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W H AT we re you doing just
b e fo re you looked at this
a rt i cle? How many other

things are curre n t ly ‘ at the back of yo u r
mind’? Wh at is 37 times 4? If all Society
m e m b e rs are psych o l ogists and some
p s y ch o l ogists enjoy real ale, then wh at 
can be concluded? Can you close your eye s
and then pick up an object in front of yo u ?
Without looking back , can you recall the
last wo rd of each of the previous five
sentences? All of these questions re q u i re
the use of wh at is often re fe rred to as
‘ wo rking memory.’

In its broadest sense, wo rking memory
can be thought of as the desktop of the
b rain. It is a cog n i t ive function that helps
us ke ep tra ck of wh at we are doing or
wh e re we are moment to moment, t h at
holds info rm ation long enough to make a
d e c i s i o n , to dial a telephone nu m b e r, or to
rep e at a stra n ge fo reign wo rd that we have
just heard. 

From these ex a m p l e s , it is clear that the
c o n c ept is mu ch broader than the more
t raditional idea of short - t e rm memory that

t y p i c a l ly re fe rs to tempora ry retention 
of wo rd s , l e t t e rs or nu m b e rs. Wo rk i n g
m e m o ry, t h e n , e n c ap s u l ates on-line
c ognition in both lab o rat o ry tasks and 
in our eve ry d ay live s .

Th e re is fa i rly widespre a d, although 
not unive rs a l , agreement among
re s e a rch e rs that wo rking memory is 
a useful concep t , and interest in its
ch a ra c t e ristics has grown dra m at i c a l ly in
the last few ye a rs. The result is something
of a deb ate as to its ch a ra c t e ristics (Miya ke
& Shah, in press; Rich a rdson et al. , 1 9 9 6 ) ,
but I will focus on one part i c u l a rly
successful theory that has been deve l o p e d
l a rge ly in Britain and was inspired by the
wo rk of Alan Badd e l ey and Graham Hitch
( B a dd e l ey & Hitch , 1974; Badd e l ey, 1986). 

The theory offe rs an at t ra c t ive level 
of simplicity coupled with success in
accounting for many lab o rat o ry and
eve ry d ay demands on moment-to-moment
c ognition. It has also helped the
i n t e rp re t ation of a ra n ge of cog n i t ive
d e ficits fo l l owing brain injury or bra i n
d i s e a s e. 

One ve rsion of this theory is illustrat e d
in Fi g u re 1 (adapted from Logi e, 1995). 
A key fe at u re of the model shown in 
Fi g u re 1 is that it contradicts the typical
v i ew, in most contempora ry intro d u c t o ry
p s y ch o l ogy tex t b o o k s , of short - t e rm
m e m o ry or wo rking memory as the
gat eway between perc eption and long-term
m e m o ry. The reasons for this ch a n ge
should become clear as the art i cl e
p rogresses. 

Also immediat e ly ap p a rent from the
fi g u re is that wo rking memory comprises 
a coherent collection of specialised
c og n i t ive functions. One group of functions
e n ables tempora ry storage of the visual
ap p e a rance of objects and scenes (the
visual cach e ) , a second group likew i s e
o ffe rs tempora ry retention of ve r b a l

m at e rial in terms of sounds or ‘ p h o n o l ogy ’
(the phonological loop), while a third offe rs
a co-ord i n ating exe c u t ive function wh i ch
e n ables the conscious manipulation of
i n fo rm ation (central exe c u t ive). All of the
components draw on prior know l e d ge (the
‘ k n ow l e d ge base’) and on the products of
moment-to-moment perc eption (interp re t e d
via the know l e d ge base).

The model as a whole is derived fro m
ex p e rimental wo rk with normal adults 
and ch i l d re n , f rom studies of indiv i d u a l s
who have suffe red brain damage, f ro m
c o m p u t ational modelling, and from re c e n t
wo rk using brain imaging tech n i q u e s .

I will start with a description of wh at
might be some basic re q u i rements for a
re s p e c t able theory of wo rking memory.
This will be fo l l owed by a series of
i l l u s t rations as to how fe at u res of the
t h e o ry outlined in Fi g u re 1 have been 
used to ex p l o re and account for a ra n ge 
of lab o rat o ry and eve ry d ay cog n i t ive tasks.
Th e re will then be a brief discussion of 
the link with our prior know l e d ge and
ex p e rtise befo re re flecting on the ‘ s t ate 
of the art ’ in this aspect of psych o l ogi c a l
s c i e n c e.

Basics of working memory
C l e a rly, t h e re are some basic fe at u res of a
u s able wo rking memory. One such fe at u re
is its limited cap a c i t y. Th e re fo re, o n ly
some of our immediate past ex p e rience is
re t a i n e d, with the selection based at least in
p a rt on task demands. Howeve r, despite its
limited cap a c i t y, wo rking memory has to
deal with the products of perc eption fro m
v i s i o n , h e a ri n g, t a s t e, smell and touch .1

An additional fe at u re is the tempora ry
n at u re of wo rking memory. This is
essential for updating moment to moment,
and to avoid crowding our mind with
i rre l evant info rm ation. Neve rt h e l e s s , it is
useful to be able to extend the retention of
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c rucial info rm ation when necessary. 
The use of the descriptor ‘ wo rk i n g ’

implies that this is not simply a passive,
t e m p o ra ry deposit box for the left luggage
of perc eption (as was one suggested role 
for the old concept of short - t e rm memory ) .
The contents of wo rking memory can be
combined with stored know l e d ge and
m a n i p u l at e d, i n t e rp reted and recombined 
to develop new know l e d ge, assist learn i n g,
fo rm go a l s , and support interaction 
with the physical env i ro n m e n t .

The theory of wo rking memory outlined
in Fi g u re 1 offe rs a conceptual tool with
wh i ch to understand the nat u re of the
mental ap p a ratus and of the activity that
might support at least some of its basic
fe at u re s .

Visual appearance and locat i o n
Try the fo l l owing ex p e riment. A rra n ge a
few small objects ra n d o m ly on the table in
f ront of you and then close your eyes. Wi t h
your eyes shut, choose one of the objects
then re a ch out and try to pick it up. Few
people would have difficulty in perfo rm i n g
this task, but to do so cl e a rly re q u i res some
fo rm of memory for the objects and their
l o c ation in re l ation to your hand and body. 

L i kew i s e, it is not difficult to descri b e,
f rom memory, m a ny of the core fe at u res 
of a scene that we have glanced at a few
moments befo re. Nor is it ove rt a x i n g
m e n t a l ly to count the number of doors 
in your house by recalling a few details 
of the layout of each ro o m .

One way to account for this fo rm of
mental ability is to suggest that we have 
a tempora ry memory that can hold
i n fo rm ation about wh e re objects are and
wh at those objects are, t h e reby allowing 
us to guide hand and arm movements to the
c o rrect location and to pick up the objects
in the absence of vision. 

This ability is highly adap t ive, in that it
a l l ows us to recall the location of objects in
our immediate env i ronment that are not
c u rre n t ly in view (e. g. behind us, o c cl u d e d
by larger objects, or in the dark ) , and 
to recall those locations when we ch a n ge
our location or ori e n t ation. We can still
remember the layout if we turn around 
or leave the room. 

This tempora ry memory also allows 
us to recall and describe the phy s i c a l
ap p e a rance or layout of fa m i l i a r
e nv i ro n m e n t s , s u ch as the inside of our
l iving room or the main square of our 
home town. The details are drawn from 
our know l e d ge base and become ava i l abl e
in the tempora ry memory for the peri o d
t h at the task re q u i res. 

Some precise details may be missing,
but we could norm a l ly describe global
fe at u res of our home such as the position 
of doors , w i n d ows and major items of
f u rn i t u re, or the main buildings in the tow n
s q u a re. We can even ex t ract from these
m e m o ries details that we had not prev i o u s ly
made ex p l i c i t , s u ch as how many seat s
t h e re are in our home; and we can use
wo rking memory to imagine wh at the
l ayout of the room would be like if the
f u rn i t u re we re re a rra n ge d. 

Th e re fo re, wo rking memory not only
holds info rm ation about our immediat e
e nv i ro n m e n t , it also allows us to ge n e rat e
n ew info rm ation based on our ex i s t i n g
k n ow l e d ge of familiar env i ronments in
wh i ch we are not phy s i c a l ly pre s e n t .

But note too that the mat e rial in wo rk i n g
m e m o ry is meaningful. Th at is, the contents
of wo rking memory cannot be simply the
i n t e rm e d i ate products of perc eption on their
way to long-term memory : the info rm at i o n
has been subject to interp re t ation by our
s t o red know l e d ge and past ex p e ri e n c e
b e fo re it re a ches wo rking memory. Hence
the suggestion in Fi g u re 1 that the
p rocesses of perc eption allow the activat i o n
of stored know l e d ge that is then stored 
and manipulated in wo rking memory.

Thinking of these mental events in the
c o n t ext of Fi g u re 1, existing know l e d ge
about familiar env i ronments would be
a c t ivated and made ava i l able to the visual
c a ch e. Info rm ation re l evant to our task in
hand would then be manipulated within 
the exe c u t ive that draws on the contents 
of the visual cache as and when necessary.
S i m i l a rly, re c e n t ly ex p e rienced info rm at i o n
about our immediate env i ronment could be
held in the visual cach e, helping to dire c t
our movements and our interaction with
objects in that env i ro n m e n t .

Mental discove ry
Of the ch a ra c t e ristics of wo rking memory,
mental manipulation and the deve l o p m e n t
of new know l e d ge are among the most

i n t ri g u i n g. Th ey are the focus of a
d eveloping re s e a rch area that is sometimes
d e s c ribed as mental discove ry (Rosko s -
E woldsen et al. , 1993). The tasks that are
e m p l oyed in this re s e a rch are ideally suited
also to illustrate why wo rking memory 
is so effe c t ive — by being a bailiwick of
specialised functions, rather than a ge n e ra l -
p u rpose memory and processing dev i c e. 

Try to imagine a circl e, a square, a
rectangle and two examples of the letter
‘V’. Now mentally move around the image s
of the shap e s , and without the use of any
ex t e rnal aids such as pencil and pap e r, t ry
to mentally construct a re c og n i s able object
t h at includes the letters and all three shap e s .
You can ro t at e, expand or shrink the items
but do not ch a n ge their basic shape 
( e. g. a circle is a circl e, not an oval). 

Once you have mentally constructed a
re c og n i s able object that incorp o rates as
m a ny of the shapes as possibl e, t ry draw i n g
it. Each of you will pro b ably have come up
with a diffe rent object. Th e re is of cours e
no defi n i t ive answe r, but one possibl e
outcome is shown at the end of this art i cl e
in Fi g u re 2. 

For most of us, it would not have been
o bvious befo rehand that these shapes could
be put together in the way that each of us
has dev i s e d. Th at is, wo rking memory can
be used for mental discove ry of new
k n ow l e d ge derived from prev i o u s ly store d
i n fo rm ation about simple shapes to wh i ch
a re applied some mental operations. 

The use of mental images leading to
d i s c ove ries fi g u res pro m i n e n t ly in rep o rt s
f rom highly cre at ive individuals such as
Poincaré or Mozart (Ve rn o n , 1 9 7 0 ) .
Although not eve ryone can use image ry this
e ffe c t ive ly, the ability to make more modest
mental discove ries ap p e a rs to be a basic
ch a ra c t e ristic of normal human mental
equipment (Fi n ke & Slay t o n , 1 9 8 8 ;
A n d e rson & Helstru p , 1993; Reisberg 
& Logi e, 1 9 9 3 ) .

The task neat ly illustrates the use of
s eve ral ch a ra c t e ristics of wo rking memory.



In the context of the model in Fi g u re 1,
when you read the shape names ab ove
( c i rcl e, re c t a n g l e, e t c. ) , the phonology 
for those wo rds is activated from the
k n ow l e d ge base and made ava i l able to the
p h o n o l ogical loop. This info rm ation wo u l d
d e c ay from the loop after a few seconds,
but is retained by re h e a rsal — rep e ating 
the wo rds mentally without ove rt speech. 

As the phonology becomes ava i l abl e,
so too the names activate our know l e d ge of
the ge o m e t ric pro p e rties and ap p e a rance of
the shapes. This info rm ation is held within
the visual cach e, f rom wh i ch it wo u l d
d e c ay unless maintained, p e r h aps by
rep e ated mental re d rawing of the shapes. 

S t o red know l e d ge about how to
m e n t a l ly manipulate shapes (possibly
d e rived from past ex p e rience of observ i n g
the physical movement of similar shap e s )
also becomes ava i l able to the centra l
exe c u t ive. Further info rm ation about shap e
name or shape fo rm is drawn into the
p rocess of mental manipulation as the
c og n i t ive task progresses. 

Pa rtial combinations (e. g. the circl e,
s q u a re,V) can be stored in the visual
c a ch e, p e r h aps as a cl o ck fa c e, while 
the shapes of the other letter V and the
rectangle are imagi n e d. These shapes 
a re then combined with the stored part i a l
c o n s t ruction. 

Of cours e, this is ve ry far from 
an account of cre at iv i t y, but it does
d e m o n s t rate how a theory of wo rk i n g
m e m o ry can be used to understand some 
of the mental processes that are invo l ved 
in mental discove ry (Pe a rson et al. , 1 9 9 6 ;
Pe a rson et al. , in press). 

M e m o ry span, counting and
language acquisition
Thus fa r, I have said ve ry little about 
the more ve r b a l ly oriented functions of
wo rking memory. At one leve l , these can
be seen pri m a ri ly as a means to store
p h o n o l ogical pro p e rties of wo rds for bri e f
p e riods. Yet it turns out that the
ch a ra c t e ristics of this tempora ry memory
for wo rds — the phonological loop — have
s i g n i ficant implications for a wide ra n ge of
eve ry d ay activities. A ny activity that
re q u i res retention of a verbal sequence
s u ch as re m e m b e ring a new telep h o n e
number long enough to dial it, rep e ating 
a fo reign wo rd or counting objects wo u l d
re ly on this aspect of wo rking memory. 

Th e re is now a large literat u re on this
topic suggesting that verbal tempora ry
m e m o ry is cl o s e ly linked with the speech
system. So, for ex a m p l e, i m m e d i at e
m e m o ry span for digits (such as a

t e l ephone number) is seve re ly disrupted if
the ex p e rimental participant is re q u i red to
rep e at aloud an irre l evant wo rd, s u ch as
‘the the the’— a technique known as
a rt i c u l at o ry suppression. 

M o re ove r, sequences of wo rds that 
t a ke longer to say, s u ch as ‘ h i p p o p o t a mu s ,
u n ive rs i t y, p a rl i a m e n t ’ , a re more difficult 
to remember than are sequences of short
wo rd s , s u ch as ‘ zeb ra , s ch o o l , p o l i cy ’
( B a dd e l ey et al. , 1975). Closely linked to
this finding is the observation that people
who can speak quick ly tend to have longe r
d i git spans than do people who speak more
s l ow ly (Nicolson, 1 9 8 1 ) .

This link between speaking rate and
m e m o ry span has important pra c t i c a l
i m p l i c ations. For ex a m p l e, Ellis and
H e n n e l l ey (1980) observed that digit span
in Welsh-speaking ch i l d ren was poore r
than in English-speaking ch i l d ren. Th i s
was at t ri buted entire ly to the fact that the
wo rds for digits in Welsh take longer to
p ronounce than do the digits in English. 

Similar results have been rep o rt e d
s h owing shorter digit spans in Italian,
wh e re again the wo rds for digits take
s l i g h t ly longer to pronounce than in
English (Della Sala & Logi e, 1 9 9 3 ) , a n d
l o n ger digit spans in Chinese wh e re digi t
wo rds are ve ry short (Stigler et al. , 1 9 8 6 ) .
In other wo rd s , d i git span is language
s p e c i fi c, and we should be cautious wh e n
i n t e rp reting digit span scores acro s s
l a n g u ages and cultures. 

In terms of Fi g u re 1, ove rt speaking 
rate ap p e a rs to act as a constraint on the
re h e a rsal rate of the phonological loop
re h e a rsal component (indicated by the
‘ m o u t h ’ and the looped arrow in the
d i agram). Longer wo rds take longer 
to re h e a rs e, t h e re fo re the info rm ation 
in the phonological loop begins to decay
b e fo re it can be re a c t ivated by re h e a rsal 
of the items.

A second important ap p l i c ation fo r
wo rking memory is in counting and mental
a ri t h m e t i c. For ex a m p l e, when counting 
we have to ke ep tra ck of wh e re we are in
the counting sequence at any one time. If 
we are counting objects, s u ch as coins or
number of eve n t s , we continu a l ly have 
to update our mental re c o rd of wh e re 
we are in the counting sequence. If we are
counting an array of objects, s u ch as wo rd s
on this page, then we have in addition to
ke ep tra ck of wh i ch wo rds have been
counted and wh i ch have not. This is
p a rt i c u l a rly important if the items are
s c at t e red ra n d o m ly in front of us. 

Some ye a rs ago , Alan Badd e l ey and 
I (Logie & Badd e l ey, 1987) ex a m i n e d

whether the wo rking memory theory 
could shed any light on how normal 
adults accomplish such tasks. We aske d
p a rticipants to rep e at aloud an irre l eva n t
wo rd (art i c u l at o ry suppression) while 
t h ey we re counting a series of flashes 
on a computer screen. 

Because we alre a dy knew that
a rt i c u l at o ry suppression affects ve r b a l
wo rking memory, we we re interested to
find out whether normal counting wo u l d
also be affe c t e d. It would be affected 
if the phonological loop we re crucial 
to the counting pro c e s s .

A rt i c u l at o ry suppression had a dra m at i c
e ffect on counting. Pa rticipants ra re ly
a ch i eved the correct total, although they
could do so if they we re not rep e ating an
i rre l evant wo rd. The disruption did not
a rise because participants had to do two
things at once, because asking these same
people to rep e at e d ly tap their hand on the
t able or presenting them with ra n d o m
wo rds or nu m b e rs had virt u a l ly no effe c t
on counting. It was the re q u i rement to
ge n e rate rep e ated speech that was cru c i a l
for the interfe rence to ap p e a r. 

Th e re fo re, m e n t a l ly rep e ating the
nu m b e rs is crucial for ke eping tra ck in a
counting task, and this mental rep e t i t i o n
c o m p rises the subvocal re h e a rs a l
component of the phonological loop.

G iven that the phonological loop system
had been shown to provide an ex p l a n at i o n
for important aspects of verbal immediat e
re c a l l , it ap p e a red that the system could
also enable the process of ke eping tra ck
moment to moment of wh e re we are 
in a counting sequence. 

M o re recent wo rk has shown that a
similar account can be given for mental
a ri t h m e t i c, p a rt i c u l a rly for sums such as 
5 + 3 + 6 + 8 + 2 = ?, in wh i ch a
c u mu l at ive total is rep e at e d ly updat e d
( L ogie et al. , 1994). Each tie total is
u p d at e d, it is rep e ated subvo c a l ly, and 
this capitalises on the memory function 
of the phonological loop. 

C l e a rly, a large part of mental
a rithmetic relies on a know l e d ge base of
k n own solutions (McCloskey et al. , 1 9 9 1 ) ,
but mental re h e a rsal within the
p h o n o l ogical loop ap p e a rs to offer 
an account of how we ke ep tra ck of
i n t e rm e d i ate totals as we progress thro u g h
a sum, as well as wh e re we are in 
a counting sequence.

The phonological loop component 
of wo rking memory has proved useful in
studies of language acquisition in yo u n g
ch i l d ren. Susan Gat h e rc o l e,Alan Badd e l ey
and others (e. g. Gat h e rcole & Badd e l ey,
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1989) have shown that young ch i l d re n ’s
ability to rep e at a series of nonsense wo rd s
at age 3 or 4 predicts their language ab i l i t y
s eve ral ye a rs lat e r. 

This suggests that the ability to rep e at
an unfamiliar speech sound (a fe at u re of
the phonological loop) is important fo r
a c q u i ring vo c abu l a ry and other language
s k i l l s , both in young ch i l d ren and in adults
l e a rning a second language.

The loop has also been found inva l u abl e
in interp reting the pat t e rn of diffi c u l t i e s
e n c o u n t e red by bra i n - d a m aged pat i e n t s
who show deficits of one component of
wo rking memory while having other
components intact (for a rev i ew, see Della
Sala & Logi e, 1 9 9 3 ) .

Recent developments in neuro i m agi n g
t e chniques offer further conve rgi n g
evidence for the concept of a phonologi c a l
loop that has both a memory store and 
a re h e a rsal system. Paulesu et al. (1993) 
used positron emission tomograp hy (PET)
to measure regional Cereb ral Blood Flow
(rCBF) during a series of tasks that
s y s t e m at i c a l ly va ried whether part i c i p a n t s
had to store a series of letters or mentally
rep e at the letter sounds. 

By contrasting rCBF observed duri n g
the perfo rmance of each task, Paulesu et al.
i d e n t i fied mental re h e a rsal of letter sounds
with an area of the brain known as Bro c a ’s
a rea. This area is more commonly
a s s o c i ated with aspects of speech
p ro d u c t i o n , but ap p e a rs also to be invo l ve d
in ‘mental speech ’ or the re h e a rs a l
component of the phonological loop. Th e
letter memory task was associated with 
an area known as the supra m a rginal gy rus. 

This pat t e rn supported the idea that 
the phonological loop comprises sep a rat e
components for phonological storage 
and for mental re h e a rs a l .

Long-term working memory
In the spirit of the examples given ab ove,
wo rking memory should offer tempora ry
m e m o ry for immediate past ex p e ri e n c e,
plus some means to mentally rep resent the
i m m e d i ate env i ronment and to manipulat e
and continu a l ly update the contents of that
mental rep re s e n t ation. Also it should
s u p p o rt the acquisition of new know l e d ge,
p ro blem solving and decision making (fo r
recent rev i ew s , see Logie & Gilhooly,
1998). Howeve r, none of this can happen 
in isolation from past ex p e ri e n c e.

K n ow l e d ge accumu l ated over our
l i fetime is cl e a rly ava i l able to each of 
us. When we think of castles in Scotland,
c o l l eges in Cambri d ge, or television 
s o ap opera s , our accumu l ated know l e d ge

becomes re a d i ly ava i l able to us. 
Fans of Scottish historical monu m e n t s

will immediat e ly recollect details of visits
to Balmoral or Crathes Castle, a n d
questions on this topic can be answe re d
with consummate ease. A know l e d ge of
C a m b ri d ge likewise allows us to bring to
mind images of St Jo h n ’s , K i n g ’s , Tri n i t y
and so on. 

H aving activated such know l e d ge, we
can then manipulate it and ex t ract nove l
i n fo rm ation that had not been ex p l i c i t ly
s t o red away, s u ch as whether King’s
C o l l ege Chapel in Cambri d ge is larger 
or smaller than Crathes Castle in
A b e rd e e n s h i re. Similar questions ab o u t
t e l evision soap operas would bring nothing
to mind for some, or ri ch ly endowe d
m e m o ries of plots and ch a ra c t e rs fo r
o t h e rs. 

E ricsson and colleagues (e. g. Eri c s s o n
& Delaney, 1998) distinguish between a
s h o rt - t e rm wo rking memory — on wh i ch 
I have focused thus far — and a long-term
wo rking memory that accounts for the ease
with wh i ch we can access highly fa m i l i a r
s t o red know l e d ge. The gre ater our
ex p e rtise in a particular domain, the gre at e r
is our wo rking memory capacity fo r
i n fo rm ation in that domain. 

Th u s , chess ex p e rts can retain details 
of chess games played simu l t a n e o u s ly eve n
when bl i n d fold (Saari l u o m a , 1 9 9 5 ) , a n d
avid soccer support e rs can re m e m b e r
s c o res from mat ches more accurat e ly than
can the more casual fan (Morris et al. ,
1985). 

E ven ex p e rience in crime leads to 
a fo rm of, albeit undesirabl e, ex p e rt i s e :
ex p e rienced bu rg l a rs can remember details
in photographs of houses seen a few
moments befo re better than can samples 
of police offi c e rs or householders (Logie 
et al. , 1992). 

In each case, the ex p e rt know l e d ge
a l l ows ve ry efficient coding and re t ri eval 
of info rm ation within the area of ex p e rt i s e.
These memory skills cl e a rly do re ly on the

s h o rt - t e rm wo rking memory, but ex p e rt i s e
gre at ly fa c i l i t ates activation of re l eva n t
i n fo rm ation in the know l e d ge base, and this
a c t ivated know l e d ge can offer signifi c a n t
s u p p o rt for the more limited tempora ry
wo rking memory system. 

The ‘ s t ate of the science’ o f
working memory
Within the scope of this art i cl e, it is
i m p o s s i ble to give a compre h e n s ive
c ove rage of the topic. Wo rking memory
has been ex p l o red in many more eve ry d ay
tasks than I have discussed, i n cl u d i n g
l a n g u age comprehension (e. g. Engle et al. ,
1 9 9 2 ) , d evelopment of cog n i t ive cap a c i t y
in young ch i l d ren (e. g. Hitch , 1 9 9 0 ) , a n d
adult reasoning (e. g. Gilhooly, 1 9 9 8 )
among others. Indeed, it is difficult to think
of many human activities that would not
i nvo l ve wo rking memory at some level. 

D evelopments in the use of
c o m p u t ational modelling techniques 
( e. g. Burgess & Hitch , 1992) and in
n e u ro i m aging (e. g. Paulesu et al. , 1 9 9 3 )
a l l ow us to be more confident that the
functional model of wo rking memory can
be simu l ated computat i o n a l ly and might
h ave neuro l ogical corre l ates. Th e
c o m p u t ational ap p ro a ch fo rces us to ask
ve ry detailed questions of the specificity 
of our conceptual theories of wo rk i n g
m e m o ry. This adds significant theore t i c a l
ri go u r. 

But it is crucial to fo l l ow the pat t e rn
adopted by Hitch and colleagues in
coupling the computational modelling with
ex p e rimental data from human part i c i p a n t s .
All too often, c o m p u t ational modelling
p rogresses without direct re fe rence to
e m p i ri c a l ly derived data on human
c ognition. 

The neuro i m aging ap p ro a ch is
ex t re m e ly va l u able cl i n i c a l ly, as well as
s c i e n t i fi c a l ly, in neuro p s y ch o l ogy re s e a rch
and in attempts to ch a rt a neuro b i o l ogi c a l
m ap of cog n i t ive functions. PET and fMRI
(functional Magnetic Resonance Imagi n g )
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o ffer compelling evidence to confi rm and
p e r h aps re fine the existing theories derive d
f rom a ra n ge of other ex p e ri m e n t a l
t e chniques as well as from computat i o n a l
m o d e l l i n g. 

H oweve r, it will be interesting to
o b s e rve the extent to wh i ch neuro i m agi n g
can d i s c o n fi rm t h e o ries of cognition that
h ave been built on a large body of
b e h av i o u ral data from care f u l ly cra f t e d
ex p e riments. This cautionary point is
p e r h aps best illustrated by quoting the
w ritings of G. F. Stout2 ( 1 9 1 9 ) , wh o
c o m m e n t e d :

E ven if the brain of a man could be so
e n l a rged that all the members of an
I n t e rn ational Congress of Phy s i o l ogi s t s
could walk about inside his nerve fi b re s
and hold a confe rence in one of his
ganglion cells, their united know l e d ge
and the re s o u rces of all their
l ab o rat o ries could not suffice to enabl e
them to discover a feeling or sensat i o n
or perc eption or idea. (p.16.)

Recent advances in tech n o l ogy have
a l l owed us to emu l ate Stout’s scenario (if
not quite litera l ly) and to suggest that he
might have been at least part i a l ly wro n g. 
In the spirit of Descart e s , we know
wo rking memory exists because we use
wo rking memory eve ry waking moment 
of our lives. This subjective ex p e rience 
is coupled with a large body of empiri c a l
evidence as to its ch a ra c t e ristics. 

N ow evidence from neuro i m agi n g, i n
c o m b i n ation with the established empiri c a l
l i t e rat u re, gives us a hint as to wh e re in the
b rain diffe rent aspects of wo rking memory
might be. This re i n fo rces the role of
wo rking memory as a serious and useful
s c i e n t i fic concept for understanding the
n at u re of our own cog n i t i o n .

N o t e s
1 In practice, the cognitive products of only vision and

hearing have been studied to any great extent.
2 G . F. Stout was appointed to the Anderson Lectureship and

founded the Department of Psychology at the
U n i versity of A b e rdeen in 1896.The first edition of his
Manual of Psych o l og y was published in 1897.
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FIGURE 2  A possible mental
construction using various given
shapes


