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approach, then, offers hope that answers to these central
questions of cognitive science are tractable, and provides a
way forward for those who seek developmental theories
that are both explicit and explanatory.
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Out-of-body experiences: from Penfield to present
Frank Tong
Department of Psychology, Princeton University, Princeton, NJ 08544, USA

Can the brain, when stimulated, yield entirely novel
experiences? Blanke et al. (2002) describe a patient who
reported spontaneous out-of-body experiences during
electrical stimulation of her angular gyrus. These findings, although apparently extraordinary, agree with
much earlier reports from a patient tested by Wilder
Penfield. Such studies can provide clues about the
nature of conscious experience.
Blanke et al. recently described a preoperative epilepsy
patient who reported spontaneous out-of-body experiences
during electrical stimulation of her right angular gyrus [1].
This study is both interesting and important because it
addresses the problem of whether brain activity induced
by local stimulation can elicit familiar experiences only,
novel combinations of familiar experiences, or experiences
that are entirely novel.
The 43-year-old woman in the study suffered complex
partial seizures and had temporarily implanted subdural
electrodes to identify the epileptic focus. Stimulation at
two specific electrode sites over the angular gyrus at the
parietal-temporal junction elicited novel vestibular illusions of falling or floating (Fig. 1a). Initial stimulation led
to sensations of ‘falling from a height’ or ‘sinking into the
Corresponding author: Frank Tong (ftong@princeton.edu),
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bed’. Higher amplitude stimulation led to the report of an
apparent out-of-body experience. She reported that ‘I see
myself lying in bed, from above, but I only see my legs and
lower trunk’. In actuality, the patient was lying in bed with
her upper body supported at a 45-degree incline. It is
worth noting that despite the patient’s shift in perceived
vantage point, her description of the items in view
remained veridical – that is, she did not report seeing
her entire body and face from above. Subsequent stimulation led to vestibular illusions of lightness and floating
above the bed close to the ceiling. Moreover, when the
patient was instructed to watch her legs, stimulation of the
same site led to the patient to report that her legs had
become shorter or that they appeared to be moving
towards her face. Similar effects occurred when she
attended to her arms.
The findings suggest that distortion of vestibular and
somatosensory processing in the angular gyrus can lead to
out-of-body experiences. However, given the extraordinary
nature of these reported experiences and possible variability in cortical organization among epileptic patients,
one might wonder how to consider such a single, albeit
remarkable, clinical report.
Pioneering investigations of electrical brain stimulation
Wilder Penfield, a pioneer at investigating the effects of
electrical stimulation in conscious humans under local
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Fig. 1. (a) Electrical stimulation of cortical sites over the angular gyrus, marked in yellow, elicited vestibular illusions, body schema distortions, and an apparent out-of-body
experience (OBE). Stimulation at other sites elicited other behavioral responses: magenta, motor responses; green, somatosensory; blue, auditory. Stars indicate the
epileptic focus in the medial temporal lobe. Reproduced with permission from Ref. [1]. (b) Schematic diagram showing sites (points 0, 1,3, 5) that elicited out-of-body
experiences in patient G.A. Reproduced with permission from Ref. [11].

anaesthesia, reported very similar findings in 1941 [2].
Patient G.A. suffered habitual epileptic attacks that never
evoked hallucinations. Yet upon electrical stimulation of
her right superior temporal gyrus at point 0 (see Fig 1b),
she spontaneously exclaimed: ‘I have a queer sensation as
if I am not here… As though I were half here and half not
here.’ She reported that she had never felt this way before.
Stimulation of point 1 elicited the response that she felt
queer again, as if she were floating away. Similar responses
occurred for point 3 and for point 5 in the neighboring
parietal lobe. Penfield noted that these out-of-body
experiences appeared to be linked to vestibular illusions
rather than to visual or auditory hallucinations. Also, the
patient seemed to have ‘mental diplopia’ – an understanding of her current surroundings superimposed on
illusory impressions of being elsewhere. Penfield proposed
that such resulting conflict in sensory impressions might
account for her sense of remoteness and unreality.
From Penfield to present
The similarities between the two patient reports, which
occurred over 60 years apart, are striking. In both cases,
vestibular illusions are tightly linked to out-of-body
experiences, and the sites of stimulation are in quite
close proximity. Both sets of stimulation sites encompassed
the right temporal-parietal region posterior to the postcentral gyrus, close to multisensory areas implicated in
vestibular processing [3,4] and also spatial neglect [5,6],
although Penfield’s schematically drawn sites appear to be
more anterior than Blanke et al.’s. (It is not known
whether Penfield tested more posterior regions in patient
G.A.) Whereas Blank et al.’s patient reported body
distortions when she viewed her own body, Penfield’s
patient, who was lying on the operating table, was unlikely
to have had the opportunity to view her own body during
stimulation.
Accounting for body distortions
In addition to the dramatic vestibular illusions, Blanke
et al.’s patient perceived distortions in the length and
position of her limbs when she watched them closely. Why
http://tics.trends.com

might this be the case? The patient only noticed these body
distortions after she was instructed to watch specific parts
of her body, suggesting that these illusions included a
strong visual component.
It is known that conflicting somatosensory and visual
information can lead to perceived distortions of body size in
normal subjects. If a subject views an afterimage of his or
her own hand in the dark (generated by a brief bright
flash), subsequent movement of the hand towards the face
will lead to a perceived shrinkage of the hand afterimage
[7,8]. This is because the retinal afterimage remains
constant in size but somatosensory information dictates
that the hand is now closer and should therefore subtend a
larger retinal angle. The integration of false information
about retinal size and veridical somatosensory information about the distance of the hand can account for
the resulting hand-size illusion.
Likewise, if electrical stimulation leads to perceived
shifts in the somatosensory position of a limb that remains
physically stationary, then the integration of false somatosensory information with veridical visual information
could also result in a corresponding change in perceived
limb size. Consistent with this proposal, Blanke et al.’s
patient reported that her limbs appeared to be approaching her face and also that they were decreasing in
perceived size, just as in the hand-afterimage experiment.
The integration of conflicting somatosensory and visual
information provides a plausible account for the perceived
changes in body length. The dissociation between veridical
visual information and distorted somatosensory/vestibular
information might also account for the sense of remoteness, unreality or ‘mental diplopia’ that has been identified
with out-of-body experiences. Consistent with this proposal, stimulation applied while the patient’s eyes were
closed elicited reports of shifts in perceived body position
but failed to elicit out-of-body experiences (O. Blanke,
personal communication).
Implications for the nature of conscious experience
Can entirely novel experiences be elicited by focal
cortical stimulation, implying that such experiences lie
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dormant but ready to be expressed in the brain? Both
patients discussed above had never had out-of-body
illusions before, yet direct stimulation of their brain
somehow generated experiences quite different from
those of everyday life. Is this difference a matter of quality
or degree? Many people have had dreams of intense,
prolonged falling, even though they have never fallen from
such heights before. Perhaps vestibular-somatosensory
responses, at the extreme, can lead to the qualitatively
novel impression of being outside of one’s own body.
Analogous studies in proprioception have shown that
peripheral stimulation of muscle spindles can lead to
illusions of impossible limb positions, such as experiencing
one’s own arm bent backwards against the joint [9,10].
Alternatively, these novel body illusions might reflect
the fact that neurons representing vestibular impressions
and body position are in direct conflict with veridical
sensory information from vision. This latter explanation
would imply that novel experiences instead reflect the
novel combination of two or more familiar sensory
experiences. Exactly how the brain gives rise to such
extraordinary experiences will be an exciting topic for
future investigations, perhaps for another sixty years.
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Show us the model
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Pinker and Ullman’s [1] accounting of the facts about the
past tense cannot be taken at face value and needs to be
dissected more closely than possible here. Because of space
limitations, we will focus on inaccuracies in their rendering of the Joanisse and Seidenberg model (J&S) [2].
(1) Pinker and Ullman claim that our model failed to
produce the advantage for irregulars over regulars seen in
some patients with left frontal damage. On the contrary,
the model did produce this pattern; it occurred relatively
rarely in multiple runs of the model (corresponding to
multiple ‘patients’), and it occurs infrequently in patients
[3]. The advantage for irregulars is eliminated in the
model and patients if the regular and irregular stimuli are
closely controlled with respect to frequency, phonological
complexity and concreteness [2,3].
(2) Pinker and Ullman’s claim that the J&S model is a
‘crude’ instantiation of their theory rests on equating a
highly structured, hierarchical lexical system containing
all the apparatus illustrated in their Fig. 1 (p. 457, and
elaborated in Pinker’s books), with the semantic representations in our model, which consisted of exactly one bit per
verb concept. Here Pinker and Ullman stretch to find a
Corresponding author: Marc F. Joanisse (marcj@uwo.ca).
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point of contact between our model and their theory, and
ignore the differences. Their theory rests on a distinction
between rule-governed forms and exceptions, which are
said to be processed by independent modules governed by
different principles [4]. This distinction plays no role in our
model; the production of every past-tense form is determined by the conjunction of phonological and semantic
constraints. These constraints (and others that apply
under other circumstances, for example, in context) vary
in how much they contribute to different forms, but all
forms are generated using all weights. This is different
from shunting some words to the lexicon and others to the
rule. We also know (from submitted research) that the J&S
results do not depend on using localist nodes. In sum, these
are fundamentally different theories.
(3) Pinker and Ullman’s claim that ‘each model has been
tailored to account for one phenomenon’ and that ‘few
models account for more than one phenomenon or predict
new ones’ (p. 462), ignores the fact that our model’s
predictions about morphological deficits were themselves
derived from work in a different domain – reading words.
It was a further, correct prediction that patients with
impaired morphology would exhibit corresponding forms
of acquired dyslexia (phonological, surface). The same

