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Working memory is the capacity to manipulate and
maintain information over short periods (2-15
seconds) in order to support simple memory tasks
such as remembering a telephone number, or more
general cognitive tasks such as problem solving,
simple reasoning, or reading. Working memory con-
sists of several distinguishable memory capacities,
together with executive functions that manage infor-
mation retrieval, reactivation, and transformation.

THE ROLE OF WORKING MEMORY IN
INFORMATION PROCESSING

Human memory ~ that is, the retention of infor-
mation over short or long delays - is critically
important for cognitive function. Working memory
is the capacity to manipulate and maintain infor-
mation over short temporal delays. Working
memory supports cognitive activities such as solv-
ing mathematical problems, evaluating spatial
layouts, or comprehending sentences, and it may
be critical in language learning. It is one of several
closely related short-duration memory systems.
Working memory is of longer duration than the re-
latively unprocessed and very-short-duration (<2
seconds) visual sensory memory (iconic memory)
and auditory sensory memory (echoic memory). It
maintains information over a period of several
seconds or longer through proactive control and
rehearsal mechanisms. Thus working memory
goes beyond the short-term or immediate memory
function that briefly maintains information to in-
clude attention and information management — the
capacity for manipulation and transformation of
information that is required during cognitive tasks.

WORKING MEMORY FRAMEWORK

According to one classic view, working memory is
a system of three interacting modules (Baddeley,
1986). These include an executive control module, a
visual-spatial sketchpad, and an articulatory loop

(Figure 1). Evidence for the separable visual and
verbal modules arises from the differential impact
of visual distraction on memory for visual infor-
mation, and the differential impact of verbal dis-
traction on memory for verbal information. The
executive control module manages task goals, ma-
nipulation of information, and complex rehearsal.
The visual-spatial sketchpad maintains visual in-
formation (visual content) and spatial information
(spatial layout). The articulatory loop maintains
temporally ordered verbal information. The sketch-
pad and the loop are subservient to the executive
control module.

The modular working memory framework was
originally developed partly to account for capacity
limitations in verbal tasks that require correctly
ordered recall. In verbal recall tasks, a written or
spoken list of verbal items is presented in temporal
sequence, and the list is then recalled in order.
Several phenomena in serial ordered recall were
critical in the development of the modular working
memory framework, First, lists of phonologically
more dissimilar or distinct items are recalled more
accurately than lists of phonologically similar
items. This phonological similarity effect implies
that a phonological or articulatory representation
is dominant in working memory. Secondly, the
number of items that can be recalled depends
upon word length. Longer lists (up to 7-9 items)
can be correctly recalled if those items are ‘short’,
with a smaller number of syllables or a shorter time
required to pronounce them, but recall is reduced
for lists of items that are ‘long’ (a word-length effect).
The sensitivity of working memory performance to
word length suggested the existence of a cyclic
rehearsal loop in which items were refreshed or
rehearsed in turn in order to maintain memory.
This emphasizes the importance of control pro-
cesses. Thirdly, the repeated speaking of a distract-
ing word or phrase during the memory task
dramatically reduces the length of list that can be
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Working memory model

Executive control
Goals, mental operations and rehearsal

/¥ N

Articulatory rehearsal loop
Recycling items for
ordered recall
(articulatory codes)

Visual-spatial sketchpad
Visual imagery and search
(visual identity and
spatial relationships)

Figure 1. The modular working memory model (Badde-
ley, 1986) consists of three modules. The executive control
module manages rehearsal and other executive functions
to transform and maintain information in working
memory. The visual-spatial sketchpad maintains visual
{content) and spatial (layout) information for forms,
patterns, and faces. The articulatory loop maintains item
and order information through verbal, articulatory codes
for digits, letters, words, and sentences.

recalled. This is known as the articulatory suppres-
sion effect. Articulatory suppression also eliminates
phonological similarity effects for visual presenta-
tion.

These phenomena and their complex interplay
suggested the operation of an articulatory/phono-
logical rehearsal mechanism, verbal recoding of
visual inputs, and the importance of control or
rehearsal activities — all critical concepts in the
modular working memory framework. For a
review of these and related phenomena see Neath
(1998).

Other alternative frameworks and computa-
tional models based on quite different principles
may also account for a wide range of these data.
One alternative view inspired by human cognitive
neuroscience and neural network representations
is that short-term memory is the currently active
subset of long-term memory, and that working
memory is the system of short-term memory plus
the strategy and attention functions that reactivate
fading short-term memory traces (Cowan, 1995).
Other formal models have been developed for sev-
eral specific tasks (Page and Norris, 1998; Henson,
2001), or to specify more precisely the representa-
tion of the abstract and modality-specific features
of items in working memory (Neath, 1998). As the
brain areas relevant to working memory function
are identified, and the temporal properties of the
responses in these regions are more fully under-
stood, the description of the modular working
memory framework may be transformed into a
more detailed specification of the computational
implementation and the brain circuitry, consisting

of processing structures and more complex compu-
tational network representations. Nonetheless, the
modular working memory architecture (Baddeley,
1986) provides a structural-level description of
memory function, and has provided a framework
for an extensive body of behavioral and physio-
logical studies of working memory in a range of
memory tasks. The important distinctions between
classes of working memory tasks will be con-
sidered in the following sections.

FORMS OF WORKING MEMORY

Working memory operates somewhat differently in
tasks with differing complexity or cognitive pro-
cessing demands. One task that is used extensively
in animal models and in physiological analyses
requires a single item to be maintained through a
delay period. More demanding working memory
tasks involve the full recall of a list of items during
complex distracting activities (Daneman and Car-
penter, 1980). Some tasks focus on visual coding,
while others focus on verbal coding. Each form of
working memory task places different demands on
information retrieval and executive function.

Working memory tasks are of several major
types (Figure 2). Item memory tasks require the
evaluation of an individual item or individual pos-
ition, although the memory set may consist of mul-
tiple items or positions. Relational memory tasks
require the evaluation of some relational property,
such as relative temporal order or the spatial loca-
tion of several items. Finally, complex memory tasks
require extended reproduction of a memory set
with a sequence of temporally or spatially ordered
responses. [tem, relational, and complex tasks vary
further in difficulty depending on the level of the
memory load or of distraction.

Iltem Working Memory Tasks

Item working memory tasks test memory for a
single item, possibly from among a set of items,
following a brief delay. In the simplest item task
(Figure 2(a)), recognition memory for a single item
is tested after a retention delay, usually of between
1 and 60 seconds (Figure 3(a)). Recognition of the
item declines with increasing delay. This task has
been important for studying short-term retention in
animals (the ‘delayed match to sample’ task). It has
also been important in studies of delay period ac-
tivity of cortical neurons, and sustained neural
activity during the retention interval, that has been
associated with working memory (Chafee and
Goldman-Rakic, 1998). For humans, delayed






