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V3A takes over a job of MT+ after training on a
visual task
Yuka Sasakia and Takeo Watanabea,1

A person’s performance on a perceptual task can be
significantly improved by repetitive training on the
task. This improvement is termed perceptual learning
and is regarded as a manifestation of adult plasticity in
perceptual and brain processing (1). To date, detailed
neural mechanisms of perceptual learning have yet to
be completely understood. The recent study by Chen
et al. in PNAS (2) advances the understanding by
showing that transfer of perceptual learning of 100%
coherent motion to noisy motion is associated with
dramatic changes in involved neural sites.

Distinguished from other types of learning and
memory, many types of perceptual learning occur only
for the trained feature and its presented location (3, 4).
Such specificity has been interpreted as a manifesta-
tion of involvements of local circuits in early sensory
cortical areas, which generally have smaller receptive
fields than higher level cortical areas in perceptual and
brain information processing (5).

However, it has also been suggested that, as
perceptual learning proceeds, those neural sites in-
volved sometimes shift from higher-level cortical areas
to lower-level ones (6). More recently, it has been found
that, if some methods are combined with traditional
training methods of perceptual learning, perceptual
learning of a stimulus at a location in the visual field is
transferred to other locations (7, 8). These findings have

attracted a great deal of attention because they sug-
gest that neural sites involved in perceptual learning
include brain regions beyond early sensory areas.
These results are also consistent with the model that
reweighting between sensory processing and percep-
tual decision underlies perceptual learning (9–11).

Chen et al. have developed an ingenious experi-
mental design to examine how two different areas,
V3A and MT+, are involved in perceptual learning of a
coherent motion task and its transfer to a different
type of motion. Before training, participants’ perfor-
mance was measured for two types motion stimuli,
100% coherent motion and 40% coherent motion,
presented on different sides of the visual field. A
100% coherent motion display consisted of dots, all
of which move at the same direction and speed. A
display with 40% coherent motion consists of only
40% of dots moving coherently while the remaining
60% of dots move randomly and therefore is regarded
as a noisy motion display.

Next, to examine brain areas that play significant
roles in processing 100% and 40% coherent motions,
transcranial magnetic stimulation (TMS) was applied
on a region of the scalp close to V3A in one group of
participants and to MT+ in the other group. The V3A-
disturbed group showed impaired performance on
discrimination of 100% coherent motion directions,
whereas the MT+-disturbed group showed impaired
performance on discrimination of 40% coherent mo-
tion directions. These results suggest that V3A plays
an important role in processing 100% coherent mo-
tion, whereas it is MT+ that plays a significant role in
processing a noisy 40% coherent motion.

Then, both groups were trained on direction dis-
crimination only with 100% coherent motion for 5 d. As
a result, participants showed task performance im-
provement not only with 100% coherent motion but
also with 40% coherent motion. Because 40% coherent
motion was not trained, perceptual learning of 100%
coherent motion transferred to 40% coherent motion.

After this training, TMS was again applied to V3A
to the same V3A-disturbed group of participants and it
was applied to MT+ to the same MT+-disturbed

Fig. 1. Before training, V3A plays a significant role in processing 100% coherent
motion, and MT+ in 40% coherent motion. However, after training, both V3A
plays important roles in processing both 100% and 40% coherent motion and
MT+ no longer plays a significant role in processing 40% coherent motion.
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group of participants. The V3A-disturbed group showed impaired
discrimination performance on both 100% and 40% motion,
whereas the MT+-disturbed group showed no change in perfor-
mance with or without TMS. These results demonstrate that,
after training on 100% coherent motion, V3A took away the per-
ceptual learning job for 40% coherent motion from MT+ (Fig. 1).
The results further suggest that training dramatically changed
the weights of involvements of V3A and MT+ in motion direction
discrimination. This is in accord with the reweighting model of
perceptual learning that assumes perceptual learning is associ-
ated with changes in weights in cortical connections (10).

However, this is not the end of the story. Chen et al. present
evidence that a representation of motion direction within V3A also
changed due to training. With a new group of subjects, Chen et al.
used functional magnetic resonance imaging to test whether a
representation of motion direction changed in V3A and MT+, in a
very similar experimental design to the previous except that no TMS
was applied. A decoding analysis was conducted to classify func-
tional magnetic resonance imaging activation patterns evoked by
the trained direction and the direction orthogonal to the trained
for 100% and 40% coherent motion. Before training, decoding ac-
curacy for the 100% coherent motion was higher in V3A than MT+,
whereas decoding accuracy for 40% motion was higher in MT+ than
V3A before training. After training, decoding accuracy for both 100%
and 40%became higher in V3A thanMT+. In other words, the quality
of the neural representation in V3A also changed.

Taken together, Chen et al. demonstrate that perceptual
learning of 100% coherent motion transferred to noisy 40%
coherent motion with shifts in the neural site involved in noisy
coherent motion from MT+ to V3A possibly by changing the bal-
ance in the information relay between regions involved in sensory
processing and perceptual decision, as well as changing a sensory
representation of noisy motion in V3A. Chen et al. suggest that
training on 100% coherent motion improved a representation of
the trained motion direction within V3A as well as an increased
resilience to noise in 40% coherent motion.

Shifts in neural sites have been reported in different contexts
for learning and memory. Acquisition and consolidation of motor
skill learning shift in neural sites involved (12). Declarative memory
also seems to shift neural sites for its storage over time (13, 14). In
perceptual learning with monkeys, it has been found that after

coarse disparity discrimination training reversible inactivation of
MT devastated course discrimination performance, whereas after
fine disparity discrimination training inactivation of MT did not
impair course discrimination performance. This result also sug-
gests that training can change brain sites involved in task perfor-
mance (15). Generally, for the sake of efficiency in memory and
learning processing, involved brain sites may be dramatically
changed as well as local circuits within these sites (16).

The study by Chen et al. raises interesting questions. First, what
neural mechanisms are involved in learning transfer to an untrained
visual location? In the present study, perceptual learning was
observed only in the location in which the trained stimulus was
presented. However, in some cases, perceptual learning is trans-
ferred to untrained visual field locations (7, 8). Second, would similar
results be observed in perceptual learning of other sensory features
and its transfer? If so, what areas are involved? V3A and MT+ are
largely involved in motion processing. However, perceptual learn-
ing and transfer of learning occur when visual features other than
motion trained (7, 15). Third, after the training in the present exper-
iment, MT+ no longer showed a critical role in processing of 40%
noisy motion. Does this indicate that MT+ simply stops processing
motion signals or changes its role for something new? Fourth, is task
involvement during training necessary for the observed shift in neu-
ral sites? It has been shown that perceptual learning of a feature
results from not only training on a task on the feature but also
exposure to the feature that is irrelevant to the task (17–19). It would
be highly interesting to test whether the transfer observed in this
study and associated neural shifts occur as a result of mere expo-
sure to 100% coherent motion task-irrelevant.

Many researchers used to believe that, after a visual critical
period, no major changes occur in sensory and perceptual abilities.
Perceptual learning with adults counters evidence of that belief.
Although initial studies of perceptual learning showed changes in
local circuits involved in the trained feature, recent studies including
the one by Chen et al. (2) have indicated that perceptual learning is
also associated with a larger-scale changes.

Acknowledgments
The authors’ research has been supported by National Eye Institute Grant R01
EY019466, National Institute ofMental HealthGrant R01MH091801, andNational
Science Foundation Grant BCS 1539717.

1 Watanabe T, Sasaki Y (2015) Perceptual learning: Toward a comprehensive theory. Annu Rev Psychol 66:197–221.
2 Chen N, Cai P, Zhou T, Thompson B, Fang F (April 5, 2016) Perceptual learning modifies the functional specializations of visual cortical areas. Proc Natl Acad Sci
USA 113(20):5724–5729.

3 Sagi D (2011) Perceptual learning in vision research. Vision Res 51(13):1552–1566.
4 Lu ZL, Yu C, Watanabe T, Sagi D, Levi D (2009) Perceptual learning: Functions, mechanisms, and applications. Vision Res 49(21):2531–2534.
5 Karni A, Sagi D (1991) Where practice makes perfect in texture discrimination: Evidence for primary visual cortex plasticity. Proc Natl Acad Sci USA 88(11):4966–4970.
6 Ahissar M, Hochstein S (1997) Task difficulty and the specificity of perceptual learning. Nature 387(6631):401–406.
7 Xiao LQ, et al. (2008) Complete transfer of perceptual learning across retinal locations enabled by double training. Curr Biol 18(24):1922–1926.
8 Harris H, Gliksberg M, Sagi D (2012) Generalized perceptual learning in the absence of sensory adaptation. Curr Biol 22(19):1813–1817.
9 Dosher BA, Lu ZL (1998) Perceptual learning reflects external noise filtering and internal noise reduction through channel reweighting. Proc Natl Acad Sci USA
95(23):13988–13993.

10 Dosher BA, Lu ZL (1999) Mechanisms of perceptual learning. Vision Res 39(19):3197–3221.
11 Petrov AA, Dosher BA, Lu ZL (2005) The dynamics of perceptual learning: An incremental reweighting model. Psychol Rev 112(4):715–743.
12 Shadmehr R, Holcomb HH (1997) Neural correlates of motor memory consolidation. Science 277(5327):821–825.
13 Squire LR, Alvarez P (1995) Retrograde amnesia and memory consolidation: A neurobiological perspective. Curr Opin Neurobiol 5(2):169–177.
14 Hasselmo ME (1999) Neuromodulation: Acetylcholine and memory consolidation. Trends Cogn Sci 3(9):351–359.
15 Chowdhury SA, DeAngelis GC (2008) Fine discrimination training alters the causal contribution of macaque area MT to depth perception. Neuron 60(2):367–377.
16 Shibata K, Sagi D, Watanabe T (2014) Two-stage model in perceptual learning: Toward a unified theory. Ann N Y Acad Sci 1316:18–28.
17 Watanabe T, et al. (2002) Greater plasticity in lower-level than higher-level visual motion processing in a passive perceptual learning task. Nat Neurosci 5(10):

1003–1009.
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