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A relationship has consistently been found between measures of worki g memory and
wsion. Four hypotheses for this relationship were tested in 3 experin
experiments, a moving window procedure was used to present the 87
span subijects did not dif
emembered word. Furthermore, the correls
wnsion was undiminished when the viewing times were partialed out. Experiment 3
compared a traditional experimenter-paced simple we

compreb

span tasks, High- and low
the tasks and the to-be
compreh
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hension but the subject-

hip with comprehension. The experimenter-paced word-s

ding
erits. In the first 2
ation-word and reading
off time on the elements of
tion between span and

revtially tr

despan and a subject-paced span in their
pan correlated with compre-

1 span did not. The results of all 3 experiments support a general

capacity explanation for the relationship between work ing mernory and comprehension,

The idea that there are limits on attentional resources or
m;um(ﬁw& memory capacity is an old one. Nearly a century
ago, James Mark Baldwin (1894) proposed attention span as
the maximum number of mental elements 10 which a child
can atiend at any one time. He assumed that attention span
is limited by neurological factors and changes, with age, as a
result of physical development in the n. The rate of this
physical change sets Eirmt on the rate of the child’s intellec-
tual development, I”mgm § (1926} field of centration and Pas-
cual-Leane’s (1970) mental power (or M-Space) appesr 1o be
different names for the same construct. Pascual-Leone, like
Baldwin, assumed that M-Space increased with age as a result
of changes in the brain that are determined by biological or
@mwm!iaﬁ factors. He argued that keeping schemes active
requires mental energy, and the amount of energy (i.e., mental
power) increases developmentally, Thus, the number of
schemes that a person can keep active increases develop-
mentally,

More recently, Case (1974, 198
development of working memory the

!

o
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proposed 4 theory of the
built on these concepts

from Baldwin (1894), Piaget 2*?%‘»} and Pascual-Leone
(1970). He suggested that much of the intellectual change

observed as a gmid mamrm z‘a; a mws conse w;m:r of the
child’s abilit period
of time, (,am
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maximum mental effort or Mepower is also assumed to vary
both within and across age groups, Within

are assumed to result largely from biological frmmsww and to be
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Aceording to Case (1974, 1985), mental operations, such
as representing ongoing motor movement or representing the
current sensory-perceptual state and comparing it with a goal
state, all require energy from the fixed pool of total resou
or mental space. Any space not allocated to the operations
can then be used for maintaining the products of this mental
processing and for representing schemes or knowledge struc-
tures retrieved from long-term memory. In this framework,
short-term storage space is then defined as the wmount of
residual space available after the person has allocated that
necessary 1o perform the mental pperations required in the
task.

Case (1974, 1985 argued that mental operations become
faster as a conseguence of biological or epigenetic factors in
development, ocour with less effor
on the total processin

e for producing differences in what
“content-free intelligence { 2).” (1974,

available. He argued that the res
1 children from 3 to E.;? vears of age
is not | %mi zm total ¢ 3}

15
( ase see mM [
mz‘%y general, M\/ g

leaves more xa:mmm TESOUITES ﬁm %mr
behieve that operational efficiency is f
stated in his 1985 book that “the £
tests of OF (operation space) and &
space) is not a highly specific one” (p. 371). We
the general pro ng hypothesis, Accordit
individual developmental changes and within-
dividual differences in intellectual functioning are the result
of a gradual decrease in the proportion of total Processing
space required for mental operations.

Case's (1974, 1985) view of M-space is also reflected in the
adult literature on working mermory. The ideas of Bace leley
and Hitch (1974), for example, parallel those of Case in
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suggesting that working memory is important (o both storage
and processing (see also Baddeley, 1986}, They argued 1 that
the central executive of wor king memory is a flexible work
space with limited capacity that is used for processing mmm»«
ing mmmhuum amj meg ?m* ;“*vmdz;mm aﬁm p 3CES

i"}m“s«‘ man and (,mm"mmu { ?&%{}4 W?:%K} also m:;sm followed
Case's (1974, 1985) ideas when describing their own view of
adult individual differences in working memory. They hy-
pothesized that working memory s used to represent the
strategies and skills used in a complex mental task such as
reading, with the remaining capacity used 1o store the resulting
products of the reading-specific operations. They suggested
that while information was being processed and the products
of this processing stored, the two functions, processing and
storage, must compete for the Hmited capacity in working
memory. Furthermore, it was argued that individual differ-
ences in reading comprehension are due to readers’ differing
in the efficiency of their processing skills. Consequently, good
readers have more functional working memory ¢ ity for
products simply because they have more efficient reading
skills. With this framework, it is predicted that individual
differences in working memory capacity are peculiar to the
particular task being performed at the moment, We therefore
call the approach taken by Daneman and Carpenter the rask-
c hypothesis.

To test the task-sy mtm view, Daneman and Carpenter
(1980} used a measure of working memory capacity that
required both processing and storage in working memory.
This “reading-span” task was really two tasks performed
concurrently. One required subjects to read series of unrelated
sentences. Howas assumed that pro ng the sentences would
limit the storage capacity of working memory. The second
task, performed concurrently with the first, was to maintain
the last word of each sentence in the series. Subsequent recall
of these words would then reflect the amount of residual
iapé‘l{:it\’ that was available after meeting the demands for
1g. The number of last words recalled against the
sround of reading was defined as the subjects’ span.
rding to Daneman and Carpenter, this me
mdividual working memory storage capacity, specific to read-
ing situations. Therefore, the performance on this task should
p-related tasks.
They found that the reading-span measure lated highly
with three different reading comprehension measures: an-
swering fact questions {r == 72), pronoun reference questions
{r = 90}, and the Verbal Scholastic A ‘mmw Test (VEAT,
Experiment [, r = 59, Experiment 2, r = 49}, However, a
simple word-span test given 1o the same m%g ects did not
significantly corvelate with any of the reading comprehension
measures. In two later studies, Daveman and Carpenter
{1983) found significant correlations of .46 and 58 between
reading span and VEAT.

Another attempt to demonstrate processi
ﬁ%;'z‘tmu;“% in working memory was reported by Daneman and

Tardiff (1987). They argued that task-specific processing skill,
not storage, 15 the real cause of individual differences in
working memory capacity and the concomitant correlation

p efficiency dif-
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with comprehension. Therefore, individual differences in
‘W«M"Mng memory can be tested by measuring processing effi-
i e when simultaneous storage 15 not re-
vy studied the relation between verbal abilities and
three ¢ zﬁwwm x;mz”s me verbal span, math span, and spatial
span. Eac essing and a storage compo-
nent, The m’{w(ﬁ 1g component of the verbal-span task re-
quired subjects to view sets of 4 one-syllable words (e.g., pang
sing wed lock) and to combine the 2 that would make the
single word that did not have a syllable hc‘;umam between
the 2 smaller words. In this ¢ the word would be sinewed.
The storage component required the uhmtw to recall the
resulting ; safter two to four sets of words had been
presented, im‘ processing of the math span required the
subject o view sets of three numbers (e.g., 26 9 72 and to
combine the two that would result in 2 numb ww divi-
sible by three, In this case, that would be 9 (O,
component required the subjects to recall the re mium num-
bers, The processing component of the spatial span required
subjects to view sets of cards, Each card contained ‘mrw ;
3 tic-tac-toe grids, with red and blue tokens occupying o
cells. The subjects were to imagine the three grids as rcpmw
senting the top, middle, and bottom layers of a three-dimen-
sional tic-tac-toe game. They were to mentally combine the
three tayers and locate the winning line by touching the three
tokens with their finger. After a set of two 1o four cards, the
storage component zﬂ the spatial-span task required the sub-
y recall the winning lines for all the cards in “t}”;ij 56t
ponding to the three span tasks were three additional
““:azz:wmgcw free” tests that measured performance on the proc-
g component when recall was not required.

Ugmmmr} and Tardiff (1987) showed that none of the
spatial measures correlated above zero with verbal ability. For
pan and the math span, when storage was
storage component correlated with verbal ability
respectivelyl, as did the processing mnmmwm
spectivelyy. The most strikin e
g 1o Daneman and Tardif?, was that p :
ree measures correlated with
as processing performed when stor-
quired. As a result, they fual

]

o

both the verbal ¢
required, the st
(.61 and

in the verbal and math stor
verbal ability as strongly
age w

ronchuded that indivig
unts for all the interesting indi-
fifferences in comprehension and verbal ability. Fur-
rgued that the concept of temporary storage

was unnecessary in accounting for these di
fact, might mmt theoretical mimmm:mwm”{p 5049,
because only the math and verbal tasks predicted
ability, Daneman and Tardiff concluded that there are
rate working-memory resources for language- and nor
guage-based information processing,

There are several points about the Daneman and Tardiff
(1987 methods and conclusions that concern us, First, the
descriptive data indicated that spatial-processing performance
was al cetling with virtually no vartability between subjects
This reduces the ability to find any individual differences in
their task. They do mention Hm*{ performance on the spatial
task predicted other spatial-criterion measures but none of
these data were presented. \’v [ mimm the y ity for sepa-
rate verbal and nonverbal resource pools (of, Wickens, 1984),

w;im
thermore, they ¢
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but this view cannot be supported using the data from Dane-
man and Tardiff,
Second, it is probaby)

not prudent to s:ma ctly compare the
three tasks they used. Turner and Engle (1989) showed that
the difficulty of the processing portion of the span task is an
traportant variable driving whether a task predicts compre-
hension, Thev found that only moderately difficult 1
both the reading- and operations-span tasks, were suc
in predicting comprehension {see also Just & fmrmmeh
1992). Daneman and Tardiff's (19877 tasks were not equated
for difficulty. The accuracy data showed that the spatial
processing was easiest. Math-processing accuracy was nearh
one standard deviation below spatial processing, and the
verbal component was nearly another standard deviation
helow that. Therefore, one of the reasons that their tas
have differed in predictive power is because they also di
in task difficulty.

Third, Daneman and Tardiff (1987} made the argument
that performance in the processing component of the verbal
and math spans accounts for all the variance in verbal ability,
This is because the correlations associated with the storage-
free tasks were as high for the tasks requiring storage. How-
ever, they did not statistically test whether storage-free proc-
essing accounted for the same variance in verbal ability as the
measures obtaimed when storage was required. If their hy-
pothesis s correct, then the correlations between verbal ability
and the storage and processing components for the task
requiring recall should disappear when the effect of the task
requiring only processing is removed. Unfortunately, in this
case, even if t partial correlations were computed, the
results would be suspect because their storage-free verbal and
math tasks relied heavily on temporary storage, and for the
tasks requiring storage, the span score is totally dependent on
the processing tas ihiects conld not recall an item correctly
in the span task if they had not performed the processing
component correctly,

Finally, Daneman and Tardiff's {1987} verbal-processing
task placed a very heavy emphasis on word knowledge. Many

ered

3

of the sir able words and most of the combined to-be-
wmwmhmr’mi words were low to very low in frequency of

usage. Individuals with poor word knowledge would be un-
likely to ever arrive at sinewed given sine and wed, thus, their

re, and
showed

gdge. Dixon, LeFe
“T‘Wii?ﬁij(!@%}m‘m ¥"m e, WMH?!“M.M%( antor (1990) s
ge i ignificantly to the re
?m% memory and comprehension, above
wen the effe “word knowledge are mini-

ship between we
that occurring wi

mized. It would not be surprising, therefore, if the verbal-
ing component accounted for varlance above and

Proc
seyvond that contributed by the math span.

An alternative explanation for the relationship between the
working-memory measure and comprehension is that people
are good readers because they have a larger working-memory
capacity, independent of the specific task being performed, If
that is true, the working-memory span should predict higher
level tasks requiring working memory for their successful
) gardless of the background task used with the
span tm! As such, the memory-span test could be embedded
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in any wwmdmy processing task and stll predic
higher level tasks. This view individual differenc
working memory as reflecting a relatively stable charact
of the subyects. We call this the general mwm » hypothesis
{Cantor, Engle, & Hamilton, 1991; Engle, Nations, & Cantor,
1990; La Pointe & Engle, 1990, Turner & E ,
Turner and Engle (1986, 1989} provided the izm evi
for ‘iho g}wwml mww y hwuu}wm ué wmkm wwmnm H”wy

acity aml compre :s‘wim is not specific 1o res di‘;’ig Proce
5 per se. They measured working-memory capacity by
using a span task in which the background or p
mmpm}ma? WAS A1 mmmm; &zmmz on, Mm,h as ;»@ / ?
we |7 SMOW” Subje
mem read a word mmu
After a series of opes

iw ﬂwmmm (m mm CARE
s had been pre
for example, (4 / 2 PEENOW, (3 % 1yt 4= 77
TABLE~the suby recalled the words that had followed
cach operation, i th SNOW and TABLE. The number
of operation-word strings in a sequence increased, and mem-
ory span was the number of words recalled.

The most important finding of this study was that the
number of Wm:i?; recatied in the operation-word-span task

mryan and if ‘xmuth*m *MU ‘«M
the operation-word-span and m;dm
tmu‘ami im i%w same variance m ¢

me:m% &/dﬁdkm} ‘immw ‘m mm @wuxm ?m SPAn meas-
ures of working-memory capacity effectively predic
vidual differences in comprehension independent of the type
essing task in which they were embedded. Similar
results have been demonstrated numerous times in subse-
quent studies (Daneman & Tardifl, 1987; Engle, Mations, &
Cantor, 1990 La Pointe & Engle, 1990; Salthouse, Mitchell,
Skovronek, & § ., 19BY),
Turner am‘i E m}if {WW) ind the replications that followed,
clearly demonstrated that the relationship between span msd
comprehension is not task-specifi

ic. However, th i
not completely eliminate the possibility that p
ciency at a more

if

;{;c;‘:mm:i% :wi drives this relationship. For
example, Daneman and Tardiff (1987 argued that there are
shal information-processing pararneters that are important
all language-based 1asks, including reading and math, Ac-
cordingly, it 18 the efficiency with which people process lan-
guage or symbolic information that determines working
memory capacity, The reading and operation spans would
both reflect this efficiency and 1 re account for the same
varance in comprehension, With this view, 1t is still possi
that processing efficiency, not storage, mediates the relation-
ship between span and comprehension.

One way of addressing the relationship between processing,
storage, and comprehension s 1o study high- and i(m 51T
individuals. Using this approach, Carpenter and Just (1989
stuchied suby of high and low reading span to a‘%um“ﬂmim
whether they ate their resources differently in the reading-
span task. They identified 6 high- and 6 low-span subjects

> movements as they performed the span

and recorded their e
task for many trials. Gaze tme in the reading-span task was
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assumed 1o rel
fou iﬁ U.m

- processing mw (Just & Carpenter, 1987).

2 nert less time reading
sting more efficient
; z‘wwu m eots. sz wmn ‘Wh}i‘h‘ 5 also
] Hw to-bi-

wmwmj mmf ¢
ity related (o
E,?xmtm DIOCEsS
information.
In an atternpt to identify the sp
%Mw«rcm high- and low-span subje
{1989 obtained two measures of proces
ﬂw wcsnm. m ma: SENRLENCes, Mwm Hw ;
encoding p
of word leng
of gaze time as a f‘mmim} ¢:13§f word f“rt:qmwcy. They found no
differences between highe and low-span subjects on the word-
encoding parar . However, high-span subjects spent
time than low-span subjects on lexical access, that is, the time
wssumed to reflect ac 1o the meaning of a word, From
these findings, Carpenter and Just argued that high-span
subdects read faster because they accessed the meaning of
words faster than low-span subjects and, as a result, had more
residual resources to memorize the sentence-final words in a
reading-span task than low-span subjects. In other wudw iw
’mm span subjects recatled more words bec
skilled processing, not Kmmm m gﬂr ater storag
The slope of the frequ
Just (1989 attributed m igmcd access mm diw differed
d pending on whether subjects were rmmmw under memory
toad. In the reading-span task, no memory load exists when
the first sentence of a group of sente ra‘m is read. Memory
load increases as each subsequent sentence in a group is read,
because there are more senten wal words 10 be reme
bered. Carpenter and Just found that low-span subject:
showed the same lexical-access parameter under load and no
load. They spent more time on low-frequency words than
high-freguency words under both load and no-load condi-
tions. Under no load, high-span subjects also g longer at
Tow-frequency words than at high-frequency words. However,
high-span subjects behaved differently under load. They spent
the same amount of time processing low-frequency words and
high-frequency words, High-span subjects apparently chose
not to allocate the necessary additional resources to the low-
frequency words in the sentences and instead chose to allocate
those resources to remembe the span words, Carpenter
and Just concluded that high-span subjects processed sen-
tences more superficially as memory load increased, whereas
low-span subjects continued (0 process sentences for meaning
as memory load mncreased. They argue  that only the high-
span subjects altered

s s of words 1o accommo-
date the strain that remembering words placed on memory
Hmitations.

One could interpret the Carpenter and Just (1989) data to
instify vet a fourth explanation of the relationship between
working-memory scores and higher level cognitive tasks, such
as reading comprehension, The relationship could vecur be-
cause subjects vary in how strategic they are in all cognitive

rpenter and Just
ng efficiency for all
han items, The word-
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resources across the two components mi m mm 1o rmmmém
their span scores. These same wi ts might alse be more
likely to use mtelligent ing so their compre-
hension scores would be lgher, iﬁ other words, the hig
subjects may just be more planful, and pot have access to
more working-memory resources per se. We call this fourth
view the strategic allocation hypothesis.

A caveat about the Carpenter and Just (1989) procedure 15
necessary. They showed that bigh- and m‘ww van subiects
hehave differently while pes v span. How-
ever, the procedure required for eve-movement analysis dic-
tated that a few subiects were tested for many, many trials on
the reading-span task. It is likely that well-practiced subjects
adopted processing strategies for performing this task that
were different from those d initially, More important, we
do not know whether the pr 'i% differenices observe
between highe and low-span subjects mediated the relation-
ship between span and comprehension. To answer this ques-
tion, they would have needed to statistically remove the
individual differences as ated with the processing task from
the relationship between span and comprehension,

One other feature about this methodology that concerns us
is that Just and Carpenter (1987) previously showed that in a
normal reading task, subjects tend to spend more time on the

=

last word in the sentence. They interpreted this increase in
paze time as e used to wrap up sentence processing. Thus,

because the last word in the sentence was also the span word,
it is impossible to say whether the exira time that high-span
subjects spent on the to-be-remermbered word was due to the
word's being rehearsed or extra time spent in comprehending
the sentence.

What Is the Relationship Between Pro
and Verbal Ability?

ng. Storage,

Several questions can be posed at this point.
low-working memory span undi
complex span tasks, also differ in their performance on the
processing components of those spar .57 Do the individual
differences on the processing components of the span tasks
account for the relationship between span and comprehen-
sion? That s, would the relationship between span and com-
prehension disappear i the performance on the processing
component was statistically removed? Is there a strategic
trade-off between the two components of the span task, such

that increases in span score are associated with decreased

t. Do high- and
iduals, as measured by the

performance on the processing component? If so, would the
%mn ummw?wm 1on rg Em - 3”1*«.&1;;} mm am ar wiwn &@ B var

T hz: g,mﬂ m? Me wmmm 5t e;g% 5 Was m e
relationship hwiww*m stOTay gw 0 e:wrmw am mmww%wmtam
i a mah n w% cessing could

;wndmm of storage. i
1o test f,,m* different hypotheses for the wu;}»mg, mem
span-comprehe mwm relationship: general pro :
specific process rategic allocation, and general capac
We assumed m;;w Mﬂ“i general processing and task-spe

i
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pre wtheses would be supported if the f‘i}i}mwmg
events occurred: (a) viewing times (VTs) for processing, even
without storage required, correlates with both span and
VEAT; (b) VTs for processing with storage also required
correlates with both span and VEAT; and (¢) the span-VSAT
"“«“&m“ixﬂwm is eliminated when the effects due 1o VT3 are
partialed put. HWH general processing and task-specific hy-
potheses would fail to the extent that these findings do not
occur. The strategic allocation hypothesis would be supported
if {a) a negative correlation occurs between accuracy on the
processing component and span; (b) a negative correlation
occurs between VTs for the processing component and span:
(¢} a positive correlation accurs between the 'V § fur ah:x 0
be-remembered span word and the span score
subjects would not change the VT on the pr wwww
nent as memory load increases, bm high-span subjects de-
crease the proc ”ﬂg time as load increases: and (e} the spar--
VEAT correlation is eliminated when the V' f*«k for the prog-
essing and the to-be-remembered word are pantialed wm The
general mp&wh’ hypothesis would be supported if (a) the
span-YSAT correlation occurs, regardless of the nature of the
processing component {(either reading or arithmetic), and (b)
the span-VEAT correlation remains significant when the VTs
for both the processing component and the to-be-remembered
word are partialed out,

The first 2 studies presented here consisted of “subject-paced,
complex, memory-span tasks in which the time to perform
the processing portion of the task was measured both with
azm’ﬁ without the requirement to recall to-be-remembered

words. The first study used an operation—-word-span  task
similar to that used by Turner and Engle (1989), and the
ond study used a re ﬂ mg-span task modeled after that of
Dianeman and Car er (1980}, In both studies, the process
ing component and i%w to-be-rernembered words were pre-
sented one element at a time using a moving-window tech-
nique. Thus, the time to process each element of the complex
tasks could be measured in the normal performance of the
span task, with and without recall required.

Results from studies using the moving-window technigue
1o explore mmm behavior have vielded results generally
consistent with eve-movement data. Just, Carpenter, and
Woolley (1982 d that reading-time data
with movi mmiim presentation share many of the same
characteristics as reading-time data when e Ve movements are
recorded, They found that mean time to view a word in a
moving-window presentati
with mean gaze duration. Fr
to assume that if the tire

for example, re por

¥ Is in
a text indicates the time spent ;)mwm w §m:«,t: Wi.ﬂtiiw. then

the time individuals spend view
window presentation of

h word in & moving-
text also represents the time subjects
spend processing thes mponents, Conseguently, the mov-
mng-window technique was mmtcim d an appropriate ;Www
dure for examining processing as subjects performed in com-
plex span tasks.

The operation-word-span task was used in Experiment |
for several reasons. We have repeated] v shown that the oper-
ation-word task correlates with verbal abilities in general and,

ing eac

reading comprebension specifically, as does the 1 reading.

FOCANTOR,
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task. In addition,
monitor, and ac
task is much easier 1o measy

the difficulty of the task is much easier

0
curacy of processing on the operation-word

© than processing in the reading-
span task. Finally, the operation component can be con-
structed so that the same number of clements is used in each
operation, mazi“ ing it easier to compare processing time on
the elements of the processing component. This was particu-
farty important because we wanted 1o compare the PIOCessing
time on the elements of the operation as memory load in-
creased. We also argue that i the goal is 1o measure worki

o]

operation span is pre f‘m’ai%‘s
ful performance of the r
depend on specific pre :
reading-comprehension tasks,

et Ew reading-span task. Su
Gt dm,@g span 15 much more likely to
mmon 1o those used in general

Experiment |

Merhod

Subjects

“lasses at the Uni.
s credit, Subjects were
1 permussion for the release of their
ma;ﬁ;w of comprehension skills, 10
5 from the 200 to the
ere defined as 200
. and 601
mal vision and we
- Bubie ;Ma cre included in the study i their accuracy
in the ssing portion of the span task remained above ;
correct, Three of m» original subijects failed 10 keep their operati
aceuracy above o and were therefore replaced,

versity of So
‘aé"k“(:h‘ d
‘M? C

Stimuli and Procedures

All stin uiz were presented centered on a
P&/ Model 50
shown on a bl

&

VA monitor of an TBM
omputer in 1d-point type, printed in white and
ok background. Al vasks were programmed with
Micro Experimental Laboratory, Prereles ion 120 (Psy-
chology Software Tools Inc., |
Two lists of common, one-sy
20 words and one with b6 wor
knife. and clown. A pool of 13
the following constraints: (a) The first component of the aper:
mcluded two numbers that were either multiplied or di
numbers for the first component ranged from | 1o ,”2('
resulting answer ranged from 1o 10, (b)) The see
mvolved either addition or subtractio
ranging from 1w 9 () The final answer w
number from |10 9. An example of the type of operat) is “(6
| = The operations were similar to those in the
rately difficult condition of the Turner and Fngle (1989 hucdy.
Operation-word span wsk. The span sk (e, with recally re-
quired subjects o pace they AN operation siring. wiw
the operation, and then read an uny uhma! word, Each time s :
pressed the plus key on the numeric kevpad, the next part ol
operation was displaved. These operations v shown in fi
{a) the left parenthesis and 2 number, (b a raultiphication or division
sign. {0} a number and the right parenthesis, {4} an addition or

able words were generated, one with
ds. Examples of mm:h o are raste,
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1 one to nine
" W}zm this answar
?M keys zero

e,
ach part of the operation-word
I imu &;ma::m* o a‘.i lh»:“ entir

SO h of tiw e wu parts of an
Emwfmm ‘m firy

tion, solving it, ar

eading the word were
d as guickly and as
ately to the aperations as they could,
an eperation aloud as iU appeared on the screen, spoke and typed
their answer to the operation, and then read aloud the unrelated word
that ended the operation-word sequence. Subjects pressed a kev as
soon as they had read the word, which in iated the first part of 4 new
operation or displayed the prompt “Recall Words.” If the recall
prompt was presented, subjects attempted written serial recall of the
words from the umx"mmm}, preceding group, They were given as

much time as they desired for recall and were encouraged to guess i

UNSUTE.

The number of ewm*mt o~ word Sequence

varted from two to six with 3 trial

the span task consisted of 15 trials, The order of presentation of these
trials w&m;&mlmm; mi@n;: vent subjects from being able 1o antic
the number of onkd have to remember on any given
trial. Furth
operation-word pairs,

Mvs {mm:w tri um of Ihrw operation-word sequences were given
egan. The experimenter modeled the task on
trial, «md the subject performed the task on the
seeond practice trial,

Operation task without recall. For this task, subjects solved 20
numerical operations each of which was followe hj» an unrelated
word, They were instructed not 1o retain the words, Subiects paced
through the operations in the same manner as the span task, but
there was, of course, no recall cue. Tiw times spent viewing each part
of the operation, answering the problem, and reading the unrelated
word were recorded.

= presented before recall
en at each level, Consequently,

g mndividualty onoall tasks mnoa single Whr
on task withowt recall then on the opera-
tion-span task. An experimenter remained present during the entire
1on o ensure that task instructions were being followed.

Resules

Scores on the VSAT and quanttative SAT (QSATY were
used as measures of verbal ability and math ability, respec-
tively, Possible scores on each of these tests range from 200

00,

Span measure. A word was considered correct if 1t were
recalled m the ;x;"mm nate trial, ; of its position
within that trial. Owver riormance was then deter-
rned by totaling the mmtw of words subjects recalled from
those trials on which all words from the trial were correctly
recalled. The madmum span score using this method s 60,

Viewing time.  {(a) Operation task without recall; Mean
VTs were computed for each subject for each of the five parts
of an operation string, the answer, and also the word, Al

The last part of

went viewing each of

They spoke each part of

o, t’dﬁfﬁ‘i subject received a different random order of

though subjects received 20 operation-word sequences in t;ﬂw
operation task without . the initial 4 s
weated as practice and those data were omitted
analyses. (b)) Operation-word span: Overall mean times
the operation-word-span task with recall were computed for
each of the six parts of the operation and for the 1o-
remermbered word, For each su W’ (a(“% w%mwmwm Cond
uted to these m ean ‘M scores, (¢
load: When su
operation-word
ather words, and cor

!

S

3 5 @midwm w0
be zero, How er, as they encountered each subseguent op-
eration : : zmm ts were trving to remember previ-
ously presented words., Thus, memory load increased by a
factor of one as each operation—-word string was presented.

To determine the effect of memory load on processing
strategy, VTs on the span task were analyzed as a functon of
the number of words the subjects were trving to remember at
the moment, Mean time o respond was calculated for each
part of an operation-word sequence when it was presented in
the first, second, mmi MNM f fth, Méii sixth @1&{;}:@;‘&‘5;&1&& within
a trial, regard af
group size of the trials led m the mean M et
subject, including 15 observations for the
operation-word sequences within a trial, 1
position, 9 for the fourth position, 6 for the M‘i,h gﬁia:‘:mm:‘mm ang
3 for the sixth position.

Task accuracy.  Accuracy for the storage-free operation
task was the percentage of correct answers out of the las
problems given. Accuracy for the operation task with recall
was the percentage of correct answers 1o the operations out of
the 60 mm subjects solved in the n task,

Analyses

It is often the case that Cronbach’s (1957) distinction |
tween experimental and correlational methods and anal
extends 1o the study of individual differences in
ing memory. One approach is more analy
(ANOVA) oriented. This approach is 1o identify sub
high and low scores on complex span tasks, treat them as
independent and how * roups, and see whether the
two groups behave differently 10 one or more task manipu
lations {Carpenter & hmi 1989 Just & Carpenter, Hi%’;
Whitney, Richie, & Clark, in press), This approach lends tiself
to studving the effects of d %m nt independent vartables, but
has several deficits. Grouping sy Mum throws away Mﬁslﬁ
information about the variability of subjects within each
group and all those subjects in the middle whose data were
discarded. It also s m ifficult with this approach to study
the contribution of the variables to common and unique
VATIAnce.

The other approach, more correlation-oriented, 15 1o study
subiects over the entire range of working memory ity
and to study “'“i&ziia‘v%mm among other variables of mterest
and the extent 1o which they lead 1o unique and common
varance (Cantor, Engl m & Hamilton, 1990 Daneman &
Carpenter, 1980, 1983 Turner & Engle, 1989). We feel these
approaches are stron when

together and, conse-
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quently, use ther both here to answer different aspects of the
central question,

Processing Differences Between High- and Low-Spar
Subje

If processing efficiency is an tmportant variable in distin-
guishing high- from low-span subjects, then these subjects
should differ in the speed with which they solve the operations
in our tasks. Moreover, if Daneman and Tardiff (1987) were
correct in assurning that storage is an Unnecessary component
in uncovering these differences, then the time to perform an
operation when no recall is required should distinguish high-
and low-span subjects with the same power as the processing
measure when storage is required.

To test this issue, 20 high- and 20 low-span subjects were
identified, based on their recall scores from the operation span
with recall, Mean VTs (in milliseconds) for these subjects
were submitted to a three-way ANOVA, with the variables
being task type (recall required or not required), task com-
ponent (the six parts of the operation plus the to-be-remen-
bered word), and span level (high and low). Any post hoo

Storage Free Task (without recall)

2800 -
2400 -+
2300
2200 -+
2100 -
2000 -+
1900 +
1800 -+
1700 -+
1608 -+
1500
1400 -+
1300 +
1200 +

’g 1100
1000 +
Q00 -
BOO -
700
BOO ; f i ¢ ¢ : f |
(=  #y - # o

- High Span I Low Span

el

—ed @D E S

i

word -

analyses were computed with the Tukey Honestly Significant
Difference and, where reported, reflect significance at least at
the .05 level,

interaction of Task Type » Tas
FU6, 228y = 2,65, p < 02, M5, = 3
are worth noting. First, in the storage-free that is, the
operation task without recall—high and low subjects shov
the same pattern of VT across all components of the task.
Even though the high-span subjects appeared to be shightly
faster overall, there were no statistically significant differences
between high- and low-span subjects at any of these iask
components. On the operation-span task requiring recall, the
high- and low-span subjects were even more similar on the
components of the operation task. However, VT for the span
word was quite different for the high- and low-span subjects
when recall was required. Low-span subjects only increased
their VT for the span word by & nonsigmificant 112 ms. High-
span subjects, however, increased time on the span word by
538 ms when recall was required. This suggests that bigh-span
subjects differentially allocated their processing time across
the two tasks, but that low-span subjects did not.

al points

Span Task {with recall}

2500 T
2400 -+
2300 -+
2200 +
2100 +
2000 -+
1900 -+
1800 +
1700 /
1800 + [+
1500 -+
1400 -+
1300 +
1200 +
1100
1000 -
900 -+
800
700 -+
600 ; 1 \ ‘ :

#  x #y - & =

LEa s o

BH e I -ER o~ oo

word -

components of the operation-word pairs

Figure 1.

Haperiment 1

Mean viewing times for low- and high-span subjects in the operation task with and without
recall reguired and as a function of the elements of the operation and the to-be-recalled word
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In this same light, high-span subjects significantly increased
their Vs on the firgt component of the operation when recall
was required, but low-span subjects did not, We suspect that
subjects were rehearsing the to-be-remembered word both
when the word was present on the screen and when the firs
component of the next operation was being displayed. This
would suggest that one difference between high- and low-span
subjects is the amount of rehearsal they use, We recently
argued that rehearsal does inflate the span score, but does not
drive the relationship between span and abilities (Cantor,
Engle, & Hamilion, 19913, We return 1o this issue in the
correlation analysis, which is more suited to answering this
question. For now, the punchline of these analyses is that the
storage-free processing task does not distinguish between high-
and low-span subjects. Additionally, although the Processing
times on the background operation task show differences
between high- and low-span subjects, these differences seem
to reflect processing of the to-be-remembered word, not the
operation itself,

It should be noted that the analysis produced some other
statistically significant effects, all of which are best explained
in the context of the previously mentioned ¢ se-Way inter-
action, Overall, both high- and low-span subj

{

o=

than on other componen
task component, FLo, 228) = 40,42, p< 01
In addition, subjects took fonger on the ﬁ;
recall than on the storage-free task, F(1

ME, = 7715383,

an task requiring
s 7?}* 2 - ,iﬂv

Viewing Times as a Function Of Memory Load

When subjects were presented with the first operation-
word string of a trial, memory load was zero because there
were no previous words to maintain in memory. As trial
length increased, so did memory load, Subjects were presented
with up 1o six operation—word strings before recall so MEemaory
toad varied from 0 1o 8.

Our previous analysis indicated that high- and low-span
subjects differed in their time on the to-be-remembered word
when recall required, High-span subjects also spent more
time on the first component m the operation when recall was
required, However, the remaining components of the back-
erm task did not differ between high- and Jow-span sub-
lects, and a preliminary analvsis based on load alse showed
no effect for the other components of the operation. As a

the operation w
thme spent viewing cond through sixth componen

A three-way ANOVA was performed on mean VTs
function of span (high and low), operation part (first operation
component, composite of remaining mmmﬂmt 8, «md to-bi-
remembered word), and memaory Jos
shown in Fi 2, reflecting
action, F(10, 38 ;

There is one |
The major differe

e av

\s,«u:‘iy m tere

be-remembered word, Low-span subjects showed peak per-

formance on the to-be-remembered word when load was at
and then the VT declined with increased load, b ligh-span
mhjm ts spent significantly longer on the word than low-span

subjects at loads 2 Hamu,ﬁsh 5. Unlike what would be predicted
M the task-specific hypothesis, processing times on the oper-
ation did not distinguish high- from low-span subjects, All
other e Es;,a%m this analysis were significant except the overall
main effect of span (F < 1). Because these effects are not
meaningful E‘.‘mym‘m the context of the three-way interaction,
they are listed but not d :a‘:m*&m further. The significant effecty
were operation part, F(2, 76) = 347, p < 001, M5 ”Hg@ 4;
the Part % Span interact mm F(2,76) = 4, “a,g’ JE
631,474; the load main effect, !(**z 190} = 16, M ,w <
‘ : Taction, M“» 1903

935,900,

M ong m% i v’émr iﬁmz i%fw two analyses presented to this
point, it is t%m high- and low-span subjects do not differ on
the pro g component of the operation-word task, p -
less of whether storage is required. How they do differ is in
the amount of time spent on the tw-be-remembered words,
High-span subjects simply @@wm more time on the words
when recall is required, and the ase the time on the
words, as memory load increases, more than do the fow-span
subjects,

But these analyses do not tell us whether the typicatly
observed correlation between span and verbal ability is a
wwn m‘ SOME hmm rsﬁfﬁlamf 3 in ?%m fhlzﬂwwm ial time on the

: ammﬂw nsion tasks, If
i‘.his; is iz*mm then N‘m specifically tmportant abow
mdividual differences in wm"iami.) memaory capacity and com-
prebension. Furthermore, i the time spent on the words s
factored out of the relationship between
sion, that relationship should disappear,
answered using correlational procedures,

This question is M 5t

Correlational Analysis

Descriptive statistics. The desc atistics for VEAT,
QBAT, the absolute span score, and task acour ACY are reported
in Table |

Span rel mﬁw’ﬂ
posite scores w

A reliability score based on thre
as computed for the operation-

oR SO
san task, In

Table 1

Dese ‘r;‘j‘m‘r;’ Statistics for VSAT, QSAT, Absolute Span Score,

amd Task Accuracy
Minimum Maximum
Measure M 50 SCOTE seore

VEAT : 210 680
OSAT 98.3 260 Al
Absolute spg 252 9.2 4
Task 'y

Operation without recall  98% L6

Operation with recall G 2.8

Note, VEAT
guantitative §

I SAT (Scholastic Aptitude Testy, OSAT
§]
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received three trials each of two, three,
four, five, and seration-word sequences, Three separate
scores each reflecting the total number of words recalled from
one trial at each group level were caloulated. Thus, sach of
51 5 was made up of performance in
ach group level) of the span task,
liz y score tor the span task, as determined using
Cronbach's alpha, was .74,
1y data. Did accuracy in performing the operation
(m“zmm*m bear any relationship to span score, comprehen-
ston, or both? Correlations among task accuracy {for the
operation task without recall and the operation task with
recall}, VEAT, QBAT, and the span score were caleulated.
These corvelations are reported in Table 2.

Accuracy in solving operations in the operation task with-
out recall did correlate with VSAT and QSAT despite the
ceiling. on operation accuracy. But OSAT and VSAT were
highly correlated in the present study (.69), and when QSAT
was controlled, the correlation hmww VSAT and operation
aceuracy was nonsignificant {r = 17, p » 05, Performance
in the operation component ut the m%k with recall did not
correlate with VEAT or QSAT. if accura eflects processing
efficiency, the Daneman and Tardiff } hypothesis would
predict that performance on the pr mg component should
predict the span score, However, the span score was not
related 1o operation accuracy in either task,

Correlations between working-memory span and compre-
hension.  The main goal of this study was to examine the
refationship found among complex memory Span measures
and comprehension as indexed by VSAT. The questions
addressed with the correlation analysis, therefore, were
whether a relationship existed between the operation-word
span and VEAT and, if so, whether processing time in the
span task drives that relationship.

A significant correlation of .34 ( p <2 .05) was found between
VEAT and the number of words recalled in the operation-
span task. This correlation is slightly smaller than found in
previous studies, but is consistent in indicating that working
memory, as measured by complex memory-span tasks, sig-
ificantly relates to comprehension as indexed by VSAT.

Although span was correlated with VSAT, {1 was not corre-

tated with QSAT in the present study {r = 21).
Correlations  among  viewing times and comprehen-
sfon. Carpenter and Just (1989) showed that high- -$Pan in-
dividuals spend less time on the processing portion of the
tasks and more time on the words than low-span individuals.
This suggests that the VT on the operations should correlate
with span and VSAT performance. Moreover, aceording to
the task-specific hypothesis, there should be a negative corre-
lation among operation VTs and span, and a negative corre-
lation among operation VTs and VSAT,

Storage-free operation task.  Correlations among VTs for
the operation task without recall, VSAT, and QSAT are
reported in Table 3. The VTs fl::u" the six elements of the
operation without recall were all significantly correlated with
VEAT and QSAT. However, these times were not correlated
with span. Furthermore, the time subjects spent viewing words
was not correlated with VSAT, Q8AT, or span. Remember
that the words were not to be recalled in this task. Owverall,

the span task, subjects

5

Table 2
Correlations Among Task Accuracy, VSAT, OS,
Epan Score

17, and

Task accuracy

Operation Operation
without recall with recall
et A8
A5 20
A 20
Note, VSAT LSAT (Scholastic Aptitude Test); QBAT

mmmim%iw s 74,

FE KIS

the important correlations to note for the operation task
without recall are those among the VTs, VSAT, and sparn,
These correlations ranged from — 31 (o - 51, indicating that
subjects with higher VSAT scores responded faster 1o opera.
tions. However, the time spent viewing the operations ©
ponents was not correlated with span, which ranged from
=01 to .20,

Operation task with recall required, Hw corre mm)m
among VTs for the operation-span task, VSAT, a
are reported in Table 4. With few exceptions, the res
similar 10 those with the operation task without |
ing times for the elements of the operation were significantly
refated to VEAT and QSAT at almost the same level as for
the storage-free operations. A partial correlation controtling
for QSAT was .21 and not significant { p> 08), which supges
that math ability probably underlies the relationship that was
found between VSAT and time spent Processing operations
in the span task.

Again, contrary to the Daneman and Tardiff (1987) frye
pothesis, the Vs were not correlated with span. The corre-
lations among VT's and memory span were all nonsignificant
and ranged from ~07 to 01, indicating that VTs on the
operations were not related to the number of words recalled.

What appears to be important to performance in the span
task was the amount of time subjects spent on the to-he
z‘*ﬁmc:a“néwwd word, Time spent on the word was correlate
29 {p < 05) with memory span. This correlation indicates
that as one Emgm expect, the more time subjects spent on the
word, the more words they recalled. If this relationship was
bought at the expense of time spent on the operations, then
the correlations between time spent on the parts of the oper-
ations and span should have been significantly negative, !
of these correlations were above .1 and none we sgnificant,

The real punchline of the present study is revealed in the
correlations among the VTs, span scoves, and VSAT -
icant negative correlations, which ranged from — 29 m ;
were found am umc: spent on each part of an opers mm
and VBAT. However, the time spent looking at a word was
not significantly :e'rzwia{cd with VEAT, Take ;
correlations indicate that the higher an individual's V§
score, the faster that individual was in proceeds
operations, Hmww
more mm
VEAT

To summarize, subjects who adopted a strategy of looking

ults were
1l WView-

3

o1 together, ¢

AT

i

ing through the
ngh \/‘Mf wé m 15 md not spend any

at the words longer recalled more words in the operation-




Table 3

Correlations Among Viewing Times for the Operation Task Without Recall,
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VSAT, QSAT,

Ciperation task without recall

word

Note.
*p o “(m

word-span task, regardless of how much time they spent
viewing and solving the operations. However, subjects with
higher comprehension skills were no more likely 1o adopt a
strategy of looking at the words longer than were subjects with
tow comprehension skills,

Partial Correlations

Another way to determing the extent to which processt
important 1o the relationship between working memory
and T is to conirel for the fime that subjects spent
processing information in the operation-word-span task, The
question was whether the relationship found between span
and VS5AT occurs because of the speed with which individuals
process information. I the sp or efficiency with which
individuals process information is important to the relation-
ship between span and VSAT, the relationship between span
and VEAT should disappear when the time spent pre ing
operation-word strings 15 partialed out.

Controlling for the time spent on the components of the
operation in the span task and looking at the relation between
span and VSAT still resulted in a significant partial correlation
{r= 363 F(I, 67 = 1007, p = 05 I rehearsal were a
common factor in the relation found between span and
VSAT, then the correlation between span and VAT should
decrease significantly when the time subjects spend rehearsing
words 15 he
rehearsal time for subyjects 15 the time sub spent viewing
the word in an operation-word sequence. A partial correlation
was computed between VSAT and span, holding constant the
time individuals spent on the worg he resulting correlation
was 38, F(1, 67y = 11,35, p< 05, and not significantly higher
than the zero-order correlation of 34, That this partial cor-
relation between span and VEAT was significant suggests that
rehearsal is not important 0 the relationship found between

Table 4
Correlations Among Viewing

constant, In the present study, one measure of

Times for the Operation Span Task, V.
J I

span and VEAT, These partial corre Muwm imply that the
relationship between span and compreh 1 exists over and
above the relationship that span and VSAT share with time
spent processing the operations and reading the words.
1 earlier, mm » may have also rehearsed the
ced at the first compos
hey were viewing the
w:mi{ xm: 3 §§ nmﬂ wmn on Kmm the word and also the first
part of the operation indicate rehearsal, and rehes i a
commaon factor in the relationship that occurs between span
and comprehension, then the correlation between span and
WVEAT should be weakened when time on the word and on
the first component of the next operation 18 contre
composite score for the time spent on “#" and the
was calculated and partialed out of the relationship of VEAT

h? H«% jw {Af?
the Daneman and imdx% *}M’} hypothesis,
significantly larger than the zero-order corre

but was not
ion, This par-

corre mfim It ahm mpwm 8 ﬂw Mm zﬁm r |
in a span task may weaken the relationship between span J‘i:\d
comprehension,

Discussion

High- and low-span subjects did not differ in
performed the storage-free operation task.
requirement to recall, highe and h;n«ww g
differ on the time spent on the of : mng af‘a‘,‘é%‘"ﬂgw
nent. They did, however, spend difterent amounts of time on
the to-be-remembered word, Although high- and low-s gma

the way they
Even with the
mects did not

U O8AT, and Span

Oyperation span task

Measure {# # word
‘w SAT G5

T - 44 *
'“* STIATY - {34

Note, VAT =
* e 05,

= verbal SAT (Scholastic mmmdw Test): OSAT

quantitative SAT,
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subiects spent about the same amount of tme proces i
to-be-remembered words when there was no memory load,
as load increased, the high-span subiects increased time on
the words more than the low-span subjects,

The correlational an: sshowed that VT on the operation
component, both in ii‘w ’%‘Mm;ﬁ#‘ free version and when recall
was not required, correlated with VSAT. Even when the VT
on the operation was partialed out, the correlation between
span and VEAT was still significant. There was also a corre-
lation berween the amount of time that subjects spent on the
to-be-remembered word and the span score. When this was
partiated out, the correlation between span and VSAT was
still significant. So, the correlation between span and VSAT
went from 34 1o 36, to 38, to .41, as more and more of the
processing times were partialed wm These resulis are quite
counter to the view that processing efficiency differences
mediate the relationship between span and comprehension
and therefore fail to support either the general processing or
task-specific processing hypotheses. We also show no evidence
for the view that strategic allocation of resources accounts for
this relationship, On the other hand, finding that the reading-
comprehension measure correlated with the operation—word
span and that the correlation remained significant, even with
processing time for the operation and for time spent rehears-
ing the span word partialed out, clearly supports the general
capacity hypothesis,

Experiment 2

We just argued that the operation-span task is actually
better than the reading-span task for testing general working-
memory resources independent of specific proce
results of Experiment | support that contention. It mmki be
argued, however, that the results of this experiment are pe-
culiar to the operation-word-span task and would not ;
alize to other forms of complex working-memory tasks, such
as the reading span. To head off this concern, we conducted
Experiment 2 in which subjects performed a version of the
reading-span task using a moving-window presentation for-
mat. We were interested in whether V'Ts were different for
high- and low-span subjects on the processing component and
storage component, Unfortunately, in the version of the read-
ing-span task developed by Daneman and Carpenter {1980),
the to-be-remembered word was part of the j{m}mmmg come-
ponent, Therefore, we zm‘*xj a w«emimx mf ti‘w m‘idmg span in
which the 1o-b
pendent of the Ld !l‘mm.z: zmd I. agi« { ‘)W}} showed
that this version {rmmia’tézﬁ with VSAT . if the to-be-
ra‘*mmx‘fwx"m words were three to four syllables in length, and
4, 1f the words were a single syllable in length.

Method

Subjects

Seventy introductory psvehology s articipated for class
credit, They were not the same mxi::m:e 5 uwd in the previous experi-
ment. Sut L 1ed on the basis of the same intervals
used in B 1. Because of the small number of students found

nerunent
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in the lowest VEAT interval (Le., 200-350), 7 students were tes
that interval and 13 stude ere tested 1o the next 1o lowest interval
{ 350400, Ten sulby

rts were tested in each of the remaining intervals,

Stimudi and Procedures

Subi
send
WL z‘mh’ 3:

) oo wm
s,

“,uzwmﬁm%i 1&
ples of words used inclhude
20 and one set of 80 sentences
mw M 'imt m;mwi recall of the wor were oho
W{} anzwm 2% anid were 116 words in
- sentences were developed for
for the task without recall, and
k.

20 sentences
ed by a word
5 paced
mg the plus sign key on
,cl the kev, & word was

ayed if the
example se-
v church door.
u’M wﬂwwmﬂ

ety read
as follow

unrelated 1o ihv:
through the ser

‘ "‘m% wmnm mzrmg ms: mi ﬂmw&mm WErE
6,9, 14, 17, and 20,

entence-we il seguences
i ch word was

WEere hww mm"j
Sentence-word-span task.

Subjects paced through sentence-word
seguences and were asked questions as in the other task, Tn addition,
subjects recalled the words S’%‘“diw«'m;g the sentences after reading a
g emword sequen

wips of two (o six senten

Trials were ¢ ~word sequences, and
there were four trials at each group size. Trials were randomly ordered
HO ii m @zm}m% WO % ﬁ not &w ahh: to anticipate u;w numiber of words

e he ‘ s, To ensure
&hat sz:shjr:m Were pa vi:z“n;ggg atfam‘xia‘m o the sentences they were reading,
a true or false que The question asked
about one of the sentenc e
tation of sentence-word se

Subjects paced throy
as in the task without recall
presentation of a display of *
were 1o write down the words
were given as much time

Rw d ? Words,”

at which time subjects
2 that had followed the senten ey
15 they needed and were told 1o try to write
the words in the correct serial order and to guess if unsure,

After subjects finished recalling the words, they pressed a key 1%1;}
initiated the displav of a ; on about one of the
y sponded 1o the question
by pressing either a key on the numeric keyvpad labe T for true or
one labeled F {or false. After their response, they pressed a key to

i

&
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wuim the next trial of sentence-word sequences, One practice irial of
mrm sen mmwm{i seguences and a question were given before the
span task was begun.

Results
Scoring

Span was

saleplated in the same manner as in Experiment
1. Viewing time was recorded for each word of the sentence
and for the to-be-remembered word, Because the sentences
ranged in length from 11 to 16 words, it was not possible 1o
obtain the mean time on each component of a sentence, As
a result, we derived several measures of VT that collapsed
sentence length,

Cxperirsent | showed that high- and low-span subjects
»11;i“fum§ i their time 1o view both the first component of an
operation and the to-be-remembered word. Consequently, for
the current experiment, we calculated the mean VT for the
first word of the sentence, the mean for the last word of the
sentence, a composite mean for all the words in between the
first and last word, and the mean for the to-be-remembered
word. Thus, there were four Vs for each task,

For each task, the proportion of correct true or false answers
stions about sentences was calculated, Accuracy was
above 85% for both tas n AMNOVA with span and task as
variables indicated no differences in accuracy between high-

Task Without Recall
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é 2100
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Figure 3.

It
Experiment 2.

Jects.  As mm k

Mean viewing times for low- and high-span subj
1 required and as a function of the elements of the sentence and the t

and low-span subjects or across tasks and no interaction
hetween these w;&ria“ﬁiw&; Ml M WD ﬁw& than 1.0,

¢ and low-span sub-
i, 20 hwh and 20 low- w;um
ﬂmjmg, the m;

mumm
”M e ;‘}

mh ec m were zdwm

«imi imw)@ Mmm wam or WHE‘MM recs iﬁu m:&d .‘.szmumw v;:a‘nmmw
nent (first word, middie words, last word, and to-be-remem-
bered word),
"'!"“fkm most im {)M’mm outeome of this analysis is depicted in
; [ Span x T

{}ﬂ 11\ M;wrm"twat Ti ﬂww Was 4 ﬁmr“ MEAsUD
without recall that di "tmgimhm high- from low-spa;
mects, However, this measure was not part of the sentence.
High-span subjects spent significantly longer viewing the un-
related words following the sentences. This was surprising
hecause the words did not have 1o be recalled and this task
¢ presented before the task that required recall, 11 1s
gk 15 used the time when
the span word was pr nal sentence wrap-up
time hecause they were to answer questions about the sen-
tences later,
In this same
sociated with

sk, the processing-efficiency parameters as-
reading sentences did not show a difference
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betwes
the

n high
ssults of
inst the notion 1 M?
sroin individ wi
when storage 15 not
When recall was reg
cantly longer on the nm wmd ni w
span subjects. This is also consistent \MH Hm
periment | and probably reflects different rehea
by the high- and low-span subjects, When recall was required,
high-span subjects also spent more time on the final words of
sentences than did low-span subjects, Similar findings were
reported by Carpenter and Just (1989), but in their task, the
final words were also the wo-be-remembered words. We have
controfled for this confound and still find that high- and low-
span subjects differ in the tme spent on the final word of the
sertence,
veral other imp
Time spent on the | :
both high- and low-span subjects w%tw m‘w%i Wi NECOssary,
relative 1o when recall was not required, Hm wmdwtm ‘1
wnificant 'Em% Twpe > T

This finding parallels
i fence

and iww&mzm subjects,

fil|

ortant effe i‘ an be see
inal word

ithigcts are v

0 ¢ under an extrancous memory load
less time

in the wrap-up ﬁ?mw of sentence pro-

o4 main effect of span, with i"ugh *;;Mﬂ
ihjects wivwi;m longer than low-span subjects, F{1, =
M fM pe O, Wﬂi m 4,983, There was also a «"vaama eﬂm
W, FE T 288, p o= 03, M
' sk O wﬂmnwm,
st described
d further,

tion and are not 4
e found no evidence for the notion that

’ ~es individual differences in work-
Y, rage reguired, There do
ppear to be differences when recall s reguired, and these
differences are found at the first and last words of the sentences
and for the to-be-remembered words., We next look at how
these parameters are affected by memory load,

Viewing rimes as a ‘,n%wm;« o of memory load.
for the sentence—we i Mw% wWere mmzm
way ANOVA with 1 ;
{{“iv‘ 53, HM task cor

e
Mean Vs
10 g three-
L load,
and

e

‘ ] %ﬂ) RS
: MH“M;)*? hww that % igh- and low-span sub-
e first word of th TIeE da? erently as load
an wuiﬁjaatgiw showed only a shight increase in
§ 1 increased, whereas high-span
ts showed a more prec ; Hous increase with load. The
second z'w'w? %%"ﬂ'@w that high- and
the same amount of tme on the words in the mid
ETICE, z‘ame:i m%zt%m:x‘ showed any change as a fu
foad.
The time spent on
task was guite

subjec

L
i

-span
{1980) and

(1989)
time in-

Just and ﬁ'.‘“f] e I%h‘
Ravner, Sereno, Schmauder, and M.mn
showed that when reading zmmm? sentences
creases for the last word, This

AND WORKING MEMORY

up thme used to fnsh pr
was no memory load it
subjects spent exac m the

sing of the sentence, When there
present study, high- and low-
ame amount of tme on the final

free sentence-word task, As the memory load from
the to-be-remembered words increased, however, “‘M for the
high- and low-span subjects dive Low-spa ]
not spend rmuch more time on
under no load, High-span &mig ;
much more time on the fnal word under load than umiw o
toad.,

Finally, as with the previous
span, high-span subjects spent sig
to-be-remembered words than did low-span subjects, Again,
we suspect that this difference, along with differences associ-
ated with the first words of the sentence, reflects rehearsal
strategies. Particularly interesting is the time spent on the to-
be-remembered word, The pattern of Vs for | ang low-
span sublects, ac memaory load, looks rernarkably similar
to the results of Experiment 1, and we reexamine this finding
i Experiment 3.

it should be noted that the memory-load ana
experiment showed all effects to be statistically
Because the are gualified by the thre
tion, they are v Hsted here w%ﬁ&h@m dise

the s1ora

riment using the a"af‘){*raaz"mx‘}
rificantly longer viewing the

V515 fwr mm

hjects, FLI, 38) = EM gw«» U
ere also significant main effects
190) = 11.66, p < 01, A
ponent, F(3, 114)
inter mm‘% with load,
296,283, and with fa:
2,979,186, and the ‘"3 an K ’Emk 6““(‘3;"@"1;‘ )
mteraction was also signaficant, FUE, 570) = 6.30, p < .01

frnalvsis

Correlational
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on elements
tow-span s‘»‘uiw 18
whether any of
tween span and verba
from all 70 subjects we

L '*H;wm' statistics.
in Table 5 for VSAT,
for the questions in the
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Span reliability.
word-span task, calcula
Cronbach’s alpha, was (89,

Accwraey data. Did accuracy in answering
about the sentences bear any relationship 1o span
comprehension, or o §’mﬂ YCorrelations among tash y
{for the sentence-wor w mﬂmm r{:a‘taﬁ and ‘MN“; frmm%ib
and %% :m;‘% i%w £33 ‘ :

Ctime
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snship bee
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a composite of the
midedle words, the last word of the sentence, and the to-be-remembered word as a function of memory

the storage-free task accuracy and span accuracy.

Correlations be

sion.

vy sentence-word span and comprehen-
The span score in the sentence~word-span task requir-

that is now well established. It should be pointed out that this
is not statistically higher than the relation between the

operation-word span and VSAT in Experiment | (&= 23, p
o 05,




Measure M S Minimum Maxiroum
280 680
o 65
()
O

Table
and ¥ ] §
words recalled in sim Mhm iﬂz kocorrelated positively with
processing time on both the stor ; :
and the task requiring recall, H
to spend more time

sher span individuals tended
ewing the words in the sentence and
the to-be-remembered word, regardless of whether recall was
required. The time spent processing sentences did not, with
one minor exception, correlate with VSAT.

Partial corvelations.  Although the results show that time
spent on parts of the sentences ami the to-be-remembered
word predicied span, the real question s whether those differ-

e accounted for the relationship between span and VEAT,
L, 2§‘3e’;~ correlation between span and VSAT remained
; ant and essentially uncha P when the VTs for all
‘im mmgmm nts were partialed out of the correlation. Remov-
ing the covariation attribuiable to time on the first word,
i’i‘}édaihx words, last word, or to-be-remembered word——either

gly ¢ ol natiorn rorm the correlation between span
and VE, % did not ¢ gnitude of the correlation.
Remember that the zero-order correlation between span and

WHAT was 40, When the VTs for all four
removed, the partial correlation was still 40

variables were
and significant

Discussion

High~ and low-span subjects did not differ in the time to
read the sentence portion of the storage-free task, When recall
was required, b siects spent more tme on the first
word of the stoword of the sentence, and the
to-be-remembered word, When mer load was zero in the
sentence-span task, there was no difference between high- and
low-span subjects in the tme spent on the to-be-remembered
word, As memory load incr cased, high-span subjects increased

Table 6

Intercorvelations Among Span, VSAT,

In general, the number of

ING AND WORKING MEMORY 987

the time on the tobg-
jects §

remembered word, but low-span sub-
1owed only a stight increase. These results were nearly

:wrwwm wm} %;m hm mm wm "‘MM Wm
partialed out of the relationship between span
, the correlation was virtually unchanged,

and Y&/

Experiment 3

We argued that some short-term rm&wmm (%’T‘M? ‘mﬁzﬁw
encourage low-level rehearsal by using ¢
same small pool of words over and over. Thes !
the relationships among STM capacity and measures of hig%ﬁm‘"
evel cognition, tiadly, rehearsal inflates span, and the
span score then would zmé: reflect the number of f ;
structures th
do not afford rebearsal.
supported this notion b
a traditional word-span task wim‘h Y ;md wrm abilities
when an unlimited pool of words is mm“&g Z *c‘i without replace-
mmm such that no word is repeated i > span test {Cantor

=t al., 1991 Engle, Nations, & mam Wi}: La Pointe &
ifim‘ e, 1990). z‘u‘!x:ﬁiﬂcwmﬁ;,a, we showed that when the recs
BOE e broken down by serial position,
scores on the first feﬁw items (i.e., those that are most likely to
be rehearsed) do not correlate with ability measures. Hmw -
scores on end-ofthe-list i\im&m those imw xm

=

) “siur et \E

For this %wmmw% we adapted
use with the moving-window tec hmg
measure m«: mmmm M time

M oword span for
50 that we could

OUT assum m ong e%E“ﬁéﬂ,i? zha: ciﬁ‘mm of rehearsal on the span-
comprehension n»“immxm%*nw are correct, then three m:m ,ﬁ(ﬁm‘&;
should be supported. First | performance or ‘
paced task should be iwhw than on the rapidly pac m Ver wm
typical of word-span tasks, becanse the former would encour-
age rehearsal,
be no correlation between word span in th
and VBAT, Third, if ¥'T is also an indicati
then the time spent viewing words should 5
with VEAT,

cond, because of this rehearsal, there %;i’zc'mH

and Viewing Times Across the Different Tasks

Task without reca

Task with recall

Measure First worg Middle word Last word TBR word First word Middle word Last word TBR waord
Span 07 RV ik A4 G R
VEAT A4 it 6 -t . Nt s

WVEAT = verbal SAT (Scholastic Aptitude Te
K e 3]

= o-bee-rgmerbered. N os 7L
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Subjects

rolina students who re-
ed 10 have their SAT

rsity of South
ipation and a
sity records,

Subjects were 40 U
ceived olass credit for g
scores verified from unive

Design and Materials

Subjects completed two, simple word-span tasks: one that was selfs
paced and one in which the words were presented at one word per
second. Presentation of the two span tasks was counterbalanced.

The to-be-remembered words were presented in H-point type in
the center of a color monitor driven by an IBM PS/2 Model 50
computer. They were presented as white letters against » black back
ground and were read aloud by the mk‘z et I%w:‘i tasks were pmm
grammed with MEL {(Psychology So "wzw "l"em m " ‘}%}w Two
lsts of 168 common two- i
The two lists were counte

Experimenter-paced word-:

it «i’(l,&f\i‘ Words were displaved at a
one word per second rate, with the order of words rando i for
£ac %’1 subject. Triads ranged from three w eight words in Jength, with
five trials at each of the lengths, The span task iwmn with three words
per trm? and progressed to eight words per I Five tnals were
completed at a given length before the number of words in a trial was
increased. After a group of words, a question mark was displaved in
the center of the screen, and subjects were 1o write the words in the
correct serial order. They were given as much time as they needed
for recall,

Subject-paced w an task. This task was identical to the
standard word-span task, except that subjects pressed a key 1o view
each word of a single trial and the question mark that cued recall
The time spent viewing the individual words was ree
commputer, but subjects were not informed of this until {Mﬁim m

Results

IFiNg

The span score and VT was measured and scored in the

sarne manmer as in the previous two experiments.

Reliability of the Span Score

Reliability was measured as in the previous experiments,
except the composite score included one from each length (3~
83, and there were five such composites, The Cronbach’s alpha
was 92 for the experimenter-paced task and 91 for the
subject-paced version.

Descriptive Statistics

The dese wuw

statistics for both tasks are presented in

ers to the average time spent on the
ignoring serial position and trial length. As predicted,
subjects recatled more words in the subject-paced task than
in the one that was experimenter paced, £39) = 2.34, p < 05.
We suggest that this difference reflects the increased oppor-
tunity for rehearsal when the task is subjeet paced.

NTOR,

ANDY I CARULLO

Table 7

Descriptive Statistics jor VSAT, Standard Word Span,
subject-Faced Word Spon, and Viewing Times

Measure Ad S0 Mindmuwrn Maximum
S02.70 11870 290.00
49,60 20.60 23.00
8760 24770 1900
AE 136 104

{Scholastic Aptitude Test),

‘*f mtt&g m

Note, VEAT = wverbal SAT
times are in secornds.

lewing

The 12 highest and 13 lowest span subjects were selected
from the self-paced task, The experimenter-paced and subject
paced span scores for these subjects are shown in Figure 4
The high-span and low-span subjects mm‘m’rzwﬂ very m €
ently under the two conditions, High-spa
their recall when given the opportunity to sel the
However, the low-span subjects showed a '
zwazli ﬂmdw self- wwd ‘wmmmm 'sz"

M ) span, ﬁ{‘
i ,m the interaction of
,.} 1, MS, = 201.0.

Viewing Times

Assuming that the time subjects spend viewing words
the span task reflects rehearsal, we next examined whet

100
High Spans Bl Low Spans
B0
M
<]
@
1]
R
@ BO
o
&
I
i
@
¢
40 -

E paced & paced

Task

¢ 5. Mean w recatied as a function of task for low- and
m&h -span subjects in Experiment 3. (F = experimenter: subiject.)




PROCES

; ing on span size and mem-
;A %(WA wis computed on mean Vs
Span (high or low, based on the subject-paced
i} aim% ?‘w’im‘i‘u:}srﬁ/ Load (0-7). The results, shown in Figure
ﬂ”ﬁ‘ﬁm’“? the significant Span x Load interaction, F{7, 161)
2 M J R M M = 1,406,592.9. As load increased, high-
spar time spent on words at a {aster rate
than !ww i These functions look strikingly similar
to the results in Experiments 1 and 2. We argued that those
differences indicated differential rehearsal strategies, and we
believe that the viewing times on the STM span reflect the
same stralegies,

It should be noted that this analysis produced a significant
main t:ﬂ‘m*t for span size, F{1, 23) = 438 p < 05, MS, =
7, and for memory load, F(7, 1613 = 3.90, p < 01,
MS, = 1,406,592.9,

P
3

Correlations

The zero-order correlations among span in the standard
word-span task, span in the subject-paced task, average time
onwords, and VAT are presented in Table 8. The traditional
word span mmmgmmf correlated with VEAT (r= 49),

We predicted that the subject-paced span task would en-
courage rehearsal, and the corresponding span score would
not correlate with VSAT. We also argued that VT was an
indication of rehearsal and would also show no relationship
A . Both of these hypotheses were supported (s = 21
and 03, respectt

The only score t}
items recalled in the standard word-span task. In addition,

Sott-Paced Word Bpan

v Migh Spang

Lo Spang

TROO
OO0 -

a 1 2 3 4 & & 7

Memory Load

Figure 6. Mean viewing times for Jow- and high-span subjects as a
function of memory load in Experiment 3,

wat predicted VEAT was the number of
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vle 8

Correlations Among the Standard Word Span, Subject-Paced
Word Span, Mean Viewing Time in the Subject-Paced Task
and the VSAT

Standard  Subject-paced  Viewing
Measure Span “span time  VEAT
Standard span
Subject-paced span -
Viewing time -2 A

VEAT ADw 21

Note, VEAT =
* e 05,

= verbal BAT (Bcholastic Aptitude T

partial correlations showed that this relationship did not
change when controlling for the time spent on the subject-
paced task (r = .49} or the number of items recalled on the
subject-paced task (r = 46), FEven when both of th param-
elers are controlled, the correlation b

etween span on the
experimenter "mmim fed task and VSAT did not significantly
h,mf;*»:"* w

imw fk ﬁwwm%
wiﬂ mwd pr M:W;;w on in &i 1 hm 2 Mwwu «im m)t eliminate

; C recalled and
sentation

er, in Lw{mmm% 3, self
ehiminated the correlation,

It is our contention that even ﬁmmgh reh
in Experiments 1 and 2, as was ev mh
VTs for the to-b W:Mmi WO
rupted by regular, p
ground task, We m ter mmw %mi Hw mmx:m“fwm m Emw
many iems can be retained when those items oceur in the
context of frequent shifts of attention 1o other areas of merm-
ory are an important aspect of what the comples working-
mermory tasks are measuring.

General Discussion

The primary goal of these studies was 1o test four hypotheses
about the relationship between the number of items recalled
in complex working-memeory i,& s and reading comprehen-
sion as measured by the VSAT. The general proce: ing hy-
pothesis assumes that individual diff 5 on tests of work-
i ( v in the efficienc
specific ?w;‘wh :
COUT e mui

g

resuly wi"
K ifwamu,

s;ﬁﬁ“&c‘mm‘%‘ in mc: mu ez? op ‘
performed at the moment. The strategic Minmmm I
assumes that the span-V8AT correlation ocours he
individual differences in the intelligent use of
cognitive tasks. The peneral a‘:;’mm t\r %‘w;‘mxm i
Turner and Engle (1986, 1
correlation occurs bec

variety of WMK di Imm Wi hm mw Y
Both Eﬁiw general processing and 1as »*‘W*

4 ow (&) a relationship Ew%wm ﬁm

asures of proficiency in the processing component of the
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span task and VEAT, (b) a relationship between the processing
component and span, and {¢) that the relationship between
span and VEAT is eliminated when the me i
skl was partialed out. In Experiments | md 2, wﬁrmmmw
on the storage-free processing component did not distinguish
between high- and low-span subjects. When the Vs on the

minished, This strongly sugg
for those pre es and at that level of difficulty mmmmd
here, contributes in no way 1o the relationship between the
working-memory span and comprehension,

T support the strategic allocation hypothesis, it would be
necessary 10 show (a) a negative correlation between performe
ance on the processing component and the span score, (&
positive correlation between time on the to-be-remembered
word and the span score, and (¢} that high-span subjects
traded off processing time for time on the to-be-remembered
word more as memory load increased than did low-span
subjects. The only one of these findings observed was the
positive correlation between the time on the w-be-remem-
bered word and vecall of that word, However, there was
actually an increase for the high-span subjects in time on the
processing components compared with the low-span subjects,
at least for Experiment 2. More important, when the VT on
the processing components and the time spent rehearsing the
to-be-remembered word was partialed out, the relationship
between span and VSAT was stll significant and undimin-
ished, Counter to the predictions of the strategic allocation
hypothesis, high-span subjects seemed to be able to make
task-sensitive adjustments in the allocation of their resources,
whereas the low-span subjects did not. As memory load
increased in all three experiments, the high-span subjects
continuously increased the fime on the to-be-remembered
word and, in the second experiment, on the elements of the
processing task as well.

Owerall, the data appear to rule out the hypothesis that the

relationship between working memory and comprehension 18
mediated by individual differences in the efficiency with
which individuals perform procedures reguired in the task or
in how they allocate their resources. Differences in the time
spent on the elements in a complex span task—due either to
the efficiency wzm which individuals process information or
to more conscious use of resource allocation strategies while
performing cognitive tasks-—do not account for the relation-
ship between span and comprehension. The correlation be-
tween span and VSAT ocourred both with a complex task
requiring reading and one requiring the solution of anthmetic
strings, More important, this relationship was not reduced
when vanance attributable to virtually every other element in
the complex task was partialed out, This supports the general
capacity hypothesis.

that processing *;M} tle zm

A General Capacity Architecture of Working Memory

Before we present our ideas about how individuals vary in

working memory, we must talk briefly about our vision of

the structure or architecture of working memory. The ideas
presented here parallel theories proposed by Anderson (1983),

IO CANTOR, AND

| CARULLO

‘”m wmd@ mmd ’iélifmw% ey M‘M!‘; Ei owan H ‘QWQ

mwj Just and

consists of fi‘,mm m.,m gﬁ}cmxmy OF Permanent maﬁm
fong-term declarative memory that are currenth
term memory 18 that information that is v
surface level of coding and is within ‘W’m

Short
doat g

in the syste
drives the systermn, Working men
edge units that have recently h

or inhibition.

A further c::mw:f‘i?
be essential in ever ]
away from the current twﬁ!&@’m M% as a mwi& i ‘“u'xzmmm
or distraction, then back to the task to recover the relevant
task information and status of task variables at the time of
interruption. There are various ways this could be imple-
mented under either svmbolic architecture, such as AUT™, or
connectionist architecture. Schoeider and Detweiler (1987)
proposed, as part of their connectionist model of working
memory, a context-storage mechanism that o im. a set of
information by the context, broadly defined, in which 1
occurred. This mechanism would allow for a mm& larger
working memory and for the recovery of information that
has been flushed from consciousness by new Hmmsm ing
information. Another notion that appe ;
function is the concept of retrieval s structure prop
Chase and Ericsson {1982). Retrieval structures ar
based links that allow rapid access of information in long
term memory, thus extending the contents of working mem-
ory, and have been most clearly demonsirated in the o
of individuals with skilled memory. Regard
tiation of this feature, we assume that there
either the number ¢ stexts or the number of inks resulting
from the limitation in total activation.

What is the role of processing under this view? We assi
that procedures only mak neds on working o
the extent that {a) thev are v learned that
declarative memory is required for a production to match the
contents of working memory or (b) the procedure produces
intermediate and final products that must be
temporary declarative memory unit in workin .

How does this theory allow for individual differences of the
type demonstrated in this article? We assume that individuals
differ in the total level of activation available to their system,
The armount of total activation available is an abidin -
acteristic of the system and would change relatively littde with
changes in the knowledge structure, Thus, an individual might
develop a knowledge base that would allow the use of retrieval
giructures to drastically increase the amount of information
stored and recalled. However, an analysis of retrieval would
show a relatively small number of links at each level of the




hierarchy szewski, 1989, Broadbent {(1975)
and Schneider MM Detweiler (1987) provided further support
for the view that working memory limitations are still ob-
served even when those limitations are extended or apparently
clrcumvented.

We would argue that complex working-memory tasks, such
as those used here, measure the amount of activation available
to the individual on a moment-to-moment basis. The tasks
all demand that the individual attend to the processing com-
ponent, then to the span iem, then to the processing com-
ponent of the next sentence or operation and then back to
the span item, and so on until recall is reguired, This models
the very feature we just described, and we would argue that
the number of span items recalled in this context reflects the
amount of activation available for malntaining the temporary
structures for retention of the span items while concomittantly
switching attention back and forth to other interpolated activ-
iy,

The Role of STM

Does the simple span task tell us anything about individual
differences that is important to higher level cognition? We
would argue that some forms of the simple span task reflect
individual differences in the use of articulatory coding. To
the extent that articulatory coding is important to the higher
level task, the simple spans would predict the ability of the
biect 1o keep information active at this superficial level of
ding. The digit span is not a good measure because it is
ive to rehearsal, grouping, and recognition of patterns
s, and these elaborative strategies
are probably not geperalizable to cognitive tasks, such as
reading. The word span, running digit and word span, and
probed recall of digits and words (Cohen & Sandberg, 1977)
probably all reflect the amount of information that can be
kept active using articulatory coding,

The evidence for that assertion comes from two of our
previous articles, Cantor, Engle, and Hamilton {1991) assessed
the relationships among complex span measures of working
memory, measures of 8TM, and comprehension as measured
by the VBAT. Bubjects performed six tasks: a digit span: a
wmi span; a reading span with words; a reading span with
y probed-recall tasks, one with words and one
its. The probede-recall task presented subjects with a
%um‘a list followed by a cue to recall the first 3, the :’smmnc}

r the final 3 items in the list. We assumed, following
ohen and Sandberg (1977), that the initial three positions
would recetve the most rehearsal, but the final positions would
most accurately reflect the information maintained in an
active state without rehearsal.

Adlof the tasks, except the digit span, correlated with VSAT,
This included both reading spans {digits and words), the
simple word span, mm the probed recall of the last positions
for both words and o1, a tactor analysis showed
that the simple sp s and probed-recall tasks loaded on
one factor, wh omplex span tasks loaded on a second
fa: o oshowed that composite scores
rariable, and the working-memory vari-
:ntly contributed variance in VBAT, Together,

e
that are idiosyneratic to digl

e}

g

formed for the STM
able indepe
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the two variables accounted for 42% of the variance in VSAT.
This suggests quite strongly that STM and working memory
are separate structures and that individual differences in both
are important to comprehension. Another finding that is
relevant to this issue comes from a series of experiments
reported by La Pointe and Engle (1990). They showed that
articulatory suppression, which presumably eliminates the
articulatory code, caused the correlation between simple word
span and VSAT to become nonsignificant, but bad no effect
on the correlation between the complex span and VSAT, This
suggests that individual differences in the use of articulatory
coding account for the relationship between the simple word
span and comprehension, but not for the relationship between
the complex span and comprehension.

We would argue that the $TM variable i mwm@mm in
comprehension because of the retention of surface-leve
such as the exact words of a recent clause or phrase (Jarvella,
1971; Bachs, 1967). The working-memory variable is impor-
tant in building the mental model or gist of the developing
story. Greater working-memory capacity would mean ﬁm& an
individual could comprehend a more complex story, retain

subtle subplots, even if irrelevant 1o the main wle and
mm@u related propositions, even those separated by time
and context,
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