HAPTER

What Is Working Memory Capacity?

Randall W, Engle

obert Crowder's 1983 article “The Demise of Short-Term Memory” influenced
me on the mxmumw that led to the research and ideas I discuss in this chapter.
In that article, Crowder questioned the need for a separate short-term memory
(5TM) and pointed out that research has not established that
successful cognitive functioning. Furthermore, 1 make the case that working memory
{(Whi) should be considered a system consisting of wemporarily activated long-term
tivation.
The maintaining of the activation of a representation is ary but
hecomes particularly important in the face of proactive interference. Both ol these
ssedd at length by Crowder fn his 1983 aviicle. Crowder also discussed
the role of individual differences in drawing conclusions about the existence of a
short-term st
Research following Baddeley and Hirch (1974) and Daneman and Carpenter
(1980) shows that the broader concept of WM is importani 1o higher order cognition.
Furthermore, complex WM tas > that they predict performas
on a variety of cognitive tasks. However, the nature ol individual differences in WM

STM is necessary for

memories and contrelled attention, which is important in maintaining ac
generally unnece

issues are discu

ove; that mg"spt\‘md‘x is 1’3ivmz;‘gi o the conclusions | draw here,

“wark”™ in the sen ¢

is still unclear.

The research 1 de
first is “What is WM cay
between a vartety of W t
such as reading compr hz‘::"mzcm and reasoning, on the other hand? THe second
question is “What do the results of studies on individual differences in WM capacity
tell us about the nature of WM in general?” The conclusions that | vimw are based
largely on individual dilferences studies, but studies using dual
also helplul 1o me. For example, a relatively safe generalization is that ind
with high WM capacity who are performing a rask while concurrently performing

ribe in this chapter is divected at two general questions, The
hanisms account for the covariation

1city?” That is, what m

i the one hand, and wsks of higher level cognition,

ask methods were

r:

ividuals
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an attention-demanding secondary task perform similarly to individuals with low
WM capacity (Kane & Engle, 2000, Rosen &
conclusions comes from avariety of memory and attention paradigms, which increase

Engle, 1997} The evidence for my

the generality of the ress m s and give convergent validity 1o the ideas. My interest

in these questions was initially directed at relatively molecular issues about the
importance of temporari !\/ active memory. However, pursuir of answers to the two
i ribed above led me to questions of intelligence and attention and the

brain structures underlying those constructs,

L

Measures of Working Memory Capacdity

Although numerous tasks have been used over the years to measure WM capacity,
I describe only the three tasks that T use most olien: ;‘a""m:,lang spart, operation span,

and counting span. These tasks all work in the sense that performance on them

ally relevant cognitive tasks,

veliably predicts perfonmance on a range of ecologic
mm.fztfating that they reflect something about WM that is fundamentally important
to cognition. Furthermore, the tasks appear to reflect a common construct because
they account for similar variance, all Toad on the same factor in a factor analysis,

s (Engle,

and all Hit a relatively tght latent variable in a structural equation anals
Tubwolski, Laughlin, & Conway, 1999),

The reading span was the firstiask used to study WM a‘“ﬂ}‘):uﬁ:ii\f and its relationship
arpenter (1980) asked participants 1o

with reading comprehension, Daneman and €
read sets of sentences and recall the last word of each sentence. My lab generally
nsed a modified version of this task to avold concerns that individual differences
in a:m‘n;n'vidc:wim} of the sentences lead o dilferences in ability to generate or

reconstruct the words on the basis of the gist of the sentence rather than recall

them. Inmy version, participants read aloud sentences shown centered on a computer

monitor while trying to temember unrelated words printed at the end of each

sentence. The set of words recalled typically varies from two 1o seven. For example,

DATS

e §

1 see one sentence at a HHMT, read

Exhibit 16.1 presents three rart

sertences
the sentence aloud, and then read aloud the word in capital letters. At that poing,

the experimenter presses a key causing the next sentence to be presented. After the

sentence in each set, a set of question marks cues the recall of the words shown

Example of a reading span frial

For many years, my family and friends have been working on the farm. SPOT
Because the room was stully, Bob went ouiside for some fresh air, TRAIL
We were 5( a belore we lost sight of the land. BAND

) miles out at se
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in capitals. To ensure that a participant takes the sentence reading task sertously,
alter recall of the words he or she answers a question about one of the sentences
[rom the set,

The operation span task was developed o be similar in format to the reading
stosense (Turner & Engle,
Tas). Participants sce individual o g*ﬂ:réu1(nwWwd sLring - Exhibit 16.2) cex
on the monitor of the computer. They read aloud and solve the math problems,

¢
spart but 1o involve reading per se only in the broade

wered

pach of which is followed by a word; alter a set of such operation-word sirings,
they recall the wmai% For example, in the lollowing set size of three strings, the

participant reads aloud “Is (8/4) - | 17" and answer yes i{ the equation is correct

‘ k2
or no il the equation is incorrect; then the participant reads aloud the word bear.

s a key, resulting in the presentation of

it
Alter hearing bear, }v experimenter press
the next m‘m;’g, This procedure allows adequate time fm each individual 1o process
al.t After the last
participant

the m;"»é?rrxii<:n'\. and word but serves 1o reduce the time for re

&

operation-word string in the set (in this case, the third string), :
a set M guestion marks centered on the screen, which is the cue o wmxr down the
words in order.

The counting span task used is a form of a task first used by Case, Kurland,
and &if%uh‘ﬂ'w'y (HO82), In my version ol the task, the experimenter initiates the
presentation of the first display of the type shown in Exhibit 16.3. Each display

sists of 3-89 dark blue circles, 1-9 'I:, 'k blue squares, and 1-3 light blue circles,
all randomly arranged (without overlap) on the monitor, Participants count the

25 alowd xuui repeat the digit corresponding o the final

number of dark blue cire
tally. For c"mmp}am if the display mm;iims three dark blue c'i,r:;;fcrw, the participant
says alowd “1-2--3-37 When the “37 is repeated, the experimenter presses the key
that causes i‘.’i{ﬁi(ﬁ?l') of the next display, and the participant begins
to count immediately, Alter up to eight displ

recall in order the digits t:m‘z“ce{;;><«,t»r"4di;x;;i to the number of targets on each display.
It should be noted that the memory component of this task s essenuially o digit

he immediate g‘m;

NAYSs, 4 Cue oCCurs for the I'}ZH‘HQT pant to

Example of an operation span trial

17 bear
107 Dad
127 beans

YAn interesting question is the extent 1o which individual differences in rehearsal lead to the
predictive nature of f!w tasks. In a recent study, Kandi Jo Turley (] femonstrated that

a procedure that equated rehearsal on the task led 1o an increase in correlation between

operation span and reading comprehension.
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i TBIT 146,
Example of o single counting span display

gt

entation” of the

span task, with the counting of objects interleaved wit
digits to be recalled.

These tasks and many others of similar form clearly
aspect of cognition. ks can predict a v m;w “f e
including reading and listening comprehension (Daneman & C
language comprehension (King & Just, | ‘é)‘!H\, following directions (Engle,
& Collins, 1991), vocabulary learning (Daneman & Green, 1986), note taking

(Kiewra & Benton, 1988), writing (Bmuun Kralt, U!uv:: & Plake, 1984), reasoning
v (Clarkson-Smith &

{(Barrouillet, 1996; Kyllonen & Christal, 1990), bridge playing €
Hartley, 1990}, and computer-language l»; arning (S hm{‘ 199 i )ﬂ

some fundamental
snitive functions,

penter, 19807,
rullo,

ores on these tas

Why Do Working Memory Tasks Work?

These WM capacity tasks were originally thought to work because they reflected

the level of skill i

vforming the m‘* cessing component of the task, which, in
turn, determined hti 1 ihle

that beyond a minimal level, indiviclue [ i H,,
task are relatively unimporant to the covariation of these task
tasks, Engle, Cantor, and Carulle (1992) measured the time it took participants to
solve equations in the operation span task and to read the sentences in the reading
span task. 1 skill or expertise on the processing portion of the task is an important
stor in the relationship to higher level tasks, then covarying the time 1o solve the
arithmetic string and to read the sentences out of the correlation between span and
higher order cognition should lead to an elimination of or at least a reduction in

fual availa capacity. However, it is now known

ing portion of the
s with higher order

s on the proc

1

T T

R IR AT T}
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torn was
sting that

that correlation. However, the WM span-rearding comprehension correle
stimates of processing expertise, sugg

not reduced by partialling out the
skill on the processing component is not the critical factor in whether a task works
i:,az‘ different approach to the same question. They
representing 15 levels of difficulty. Then

L

Conway and B w} {1996) use
ration sirin

pretested participants on o
:h *r:u'wig ant received operation spans with the operations adjusted o equate

articipants. Fach participant performed three
P P ! I I

e

difficuley of the arithmetic across

different operation spans created with mnw that they had performed correctly at
the 75%, 85%, and 95% accuracy level in the pretest. If individual differences on
% span task was what accounted for the

the proce r compoenent of the comple:
relationship between the span score and higher order cognition, then matching
participants on processing should have eliminated or at least statistically reduced
er, this manipulation did not reduce the span—comprehension
- that the complex span

the correlation, Howev
correlation; in fact, it rose slightly. Thus, it does not ap
rasks reflect individual differences in skills or expertise that are common 1o those
skills used in performing the higher level tasks. But what do they reflect that causes

them to work?
1 b@}iww iw{ I can ﬂm{”

iy‘ d raw several generalizations about these tasks. The
nenition are, at base, dual tas

H‘m wgwmtwn Jp in m& wiw; M ving equations and trying to remember wor
sentences and trying to rerember words. The

The reading span involves reading
counting span involves controlled counting and ¢ ﬂymgﬂ; Lo mzm‘trﬁm«?:' digits, One or
both of the components of the tasks require controlled processing. One component
involves retention of some information (the individual words or digits in the emerg

list) over a delay that is Hlled with distraction (typically the so-called proc
‘ the tasks are similar o the Brown-Peterson

portion of the w
procedure with a fixed delay, and the tasks m:;txy work well be
participants’ ability to do the mental work necessary 1o vesist the effects of interference

5. MNote ﬂ,xm I am not su : that WM
(cf, Hasher & Zs

ause they reflect the

5 5E

from one trial 1o the next and ac :
ects differential vulnerability 1o interd
1988) but that people differ in the ability 1o do the mental work necessary to resist

onee per 5,

sue later,

interference. T have more o say on this iss
The term capacity, as used in discussions of STM, often conjures up Tmag
2). However, my sense is that W\/Y\M'zlpm“z{y is

ses of

a fixed number of ftems (e.g., 7
not gbout & limitation in number of ftems in some Hmited ser of metaphorical bins
ontrolled processing to maintain

cacl about imitations in the ability 1o use
ate, Thus, Tean talk about WM capacity

butis ins
information in an active, quickly retrievable
ag being important in retention of a single representation, such as a goal or the

status of a changing ve’u’i;x%;ﬂc‘*, just as well as how many representadons can be

ing but is about retention

maintained. WM ca
over a period in which ther
information. The need for this quick accessibility is particudarly salient when there

ity is not about storage and proce
s distraction or shift of attention away from the stored
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is interference from a:mnpa:rti:w information. WM capacity is not directly about
memory-—it is about attention, Wh4 c“q acity is about memory only indirectly, WM
capacity is abowt ::u.t,cfmia‘m in the e of memory. Greater WM capacity means

that more items can be 1’1mi1mﬂmd m the focus of attention, but it also means that

information can more effectively be blocked from the focus of avention,

Ithink that helping one deal with the effects of interference is one of the primary
functions of WM. The reality is that without the effects of interference, most of the
mfo}m;uiun one knows and needs to function in the world could be retrieved from
cognitive functions.

long-term memory sufliciently quickly to perform even complex
Keppe and L,?mhuvm'ni (1962) found thar the Brown-—Peterson retention function
s not hold for the fiest or even second trial in an experiment, and this finding
should be informative 1o us. Crowder (1983) certainly found it informative, The
elfects that are ;:%,(tm:“r:\i}y attributed 1o 5 TM or o active memory are likely to be
observed only when the effects ol nterlerence lorce one o maintain information in
ose conditions in which WM capacity is buportant and in

state
which individual dilferences

an active

s manifest themselves,

Negative Priming

Larger WM capacity leads to better ability to block imformation from the active state
cither by increased avention to task-relevant information or to active suppression
of potentially intrusive task-irrelevant information. For example, Engle, Conway,
Tuholski, and Shisler (199%) demonstrated that the negative priming effect was
iy overlapping

eliminated by asecondary load ask. Participanis were shown two sli
letters, one green and one red, and asked to name the green one Jmmg ily as po

When the green letter had been the red letter on the previous wial, participar
were ﬂ«'iwwer to name the letter, a result known as the negative priming effect, One
interpretation of this ; shenomenon is that when faced with two competing action

g both letters, one suppresses the weaker one, which makes

schemas such a
one slower to say ¢ iw corresponding letter on the next trial. When participants in
sle while trving to remember a list of words,

e Engle et al, mmﬁ} performed this t
the negative priming effect was eliminated, Conway, Tuholski, Shisler, and Engle
(2000 wndmlc I a negative priming study with individuals classified as high or
rF Conway et al, observed that only high-WM participants showed

ot Furthermore, their negative priming f‘m:i. was eliminated

low in WM capacity.*

the negative primis 1@?, c%{’fc;.
when they also tried to remember either a list of words or a list of irregular shapes.
Those with low spans did not show the negative priming effect with or without load.

Yt this study and the other studies 1 <‘1if:;<‘ uss throughout the chapter, high- and low- W
participants were classified as such by scoring in the upper and Mx& er quartile, respectively,
on the operation span task.

R R A e A

e
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My interpretation is that suppression of mmq‘wii{w information requires attention-

demanding mental work and that participants with high WM have superior capability

Lo SUppress 47*;‘,"%1"'&”}17){;“%{!1&3@ intrusions.

Proactive Interference

8) reached a similar conclusion using a different procedure.

Rosen and Engle (19¢
Participants learned three paired-associate li

as @ respor

sts in which they were shown one word

ared

2. Ros 1 Engle meas

and were to say aloud a different word

the time to make the oral response to the cue and response accuracy. In one
experiment, the instructions emphasized accuracy, and they anticipated that partici-

ling, The experimental participants learned

three 12-item lists with the same 12 cue words for every list. Thus, pfu"i‘i{‘ém;m:

might learn bird-bath as 1 of 12 items for list 1 and bird~dawn for list 2 and relear

ird-bath for list 3. Participants with high and low WM took a similar number 0%“
h

rent when performying

trials to learn list 1, supporting the idea that they were not dif
in the absence of interference. However, on list 2, participants with low spans made
many more errors than did those wit th high spans, specifically, intrusions of the
responses from list 1. For list 3, participants simp ly relearned list 1. If those with
high spans actively suppressed the responses from list 1 during the learning of list
2, then they would be slower to give bath in response 10 bird than would the control
participants, who learned bird-bath lor the first time in list 3. Not only did we find
that participants with high WM were slower than the control participants to make
e with high spans were also slower to give bath as a response

responses on list 3, the
to bird on list 3 than they were themselves on list 1. Those with low spans were

actually faster to make list 3 responses than were the control participants. Rosen
and Fngle found that those with low WM showed greater effects of proactive

interference as evidenced by the greater number of intrusions from list 1. OQur

interpretation was that during the learning of Hst 2, high-WM participants were
HONSE

iy mental work required to suppress the re:

better equipped to do the nec
bath to the cue word bird so Hm they could give the weaker dawn as a correct
response. However, that came back to haunt thuw with high spans when bdth was
or {hzﬁm, retrieval of bath was much slowet.
lucted a set of experiments using a modification of

needed again in list 3 Z'rwe:':;m.ﬁm f

Kane and Engle (2000} conc
the Wickens, Born, and Allen (1963) par
ilt of processes requiring executive attention. Participants had

adigm that supported the idea that resisting

interference is a re
three trials in which they saw 10 words to re
task for 16 s, and then tried to recall the 10 words. Participants with hi gh and low

call, performed a rehearsal preventative

spans were nearly identical in recall of Hst 1 at about 60%, which is \WEH below
ceiling. However, those with low s

S8

than did those with high spans, reflecting greater proactive interference (PO for

ans showed steeper declines in recall over trials
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those with the low ¢

ns. When participants performed a secondary load task at

either encoding or retrieval, the PI function for those with high spans looked just
like that of those with low spans where P1 function was unaffected by load. Therefore,
sts that
under normal conditions, participants were actually using attentional control 1o

&

the finding that those with high spans were hurt by divided attention sugge

combat the ellects of PL In contrast, the lack of a load ellect on Pl for those with

low spans suggests that participants do not normally allocate

Endy

attention to resist

interference.

W, STM, and General N(uid intelligence

My argument is that individual dilferences in WM capacity correspond 1o individual

dilferences in a construct similar to the supervisory atiention sy

stem proposed by
Shallice and Burgess (1993) and that this is critical {or dealing with interference,
potent aii;; (h:ﬁw ting information, or both. So what is the evidence for this claim?
ngle et al. (1999 directed
M
MEemory units

One source of evidence comes from a regression stu “}y by E
at Cowan's (1995) distinction between STM and WM. Cowan assumed that ¢
is a subset of WM. re component consisting of le e

active above some baseline, whereas WM refers 1o a system consis

™M is a stora

ing of the storage

component plus an attention component. 1 submit that all WM and 5TM tasks

reflect elements of both constructs, el between WM
wuld reflect the STM component anc

&;,cm«:fcIm,uzxi}y, rariance shar

¥.:1:i<kﬂ and STM tasks st d the extent to which

cutive attention is required in the STM tasks. Therelore, the varlance left over
in WM, that is, the residual in WM tasks after removal of variance common to the

two types of tasks, should reflect an estimate of the role of controlled or supervisory
attention. Of cours

, that residual would be a conservative

stimate of the attention
a:«‘:mpwnm{ because even the common variance removed would likely include some
varfance attributable to capability fo
Iﬁlr‘zgia et al. (1999) also addre
STM, WM, and general fluid intelligence (Horn & Cautell, 1967). A connection has
en STM and intelligence (Bachelder & Denny, 1977), between
WM capacity and intelligence (Kyllonen & C , 1990, and between controlled
processing and intelligence (1 h‘:‘mwm, 1995). By Cowan's (1995} logic, one should
5 10 t'?'w extent that latent constructs for
ated,

I'M tasks as well.
out the relationship between

mtrolled processing on the &

"mwtimw ab

been made betw

be able test among those three po :
STM, WM, and controlled attention can }
Engle er al. (19

97 asked three que

L. Do WM rasks reflect the same underlying

2. Do WM capacity tasks measure something different from waditional STM
tasks f‘md, if 50, what makes them differert?

al fluid intelli-

3. What is the relationship between these
g{mm@?

onstructs and £

T

BT TNTiY ik

P T T P s e e
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germarne to the three questions

Participants performed 14 different tasks, but those
were the three WM tasks 1 described ai")wcg the thre
reflect STM, and the two measures of general fluid intelligence that 1 used as my
criteria for higher order cognition. 1 show that the three WM tasks |
described above loaded on one factor and STM tasks loaded on a
different factor. A structural equation analysis shows that whereas the WM and $TM
constructs were highly correlated, a model with separate constructs for WM and
STM™ fit the
and STM.
Although the latent variables for both WM anc
vartable for fluid intelligence, that does not tell H’}éﬁ:
ble to determine whether STM has a relatonship

simple span tasks thought to

ctor analyses
that the three

data significantly better than a model with a single construct for WM

™ correlated with the latent

my logic is correct, one should be a
with intelligence separate from that of WM or whether the relationship is driven by
¢, removal of the variance common to the WM and
dual from WM that reflects controlled attention.

controlled attention. By that logi
S5TM constructs would leave a1
The model that results from this common factor removal is shown in Figure 161,
The boxes reflect manifest variables or specific tasks, and the numbers and arrows
pointing to those boxes reflect task-specific ervor variance, The circles represent

e

latent variables (i.e., hypothetical constructs), and the numbers and arrows between
ion coeflicients.

+5 and between circles reflect standardized reg

rectangles and circle
Solidl lines reflect significant links and dotred lines reflect nonsignilicant links.
When the vi 5 the WM and STM latent variables was removed,
the correlation between the ;:'a’fﬁ;i(ia,\:d remnaining from the WM wariable and the
i 7). However,

ANCe Commaon

viticant (.4

construct for general fluid intelligence was substantial and
the residual from the STM variable, which by my log
did not significantly correlate with intelligence. Although measures of WM capacity

¥ B B } ki

}mm 1 include only error,

are certainly not pure, these vesults are consistent with the idea that the laten
vartable resulting from those tasks reflects a mechanizm one might think of as
executive attention and that that mechanism is strongly related to general Huid
intelligence.

Antisaccade Task

#
Shallice and Burgess (1993} proposed that the supervisory attention system (5AS)
hema generated by the relatively automatic

comes into play whenever the action s
contention scheduling system conlli
the automatically elicited re
goals for the situation, SAS leads to increased activation of the more appropriate
action and that can lead o inhibiton of the inappropriate action.

ask is almost perfectly suited to model this feature of the SAS,

ith the goals of the current task. Thus, ii"

sponse ina given siiuation does not fit with the current

The antiss
In that task, the partcipant must vespond to information presented to either side

source of the relationships. If
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Path mode} for relationship among 5TM, WM, and gF. 5TM = short-term
memory; WM = working memory; gF = general fluid intelligence; OSPAN
operation span; RSPAN = reading spon; CSPAN = counting spon; BSPAN
backward span; FSPAND = forward span with dissimilar words; FSPSANS
forward span with similar sounding words; RAVENS = Ravens Standord
Progressive Matrices Test; CATTELL = Cattell Foir Test of Intelligence; * =
significant path. From ““Working Memory, Short-Term Memory, and General
Fluid, Intelfigence: A Latent Vorioble Approach,” by R. W, Engle, 5. W. Tuholski,
1. E. Laughlin, & A. R. A. Conway, 1999, Journal of Experimental Psychology:
Géheral, 128, p. 324. Copyright 1999 by the American Psychological
Association, Reprinted with permission,

i

i

i

of a display. However, just before the information is presented, a cue of some type
oceurs to the opposite side of the display, The relationship is perfectly lawiul; the
cue always predicts that the target information will ocour on the opposite side of
the display. However, the cue is designed to naturally capture the parnicipans’
attention, so the prepotent tendency is to shift gaze to the wrong side of the display.
Optimal performance in the task requires that this tendency be blocked. As a control,
most experiments also include a prosaccade condition in which the cue occurs on
the same side of the display as the subsequent targer. Thus, the prepotent tendency
to look at the flashing cue lacilitates processing of the target when it occurs in the
e condition. Roberts,
he prosaccade condition

prosaceade condition but hurts performance in the antis
Hager, and Heron (1994) showed that perlormance in
was not hurt when the participants also performed a concurrent memory load task,

However, performance in the antisaccade task was substanuially hurt by the load
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task. Participants who were also performing an auention-demanding concurrent
task were much more likely 1o sh ﬁ their eyes to the cue and then not be able 1o

icient processing of the target when it occurred on the opposite side of

do suff
the display.

I my logic about individual differences in WM capacity corre
a :“(::fhmon"' i

sponding to

differences in the executive attention i, correct, hc we C‘Mm% 1 see

between performance : :
cade task. Specifically, participanis with high and low WM WEH not c’;liﬂa:.r on ihc‘z

&

prosaccade condition. However, whereas both groups would be worse on the antisac-
cade condition, participants with low WM span would be hurt much more by the
need o maintain the geal 1o look opposite 1o the cue and 1o block the prepotent
response to lool in the direction of the cue. Kane, Bleckley, Conway, and Engle {in
st this prediction. I the first study, participants

press) performed two studies to te
with high and low spans were tested in prosa
trial bepan with a central ixation that persisted for a I“~ tmd of 200-2,200
was followed by a blinking =" which was displayed 11.33° of visual angle randomly
to the left or right of center for a wotal of 250 ms. In tiw; prosaccade condition, that
cue was followed by presentation of a B, P, or R in the space hmunediately above
the asked vl the response,
Participants were to press one of three keys indicating t.hat h‘.h’zmity of the fetter. In
the antisaccade condition, the letier and mask were displayed 11.33° of visual angle
from the fixation point to the side opposite the cue. Saccade mndukai‘m was a within-

de and antisaccade conditions. A

5 and

I

" The letter was displayed for 100 ms and then

subjects vartable with hall the participants doiog the block of prosaccade first and
hall doing the antisaccade first,

There was a three-way interaction of WM group, saccac
cade conditions performed first,

> condition, and order

de condition; we examined each of the sa
Figure 16,2 shows the tme to identify the letters for the saccade condition performed
first, and one sees that the predictions were supported. Participants with high and
low WM did not differ in the prosaccade condition but, although both were slowed
in the antisaccade condition, those with low WM were slowed substantally more.

wed above reflects the fact that, whereas participants

The three-way interaction mentic
with high WM were relatively unalfected by order of task, participants Wil}‘ low spans

who performed antisaccade first were significantly slowed to ng‘fitxr‘x‘mgnu saccade later
That is, once they had adju
sful in blocking the pre
ing cue, they persisted in that tendency even when it was maladaptive o do so in

ed to the antisaccade condition and wese moderately

dency o look in the ¢ i‘!‘ ction of the mislead-

potent te

the prosaccade condition. This is similar 1o what 15 referred to as perseveration

ents another one of many

obe damage and repres
for participants with low WM and

hehavior in individuals with frontal-

instances in which the pattern of performance
patients with frontal-lobe damage is similar (Engle & Oransky, 1999),

't

fn the second study, pardeipants’ eye movements were monitored during perfor-

mance of an extended set of antisaccade wrials, As with the first study, those with
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Response time in the letter fusk as o function of span group and soccade
condition, ProSocc = prosaccade fask; AnfiSece = anfisaccade tosk.

1000
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e 800 1+ @ low span
.?;;w k4
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E "
o 600
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@
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200
ProSoce AniiSace
Tersk

tow WM were substantially slower to perform the leuter identiflication than were
those with high spans. The eye movement data in Figure 16.3 show thar those with
low spans were much more likely 1o follow their reflexive predisposition and look
in the direction of the cue. Increasingly over trials, they were slower to make the

initial saccade.

After 10 blocks of antisac
of prosaccade trials with explicit instructions ih xt mé‘ letter would now be presented
in the same location as the cue, so they should look in that direction when the cue
occurred. They also had a block of practice wials on prosaccade. In spite of those
elaborate instructions and the practice trials, both low- and high-span participams
made a substantial number of errors on the inital saccades in the prosaccade
. However, those with low WM made more
28) than did those

ade r"'fali:;, participants were presented with a block

condition by looking away {rom the cu
des in the wrong direction (n
with high spans (mean proportion errors = 20). Further, the initial saccades for
those with low spans, both correct and incorrect, were slower. In fact, those with
low spans were as w]ww to initiate prosaccades as th isaccades
in the previous block. This was not true for those with high spans. Thus, participanis
with fow WM appear to have greater difficulty establishing and maintaining a set
to behave in opposition to a prepotent response, but they also have greater difficulty
e it changes so that the formerly

proportion erro

“,

ey were 1o make ang

2w

abandoning that set when the task changes, e
prepotent response is NOW appropriate.
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Proportion of initial eve movements fo the misleading cue in the antisuccade
condition as o function of span group and block of triols.
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Antisaccade trial block

The data from the Kane er al. (in press
from any view that WM is lmited in number of items that can be stored at any
givern moment. The results also are not predicied by any view that individual
e

) experiments would not be predicted

differences in WM capacity reflect abililes and skills specific 1o the span tasks us
to measure them or that the pertinent attentional resources are domain specific

istent with a view that the
ures of WM

SLeIm

(Shah & Mivake, 1996). The data, however, are cong

i

ing different WM capacities show dillerences in number of items stored in a variety of
memory tasks, this is a result of differing ability to maintain and inhibit information,
particularly in the face of distraction and proactive and retroactive tnterference.

Stroop Task

The beauty of this view is that it leads one to consider situations that other views
would not think of as involving WM situations that require maintenance of a single
crucial goal or production in WM. i that goal or production must compete with a
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preternaturally stronger goal that happens to be inappropriate for the current
or if the task environment elicits a strong response tendency that is inappropriate
for curvent conditions, then one should see lawlul differences berween participants
i low WM on that task. Furthermore, even participants with high WM
ke under the load of another task

with higha
should sulfer on that rask if they perform the tas
le

that also demands executive attention.
The Stroop task {s one situation in which a swrong predisposition 1o make
can hurt performance on the task,

saying the word-

ask-inappropriate re
which is to #ay the color of the frk in which the word s printed. My view predicts
that perfognance on the Stroop task should r Ty on executive attention to matntain

[ the letters even when the word elicits a

the goal of saying the name of the color o
stronger response endency Lo say the name of t,h{‘ wm’c‘i Maintaining the appropriate
goal in a highly active state should be paricularly difficult when some of the trials
ier to
¢ in

sond, It is likely

are congruent, that is, the ink color and the word corres 3

maintain the goal il no congruent trials are presented, which is often the ¢

newropsychological administration of the task. In such cases, the inmediate demands

of the task serve to continually remind the participants about the goal to block the
word and to say the ink 4,:«,7301". However, it should be harder to maintain the goal
in active memory il the environment or context presents many trials on which

performance can be successiul without the necessity o maintain the goal to block
the tendency 1o say the word. Il maintaining the goal in active memory requires
mental work, and participants with high WM are beter equipped to do that work,
then they should be more likely 1o maintain the goal in active memory in such
such a contextual &*’aaf‘iz?ti?;ie:, one can test

conditions. Moreover, by manipulating
whether individual miim{mmﬁ:& in WM capacity result from a relatively pure and
ab ‘MV or whether inhibition varies with the need to maintain

invariant inhibitory ¢
the task g;;(.nzztl WM capacity simply reflects differences in ability to inhibit informa-
tion (’H’ her & Zacks, 1988), then s rin all Stroop
¢ imt if goal maintenance is critical (OReilly, Braver, & Cohen, 1999), then
icult,

n partici-

es would ocou

pan differeng

-

cortes

ences may only be observed when goal maintenance is diff

Kane and Engle (2000} conducted a study in which high- and low
pants named the color of the print for strings of random letters (om, fdimg, etc)
and color names (red, blue, or green) that were printed in the colors red, blue, or
green. The percentage of trials on which the color name and word name matched
or were congruent was 0%, 50%, or 75 ts variable. In
the 0% cmu[mmm goal maintenance should be eastest because no trials presemt
matching ink color and words, and in 75% congruent trials, maintenance should

span di ﬁ tar

and was a between-su

be maost difficult because the word name can be used to speak the color of the ink
on the vast majority of trials. Kane et al. (in press) found that tin the
color did not differ between high- and low-span participants, but the number of
15 differed substantially. As can be seen in Figure 16.4, although both groups
showed increased errors as the proportion of congruent trials increased, high- and

1O nam

21
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FIGURE 16.4

Percentage of errors in the Stroop task as « function of span group and
percentage of congruent irials,

71 High span

¥ Low span

0% cond 50% cond 75% cond

Percentage of congruent trials

low-WM participants did not differ in ervors with 0% or 50% congruent trials, It
was only when 75% of the trials were congruent that high- and low-WM subje
differed in number of errors, with low-span participants making almost twice as
rgh-span pzi;”immi‘n;s;, Thus, high- and low-span differences do not

MANY eIrors
s In all situations but only when the context

represent overall inhibitdon differer
makes it difficult to maintain the appropriate task goal,

Dichotic Listening Task

ention task in which WM capacity has been shown.to be important

e dichotic listening task. Conway, Cowan, and Bunting (n press) had
#e

anits shadow unrelated words in one ear while ignoring

Yet another a
is the venerab
high- and low-WM partic
unrelated words spoken to the other ear, The experimenters had recorded the
participant’s first name before the experi mmu, and the name occurred as a word in
again after 5 min. The question was whether

the ignored message after 4 min. and
participants would report hearing their name at the end of the study. 1 argue that
participants with high WM will be better at blocking the distracting informatipn
and therefore less likely to report hearing their name than low spans. Conway et

al. found that high- and low-span participants were equivalent in performance on

the shadowing task on trials preceding their names. However, although only 20%
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o hearing their name, 65% of those with low

of participants with high spans repo
spans reported hearing their name. Again, the conclusion is that those with low
ry to block the distracting

spans are less capable of doing the mental work necessa

information.

Conclusion

I have presented an argument that tasks of WM capacity reflect a common construct,
2y cognition, that it is

that that construct is fundamentally important to higher orde
cEis;iit'},Wiesh.,; ble from a construct for STM, and that it is at least related o, if not
isomorphic to, general fluid abilities and execwiive attention. 1 have further argued
that one partic uh Ay important function of the WM system is for keeping information
quickly retrievable and usable under conditions in which there is interference from

wation that s strongly elicited by task context but thar nevertheless would lead

inform
to a response inappropriate for the cuwrent task, I have described the results of
showing that individual differences in WM capacity are tmportant
rson could

several studies
in tasks that would not seem 10 rely on the number of things
remember but that would rely on the ability 1o keep one piece of information highly
active, WM ¢
in executive attention.

a pe

acity is not about memory per se; it is about individual difference
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