
What happens when we learn? One possibil-
ity is that we acquire greater skill at applying
our initial strategy to the problem at hand,
making it more efficient. Another possibility
is that we acquire a new, more efficient strat-
egy. In this issue, Olesen, Westerberg and
Klingberg1 investigate the brain mechanisms
that accompany learning a simple task. They
find a set of brain regions that increase acti-
vation with practice and another set of
regions that decrease activation. These results
may bear on which of the two learning possi-
bilities occurs in this case.

To see how learning might proceed along
two different paths, consider a simple exam-
ple. Suppose you practice the mental arith-
metic problem of multiplying two-digit
numbers, for example, 23 × 18. As you work
on more of these problems, your time to
solve them decreases and your accuracy
increases. On the one hand, with practice you
may acquire greater skill at applying elemen-
tary arithmetic facts to each problem because

you can retrieve them from memory faster2.
Thus, if you continue to use the strategy you
learned in school, you might remember more
quickly that 3 × 8 = 24. On the other hand,
practice might lead you to a new and faster
strategy to apply to the problem. For exam-
ple, you might come to realize that the prob-
lem can be solved by multiplying 20 × 18
followed by 3 × 18, and then adding these two
sums. We can often characterize learning as a
function of either increased automaticity in
the application of one strategy or develop-
ment of some new strategy.

These alternative accounts can be diffi-
cult to distinguish using behavioral data
alone. However, brain imaging offers the
opportunity to see whether patterns of brain
activation change as a function of learning,
thereby suggesting the acquisition of new
strategies. Olesen and colleagues1 took
advantage of this opportunity. They trained
participants in tasks that required working
memory, the system used to store small
amounts of information for several seconds
in the service of more complex tasks such as
mental arithmetic. In one task (Fig. 1), par-
ticipants had to memorize a series of spatial
locations on a screen so that they could
reproduce this series in the correct order.

0A sequence of 4 × 4 target matrices was pre-
sented, each blank except for one cell colored
in red. After the last target matrix, partici-
pants saw a sequence of blank matrices, and
they had to mark one cell in each to repro-
duce the sequence of locations that had been
marked in the target matrices. Participants
were trained on this task (and two others)
for 18 days, during which they improved
both their accuracy and speed. Before, dur-
ing and after the training, they were scanned
using functional MRI to assess the effect of
training on brain activations.

Let’s examine some predictions before
considering the results. On the one hand, if
learning results from a change in strategy,
then one might expect that the brain regions
activated early in training might be different
from those activated later in training—
assuming that the new strategy and the old
strategy involve some different brain regions.
For example, in the mental arithmetic exam-
ple above, the canonical strategy of working
with one digit at a time may rely on retrieval
of arithmetic facts from memory, whereas the
strategy that treats each number as a whole
may require more complex calculation. If
memory retrieval and calculation are medi-
ated by different mechanisms, this would

N E W S  A N D  V I E W S

chy of visual processing. Adapting rapidly
and strongly to low-level features such as spa-
tial frequency or orientation too early in the
processing stream would filter out important
information, as many different objects share
common low-level features.

Increased adaptation with attention is eas-
ily implemented in the brain. Qualitatively,
the results from Murray and Wojciulik8

might be expected even with a simple multi-
plicative gain mechanism of attention. This is
because the enhancement of a neuronal
response should also cause greater adapta-
tion of those neurons that are selective to the
adapting stimulus. Murray and Wojciulik
acknowledge this, but argue that under rea-
sonable assumptions, their effects are greater
than would be expected without additional
sharpening of selectivity with attention. But
perhaps this simple explanation should not

be dismissed, because it demonstrates how a
simple gain change with attention can result
in more adaptation and thus greater sensitiv-
ity to changes in an attended stimulus.

Clearly the mechanisms serving both
attention and adaptation are complex. But
from the results of Murray and Wojciulik, it
does appear that attention leads to a larger
effect of orientation on the population
response of neurons in area LOC. It remains
to be seen whether attention causes a sharp-
ening of the tuning of underlying neurons,
an enhancement of the response of a more
selective subset of neurons, changes in the
adaptability of neurons, or a combination
thereof. Future single-unit neurophysiologi-
cal studies should help to distinguish among
these hypotheses.
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show up as different patterns of brain activa-
tion. On the other hand, if learning results
from increased efficiency in applying a single
strategy, no new brain regions should be
recruited, but the activity in the original brain
regions should change. Should activation go
up or down, though? At first glance, it might
seem sensible that it should go down, as
improved automaticity should require less
and less neural activity. By analogy, imagine a
set of inexperienced mail clerks in a corporate
mailroom sorting incoming correspondence
with pressure to increase performance. As the
clerks get more familiar with the recipients,
perhaps fewer clerks would be needed to sort
the same volume of mail faster and more
accurately. Another possibility, however, is
that mail-sorting performance is optimized
by adding more clerks even as each one gets
faster. Motor skill learning in humans and
other animals is accompanied by expansion of
the neural resources applied to a task3.

Olesen and colleagues1 report two out-
comes of learning. Activation increased with
training in one set of regions, including pari-
etal and frontal cortex and nuclei in the basal
ganglia and thalamus (see their Fig. 3d), while
activation decreased in another set of regions,
including anterior cingulate cortex, postcen-
tral gyrus and inferior frontal sulcus.

What do we make of these results? Based
on what we know about the functions of these
regions, we can make some educated guesses.
The increased activations in lateral frontal
and parietal cortices may reflect increased
recruitment of neurons or increases in synap-
tic connectivity that accompany improved
encoding, storage or retrieval of information
in working memory. We know from other
research4 that these two regions are critical to
the functioning of working memory for pro-
cessing spatial information. Also, superior
parietal cortex and the pulvinar nucleus of the
thalamus are important for selective attention
and possibly the control of rehearsal in spatial
working memory5. Thus, increased activation
in these sites may reflect recruitment of work-
ing memory.

other tasks. The authors thus tested partic-
ipants on a set of standard neuropsycho-
logical instruments. The outcome was
limited: practice reliably improved per-
formance on the Stroop task (a test of the
ability to inhibit irrelevant information),
with only marginal effects on other tasks
compared to a control group. The Stroop
task improvement may tie in to the
increased activation in middle frontal
gyrus, as dorsolateral prefrontal cortex is
frequently activated by this task. So, there
may be a mechanism in common between
improved performance in spatial working
memory and interference resolution. What
we need now is much more such testing of
transfer tasks. One would like more behav-
ioral data on other tasks to determine how
broadly the training transfers, along with
neuroimaging data on these tasks in the
same participants to see just what brain
mechanisms are shared in common.

One could quickly expand this list of
to-do’s, largely because studies of the
brain mechanisms of learning in humans
are few in number. The greatest leaps for-
ward in understanding learning have
come from invasive studies of other ani-
mals7. Many of these studies have detailed
the expansion of synaptic connections
that accompanies learning and interaction
with complex environments even over
short time intervals. From these studies,
we have acquired a fundamental base of
knowledge about the plastic changes in
neural structure that accompany acquired
skill. The stage is now set for much more
research that tests humans, of the sort ini-
tiated by Olesen and colleagues1. We can
now learn a good deal about why it is that
‘practice makes perfect’.
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The decreased activations
are more of a mystery. The
decrease in anterior cingulate
may be a signal of reduced effort
in the task, as anterior cingulate
activation is often suggested to

reflect task difficulty6. Although Olesen and
colleagues1 do not say so, the participants very
likely found the task less taxing with practice.
The remaining sites of decreased activation
are not typically associated with spatial work-
ing memory, and so it is not at all clear how
these regions might contribute to changed
performance on this task.

The overall pattern of activations in the
new study1 suggests the following: during
learning, the same mechanisms used by
inexperienced participants are also active
after practice, but with increased or
decreased magnitude. Indeed, the authors
debriefed their participants, most of whom
claimed to have used the same strategies
throughout. An analysis of some behavioral
results confirms this. However, the debrief-
ing came only after training, and it would
be difficult for participants to have a
detailed enough memory of all the sessions
to have good insight into the evolution of
their strategies. The analysis of behavior is
of some interest in this regard, but these
variables may not be the most sensitive
assays of participants’ strategic choices. So,
although we have a hint that learning
involves an incremental change in the same
mechanisms, more detailed analysis of this
issue is still needed.

Now we might inquire about what,
exactly, improves with practice. Processes of
working memory are often categorized as
encoding of information, its storage during a
delay, and then its retrieval. The experiments
of Olesen and colleagues1 do not permit us to
single out a particular process to see what
might be changing as performance changes.
That is, we have no way to know whether the
brain changes reflect changes in the encoding
of the information to be recalled, the effi-
ciency of its storage, or the ease of retrieval.
These experiments inspire a need to delve into
these specific processes.

Another issue is raised by some addi-
tional analyses in the new paper1. A fre-
quent strategy to assess what is learned is to
examine how the learning transfers to

Figure 1  Working memory task in which participants were shown a series of 4 × 4
matrices, each with a single cell marked in red. They had to remember the locations that
were marked, as well as the order of presentation.
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