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As the magnitude rating is roughly linearly related to force over the range tested in the
force-matching task, we can conclude that the constant excess force observed in that task
results from an approximately constant subtraction in the perceived intensity of the self-
generated force.

General discussion

Self-generated tactile stimulation is perceived as weaker than the same stimulus applied
by an external source. This phenomenon has been demonstrated, using a range of tech-
niques, in the sensation of tickle (Weiskrantz et al., 1971; Blakemore et al., 1999),
constant pressure (Shergill ef al., 2003), and brief taps (Bays et al., 2005). The underlying
mechanism may be similar to the cancellation model proposed by von Holst (1950) and
Sperry (1950) to account for the stability of the visual scene during eye movements.
According to this model, the expected sensory input is predicted on the basis of efference
copy and subtracted from the actual sensory input at an early stage of processing. Our
investigations have confirmed that tactile attenuation depends on a prediction of contact
between parts of the body (Bays et al., 2006) that is precise in terms of both time (Bays et al.,
2005) and location (Blakemore et al., 1999).

Clearly in tactile attenuation the predicted input is not subtracted in its entirety; other-
wise we would not be able to feel our own touch at all. In this chapter we have found
evidence to suggest that the quantity of sensation subtracted from self-generated touch is
constant, in the sense that it does not vary with the intensity of the self-generated input.
This explains both the constant excess force produced at different target force levels in
the force-matching task, and the fact that artificially changing the gain between force
input and output does not affect performance in that task. Note that this result does not
contradict our finding in Experiment 2 that tactile attenuation specifically affects self-
generated forces. A gating mechanism, such as movement-related suppression, that does
not discriminate between self- and externally generated sensation may nonetheless atten-
uate the sensory input in a way that varies with stimulus intensity. Similarly, a cancella-
tion mechanism that specifically affects self-generated input may nonetheless attenuate
all self-generated input equally, irrespective of intensity. This appears to be the case for
tactile attenuation.

We have found that the level of attenuation can be altered by introducing a spatial
misalignment between force production and sensation. This suggests that tactile attenua-
tion is modulated by the degree to which the current context is consistent with self-
generation. Spatial co-alignment of force is likely to be just one of many factors that
interact in determining the level of attenuation. In Experiment 1, in order to limit our
investigation to the single factor of spatial separation, we ensured that subjects were
always aware (and could see) that there was no real object between their hands: only the
tactile characteristics of an object were simulated. It is possible that the effects of spatial
misalignment we observed might not have been found if the visual cues associated with
a real object had also been present, or if the subjects had been blindfolded and led
to believe they were interacting with a real object. A further question concerns



356

PREDICTIVE ATTENUATION IN THE PERCEPTION OF TOUCH

adaptation: given sufficient interaction with the virtual object under a spatial misalign-
ment, would the consistency of the relationship between force input and output eventually
cause attenuation to return to normal levels? To date we have found no evidence for this
kind of adaptation in tactile attenuation, although a comparable effect has been observed
in grip-force modulation (Witney and Wolpert, 2003).

As discussed previously in this chapter, theoretical models of sensory prediction
include a forward model, an internal representation of the body and environment that is
used to transform planned motor commands into predicted sensory consequences. This
forward model cannot be fixed, but rather its parameters must be updated whenever the
environment in which we are operating changes. From this viewpoint, the modulation of
tactile attenuation by a factor such as spatial co-alignment indicates that this factor is
taken into account in determining the correct parameters of the forward model. Precisely
how these parameters are updated is currently unknown, but according to one proposal,
the MOSAIC model (Haruno et al., 2001), predictions made by multiple competing
forward models are compared to sensory feedback, and the forward model with the
smallest prediction error is selected to represent the current context. This model has the
theoretical advantage that it can be extended to describe certain aspects of social interac-
tion: a system of competing forward models that attempts to predict the observed behav-
iour of other people could potentially underlie action imitation and even theory of mind
(Wolpert et al., 2003). However, if we are indeed able to predict the sensory consequences
of another person’s action, this does not appear to lead to sensory attenuation. Shergill
et al. (2003) performed an experiment in which subjects took it in turns to press on each
other’s fingers, with the instruction to each reproduce the last force they had felt. The
result was a rapid escalation of force, suggesting that while the forces subjects applied
themselves were attenuated, the forces applied to them by the other participant were not.

It has been suggested that the purpose of sensory attenuation is to enhance the salience
of unexpected external events. Consistent with this proposal, in this chapter we have
shown that tactile attenuation specifically affects self-generated input, leaving unchanged
externally generated sensations in the same part of the body. However, despite its theo-
retical appeal, there is currently no direct evidence to support the salience hypothesis.
While it is clear that attenuation takes place, fundamental questions as to its purpose
remain to be answered.
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