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of South Ca

terrn memory (3TH) spans, ST probe-recall tasks, and
21} spans was used fo s3sess the relutionship betweon STM
o5 independently relate to verbal ahilitics,

cx working memor

and Wi, and to tesi whether these measu
Factor analysis indicated that scores on the STM spans and probe-recalf tasks loaded on g
§'e;s:%<‘f that was distingt from the W spans, and regression and part correlutions showed
Terent factors accounted for separate varlance in the Yerbal Scholastic Ap-
ie%zség §€5§ (YEATY These resulis provided evidence that STA snd WM are different
cognitive constructs, hoth of which are impodant o verhal abilities. It was abso shown
ihat within $TAT measures, rehearsal can obscure the refuationship between STM capacity
and abilities. For example, in the {??f“ﬁ? recsll tasks, only performance on final st itoms
correlated with VSAT, and it was argued that these tlems were the most recently repre-
septed in STHM, but had the feast zwgss‘s*%;mif; i be rehearsed. Bt was also sugpesied that

n words, and we found that a STM word span comrelated
s did not. Punthermore, in considering cach serinl position
in ;he f}m‘ ms correlated with vorbal abilities when di ,szih were
sed as stmuh than whes we were used. These results converge on the aotion that
rehearsal drives down the corrclation 31{ woen 5??&% capacity and abilitics, *53‘ féf.ﬁig iowas
concluded thut STAM and WA 3
seent fo be impuriant in :

sasks, the best mwsswe s one i

{ immediate memory distinguish between the sine
> swi-term memory (8TM), and the more complex
ions of an active working memory (WM} {Anderson,
y & Hitch, 1974; Daneman, 1987, Daneman &
s fraditionally been viewed a3 a temporary

i3 af items can %@a mgii’s;a%s}s,é using simple
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with a limited amount of attentional
essing and manipulating © of information,
s of these processes. The capacity of
WM m %aﬁﬁ iﬁs?iii‘éi ed in such complex behavior as problem Si}z‘éﬁiﬁh and
reasoning (Anderson, 1983; Baddeley, 1986; Baddeley & Hitch, 1974), reading
comprehension (Carpenter & Just, 1988 Daneman & Carpenter, 3%3 % 983;
Engle, Mations, & Cantor, | Turner & Engle, 1989}, and even general
inteiligence {Danemun, 19874 < Daneman and Tardifl, 1947, Larson & Al-
derton, 1988, 19901
Eﬁémia%u and Ilitch €1974; géhﬁééeé the first e:
tiere is a unitary nmediale memory system of distinct subsysicms. §‘*;} rea-
soned that if there were 2 %%sg:,; limited-capacity memory for all cognitive
activity, then, by ioading memory with 2 simple STM dig it task, subjects should
be prevented from completing the more complex mxis of ressoning or com-
prehension. 1. on the other hand, there were separaie memories for simple and
complex processing, then maintaining digits should not resuit in reasoning of
comprehension deficits _Interestingly, they found that foading memory with ihree
digits did not affect concurrent task performance, but a six-digit joad showed
some impairment. Arguing iEEéi f%f: capacity of STM is approximately three or
four itemns (see also Broadbent, 1975), their findings implied that retaining small
numbers of digits and performing more complex verbal tasks do not rsi}f entirely
on the same cognilive fﬁsmmu
Baddeley and Hitch (1974) posited a tripartitc memory with a central WM
processor, and (wo slave sysiems. The central processor is the core of iﬁ%%ﬁ%iﬁ%{e
memory, in which sophisticated processing and subsequent storage compele for
limited atientional resources. it is the central resources of WM that are most
important to complex cogn tive activity. There are also syslems subordinale 1o
the ~eniral mechanism, onc of » %zs%& is an articulatory mechanism analogous io
verbal STM. STM has its own limited capacity, and maintains items using a
phonologically based rehearsal loop. Unless STM is disabled, or its capacity is
exceeded, it can keep a §z§ﬁ§§f:é amount of information active independently of

and

nnirical work testing whether

nd Hitch (1974) provided a model in which §TM and Whiseem io
i‘ﬂ%}‘éiggé“?% and ﬁnffﬁiés%;aé that the processing arena of working

arly 3%@;@?*&;@;& o ;igﬁif level cognition. With this premise,
g would be a more important factor in éﬁéﬁ;éaé;
s than would STM. Consistent with this notion,
, differences in STM processes—such as encod-
r chunking—do not distinguish between high and
siew, Cohen & Sandberg, 1980; Dempster, 19815
rast, measures of WM have consistently predicted
tasks. For example, Daneman and Car

~ubility subjects {
Perfeui & Lesgold)
scores on a variety ©

complex verbal
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penter (1980) developed a WM reading-span measure in which subjects read
aloud a series of unrelated sentences, and then recalled the last word of cach
sentence. They argued that maintaining words while reading activated complex
processes and demanded storage in WM, so that the number of final words that
could be recalled in this fask was a good indication of WM capacity. In the
original work by Daneman and Carpenter (1980), and in several subsequent
studies, measures of WM strongly predicted s variety of verbal abilities measures
such as the Verbal Scholastic Aptitude Test (VSAT), standardized reading com-
prehension scores, the ability to recover from garden path passages, and to make
inferences about nove! words from context {Baddeley, Logie, Nimmo-Smith, &
Brereton, 1985; Daneman & Carpenier, 1980, 1983; Dancman & Green, 19865
Masson & Miller, 1983; Tumner & Engle, 1989). Moreover, the WM spans need
not be reading related. When the sentences in the Daneman and Carpenter (1980)
task are replaced with mathematical operations, WM spans still strongly corre-
late with verbal comprehension (Engle et al., 1990; LaPointe & Engle, 1990:
Salthouse, Mitchell, Skovronek, & Babeock, 1989; Tumner & Engle, 1989,

During the past few years, our own lab has concentrated on finding what 15

“special” about the WM tasks that enable them to distinguish high- and low-

abilities subjects, and how these tasks differ from traditional ST M spans. We
nave found, however, across several studies, that the STM and WM spans are
surprisingly similar, Both, for example, are effected by word length and word
knowledge (Engle et al., 1990; LaPointe & Engle, 1990). Although the WM
spans are usually stronger predictors of abilities, STM and WM mcasurcs buth
significantly predict verbal comprehension (Engle et al, 1990; LaPointe & Engle.
1990) and are internally consistent (LaPointe & Engle, 1990).

We do not know why we generally find correlations between STM span and
more complex tasks whereas others do not, but we can speculate on what we
believe are the important differences between studies. Much of the earlier work
on STM focused on processing characteristics such as encoding time, rehearsal,
and search rate. Although these parameters may be important in STM, they do
not seem to be good predictors of differences in sbilities {see Cohen & lHealih,
1990: Cohen & Sandberg, 1977, 1980; Dempster, 1981; Perfetti & Lesgold,
1977). Our STM span is a more global capacity measure bascd on the number of
items recalied. When only this type of capacity measure is considered, there is
some positive evidence for a relationship between STM and abilities (Cohen &
Sandberg, 1977, 1980; Das & Sui, 1989; Dempster & Cooney, 1982: Engle o
al., 1990; LaPointe & Engle, 1990), Although there is also some negative ovie
dence (Chiang & Atkinson, 1976; Daneman & Carpenter, 1980; Turner & Engle,
1989), the consistency with which we find a relationship leads us to argue that it
is theoretically important and warrants further investigation. The duta to be
reporied in this study extends the findings that STM capacity measures predict
verbal abilities, and investigates alternative explanations of these results.
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‘Two issucs seem to stand out in recent studies that find 8TM-abilities rels-
tions. First, of course, is that measures of 5TM capacity predict verbal com-
Second, is the fact that scores on STM and WM tasks seem (0
s have suggested to us that the complex WM spans
and the simple 5TM neasure the same construct (Engle et al., {
LaPointe & Engle, 1990 wing the models of Bower {1975} and Anderson
(1983), WM was defined as the currently active portion of long-term memory
! jurcs, eic.) above some critical threshold, but below

intercorrelaie. These findi

] wiis

knowledge (nodes,
the level of conscious awa
essence, whatever information is activated above resting state for current cog-
nitive activity. Because the total amount of activation is Himited, the capacity of
WM will be manifest in most inteiligent behavior, By contrast, 8TM is a simple
timited-capacity buffer representing activated information that is atiended at a
superficial coding level for maintenance purposes only. Morgover, we thought
that both STM and WM spans tasks require such superficial processing. What
distinguished thent was that the WM spans prevent the rehearsal and chunking
sirategies that reduce our ability to obiain a purer measure of the capacity of
STM. The traditional STM spans allow for, and even encourage, the simpie
strategies like rehesrsal that are unimportant to most complex information

ss (see LaPointe & Engle, 1990). WM is, in

processing.

The notion that rehearsal can obscure the relationship between STM and
abilities was also posited by Cohen and Sandberg {1980}, To test this hypothesis,
they used a STM probe-recall procedure in which trials of nine suditory digits
were presented, followed by a probe to indicate that the first, middle, or final few
items should be recalled. In work with children, they found that only perfor
mance on the last few items, and occasionally middie-list items correfated with
1. They argued that these were the most recent in §TM but have received the
fcast opportunity for rehearsal. Recall of primacy items, those that should have
been most rehearsed, did not predict intclligence scores {but, see Merkel & Hall,
1982). According to Cohen and Sandberg (1980}, as the opportunily to rehearse
increases, more Hems {rom the beginning of the list will be rehearsed, and
performance on fewer serial positions will correlate with abilities. These resulis
conform (o our original notion that the best measure of 8TM capacity will be one
oh rehearsal is least influential. These studies do not, howsver, address the
whether or not STM and WM spans reflect the same system.
zd here is part of an ongoing aitempl © examine the
and WM spans, and how rehearsal influences the
nemory capacity and abilities. Subjects were administered

complex WM spans, and the probe-recsl] task of Cohen
f the STM and WM spans differ only in the amount
and otherwise reflect the same cognitive system,
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probe-recali, STM, and WM spans. Because the final fow lems of the probe-
recall task are theoretically least affected by rehearsal, we would expect that
performance on these items would most highly relate to the WM spans. More-
over, if the STM spans are simply poor indicators of the same capacity measured
by the WM and probe-recall tasks, then the STM spans should not account for
any additional variance in a measure of cognitive abilities when the influences of
the other tasks are removed.

Finding that different span procedures intercorselated, and predicted the same
criterion measure provided initial evidence that they may also reflect the same
construct, But it seemed to us that it is also possible to aitribute the differont tasks
to different memories, both of which are important to cogaitive abilities, Simply
because two tasks predict the same criterion does not necessarily imply that they
are 3 reflection of the same underlying mechanism. The WM span may st index
the interplay between complex processing and storage in WM, whereas the STM
spans measure the simple storage properties of a temporary buffer. The correla-
tion between STM and WM tasks may reflect the shared characteristics of other-
wise different systems, rather than 2 unitary memory. Thus, an alicrnative to the
notion of a single immédiate memory is that there are indeed separste memories
that underlie the STM and WM spans. As argued by Baddeley and Hich {1974},
the cognitive system may have a dedicated storage arena that cannot be used for
general processing. This STM system is responsible for maintaining small num-
bers of verbal items and places litile demand on the central WM processor, The
STM spans and the probe-recall measures are simple storage task and would,
therefore, depend on such a system. On the other hand, the WM spans requirc
processing and storage and should, therefore, be indicative of a more central
WM processor. If, as posited by Baddeley and Hitch (1974), WM and STM are
separate systems, then we would expect the probe-recall and STM tasks to
intercorrelate, with neither relating strongly to the WM measures. Nutice that,
although this alternative hypothesis posits separate memories, it does nol neces-
sarily discount the notion that rehearsal obscures the relationship between STM

asks and abilities. it is still possible that within the STM system, tasks thut are
least influenced by rehearsal will be better measures of STM capacity and beiter
predictors of cognitive abilities. However, i our measures reflect different under
lying constructs, then we would expect that the STM span and probe-recall tasks
would also capture different variance in a verbal abilities measure than the WM

spans.
METHODS

Subjects
Subjects were 49 undergraduates from the University of South Carolina who
received course credit for volunteering to participate and have their VSAT scores

verified.
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Materials ; o {
The probe-recall task has been previously studied only W%%iﬁliiéé items to-be-
cemembered were single digits, The reading span, on the other hand, most often
involves words. Because digits come from a timited pool and often ovcwr lo-
sether in the real world, they are probably easier 1o rehearse or chunk than
unrelated words. Because we were concerned about the influence of ii‘;gs& strat-
ceies on our measures, two versions of each 1ask were generaled, ong with digils
é;éz the other with words.

All o-be-remembered words were high-frequency nouns, selected from ihe
Francis and Kucera (1982} book of word norms. Separate p{}{éés: were gzszsé@;z‘fiy
generated for the STM span, WM span, and ???@:ijfiﬁaﬁ task, with ﬁfe iﬁi}ﬁ@?i{%
that no word appear more than once sither within o7 i{}iﬁi%f%ji{% pools. ?ai ia&»&s
involving digits, Homs were randomly generated geriixz;ﬁ no digits appeared more
1at the same pattern of digits was nol presented across

than once per trial, and so
tasks. 7 !
The STM memory spans and the WM span were computer controlicd, pre-
sented vis IBM XT with an Amdek monochrome monitor. The f??i’??ﬁ%?ﬁéy&iﬁ fa’&&
were presented with a Sony stereo casselic recorder, with presecorded stimuli by
a male experimenter.

§ThE Span Tasks o
On each trial of the STM digit and word-span tasks, stimuli were ?ii{Siiﬁéé
individually at a rate of one item per second, and saﬁ;}e;:is read a&;gi each item at
presentation. The end of a trial was marked by the display ﬁi: 3 single Qa:,;hm
mark, also used to cue the onset of recall. Subjects were permitied as much time
as they needed to recall the lists. A new irial was iﬁ%i%ﬁ%%ﬁj by 2 key press. List
length ranged from three (0 nine items in the digit version of this iasi-:f :;}zi %ié;‘f&ﬁ
to eight items for the word version. For each task, there were zhfﬂi irizls af each
fist lensth, but the order presented was sandomized so that length was not

prediciable.

Whi Span Tasks -
Sentence re the same as those used by LaPointe and Engle {1950}, and were
i1 10 16 words in length. For the WM digit and word-span (asks, g sentence was
displaved on the screen above a memory item. Sublects read if&}% sentence 3i“;§
;;saz corresponding memory item aloud, and ié‘ﬁf} an experimenter g{ﬁggféi 3
key to display new stimuli o 2 question ﬁ;azi»; ééééﬁzizgg theendof a £§z§§ 8-53{3 §§§;€
anset of recall, For buth the sentence~digit and sentence—word tasks, irisl length

ricd {rom two to seven, with randomized presentation so that trial length was

H
H

predictable.
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Probe-Hecall Tasks

These tasks followed the same format as that of Cohen and Sandberg {1977,
19801 On each irial, ning llems (digils or words) were presented at a rate of thice
items per second. Following the final Hem, and in synchrony with the lisi, was
the probe A, B, C, or RECALL, indicating that subjects should write the lirst,
middle, or last three items, or the entire list, respectively, There were 28 trinls, ¥
each for probing of A, B, and C, and 4 trials that corresponded 10 total list recall.

Procedure

Subjects participated individually in a single session of approximately 1.5 br.
Order of the three types of tasks {(8TM span, WM span, snd probe-recall} was
counterbalanced, but within each task type, the words were always presenied
prior 1o the digits. This produced six task orders. Unfortunalely, due o technical
problems, the number of subjects in each of these orders was only approzimaicly
equal {ranging from 6 to 9 subjecis).

For all tasks, strict serial recall instructions were administered, snd response
booklets provided spaces for seven to nine items per trial (depending on the task)
1o be used for writtennrecall. Three extra irials were presented af the beginaing of
each task io be used as practice, and performance on these trials was not used in
any siatistical analyses,

RESULTS

Scoring

For the STM-span znd the WM reading-span lasks, 2 score was assigned that
equalled the sum of the correctly recalled items in order, for those trials that were
perfectly recalled. For the probe tasks, each serial position {1-9) was scored
separately {excluding total recall trials} and then three measures were calculated,
corresponding o the sum of the corvect responses for the beginning, middle. or
final three position. For those trials that required recall of the eatire list, scores
were assigned (o serial positions 1-9, corresponding to the total number of items
correctly recalled in each position,

Analyses

For all of our analyses, p values of .03 or better will be indicated by an asterisk,
1t should be noted that because task order was counterbalanced, there is 3 poten-
1ial confounding of subject varlance with variance due to order. However, we
found no relationship between task order and any of our variables {all rs < U9}
Table | shows the descriptive statistics for each of our measures. Frior 1o festing
the notions of distinct versus a unitary memory system, i Is necessary 1o show
that our measures predict verbal abilities. Therefore, also provided in Table | are
the correlations between our tasks and VSAT. Several poinis are noteworthy, The
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TABLE I
Deseriptive Statistics and Correlations of Tasks
With YEAT

Pereent Correlation
with VSAT

By
e
Y

Correct

[T

WhY Bpans

i5.3 9.41 4%
33.7 14 25 i
32 12.348 J35%

40,4 £33 R

Words A 477 3,74 - g7
8 PRt 4.2% J30%
T 61.0 517 32¥
Tosal Recall 5.1 3.3z 32%
Inghs A 9.2 419 Ry
T ooB 416 6.19 24
4.3 5.23 30%

385 £.54 i

49, VSAT M = 4335, 3D = 99.0.

WM and STM word spans significantly predicted VSAT (r = 42%, 35%, respec-
tively), and in the probe all word task, only performance on middle {r = .30%)
and final {r = 32%) tems correlated with verbal abilities, Initial list items, those
cxpegied to be most influenced by rehearsal, showed no predictive validity.
Similarly, the WM digit span correlated with VS8AT (& = 37%), as did the B
and O items in the probe-recall digit task {r = .24%, 30%, respectivelyl. All of
these findings fit well with previously reported memory-span studies, and the
Sandberg {1977, 19801 interestingly, however, the 5T™

wark of Coben and :
1 digits and

digit span did not predict verhal abilities {r = .04} W included both
words in this study beeause we thought that digits might be easier (0 rehearse,

qul may obSCUIS @ MSAsUre of “pure” STM capacity. We would
volving digits would correlate less with VSAT than those
o the case of the WM digit span, the processing of sentences

e

o~

Jents rehearsal, so that it would be expecied that performance on
- 1o VSAT. Finding that the STM digit span doesn’t predict
with this notion. However, in examining the results of
ne might get the impression that rehearsal is not drivisg
¢ relationship between simple digit tasks and VSAT. Clearly, if digits are

then we would expect more items (o be rehearsed in simple
d fewer corresponding serial position seores 1o correlate with

O —————
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VSAT. As can be seen in Table 1, middie and final items in the probe-recall fask
correlated with VSAT, regardless of whether the stimuli were dights or words.
But scores for A, B, and C in ihe probe-recall tasks are summations across three
serial positions each. This does not provide very sensitive information about the
number of serial position scores that actually predicted VSAT. It was, therefore,
decided to break down each of the probe-recall tasks and compute the correlation
between the scores at each serial position and VSAT. These results are presenied
in Table 2, and support the contention of Cohen and Sandberg {1980} that, as the
epportunity to rehearse increases, more items from the beginning of the list will
be rehearsed, and fewer serial positions will comrelate with cognitive abilities.

Notice that, for the probe-recall word task, scores corresponding o positions
4-8 (B&T) relate 1o verbal abilities. This is true regardless of whether recatl was
of the whole list {total) or only of part of the list, For the digt task there are fewer
overall serial position scores that correlate with VSAT, and those that do relate
tend 1o be towards the end of the Hst, where rehearsal is feast likely fo influence
performance.

The results of breaking down the probe-recall task by serial position indicates
that there are only a few positions with scores that actually correlate with VSAT
when digits are used, If we generalize these findings to the §TM digit span, the
proportion of trials in that task in which more than six serial positions were
represented is fess than half, so that we might expect that this task will not predict
our criterion. Overall, these findings imply that, within ST measures, rehearsal
obscures the relationship between STM capacity and complex cognitive abilities.
Rehearsal may, for example, increase the functional capacity used in simple
storage tasks, but is not indicative of the underlying c?gaaiig of STM in more

H

TABLEZ ’
Correlation Beiween Each Serial Position of the
Probe Tasks and VEAT

Words Bdgits
Serial Probe- Fotal Frobe- Total
Position Hecall Hecall Heraill Recall

i 03 Ri] B R
2 -4 R R it -~ .57
3 A3 ~ .06 B Rt
4 33 .28 18 i
5 32 27 27F R 5
& .30% .28* .20 8
7 25% el 25¢% .ty
g .28° e d o 2B* .253%
g L33 .25 Az 37

Note, H = 49,
*p < 05,



Lnlex situations when using resources for simple mnen

tasks that measure
represents the zero-order corvel
ions of the probe tasks are omitled, because these correiated only

f
: vy should intercorreiate most highly. Table 3
ns among our measures. Scores from the first
fow serial posit
with each other. Also, for these tasks, recalls of the middie and final tems were
summed, because they are considered to reflect the same mechanism regardiess
being tested. We acknowledge that including the B posi-

it task probably also increases the influence of re-

e

H
£ 5

ions in the probe-recal

i e
hearsal on the B + C score, but separating the B from C sems did not change the

fras

pattern of resulis,

Notice that performance on the STM digit span, which is considered to be
most indicative of rehearsal, did not predict the WM spans. These resulls are
s conclusions about the role of rehearsal in the rela-

13
i

consistent with our prev
tionship between memory span and more complex behavior. One of the hypoth-
alt of our measures reflect the same system, distinguished
only by the amount of rehe that they afford. We would then expect the B + C
positions in the probe-recall tasks to be most highly corrclated with the WM
not the case. The probe-recall word task did predict the W
1 of this task showed no relationship to the WM spans.
Moreover, the probe-recal] tasks were comrelated with the STM measures,
finding contrary to expectations based on the notion that what distinguished STM
and WM spans is the amount of rehearsal they altow.

An alternative to the notion that our tasks reflect the same mechanism, is that
there are two memories that underlie performance. The simple memory tasks

Bt

escs 1o be tested is

measures. This
spans, but the digi

TABLE 3
Intercorrelations Among Memery Measures snd VSAT

ST Bpans Probe B + € WY Spans

Words Prgits Words irigits Wards Digits

+ 4

igis B+ o 74% _

WhE Words 30 20 P—

§ A7 247 i 63 P
04 32 i AZE 37
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(STM spans and probe-recall) may reflect STM, whereas the WM spans may
involve the processing-storage tradeofl indicative of a separate Whi. Based on
this hypothesis, we would expect that the STM and probe-recall tasks would
intercorrelate, but neither of these would strongly relate to the WM measures. Ax
seen in Table 3, the simple memory tasks do intercorrelate, but the relationship
between these measures and the WM spans is more complicaied. The simple
memory measures involving words predict the WM spans, whereas the simple
memory measures involving digits do not. Overall, although a model of sepurate
memories seems to describe the data better, finding that the STM word span and
probe-recall word task correlate with the WM spans is contrary 1o such a model.
While running this study, we were also completing an experiment to lest the
role of word knowledge in the relationship between different span tasks and
verbal abilities. We found that word knowledge is an important factor in these
relationships (Engle et al., 1990; see also Dixon, LeFevie, & Twilley, 1988,
Controlling for word knowledge by presenting all subjects with very high fre~
quency stimuli did not eliminate the corvelations between the span scores and
VSAT (although they were reduced). For this study, we do not have an indepen-
dent assessment of svord knowledge, so that this facior may be driving the
relationship among some of our variables. We do, however, have two measures
for which word knowledge should be completely irrelevant. Neither the STM
digit span, nor the probe-recall digit task, involve reading sentences or retaining
words, and neither of these relate to the WM measures. By contrast, the STM
digit span correlated with the STM word span and both probe-recall tasks, and
the probe-recall digit task also correlated with the STM word span. If we assume
that a word-knowledge factor drives the correlation between the WM tasks and
the simple word tasks, then the rest of the correlation matrix supports the conten-
tion that simple memory tasks reflect a different memory system than the com-
plex WM spans. The probe-recall tasks and STM spans interrelate because they
both reflect the capacity of STM. Similarly, both WM spans capture the capacity
of WM. The correlations between the word versions of the STM measures and
both of the WM measures reflect their common reliance on word knowledge. not
3 COTMMON MEMoTy sysiem. . -
Without the assumption that word knowledge has influenced performance on
our tasks, it would be difficult 1o determine from the zero-order correlations,
whether our measures reflect the same underlying construct. With a few excep-
sions, scores on all of the 1asks seem to intercorrelate fo some exient. Rather than
simply speculating about the magnitude of these relationships, we submitied the
scores from the tasks represented in Table 3 to a more formal factor analysis.
Theoretically, there are several patterns that could emerge from this procedure.
For example, all of our tasks may reflect the same underlying limited capacity,
but words and digits may simply be processed differenily within this system. We
might then expect a two-factor solution, one for all of the tasks involving words,
and the other for the digit-related tasks. Alternatively, two of our tasks were



e S

248 CANTOR, ENGLE, AND HAMILTON

presented auditorily and the rest were visual so that we might expect separaie
ity differences. It is also possible, in assuming a unitary
nory, that we would obtain one factor that represents all of our measures, and
one that corresponds only to those tasks that would be influenced by word
i each task would load on one factor, but the second
i

.

factors based on mod

the STM word span, the probe B + C word task, and
ed on our previous summary of the data,

s to reveal {actors that imply two separate memory

t
aisdons  in
%ﬁ@%ﬁﬁég{i, in

{
factor would include o

he working-memory

we might expect the analysis i
sysiems, one represented by STM and probe-recall measures, and one for the

A4 spans. The solution of an unweighted least squares analysis with Varimax
on is presented in Table 4. A two-factor solulion was phiained, the first
owing its highest loadings from the STM and probe-recall tasks (eigenvalue =
43.7% of the variance accounted for), and the second having s highest
sgs from the WM measures {eigenvalue = .97, accounting for an additional
y This outcome clearly supports the notion of separate memories.,

though the factor analysis implies distinct memory sysiems, there is at feast
one other reason why a two-factor solution might be found. Procedures for the
STM spans and probe-recall tasks are very much alike, each having an experi-
menter-controlled presentation rate, and neither requiring interpolated activity.
Simitarly. the WM spans are identical in their procedures. Both are self-paced
and require interpolated activity. It is, therefore, possible that what is crealing
arate factors is variance due to experimental procedures, not different memo-
cc To address this issue, we created composites of each factor, and tested
whether they account for different variance irs verbal abilities, There 1s no reason
to expect that atheoretical miethodological differences would alter the relationship
hetween immediate memory and VSAT. I our measures reflect different memo-
ries, then they should capture different variance in VSAT. To test this hypothesis,
seares on cach of the measures used in the factor analysis were standardized, snd
1asks loading on each factor were multiplied by their corresponding factor load-
ing and then summed. Omitted was the STM digit span, because it showed no
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TABLE 4
toadings for ULS Facter Anslysis With ¥arimax
Rotation
Factor 1 Facter 2
i 28
34 82
be Words B + C a3 .16
s B+ O g 04
Wk Word Span 19 B2
Whi Digit Span 4 74

Note. ¥ = 49,
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relationship to VSAT, and we have argued that it is too influenced by rchearsal to
be a good measure of STM capacity. The result was two composite scores for
each subject, one for the simple memory tasks (STM word span and both probe-
recall tasks), and the other for the two WM measures.! A sicpwise multipic
regression analysis showed that the STM composite significantly predicted
VSAT (R = .54%), and that this equation was subsiantially inproved when the
working-memory composite was introduced (R = .65%). Although the come
posites do intercorrelate (r = .31%), part correlations showed that conirolling
either for the simple memory task composite, or that of the working-memory
spans did not eliminate their siatistically significant relationships with VSAT
(r = .36%, .40% respectively). This final analysis once again converges on the
notion that there are separate memory factors that underlic simple and complex
memory spans, and that both of these factors are imporiant to verbal abilitics,

DISCUSSION

Prior to summarizing our findings, we wish to emphasize a potentially important
point. There are several contemporary models of immediate memory, some
focusing on structural aspects of the system (cf. Baddeley, §986; Baddeley &
Hitch, 1974; Monsell, 1985, Schaeider & Detweiller, 1988}, and others empha-
sizing its functional properties (Daneman & Carpenter, 1980, 1983; Duncman &
Tardiff, 1987). Debate persists as fo whether data that implies struciural dif-
ferences actually reflect distinct processes within the same memory (of.,
Daneman & Tardiff, 1987; Reisberg, Rappaport, & O'Shaughnessy, 1984). We
have, in this article, provided evidence that separaie moemory insks do seom ©
caplure separate cognitive “factors,” “systems,” “mechanisms,” or “con-
structs,” but it is not our intent to suggest that these are different structures in the
strictest sense. Clearly, our results can generally accommadate models support-
ing distinctions based on structures or processes, either of which would be
inferesting.

This study represents part of an ongoing atiempt to examine the relntionship
between STM and WM span tasks, the role of rehearsal in STM tasks, and how
all of these factors are manifest in cognitive abilities. We recognize that many of
our zero-order corvelations are not large, but they are both statistically significant
and theoretically consistent. It has been argued that the capacity of STM is
important in higher level cognitive tasks, but that simple mpemonics, such as’
rehearsal, will drive down this relstionship (Cohen & Sandberg, 1980; LaPoinic
& Engle, 1990). In our probe-recall task, we found that performance on begin-
ning-of-the-list items, those that should be most rehearsed, did not correlate with

IComposites were alse computed with weights squal o unity. This § virtually no chang
in the results of the subsequent snalyses.
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duced STM capacity found with phonologically confusable material suggests that
i verba! coding (Baddeley & Hitch, 1974). Moreover, sceording
to Buddeley and Hitch, STM has its own limited capacity, and if this Hmitation s
not exceeded, then STM can maintain information without reguining contral

There is a great deal of data to suppori the Baddeley and Hitch madel {Hor
review see Baddeley, 1986), but it is not without criticism. For example, there is
controversy regarding how general the central processor should be viewed, with
arpuments that there may be separaie verbal and nonverbal mechanisms
{(Daneman, 1987; Duneman & Tardiff, 1987; but sce Salthouse et al., 1989). The
data {i?ﬁi‘%{ié; here cannot distinguish between verbal and nonverbal processors,
but within the verbal domain, we have demonsirated evidence for Baddeley and
Hitch's model. Simple STM storage tasks, such as the traditional spans and the
probe-recali tasks, loaded on a factor that was distinct from complex WhI spans.
These results imply that there are scparate memorics (SIFUCIUITS OF PrOCERSCS).
We would argue that the previous studies’ finding that the different spans are
similarly effected by word knowledge and word jengih {(Engle ¢t al, 1990
LaPointe & Engle, 1890) show that STM and WM may share 2 semsitivity o
certain variables that are important whenever verbal information is processed.
With this conclusion, we would expect that there would be some correlution
between the two memories even though they reflect different systems. The twa
composites of our memory tasks did intercorrelate, but also accounied for differ
ent variance in verbal abilities, thereby supporting this notion.

Baddeley and his colleagues have focused much of their research efforts on
characterizing STM and WM (see Baddeley, 1986, for review) with surprisingly
little said about how these memories would manifest in individual differences
(but see Cohen & Heath, 1990). There is some rescarch by Baddeley et al. {1985}
{0 suggest that the central processor is a factor in differences in reading ability,
but the role of STM in such differences remains vague. Daneman and Carpenter
(1980, 1983) on the other hand, provided a model in which memory capacily
plays a central role in individual differences. Borrowing from Baddeley and
Hitch (1974), they also argued that WM is a computational arenn with limited
resources for processing and storing information. Although they considered cen-
iral processing important to all cognitive tasks, they suggested that there will not
be a global capacity measure to predict differences in cognitive abilities across a
wide range of complex situations. Essentially, Dancman and Carpentor {1930,
1983 Daneman, 1982, 1984) argued that memory spans provide an index of how
much information can be stored in WM. But the amount of storage space will
depend on how much of the limited resource pool is required for processing.
Storage capacity is a by-product of how much capacity is used for processing.
Across tasks, each person differs in the efficiency with which information can be
processed, so that there are functionally different capacities associaicd with
different tasks. As a result, in order to predict complex abilities from a capacity
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attentional resources. We would add to this model that there are important indi-
vidual differences associated with STM. These are not based on rehearsal or
other properties of STM that may be interesting during simple slorage situations,
but rather reflect the more passive capacity of this system when simple
mnemonics or other strategies would require too many atientional resources.
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