
unconsciously as a result of frequent expo-
sure to an irrelevant feature.

This raises the question of whether sub-
liminal learning occurs only as a result of
passive exposure to a stimulus. To test this
idea, we presented four different directions
of motion an equal number of times during
the exposure stage of the experiment, with a
‘designated direction’ always being ‘paired’
with the targets of the letter-identification
task and the other directions being randomly
associated with the letter-task distractors
(Fig. 1a). If perceptual learning were due
only to passive exposure, motion direction
thresholds should improve equally for all of
the presented directions. But if learning
occurs only for features to which attention is
directed, no improvement should be found
for any presented direction. 

However, contrary to both situations,
the threshold improved for the designated
direction paired with the task targets, but
not for the other directions, which were
paired with distractors (Fig. 1b). Our
results indicate learning of an irrelevant and
subliminal feature that is positively correlated
with target presentation. No evidence of
passive learning was found for the other
directions of random-dot motion within
the exposure period, although we cannot
rule out passive learning over longer 
periods of exposure. 

To determine whether the target letters
facilitate learning of the designated direc-
tion (as in internal reinforcement) or

whether the distractor letters inhibit learn-
ing of the other directions of motion (as in
negative priming8), or both, we carried out
a control experiment using new subjects.
These new subjects were passively exposed
to the stimulus while, as their main task,
they were instructed to report the 5% of trials
in which they saw the same letter twice in a
sequence of black letters. Consistent with
the reinforcement learning hypothesis, 
subjects showed no significant subliminal
learning (results not shown). However, the
nonsignificant negative trend of distractors
in the main study, but not in the control
experiment, may indicate that there is a
learning-inhibition component. 

Although our results are at odds with
theories of passive learning and focused
attention, they are consistent with classic
conditioning results3, in which arbitrary
features are learned as a result of pairing
with rewarding or noxious stimuli. In our
experiment, the motion direction (desig-
nated direction) was paired with task 
targets, the successful recognition of which
may generate an internal reward6. 

We propose that diffuse reinforcement-
learning signals are complementary to
focused attention4,5 in subliminal perceptual
learning. In reinforcement learning, a
reward signal links the neural response with
task performance3, whereas focused atten-
tion allows knowledge to bias the neural
response9 and involves cortical processing.
We have shown that presenting a stimulus
that is relevant to a task can give rise to an
internal reward that works like an external
reward in reinforcement learning. This
reinforcement signal is probably mediated
by neurotransmitters such as acetylcholine,
noradrenaline and dopamine from sub-
cortical brain areas, which are widely
released in a task-specific manner10 and
bring about synaptic plasticity2.
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Is subliminal learning
really passive?

Perceptual learning can occur as a result
of exposure to a subliminal stimulus,
without the subject having to pay

attention and without relevance to the 
particular task in hand1 — but is this type
of learning purely passive? Here we show
that perceptual learning is not passive, 
but instead results from reinforcement by
an independent task2,3. As this learning
occurred on a subliminal feature, our
results are inconsistent with attentional
learning theories4,5 in which learning occurs
only on stimuli to which attention is 
directed. Instead, our findings suggest that
the successful recognition of a relevant
stimulus can trigger an internal reward6 and
give rise to the learning of irrelevant and
even subliminal features that are correlated
with the occurrence of the reward5,6.

In our previous study1, subjects carried
out an attentionally demanding letter-
identification task7 in the fovea while a
coherently moving, random-dot display
that was below the visibility threshold 
was presented in the periphery. Repetitive 
exposure improved subjects’ performance
in specifically identifying the direction of 
this subthreshold motion when tested in 
a subsequent above-threshold test1. This
showed that perceptual learning occurs
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Figure 1 Experimental investigation of perceptual learning, in which an exposure stage was preceded and followed by a test stage1. 

a, Exposure stage, showing the letters used in the main identification task and the direction of motion of background dynamic random-

dot displays (DRDs, arrows). Red arrows indicate the ‘designated direction’ for the motion of the DRD that was presented at the same

time as the task targets (two white letters); black arrows indicate the other directions of the DRD, which were paired with the task 

distractors (six black letters). In the tests1, subjects reported direction of coherent motion of DRDs of 5% and 10%; their performance in

the tests was at chance at 5% coherence and better than chance at 10%. In the exposure stage, subjects witnessed DRDs with 5%

coherent motion while carrying out the identification task1 on dimmed letters to prevent their attention from disengaging. Letters were

presented for 375 ms, centred in a 500-ms DRD. b, Perceptual-learning results (mean for five subjects), showing the difference in 

performance in tests before and after exposure for each direction (centred on the designated direction) at 5% and 10% coherent DRDs.

At 10% coherence (left), there was a significant peak (P*0.01, analysis of variance) and the identification accuracy for the designated

direction (07) was significantly better than for other directions (P*0.05, one-tailed t-test versus 07; P*0.01 for designated direction

versus other directions) for all subjects. At 5% coherence (right), no significant effect was evident.
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