott, 1961). However, the nature of the body representation required to mediate crossmodal information
of sequences of events may be less precise than that required for localisation.

We also found no evidence that viewing an image of one’s own hand further enhanced the CCE over viewing the hand of an
unfamiliar other, even when the participants correctly identified an image of their own hand, from both an allocentric and egocentric
view. This failure to find an effect of self-identification on visuotactile interactions is inconsistent with the reported findings from
previous work using the spatial CCT with hand stimuli (Maravita et al., 2002; Zopf et al., 2010) or full-body stimuli (Aspell et al.,
2009; Salomon et al., 2012), as well as evidence for changes to temporal visuotactile interactions in response to self-identified hands
(Maselli et al., 2016) and the prioritization of self-relevant information (Frassinetti et al., 2011; Humphreys & Sui, 2016; Schifer
et al., 2016; Sui & Rotshtein, 2019). In our CCT, all images of hands (and the object) were oriented so as to be compatible with the
position of each participant’s hand (i.e. all were shown from either a ‘mirrored’ third or typical first person view); therefore our
results suggest that a visual representation of self within PPS did not influence visuotactile interactions, despite clear evidence for the
explicit recognition of one’s hand in our task (Frassinetti et al., 2011). Evidence for a specific effect of body identity on the spatial CCE
or on temporal visuotactile interactions is not consistent (Maselli et al., 2016; Salomon et al., 2012; Keys et al., 2018) and metho-
dological differences may be an important factor to consider. For example, Salomon et al. (2012) presented a full body, including the
face, to participants. Other studies have explicitly manipulated body or rubber hand ownership (Aspell et al., 2009; Maselli et al.,
2016; Zopf et al., 2010) and/or posture (Ide & Hidaka, 2013; Keys et al., 2018; Pavani et al., 2000; Smit et al., 2019). Thus, it remains
possible that visual context may affect temporal visuotactile interactions with other stimulus manipulations such as changing the
posture of viewed hands or increasing sense of hand ownership (although see Keys et al., 2018; Smit et al., 2019). For example, there
is evidence for self-advantage effects when processing one’s own hand which may stem from sensorimotor influences, thereby also
relying on the body schema rather than visual recognition per se (Frassinetti et al., 2011). These factors could also, at least partially,
explain why explicit visual hand recognition alone was insufficient to produce a change to implicit visuotactile interactions in the
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CCT. Nonetheless, the absence of a difference in non-spatial CCEs between self and other, even in the presence of an image of one’s
own face (Experiment 3) or with clear identification with a self-hand only (Experiments 2 and 3; see Supplementary materials),
suggests no robust effect of visual self-identification or self-prioritization for temporal visuotactile discrimination. This finding is
consistent with previous evidence for an overlap in the representations of PPS and the body representation across self and other
(Brozzoli, Gentile, Bergouignan, & Ehrsson, 2013; Haggard, 2006; Reed & Farah, 1995; Van Den Bos & Jeannerod, 2002; Whiteley
et al., 2008).

It should be noted that the CCE in the spatial domain may be unrelated to multisensory integration per se, and more to do with
late, decision making processes and cognitive factors. For example, there is some evidence to suggest that the spatial CCE may arise
due to a spatial conflict of responses across modalities, with a smaller role for multisensory integration (Forsberg et al., 2019; Forster
& Pavone, 2008; Marini, Romano, & Maravita, 2017). A role of spatial response conflict in the CCE may account for the lack of
consistency in the effects of body contexts across spatial and temporal perception.

We noted that the overall number of errors made during the tactile discrimination task when viewing the object specifically,
increased in Experiments 2 and 3 relative to Experiment 1. The overall increase in errors partly reflected a general cost to tactile
perception on congruent trials. This is consistent with evidence for better tactile processing when viewing a body than an object, even
when vision is non-informative to the tactile task. This effect is often referred to as the visual enhancement of touch (VET) (Kennett
et al., 2001) and has been found for task of tactile spatial acuity (Kennett et al., 2001; Haggard, 2006) and tactile detection (Harris,
Arabzadeh, Moore, & Clifford, 2007; Tipper et al., 1998). It is argued that the VET occurs when viewing a body prepares the brain for
upcoming tactile stimulation (Fiorio & Haggard, 2005). Indeed, in the current experiments, the participants previewed the hand
before the occurrence of a crossmodal event and a VET may have occurred during this period. Indeed, the VET has been found to arise
in response to a relatively brief glimpse of a hand (Cardini, Longo, Driver, & Haggard, 2012). The VET may be linked to the
multisensory representation of PPS in which tactile detection as well as visuotactile interactions are enhanced (Cléry, Guipponi,
Odouard, Wardak, & Hamed, 2015; Fiorio & Haggard, 2005; Harris et al., 2007; Konen & Haggard, 2012; Ladavas et al., 1998;
Rizzolatti et al., 1997; Spence et al., 2008). The absence of a difference between the hand conditions of Experiments 2 and 3 was
ambiguous based on the Bayes Factor. However, as with the CCE, the VET can occur when viewing either one’s own or another’s body
(Haggard, 2006), without reinforcement of body ownership, as evidenced in the present findings.

The results of Experiment 1 were somewhat surprising and it remains unclear to us why a cost in tactile perception was not found
in response to viewing the object relative to viewing the hands, as found in the other experiments. Others have reported equivalent
performance to viewing a hand or object when detecting tactile taps and a disadvantage in tactile gap detection when viewing a hand
compared to an object (Press, Taylor-Clarke, Kennett, & Haggard, 2004). We suggest two possible reasons for our result. First, the
results may be related to attentional processes in that the images presented in Experiment 1, particularly the object, may have drawn
less attention to the screen relative to the images of Experiment 3, which involved an identical set-up. As a participant’s physical hand
was always visible in Experiment 1 during the task, a VET may have occurred across all stimulus contexts (Cardini et al., 2012). The
absence of a similar effect for Experiment 3 may reflect the higher visual saliency of this display and a stronger capture of attention
towards the screen and away from the physical hand, thus facilitating the dominance of the visual distractors over touch. An al-
ternative explanation of our findings is that image manipulations such as the egocentric view of the object as an extension of the body
(Experiment 2) or the additional face-like configurations presented with the object (Experiment 3) may have been more likely to
violate a participant’s body representation or perceptual expectations than the object shown in Experiment 1, thus appearing less
convincingly ‘hand-like’. Indeed, an egocentric view of the body seems to be important for bodily self-consciousness and self-other
discrimination (Blanke, 2012; Brady et al., 2011; Conson et al., 2010; Saxe et al., 2005) while information from faces is perceptually
prioritised (Langton, Watt, & Bruce, 2000; Scheller, Biichel, & Gamer, 2012). Stimuli perceived as broadly ‘hand-like’ in shape or form
can also visually ‘capture’ touch (Rosén et al., 2009; Tsakiris, Carpenter, James, & Fotopoulou, 2010), albeit less convincingly than a
realistic hand (Tsakiris et al., 2010). Although both attentional and perceptual processes may be implicated in the difference in results
across experiments, future research is required to elucidate these influences on visuotactile interactions when viewing objects.

Finally, our results suggest a consistent effect of the number of visual distractors on performance on the tactile task. The pre-
sentation of 2 distractors with 1 tactile event was associated with significantly more errors than when 1 distractor was presented with
2 tactile events, across all experiments. This implies a stronger ‘fission-like’ than ‘fusion-like’ effect which is compatible with previous
findings in crossmodal integration (Andersen et al., 2004) including for vision and touch (Holmes et al., 2006), demonstrating a
robust effect of modality discontinuity on task performance (Shams et al., 2002). However, it is important to note that, due to the
timing of the visual and tactile events during the CCT, there was a relatively small temporal overlap (20 ms) between a single visual
distractor and a second vibration on incongruent trials with 2 vibrations, thus possibly explaining the lack of strong ‘fusion-like’
effects in the data.

The results of Experiment 2 and 3 suggest that there was a larger difference between hand and object contexts in response to 1
distractor than 2 distractors, largely due to relatively poor task performance when viewing the object on all visuotactile combina-
tions. The presence of larger interference from the distractors on incongruent trials in response to an object contrasts with the findings
of spatial CCT studies which reported larger crossmodal interference in a body context (Igarashi et al., 2007, 2008; Salomon et al.,
2012; Thomas et al., 2006) and the expected influence of shared context on multisensory interactions (Chen & Spence, 2017; Johnson
et al., 2006; Mirams et al., 2010; Welch & Warren, 1980). While there is evidence for an influence of visual distractors on the
discrimination of tactile sequences of events, this is typically smaller than the influence of tactile distractors on visual discrimination
due to the higher reliability of touch for temporal judgements (Bresciani, Dammeier, & Ernst, 2006; Ernst & Banks, 2002; Philippi,
van Erp, & Werkhoven, 2008). As such, the difference in rates of visuotactile interference across contexts may be attributable to
differences in modality weighting based on the relative reliability of the tactile information in response to a hand or an object. More
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specifically, in Experiments 2 and 3, a VET occurs when viewing the hands relative to the object, in that tactile discrimination is
benefited and more reliable, accounting for the improved discrimination performance on all congruent trials and incongruent trials
with 2 sequential vibrations, and the interference from the task-irrelevant distractors is reduced, accounting for the smaller ‘fission-
like’ effects in particular.

Our results show no evidence for a role of visual body recognition on the CCE, even though participants were clearly able to
identify their own hand and were offered cues to self-identity. Indeed, analyses included data only from participants who recognised
their own hand in an array of “other” hands and the distinction between identifying self and other in Experiments 2 and 3 was
supported by the results of a ratings task. As such, we made every effort to create a convincing illusion of looking at oneself in a
mirror (Experiments 1 and 3) or directly at one’s own hand (Experiment 2); therefore concerns relating to stimulus authenticity or
plausibility were unlikely to result in a lack of distinction between self- and other-hands and/or hands and objects in the CCE.
Moreover, the use of images of hands rather than real hands is consistent with previous CCT work contrasting visuotactile interactions
in response to bodies and objects (Igarashi et al., 2004, 2007; Igarashi et al., 2008; Salomon et al., 2012) and self and other bodies
(Salomon et al., 2012). As is typical in such CCT research we did not include a unimodal condition, in which only touch or vision was
presented to the participants, or a condition in which the stimulus context is absent, but we acknowledge that these may be lim-
itations of this work. Our study highlights the need for future research to further investigate the role of stimulus context and visual
body identity on visuotactile interactions in the perception of sequences of events.

6. Conclusions

The findings of three experiments demonstrate a robust crossmodal congruency effect in a task involving the perception of
sequences of events. Specifically, the presentation of visual distractors resulted in a larger number of errors in tactile perception when
the number of events was incongruent compared to congruent across modalities. Our second main finding was that there was no
evidence that the magnitude of the non-spatial CCE was affected by viewing images of a hand or object. However, tactile dis-
crimination was significantly impaired when distractors were presented with an object shown from the first person view (Experiment
2) or when additional markers of identity were added to a display relative to viewing distractors on an image of a hand shown from
the third person view (Experiment 3). Finally, we found no evidence that visual hand identity affected the CCE: this effect was similar
across identified images of a participant’s own hand and images of an unfamiliar other’s hand.

Our results provide novel evidence that, unlike the spatial CCE, the CCE for sequences of events may not be sensitive to stimulus
context and that performance on the tactile discrimination of sequences of events is impaired when viewing an object relative to a
hand under certain visual contexts. That is, we found reduced tactile discrimination when viewing an object presented from the first
person view and an object accompanied by additional visual information from the third person view, but not in response to the same
object presented in isolation from the third person view. These results shed light on the interaction between tactile and visual
information about external stimuli in the temporal domain and the influence of the body representation on the nature of visuotactile
interaction in the perception of events.
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