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In this opinion article we challenge the commonly-held notion that visuospatial working memory and 
visuospatial sustained selective attention are two ontologically different cognitive categories. We start by 
discussing the general idea of cognitive categories, and then review some of the key behavioral and neural 
evidence both in favor of and against the separability of these processes. We then discuss a theoretical 
framework that could be useful for understanding the neural implementations of cognitive categories. 
We conclude that the evidence is insufficient to support the assumption that spatial working memory and 
spatial sustained attention are independent categories, and that further experimentation is necessary to 
determine the ontological independence of the two processes.
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INTRODUCTION

Intelligent organisms are able to perform actions that 
are hard to interpret as simple stimulus-response associ-
ations. For example, a prey animal that spots a predator 
at a distance may freeze in place, and prepare for the 
detection of threatening movements, so as to initiate an 
escape behavior. By observing behaviors such as this one, 
we infer the existence of internal cognitive states which 
have been historically subdivided into distinct cognitive 
categories. In the example above, we may postulate 
that the prey animal’s “preparation for the detection of 
threatening movements” involves a specific cognitive 
category: attention (i.e. the animal is paying attention 

to the predator). Similarly, if the predator is spotted, but 
then disappears behind a rock, the prey animal’s behavior 
may be equivalent (freeze in place), but we may postulate 
the existence of a different cognitive category: short-
term memory (i.e. the animal is remembering the former 
location of the predator, or where the predator is likely 
to re-emerge from). Importantly, these subdivisions are 
often assumed to reflect real categories, rather than just 
being a convenient operational subdivision.

Two such cognitive categories are voluntary en-
dogenous visuospatial selective sustained attention and 
voluntary endogenous visuospatial working memory. The 
qualifiers voluntary, endogenous, visuospatial, and selec-
tive are used to disambiguate the meaning of the word 
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attention. Voluntary is meant to distinguish it from invol-
untary attention (i.e. when a sound attracts your attention 
whether you want it or not). Endogenous is meant to dis-
tinguish it from exogenous attention (i.e. what ultimately 
triggers the onset of attention is an internal factor, such 
as a memory recollection, rather than an external factor, 
such as a stimulus). Visuospatial is meant to distinguish 
it from other types of attention, such as object or feature 
attention. Selective is meant to distinguish it from organ-
ism-level attentional states, such as high arousal states. 
Sustained is meant to distinguish it from transient atten-
tional states (i.e. when a brief sound temporarily attracts 
your attention to a location). Normally, most of these 
qualifiers are not used on working memory. However, as 
discussed below, these also apply to working memory. 
Working memory can be voluntary or involuntary (i.e. do 
not remember these words: “pink elephant.” You are now 
involuntarily remembering “pink elephant” using work-
ing memory). Working memories can also be endogenous 
or exogenous (same “pink elephant” as an example of an 
exogenous working memory). Working memories can 
also be visuospatial or non-visuospatial (i.e. memories of 
objects or features). Selective and sustained are the only 
qualifiers that do not apply to working memory. Selective 
because there are no organism-level states of working 
memory to distinguish it from. Sustained because shorter 
periods of memory are not called “working” memory (i.e. 
iconic memory). Henceforth we refer to them as attention 
and working memory, but the discussion is not meant to 
extend to other types of attentions and memories.

Attention and working memory are generally con-
sidered to be distinct from each other. Attention may be 
broadly defined as the cognitive state that allows organ-
isms to volitionally select one or more spatial locations 
for prolonged preferential sensory processing, normally 
in the presence of an attended visual stimulus. An animal 
is presumed to be in an attentional state if its behavior 
satisfies the following criteria: stimuli that fall within 
the attended location are more likely to be detected and 
discriminated [1,2], and animals respond faster to these 
when engaged in a task that requires a speeded response 
[3,4]. On the other hand, working memory may be de-
fined as the cognitive process that allows organisms to 
volitionally hold and manipulate a limited amount of 
visuospatial information, for a limited amount of time, in 
the absence of a visual stimulus. An animal is presumed 
to be in a working memory state if its behavior satisfies 
the following criteria: locations that are no longer cued 
by the presence of a stimulus may be recalled at a later 
time (normally a few seconds), and this memory can be 
modified if required.

Here, we challenge the assumption that attention and 
working memory are different cognitive categories. We 
propose that they may be better understood as a single 

cognitive category, which we term graded memory. 
Graded memory refers to the process that maintains infor-
mation, both in presence or absence of stimuli, and which 
can be used to recall and manipulate the information as 
well as improve perceptual and motor processing. It is 
graded, because it can exist in one of many possible lev-
els, and it is a memory because it can be maintained in the 
absence of stimuli. An animal can be presumed to be in a 
state of graded memory if its behavior satisfies the criteria 
of both attention and working memory. We propose that 
states that are normally referred to as attentional are those 
with a high level of graded memory. And states that are 
normally referred to as maintaining working memory are 
those with some level of graded memory, above a certain 
threshold. This proposal is based on behavioral, neuro-
physiological, and theoretical considerations. This line of 
inquiry is one on cognitive ontologies: the discussion of 
how to define cognitive categories and how these interact 
[5-8]. Here, we narrowly focus on the question of the ex-
istence of attention and working memory, or alternatively, 
of the existence of graded memory. Correct definition of 
cognitive categories has strong implications for cognitive 
neuroscience and psychology, but also for the identifica-
tion and treatment of disorders of the nervous system.

KEY BEHAVIORAL EVIDENCE

Consider the following situation. You sit in front of 
a computer monitor, with nothing on display except for 
the appearance of a small white spot in the center. You 
receive an instruction to fixate on the spot and press a 
button on the keyboard when a small white cross appears 
anywhere on the screen. You are told that there is a 90 
percent chance that the cross will appear on the right side 
of the screen. As you sit, fixating on the spot, waiting for 
the white cross to appear, what cognitive state are you 
in? According to our prior definitions you would be in an 
attentional state, since you would be faster at responding, 
and more likely to detect the cross when it appears on 
the right side of the screen, compared to the left. In addi-
tion, according to our definitions, you would also be in a 
working memory state, since the right side of the screen, 
which is not currently being cued by a stimulus, can be 
recalled for some time after the instruction. In this simple 
example, attention and working memory cannot be disso-
ciated, since you cannot be instructed to pay attention to 
a location without implicitly instructing you to remember 
the location to pay attention to. Likewise, it may be hard, 
if not impossible, to remember a specific location without 
paying attention to it [9].

It could be argued that attention and working memory 
could be two separate, but intricately connected cognitive 
categories. Perhaps attention could play an important role 
in working memory rehearsal [10]. However, an alter-
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native interpretation, and one which we consider more 
parsimonious than the alternatives, is that attention and 
working memory are one and the same cognitive catego-
ry, such that what we call working memory refers to some 
level of graded memory in the absence of a stimulus, and 
what we call attention refers to a higher level of graded 
memory in the presence or absence of a stimulus.

Tasks where attention and working memory can 
be clearly dissociated are those in which the stimulus 
being attended to is continuously present; in these cases 
attention would be deployed in the absence of working 
memory. We believe that this clean separation is not a 
logical necessity, since the definition of a cognitive 
category should not depend on operational or historical 
factors, but rather attempt to reflect a real cognitive pro-
cess. We argue that under these task conditions, graded 
memory would be engaged, in a similar way as it would 
be engaged when the attended stimulus is not present. 
Below we review some of the key behavioral studies that 
have attempted to understand the relationship between 
attention and working memory, and reinterpret them in 
the context of graded memory.

In dual-task interference experiments, participants 
perform a task that is temporally embedded within a 
second task, to assess how much they interfere with each 
other. The logic is that if neural “processing resources” 
are shared between the different cognitive categories, this 
would be reflected as a disruption of the performance in 
both tasks, whereas if these resources are independent, 
this would be reflected as a lack of interference between 
the simultaneous tasks. A number of studies have con-
cluded that, while attention and working memory do in-
terfere with each other, the interference is weak compared 
to that observed when the two simultaneous tasks belong 
to the same cognitive category (i.e. working-memory/
working-memory or attention/attention) [11-14]. This 
evidence appeared to provide a strong argument against 
the existence of graded memory, and in favor of the 
separation of attention and working memory. However, 
more recent studies have challenged these conclusions, 
by conducting more controlled experiments, and suggest-
ed instead that attention and working memory interfere 
with each other as much as they interfere with themselves 
[15-17]. Therefore, these more recent and robustly con-
trolled studies provide evidence against the existence 
of a separation between attention and working memory, 
and instead provide support for the existence of graded 
memory.

KEY NEURAL EVIDENCE

While the analysis of behavior is a powerful tool 
to study cognitive categories, it is possible that tightly 
linked cognitive processes, such as those of attention and 

working memory, are not dissociable at the behavioral 
level. Thus, a parallel approach to study cognitive catego-
ries, is to measure brain activity during task engagement, 
in order to find dissociable neural processes associated 
with the different cognitive categories. While functional 
imaging studies have suggested an overlap in brain mech-
anisms between attention and working memory [18,19], 
providing tentative support for the existence of graded 
memory, this method does not have sufficient resolution 
to exclude the possibility that intermixed within a specific 
brain region, separate populations of neurons subserve 
the different cognitive functions. Thus, in the following 
section we will discuss single-neuron studies in primates 
to assess the feasibility of the existence of graded memo-
ry compared to attention and working memory.

Prefrontal and parietal regions have been implicated 
in both attention and working memory [20-24]. When 
monkeys perform a dual-task that involves maintaining 
a memory while simultaneously paying attention to a 
stimulus, neurons in the lateral prefrontal cortex show 
decreased ability to represent task-relevant information 
[25], and their activity may relate to attention, working 
memory, or both simultaneously [26,27]. Along the same 
lines, when the activities of individual lateral prefrontal 
neurons are compared across two interleaved (non-si-
multaneous) tasks, one that requires working memory 
of a visual feature (direction of motion), and another 
one that requires passive perception of a moving visual 
stimulus (which presumably attracts attention automati-
cally), some neurons show selectivity during the working 
memory period, passive perception period, or both [28]. 
Taken together, these results appear to provide evidence 
that attention and working memory involve differentiable 
neural substrates, thus providing an argument against the 
existence of graded memory, and in favor of the existence 
of attention and working memory. A shortcoming of using 
these studies as evidence in favor or against the existence 
of graded memory is that, unlike human behavioral and 
imaging experiments, to our knowledge, no single-neuron 
study has directly compared attention-memory dual-task 
interference with attention-attention and memory-memo-
ry dual-task interference. Similarly, to our knowledge, no 
single-neuron study has compared attention and working 
memory under identical stimulus conditions (i.e. when 
there is no stimulus present in both conditions, or when 
a stimulus is present in both conditions). Thus, with the 
existing evidence we cannot dissociate processing re-
lated to the different cognitive operations, from activity 
related to processing of the visual stimuli. Regardless of 
these considerations, these previous studies suggest the 
possible separability of neural mechanisms of attention 
and working memory. However, recent studies have high-
lighted the importance of interpreting neuronal activity 
within the context of dynamical neural systems, rather 
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models of cognitive and perceptual processes could help 
address issues that are hard to assess experimentally. But 
with today’s evidence, we conclude that assuming a-pri-
ori their independent existence is not warranted.
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