
WORKING MEMORY

Separating the present and the
future
The brain stores information that is needed immediately and information

that will be needed in the future in different ways.
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I
magine you are in a grocery store without a

shopping list. Even though you need to pur-

chase multiple items, you still need to select

them one by one. How does the brain distin-

guish between the most relevant information

from everything else on our mind? In particular,

is information about the item you intend to buy

first stored in your ’working memory’ in the

same way as information about the other items?

A common method used to study memory

processing in the human brain is functional mag-

netic resonance imaging (fMRI). Moreover,

researchers often use machine learning techni-

ques, such as multivariate pattern analysis, to

decode information from the fMRI data. Typi-

cally, if multivariate pattern analysis is able to

discriminate between different pieces of infor-

mation based on their activity patterns in the

brain, this is interpreted as evidence for an

’active’ representation of the information. Alter-

natively, a failure to decode might suggest there

is no active representation of it.

It is generally acknowledged that information

that is immediately relevant is actively repre-

sented in working memory, but it remains

unclear if this is also true for information that will

be needed in the future (that is, for prospec-

tively relevant information: see, for example,

LaRocque et al., 2013; Lewis-Peacock et al.,

2012). One possibility is that the latter is stored

in an ‘activity-silent’ manner, due to a transient

change in the strength of the synaptic connec-

tions between neurons (see, for example,

Barak and Tsodyks, 2014). Such information

can usually not be detected by traditional fMRI

measurements, unless the network is stimulated

to reactivate the ‘activity-silent’ information

(Rose et al., 2016; Wolff et al., 2017). Alterna-

tively, prospectively relevant information may be

transferred to brain regions that are different

from those where immediately relevant informa-

tion is held (see, for example, Christophel et al.,

2018).

Now, in eLife, Christian Olivers and col-

leagues of the Vrije Universiteit Amsterdam and

the University of Amsterdam – Anouk van Loon,

Katya Olmos Solis and Johannes Fahrenfort –

report evidence for a third possibility, namely

that prospectively relevant information is repre-

sented actively, but in a recoded format

(van Loon et al., 2018).

To explore how working memory distin-

guishes between immediately relevant and pro-

spectively relevant information, volunteers were

asked to perform two visual search tasks. In the

first experiment, they consecutively viewed a

flower and another object (either a cow, a

dresser or a skate), and the order was manipu-

lated between trials. A cue during the initial pre-

sentation indicated which image would be

relevant for the first (imminent) or the second

(prospective) search. Then, depending on the

trial (current vs. prospective), they had to first
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search for the target flower in an array of flowers

and then search for the other target (e.g., a cow

in an array of different cows), or vice versa. Dur-

ing the tasks, the researchers used fMRI to mea-

sure a region of the brain involved in

categorizing objects, called the posterior fusi-

form cortex.

The researchers found that before the volun-

teers knew which of the two images would be

the first search target, both were actively repre-

sented in a similar way in working memory. How-

ever, once one of the images was designated as

immediately relevant, the representations

diverged. Although both were still actively rep-

resented, the patterns of the two stimuli were

the inverse of each other, as indicated by multi-

variate pattern analysis and another technique

called representational dissimilarity analysis.

Moreover, after the first search, when the

prospectively relevant information became

immediately relevant, its representation in the

brain ’flipped’ back to its original pattern. In a

second experiment, the researchers found that

this reversed pattern only happened if the infor-

mation was prospectively relevant; if the volun-

teer was told that the information was no longer

relevant, it was lost from working memory.

As van Loon et al. acknowledge, other

research groups have made similar discoveries

using different kinds of tasks and different kinds

of stimuli. Together all these results have impor-

tant implications for our understanding of the

representation of information in working mem-

ory. Therefore, a key goal for future research will

be to clarify the circumstances under which pro-

spectively relevant information is re-represented

– relative to immediately relevant information –

in a different pattern, in a different region of the

brain, or a different state.
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