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Recent studies have found preferential responses for brief, transient visual stimuli near the hands,
suggesting a link between magnocellular visual processing and peripersonal representations. We report
an individual with a right hemisphere lesion whose illusory phantom percepts may be attributable to an
impairment in the peripersonal system speciﬁc to transient visual stimuli. When presented with a single,
brief (250 ms) visual stimulus to her ipsilesional side, she reported visual percepts on both sides –
synchiria. These contralesional phantoms were signiﬁcantly more frequent when visual stimuli were
presented on the hands versus off the hands. We next manipulated stimulus duration to examine the
relationship between these phantom percepts and transient visual processing. We found a signiﬁcant
position by duration interaction, with substantially more phantom synchiric percepts on the hands for
brief compared to sustained stimuli. This deﬁcit provides novel evidence both for preferential processing
of transient visual stimuli near the hands, and for mechanisms that, when damaged, result in phantom
percepts.
& 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
Evidence from neuropsychological and brain stimulation studies has shown that the area on or around the body (peripersonal
space) is distinctly represented compared to the area away from
the body (Ladavas et al., 1998; Makin et al., 2008). For example, di
Pellegrino et al. (1997) reported an individual in whom ipsilesional
visual stimuli would extinguish the perception of contralesional
tactile stimuli – but only when the ipsilesional visual stimulus was
near the participant's ipsilesional hand. Multiple brain regions in
posterior parietal cortex, premotor cortex, and putamen have
neurons with bimodal visuotactile receptive ﬁelds that are yoked
to a location on the skin surface and then project to the immediately surrounding peripersonal space (Colby et al., 1993;
Graziano and Gross, 1996; Graziano et al., 1994). More recently, a
number of studies with neurologically intact individuals have
found evidence not only for the existence of peripersonal representations, but that visual stimuli in peripersonal space are
processed differently from visual stimuli away from the body (e.g.
extrapersonal space). Differential effects for processing visual stimuli near versus far from the hands have been observed for a
n
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number of visual attention tasks (Abrams et al., 2008; Cosman and
Vecera, 2010; Davoli et al., 2012a; Reed et al., 2006), change detection (Tseng and Bridgeman, 2011), visual perceptual grouping
(Huffman et al., 2015), visual memory (Davoli et al., 2012b), visual
sensitivity (Dufour and Touzalin, 2008), visual target detection
(Kao and Goodale, 2009), and temporal fusion in object substitution masking (Goodhew et al., 2013).
It has been hypothesized that the processing of visual space
around the body may be associated with speciﬁc visual pathways.
Starting with retinal ganglion cells, there is evidence for segregation of visual information from the lateral geniculate nucleus into
M (magnocellular) and P (parvocellular pathways). The magnocellular (M) pathway is sensitive to brief, moving, low contrast
stimuli, while the parvocellular (P) pathway is sensitive to longer
duration, high contrast stimuli (Livingstone and Hubel, 1988).
Some have proposed a distinction between dorsal vision for action
(M) and ventral vision for perception (P) pathways (Milner and
Goodale, 1995), whereas others have proposed that the M-pathway is utilized more for transient visual stimuli and the P-pathway
is used more for sustained visual stimuli (McCloskey, 2009). As
objects near the hands are more likely to be acted upon, researchers have proposed a link between peripersonal representations of space near the hands and magnocellular processing.
Magnocellular cells are more sensitive to low- versus high-frequency stimuli (Callaway, 1998), and individuals are more sensitive to detecting orientation changes of low- versus high-spatial-
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frequency Gabor patches when presented near versus far from the
hands (Abrams and Weidler, 2014). These and other results (see
Goodhew et al. (2015) and Taylor et al. (2015) for reviews) have
provided initial evidence supporting a link between magnocellular
processing and peripersonal space near the hands. However, outside of studies of neurologically intact individuals, there is no
additional supporting evidence for a link between peripersonal
space and magnocellular processing. Furthermore, there is little
known about the functional organization of such a system.
We present a case study of an individual with synchiria to
further examine the relationship between different aspects of visual processing and peripersonal space around the hands. Synchiria is a rare disorder subsequent to brain damage, in which stimulation on the ipsilesional side of the body results in the perception of stimuli on both the ipsilesional and contralesional side.
In a related deﬁcit – visual allesthesia – individuals see objects
presented in the ipsilesional visual ﬁeld as appearing in the contralesional visual ﬁeld. However, in the vast majority of these
cases, the phantom visual images were palinoptic, persisting for a
signiﬁcant amount of time (up to 15 min) after the original object
was out of view (see also Ardila et al., 1987; Jacobs, 1980; Kasten
and Poggel, 2006; Murakami et al., 2014). Visual allesthesia is rare,
and most previous accounts were clinical case reports, making it
difﬁcult to relate these impairments to a speciﬁc functional locus.
Although synchiria has been reported in other modalities (Diamond and Bender, 1965; Medina and Rapp, 2008), there are no
similar cases in the visual literature.
We encountered an individual (K.G.) who demonstrated a
striking case of visual synchiria. In informal testing, we presented
a variant of the standard visual ﬁnger confrontation task to K.G., in
which the experimenter extends his arms and brieﬂy ﬂexes and
extends his left ﬁnger, right ﬁnger, or both ﬁngers, with the participant reporting the movements she saw. With the experimenter
standing directly in front of K.G. with the experimenter's hands
located over a table, K.G demonstrated mild extinction. However,
when K.G.'s hands were on the table, with the experimenter's
ﬁngers directly over her hands, K.G. frequently reported seeing
both of the experimenter's ﬁngers move when the experimenter
only moved the ﬁnger over her right, ipsilesional hand. In a previous case of tactile synchiria that we reported (Medina and Rapp,
2008), we found that hand position in external space inﬂuenced
the frequency of phantom tactile percepts; with more synchiria
when the hands were in contralesional versus ipsilesional space in
both trunk- and head-centered reference frames. Studies in human
and non-human primates have provided evidence for ipsilateral
activation in primary somatosensory cortex that is actively inhibited, likely by tonic inhibition from the opposite hemisphere
(Calford and Tweedale, 1988). We proposed the existence of mechanisms for inhibition of ipsilateral activation that, when damaged, give rise to phantom synchiric percepts.
Given that (a) previous studies of synchiria have shown that
representations of external space inﬂuenced the frequency of
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synchiric percepts and (b) that there is evidence linking representations of peripersonal space to magnocellular processing,
we predicted that K.G.'s synchiria would be modulated by stimulus
position and stimulus duration. More speciﬁcally, we expected
that K.G. would demonstrate signiﬁcantly more synchiric percepts
for visual stimuli on versus off of the hands. Furthermore, as the
M-pathway has been associated with brief versus sustained stimuli, we predicted that K.G.'s would demonstrate more synchiric
phantom percepts for brief stimuli on the hand versus off the
hands. Finally, given that the P-pathway is not associated with
peripersonal space, we predicted that more sustained visual stimuli would not elicit phantom percepts either on or off of the
hands.
2. Materials and methods
2.1. Case history
K.G., a 50-year-old female, suffered a large right middle cerebral artery stroke
ﬁve years before testing. A CT scan showed that her damage encompassed parts of
the frontal, parietal, and temporal lobes, with no damage to the primary visual
system (see Fig. 1). K.G. was not eligible for an MRI due to scanner contraindications. At the time of testing, a neuropsychological examination showed that
K.G. exhibited left-sided hemiparesis, mild neglect, and visual extinction. In additional testing to characterize tactile performance after the stroke, we presented a
light touch with her eyes closed (using a ﬂat, 5 mm diameter rubber cylinder) to
the dorsal surface of her left hand (10 trials), right hand (10 trials), or both hands
simultaneously (10 trials); there were also 6 catch trials on which no stimulus was
presented. Five blocks were presented on the distal segment of her middle ﬁnger
and four blocks on the center of her palm. As there were no differences between
stimulus locations, we collapsed over stimulation sites in reporting her performance. When touched on her contralesional left hand, she failed to report the
stimulus on 30% (27/90) trials, and when touched on both hands, she reported
touch on the ipsilesional hand on only 29% of the trials (26/90), both consistent
with damage to somatosensory cortex and/or attentional brain regions. Interestingly, when touched on her ipsilesional right hand, K.G. reported sensation on both
hands on 30% of trials (27/90) – demonstrating tactile synchiria.
2.2. Methods
In the following experiments, K.G. was seated at a projection apparatus with a
table and a semi-silvered mirror positioned 25 cm above the table. A video projector (connected to a PC running E-Prime 2.0, Psychological Software Tools,
Pittsburgh, PA) and screen were positioned above the mirror, such that the images
from the projector were cast onto the mirror surface. A small light was on below
the mirror, such that the participant could easily see the table. When viewing
through the semi-silvered mirror, visual images from the projector appeared to be
located on the table or on the participant's visible hands (if they were positioned on
the table).
K.G. was seated such that her trunk and head were aligned with the center of
the semi-silvered mirror, with eye movements monitored by visual inspection.
Before each trial, a ﬁxation point appeared at the center of the display for 1000 ms.
Next, a visual stimulus (a 3 cm diameter red circle, 30 cm lateral to ﬁxation) was
presented for 500 ms either left of ﬁxation (10 trials/block), right of ﬁxation (10
trials/block), on both sides simultaneously (10 trials/block), or no stimulus was
presented (6 trials/block); trial order was randomized for each block. After each
trial, K.G. was instructed to verbally report whether she perceived the visual stimulus on the left side, right side, both sides, or no stimulation. K.G. was tested in
nine blocks over two sessions separated by approximately one month. In the ﬁve

Fig. 1. CT scan for K.G. showing her lesion location (in dark).
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mislocalizations that occur primarily for sustained/parvocellular
visual stimuli (McCloskey et al., 1995; Pﬂugshaupt et al., 2007), we
surmised that K.G.'s phantom mislocalizations may also be
modulated by stimulus duration. However, given the proposed link
between transient/magnocellular visual systems and space around
the body, we predicted an opposite pattern of performance – increased atypical percepts for brief, not sustained, visual stimuli. In
the next experiment, we examined the relationship between her
phantom synchiric percepts, stimulus position, and stimulus
duration.
3.2. Experiment 2 – Inﬂuence of stimulus duration on synchiric
percepts
Fig. 2. Percentage of synchiric responses after ipsilesional stimulation as a function
of stimulus duration for Experiment 2.
“on hands” blocks, K.G.'s hands were comfortably positioned on the table, and visual stimuli looked as if they were projected onto the center of her hand(s). In the
four “off hands” blocks (one of which was not completed due to computer malfunction), K.G.'s hands were positioned at her sides, with visual stimuli seen as on
the table. The visual stimuli were in the same location, relative to ﬁxation, in both
“on hands” and “off hands” blocks.
For Experiment 2, the apparatus, stimulus types, and potential responses were
the same as in Experiment 1. To examine the relationship between stimulus
duration and atypical percepts, each stimulus type was presented at ﬁve durations
(50, 100, 250, 500, and 1000 ms). Each block consisted of 8 trials per stimulus type/
stimulus duration,1 along with 32 no stimulus trials (144 trials/block). K.G. was
tested in two ABBA sessions, each consisting of four blocks counter-balanced for
stimulus position (on hands, off hands).

3. Results
3.1. Experiment 1 – Inﬂuence of stimulus position on synchiric
percepts
Given the categorical nature of the responses, we used generalized linear models with logistic regression (logit model) using
the glm function in R 3.1.3 to examine the inﬂuence of hand position on the frequency of three types of atypical percepts
(synchiria: responding “both” when stimulated on the ipsilesional
right side; neglect: responding “none” when stimulated on the
contralesional left side; extinction: responding “right” when stimulated on both sides). As typical with logit models, differences
between conditions and conﬁdence intervals will be reported
using odds ratios (OR). We found a signiﬁcant effect of stimulus
position for synchiric responses, as K.G. was more likely to report
phantom synchiric percepts when on her hands (27/50, 56%)
versus off (11/36, 30.6%) her hands (z¼ 2.13, p¼ .033, estimated
OR: 2.67, 95% CI: 1.10–6.75). There was no main effect of stimulus
position for neglect or extinction responses.
We noted that K.G. never reported experiencing visual phantoms in everyday life. There are a few rare cases of individuals who
make visual reﬂection errors, a potentially related deﬁcit in which
stimuli presented on one side are seen on the opposite side. For
example, McCloskey and colleagues (McCloskey, 2004; McCloskey
and Rapp, 2000; McCloskey et al., 1995) reported an individual (A.
H.) who perceived visual stimuli presented on one side as in the
opposite location across an attention-centered frame of reference.
Interestingly, her visual reﬂection deﬁcit was substantially attenuated with brief versus sustained, ﬂickering versus constant, and
moving versus stationary visual stimuli, providing evidence for
impairment to a sustained/parvocellular (not transient/magnocellular) visual system. Given related case reports of mirror
1

Due to a programming error, no 100 ms “both” trials were presented.

We ran logit models examining the frequency of atypical percepts (synchiria, neglect, and extinction), examining main effects
and interactions for stimulus position (on hands, off hands) and
stimulus duration, with trials grouped into short (50–250 ms) and
long (500–1000 ms) duration bins. For synchiric percepts, there
was a main effect of stimulus position, as KG was signiﬁcantly
more likely to report synchiric percepts on (96/160, 60.0%) versus
off (38/160, 23.8%) the hands (z ¼2.80, p ¼.005, estimated OR:
2.35, 95% CI: 1.30–4.32). Importantly, there was a highly signiﬁcant
stimulus position by stimulus duration interaction (z¼3.67,
po .001, estimated OR: 7.31, 95% CI: 2.58–21.82). KG reported
synchiric percepts on 80.2% (77/96) of short duration trials presented on her hands, compared to only 25.4% (57/224) for all other
conditions (see Fig. 2).
Next, we examined whether the observed synchiric responses
were speciﬁc to when stimuli were presented to her ipsilesional
side. Examining K.G.'s response proﬁle for contralesional, left-sided stimuli, she rarely reported seeing stimuli on the opposite
right side (3/320 “left” or “both” responses, o1% of all trials),
demonstrating that the synchiric percepts were speciﬁcally generated by ipsilesional visual stimulation. Another question is
whether the stimulus duration by location interaction was speciﬁc
to generating synchiric percepts, or also inﬂuenced other aspects
of perception. As typical for individuals with right parietal damage,
K.G. demonstrated neglect (37.2%) and extinction (15.2%). Furthermore, as typically observed in individuals with attentional
deﬁcits, K.G. made more neglect and extinction responses for short
versus long duration stimuli (main effect of stimulus duration;
neglect: z ¼4.18, po .001, estimate OR: 5.62, 95% CI: 2.60–13.3;
extinction: z¼ 3.54, p o.001, estimated OR: 6.62, 95% CI: 2.49–
21.0). However, for neglect responses, there was no main effect of
stimulus position (p 4.250) nor a stimulus position by stimulus
duration interaction (p 4.250), providing evidence that the inﬂuence of body position on atypical responses was speciﬁc to
synchiric percept generation. Interestingly, there was a signiﬁcant
stimulus position by stimulus duration interaction for extinction
responses (z ¼ 2.52, p¼ .012, estimated OR: .124, 95% CI:
.023–.611), though in the opposite direction of what was observed
for synchiric responses. For short duration stimuli, K.G. showed
extinction on 35.9% (23/64) of trials off the hands, compared to
only 7.8% (5/64) of short duration trials on the hands, with minimal extinction for long duration stimuli (5/64 off the hands, 6/64
on the hands). These results are consistent with K.G.'s pattern of
performance on right-sided trials. When brief, bilateral stimuli are
presented off of the hands, K.G. demonstrates visual extinction.
However, when these stimuli are presented on the hands, we
propose that the ipsilesional, right-sided stimulus produced a
synchiric percept on the left side, thus masking her extinction and
resulting in paradoxically “improved” performance (see Medina
and Rapp (2008) for a similar ﬁnding in tactile synchiria).
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4. Discussion
We report an individual who, subsequent to a right hemisphere
fronto-temporo-parietal lesion, reported phantom synchiric percepts on the contralesional left side when presented with visual
stimuli on the right side. Interestingly, these phantom visual percepts were signiﬁcantly modulated by ipsilesional stimulus duration and position, occurring most frequently when ipsilesional
stimuli were brief (250 ms or less) and on the body. These phantom percepts were not observed after contralesional stimulation.
Furthermore, this pattern of performance (increased atypical responses for brief stimuli on the body) was speciﬁc to generating
synchiric percepts. To our knowledge, this is the ﬁrst reported case
of visual synchiria for brief stimuli (contrasting palinopsia), and
the ﬁrst case showing that these phantom visual percepts are
modulated by proximity to the body. Our results provide novel
evidence for inhibitory processes for visual stimuli on the body
that, when damaged, result in phantom visual percepts. Furthermore, our results also provide converging evidence from a braindamaged individual supporting the link between representations
of the space on and around the hands and visual systems for
processing brief, transient stimuli.
What functional architecture could account for visual synchiria
modulated by proximity to the hands? Given the rare nature of
synchiria in any modality, along with the paucity of neural data to
constrain potential interpretations, what we present must be regarded as speculative. We note that there could be several alternative explanations for these ﬁndings. Our account is guided by
explanations of previous individuals with synchiria along with
evidence regarding the relationship between visual cortex and
tactile/peripersonal representations. In this account, we will assume that the synchiric percepts reported by K.G. are a result of
ipsilateral (right hemisphere) visual cortex activity after presentation of a stimulus in the right visual ﬁeld. For this to occur,
there would need to be the following: (a) a pathway from visual
cortex to ipsilateral peripersonal and/or tactile representations in
both hemispheres, (b) callosal connections to allow transmission
of contralesional visual activity to the ipsilesional hemisphere and
(c) a mechanism that, subsequent to brain damage, allows for the
phantom synchiric percepts to occur.
First, there is clear evidence that information about the body,
either via tactile stimulation or peripersonal representations, inﬂuences processing in visual cortex. Macaluso et al. (2000) found
that presenting a tactile stimulus on the same side as a visual
target enhanced activity in visual cortex. Furthermore, they also
found that areas in visual cortex associated with increased activity
with a same-sided tactile stimulus showed functional connectivity
with supramarginal gyrus and inferior parietal lobe, regions that
have been associated with peripersonal representations of space.
Presenting tactile stimuli results in lower TMS-induced phosphene
thresholds when the hand is in the same location in external space
as the perceived phosphenes (Ramos-Estebanez et al., 2007). This
enhancement effect loses its spatial speciﬁcity after TMS of posterior parietal cortex, providing additional evidence that posterior
parietal regions are involved in visuotactile integration. Larger N1
ERP components, indicative of increased processing in occipital
brain regions, have been generated for visual stimuli presented on
versus above the hands (Simon-Dack et al., 2009). These studies
provide evidence that posterior parietal regions involved in representing touch and the body interact with visual areas, resulting
in changes in visual perception.
Second, for synchiria to occur, there needs to also be transmission of stimulus information from the contralesional hemisphere to the ipsilesional hemisphere. Given the lack of such
connections (apart from those near the vertical meridian, e.g.
Hubel and Wiesel, 1967) in V1, it is more likely that any callosal
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transmission would occur in areas outside of primary visual cortex. Studies of individuals with crossmodal extinction (Ladavas
et al., 1998), crossmodal congruency tasks (Maravita et al., 2003)
and non-human primates studies (Graziano and Gross, 1993) have
provided evidence for bimodal visuotactile representations of
peripersonal space. Peripersonal space is thought to be represented in two regions – posterior parietal and ventral premotor
cortex (Makin et al., 2007). Interestingly, both posterior parietal
cortex (Caminiti and Sbriccoli, 1985) and ventral premotor cortex
(Boussaoud et al., 2005) have callosal connections between
homotopic regions, allowing for the possible transmission of information about the stimulus between hemispheres. Therefore, we
suggest that crosshemispheric information transfer is likely to
occur between representations of peripersonal space, as opposed
to the primary visual system.
Third, given that neurologically-intact individuals do not experience visual synchiria, there also needs to be a mechanism that
allows for bilateral activation (subsequent to ipsilateral visual stimulation) to be suppressed. We propose two possibilities. One is
that synchiria is caused by impairment of inhibitory mechanisms
that typically serve to suppress ipsilateral activation, similar to
what has been found in the somatosensory system. Past studies
have found dense callosal connections between higher order primary somatosensory regions (e.g. Brodmann areas 1 or 2) and/or
secondary somatosensory cortex (Fabri et al., 2001; Krubitzer
et al., 1998). Furthermore, there is evidence that tactile stimulation
on one side results in activation of contralateral primary somatosensory regions along with concurrent suppression in the homotopic ipsilateral somatosensory areas (Hlushchuk and Hari, 2006;
Lipton et al., 2006). We have proposed that tactile synchiria is
caused by damage to mechanisms that suppress ipsilateral activity
after stimulation, resulting in the perception of bilateral stimuli
subsequent to unilateral stimulation (Medina and Rapp, 2008;
Sathian, 2000). Interestingly, in one case of tactile synchiria
(Medina and Rapp, 2008), these inhibitory mechanisms were
modulated based on body position in external space, as the participant demonstrated signiﬁcantly more synchiric percepts when
their hands were in contralesional versus ipsilesional space in
head- and trunk-centered reference frames. One possibility is that
a similar inhibitory mechanism, based on stimulus position in a
peripersonal frame of reference, may also exist. An alternative
mechanism is that, due to callosal connections between peripersonal representations, a right-sided visual stimulus on the
hands may activate right hemisphere peripersonal representations
in a subthreshold manner. Importantly, the absence of input from
primary somatosensory cortex to these peripersonal representations could result in a stronger weighting for visual information in
the peripersonal representation, such that any activation from visual areas would be ampliﬁed. This ampliﬁed signal could then
result in suprathreshold phantom visual percepts.
K.G.'s visual synchiria is strongly inﬂuenced by stimulus duration, with signiﬁcantly more phantom percepts for short (50–
250 ms) versus long (500–1000 ms) visual stimuli. Our results
demonstrating a relationship between short visual stimuli and the
space around the hands are consistent with hypotheses in which
the M-pathway is tied to processing transient visual stimuli,
whereas the parvocellular system is preferentially involved in
sustained visual processing (Breitmeyer and Ogmen, 2000;
McCloskey, 2009). Evidence for a transient/sustained distinction
comes from reaction time distributions for low- versus high-spatial frequency targets in humans and non-human primates (Tolhurst, 1975), visual backwards masking (Breitmeyer and Ganz,
1976) and individuals with developmental deﬁcits or brain damage (McCloskey, 2004; McCloskey et al., 1995; Pﬂugshaupt et al.,
2007). We suggest that K.G.’s deﬁcit is caused by damage to mechanisms that inhibit transcallosal activation that originates in
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peripersonal representations. Furthermore, given the links between peripersonal space around the hands and the M-pathway
(Abrams and Weidler, 2014; Goodhew et al., 2014), we believe that
this disinhibited activation reﬂects the nature of the peripersonal
representation – primarily magnocellular, and biased strongly towards brief, transient visual stimuli as well as tactile stimuli.
A second interpretation is that enhanced performance on visual
tasks performed near the body is caused by increased attention to
the space around the hands (Cosman and Vecera, 2010; Reed et al.,
2006). Is it possible that K.G.'s synchiric percepts are caused by
damage to attentional mechanisms for the area around the hands?
We believe this is unlikely for the following reasons. K.G. demonstrates an attentional deﬁcit (neglect) that is not modulated
by stimulus position on the hands, suggesting that her neglect and
synchiria are caused by damage to different mechanisms. Although it is possible that K.G.'s synchiria is also caused by attentional mechanisms separate from what cause her neglect, other
evidence suggests that this is unlikely. In most attentional deﬁcits,
individuals are more likely to fail to respond to brief versus longer
duration visual stimuli, whereas K.G. demonstrated the opposite
pattern (more visual stimuli perceived at brief durations). It is also
unclear what attentional mechanism would, when damaged, result in an increase in visual percepts. At the moment, damage to
inhibitory mechanisms for representations of transient stimuli
near the body is likely a more parsimonious account. Although our
results do not seem to have a functional locus in the attentional
system, we are not claiming that attentional accounts for improved visual performance near the hand are in error. One possibility, consistent with ERP work on the topic (Reed et al., 2013), is
that there may be multiple processes that contribute to enhanced
visual processing around the body.
Previous studies have shown that neurologically-intact individuals experience visual stimuli presented to embodied rubber
hands as eliciting tactile sensations (Durgin et al., 2007). Given
that K.G. demonstrates tactile, as well as visual synchiria, is it
possible that K.G. “feels” the visual stimuli presented to her hands
and that her visual synchiria utilizes tactile pathways? We note
that K.G. never spontaneously reported feeling touch after visual
stimulation, nor did she ever say that she saw the ipsilateral visual
stimulus and then “felt” the phantom contralesional stimulus.
However, given that we were unable to perform experiments with
crossmodal stimuli, it is possible that contextual information regarding the experimental setup precluded her from saying that
she felt the visual stimuli. Given that the deﬁcit involved peripersonal processing, which is intimately tied to bimodal visuotactile representations, we believe it is possible that removal of
peripersonal inhibition may result in both visual and tactile
synchiria. However, more evidence will be needed to support this
conjecture.
Finally, we note that K.G. was unavailable for further testing,
and that there were a number of additional questions that we
hoped to explore. These included whether her deﬁcit was multimodal (e.g. ipsilesional tactile stimuli produce contralesional tactile percepts; ipsilesional visual stimuli produce contralesional
visual percepts) or crossmodal (ipsilesional tactile/visual stimuli
produce contralesional visual/tactile percepts), whether sustained
stimuli associated with the magnocellular system (e.g. low spatial
frequency) would result in synchiria, and whether synchiria would
occur for visual stimuli near her unseen hands. Given that K.G.'s
lesion is not out of the ordinary, we believe that others may have a
similar deﬁcit, and that it may simply be understudied. We hope
that this report will encourage neuropsychologists and neurologists to examine their patients for this interesting phenomenon,
and address these and other questions in future research.

Acknowledgments
This work was supported by NIH Grant R01NS048130 and the
University of Delaware Research Foundation.

References
Abrams, R.A., Davoli, C.C., Du, F., Knapp, W.H., Paull, D., 2008. Altered vision near the
hands. Cognition 107, 1035–1047.
Abrams, R.A., Weidler, B.J., 2014. Trade-offs in visual processing for stimuli near the
hands. Atten. Percept. Psychophys. 76, 383–390.
Ardila, A., Botero, M., Gomez, J., 1987. Palinopsia and visual allesthesia. Int. J.
Neurosci. 32, 775–782.
Boussaoud, D., Tanne-Gariepy, J., Wannier, T., Rouiller, E.M., 2005. Callosal connections of dorsal versus ventral premotor areas in the macaque monkey: a
multiple retrograde tracing study. BMC Neurosci. 6.
Breitmeyer, B.G., Ganz, L., 1976. Implications of sustained and transient channels for
theories of visual-pattern masking, saccadic suppression, and informationprocessing. Psychol. Rev. 83, 1–36.
Breitmeyer, B.G., Ogmen, H., 2000. Recent models and ﬁndings in visual backward
masking: a comparison, review, and update. Percept. Psychophys. 62,
1572–1595.
Calford, M.B., Tweedale, R., 1988. Immediate and chronic changes in responses of
somatosensory cortex in adult ﬂying-fox after digit amputation. Nature 332,
446–448.
Callaway, E.M., 1998. Local circuits in primary visual cortex of the macaque monkey.
Annu. Rev. Neurosci. 21, 47–74.
Caminiti, R., Sbriccoli, A., 1985. The callosal system of the superior parietal lobule in
the monkey. J. Comp. Neurol. 237, 85–99.
Colby, C.L., Duhamel, J.R., Goldberg, M.E., 1993. Ventral intraparietal area of the
macaque-anatomic location and visual response properties. J. Neurophysiol. 69,
902–914.
Cosman, J.D., Vecera, S.P., 2010. Attention affects visual perceptual processing near
the hand. Psychol. Sci. 21, 1254–1258.
Davoli, C.C., Brockmole, J.R., Du, F., Abrams, R.A., 2012a. Switching between global
and local scopes of attention is resisted near the hands. Vis. Cognit. 20,
659–668.
Davoli, C.C., Brockmole, J.R., Goujon, A., 2012b. A bias to detail: how hand position
modulates visual learning and visual memory. Memory Cognit. 40, 352–359.
di Pellegrino, G., Ladavas, E., Farne, A., 1997. Seeing where your hands are. Nature
388, 730.
Diamond, S.P., Bender, M.B., 1965. On auditory extinction and alloacusis. J. Comp.
Neurol. 90, 154–157.
Dufour, A., Touzalin, P., 2008. Improved visual sensitivity in the perihand space.
Exp. Brain Res. 190, 91–98.
Durgin, F.H., Evans, L., Dunphy, N., Klostermann, S., Simmons, K., 2007. Rubber
hands feel the touch of light. Psychol. Sci. 18, 152–157.
Fabri, M., Polonara, G., Del Pesce, M., Quattrini, A., Salvolini, U., Manzoni, T., 2001.
Posterior corpus callosum and interhemispheric transfer of somatosensory information: an fmri and neuropsychological study of a partially callosotomized
patient. J. Cognit. Neurosci. 13, 1071–1079.
Goodhew, S.C., Edwards, M., Ferber, S., Pratt, J., 2015. Altered visual perception near
the hands: a critical review of attentional and neurophysiological models.
Neurosci. Biobehav. Rev. 55, 223–233.
Goodhew, S.C., Fogel, N., Pratt, J., 2014. The nature of altered vision near the hands:
evidence for the magnocellular enhancement account from object correspondence through occlusion. Psychon. Bull. Rev. 21, 1452–1458.
Goodhew, S.C., Gozli, D.G., Ferber, S., Pratt, J., 2013. Reduced temporal fusion in
near-hand space. Psychol. Sci. 24, 891–900.
Graziano, M.S.A., Gross, C.G., 1993. A bimodal map of space-somatosensory receptive-ﬁelds in the macaque putamen with corresponding visual receptiveﬁelds. Exp. Brain Res. 97, 96–109.
Graziano, M.S.A., Gross, C.G., 1996. Multiple pathways for processing visual space.
Attention and Performance XVI: Information Integration in Perception and
Communication, pp. 181–207.
Graziano, M.S.A., Yap, G.S., Gross, C.G., 1994. Coding of visual space by premotor
neurons. Science 266, 1054–1057.
Hlushchuk, Y., Hari, R., 2006. Transient suppression of ipsilateral primary somatosensory cortex during tactile ﬁnger stimulation. J. Neurosci. 26, 5819–5824.
Hubel, D.H., Wiesel, T.N., 1967. Cortical and callosal connections concerned with
vertical meridian of visual ﬁelds in cat. J. Neurophysiol. 30, 1561–1573.
Huffman, G., Gozli, D.G., Welsh, T.N., Pratt, J., 2015. Hand position inﬂuences perceptual grouping. Exp. Brain Res. 233, 2627–2634.
Jacobs, L., 1980. Visual allesthesia. Neurology 30, 1059–1063.
Kao, K.-L.C., Goodale, M.A., 2009. Enhanced detection of visual targets on the hand
and familiar tools. Neuropsychologia 47, 2454–2463.
Kasten, E., Poggel, D.A., 2006. A mirror in the mind: a case of visual allaesthesia in
homonymous hemianopla. Neurocase 12, 98–106.
Krubitzer, L., Clarey, J.C., Tweedale, R., Calford, M.B., 1998. Interhemispheric connections of somatosensory cortex in the ﬂying fox. J. Comp. Neurol. 402,
538–559.
Ladavas, E.L., di Pellegrino, G., Farne, A., Zeloni, G., 1998. Neuropsychological

J. Medina et al. / Neuropsychologia 82 (2016) 104–109

evidence of an integrated visuotactile representation of peripersonal space in
humans. J. Cognit. Neurosci. 10, 581–589.
Lipton, M.L., Fu, K.-M.G., Branch, C.A., Schroeder, C.E., 2006. Ipsilateral hand input to
area 3b revealed by converging hemodynamic and electrophysiological analyses in macaque monkeys. J. Neurosci. 26, 180–185.
Livingstone, M., Hubel, D., 1988. Segregation of form, color, movement, and depthanatomy, physiology, and perception. Science 240, 740–749.
Macaluso, E., Frith, C.D., Driver, J., 2000. Modulation of human visual cortex by
crossmodal spatial attention. Science 289, 1206–1208.
Makin, T.R., Holmes, N.P., Ehrsson, H.H., 2008. On the other hand: dummy hands
and peripersonal space. Behav. Brain Res. 191, 1–10.
Makin, T.R., Holmes, N.P., Zohary, E., 2007. Is that near my hand? Multisensory
representation of peripersonal space in human intraparietal sulcus. J. Neurosci.
27, 731–740.
Maravita, A., Spence, C., Driver, J., 2003. Multisensory integration and the body
schema: close to hand and within reach. Curr. Biol. 12, R531–R539.
McCloskey, M., 2004. Spatial representations and multiple-visual-systems hypotheses: evidence from a developmental deﬁcit in visual location and orientation processing. Cortex 40, 677–694.
McCloskey, M., 2009. Visual Reﬂections: A Perceptual Deﬁcit and Its Implications:
OUP USA.
McCloskey, M., Rapp, B., 2000. Attention-referenced visual representations: evidence from impaired visual localization. J. Exp. Psychol.: Hum. Percept. Perform. 26, 917–933.
McCloskey, M., Rapp, B., Yantis, S., Rubin, G., Bacon, W.F., Dagnelie, G., Gordon, B.,
Aliminosa, D., Boatman, D.F., Badecker, W., Johnson, D.N., Tusa, R.J., Palmer, E.,
1995. A developmental deﬁcit in localizing objects from vision. Psychol. Sci. 6,
112–117.
Medina, J., Rapp, B., 2008. Phantom tactile sensations modulated by body position.
Curr. Biol. 18, 1937–1942.

109

Milner, D.A., Goodale, M.A., 1995. The Visual Brain in Action. Oxford University
Press, New York.
Murakami, H., Ichikawa, H., Sugimoto, A., Futamura, A., Shimizu, Y., Sugie, M.,
Miller, M.W., Kawamura, M., 2014. Perceiving “ghost” images: a unique case of
visual allesthesia with hemianopsia in mitochondrial disease. Neuropsychiatr.
Dis. Treat. 10, 999–1002.
Pﬂugshaupt, T., Nyffeler, T., von Wartburg, R., Wurtz, P., Luthi, M., Hubl, D., Gutbrod,
K., Juengling, F.D., Hess, C.W., Muri, R.M., 2007. When left becomes right and
vice versa: mirrored vision after cerebral hypoxia. Neuropsychologia 45,
2078–2091.
Ramos-Estebanez, C., Merabet, L.B., Machii, K., Fregni, F., Thut, G., Wagner, T.A.,
Romei, V., Amedi, A., Pascual-Leone, A., 2007. Visual phosphene perception
modulated by subthreshold crossmodal sensory stimulation. J. Neurosci. 27,
4178–4181.
Reed, C.L., Grubb, J.D., Steele, C., 2006. Hands up: attentional prioritization of space
near the hand. J. Exp. Psychol.: Hum. Percept. Perform. 32, 166–177.
Reed, C.L., Leland, D.S., Brekke, B., Hartley, A.A., 2013. Attention's grasp: early and
late hand proximity effects on visual evoked potentials. Front. Psychol. 4, 420.
Sathian, K., 2000. Intermanual referral of sensation to anesthetic hands. Neurology
54, 1866–1868.
Simon-Dack, S.L., Cummings, S.E., Reetz, D.J., Alvarez-Vazquez, E., Gu, H.Z., TederSalejarvi, W.A., 2009. “Touched” by light: event-related potentials (erps) to
visuo-haptic stimuli in peri-personal space. Brain Topogr. 21, 261–268.
Taylor, J.E.T., Gozli, D.G., Chan, D., Huffman, G., Pratt, J., 2015. A touchy subject:
advancing the modulated visual pathways account of altered vision near the
hand. Transl. Neurosci. 6, 1–7.
Tolhurst, D.J., 1975. Sustained and transient channels in human vision. Vis. Res. 15,
1151–1155.
Tseng, P., Bridgeman, B., 2011. Improved change detection with nearby hands. Exp.
Brain Res. 209, 257–269.

