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ABSTRACT
Recent researchers have attempted to correlate measures of working

memory (WM) with measures of higher level cognitive skills and abilities
focusing on the functions of this lTimited capacity system,

and storage.

investigated.

nature of the

Higher level cognitive functioning
makes demands on a Vimited capacity
system and most memory theorists assign
this function to & short term memory
{STM) structure., Baddeley & Hitch
{1974) pointed out that attempls t0
relate traditional STW measures with
measures of higher level functioning,
such as reasoning, learning and reading
comprehension have not been successfuyl
and that any theory proposing a central
rote for STM in higher level functioning
must focus on a functional analysis,
f.e., & working memory (WM}, They
proposed a model of WM that includes
both structural and processing
components The three structural
components are: {1} a central executive,
{2) an articultatory loop, and {3) a
visuo~spatial scratch pad., The
articulatory loop and visuo-spatial
scratch pad are considered maintenance
systems controlled by the central
executive, They view the central
executive as a f?&x:b?e work space with
limited capacityy with part of the
capacity used for processing incoming
information and the remainder used for
storage of the products of that
processing, Baddeley and his collegues
presented evidence Tor the existence of
their proposed WM slave components; the
articulatory rehearsal loop {Baddeley &
Hitch, 1974; Baddeley, 1979:; Salame &
Baddeley, 1982), and the visuo~spatial
scratch pad {(Baddeley & Lieberman,
1880} .

Although other models of WM have
been developed {e.g., Klapp, Marshburn &
Lester, 1983}, virtually every
conceptualization of WM assumes that
there is/a Vimitation in the amount of
information that can be kept active at
any given time, Further, it is
generally assumed that this limitation
affects consequent processing, i.e.,
that ‘higher level processing is limited
to some extent by the limitations of

Relationships between three span measures ﬁf the functional
model of WM capacity and two measures of reading comprehension were
The magnitude of the correlations found between reading
comprehension and the two spans embedded in reading processing tasks was
similar to that of the correlation found between a third span measure
embedded in a quantitative task with reading comprehension,
indicated that these span measures of WM capacity were
concurrent processing task.

cand are used when processing incoming
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These resultsg
independent of the

WM., Beyond these generalizations aboy
the WM there is disagreement about tha
nature of the WM capacity Timitation
Our pilot study begins an investigation
of WM, specifically seeking to answer
the following question regarding the
nature of WM capacity: Is WM capacity

invariant within the dindividual or does
it vary with the task as a function of
the individual’s skill in the task beis
performed at the time? .

Daneman & Carpenter {1980)
investigated the role WM plays in
reading comprehension, They quggp%teé
that, while reading, an individual
activates specific . strategies and skills
peculiar to the reading task. While
activated, these strategies occupy WM

information in WM, which leads to
intermediate wrmduct& which must a?ﬁabt
stored in WM., Daneman & Carpenter
hypothesized that individual differe
in-reading comprehension could be
regders Waving different Tevels of
processing efficiency. They developed
complex reading span measure that was
combination of two concurrent tasks,
requiring processing and storage
functions. In a %@aﬁnd&ﬂy reading. task
subjects read aloud series of unrelated
senterices which limited their resources
for the concurrent critical memory task
i.e., sequential recall of the last wol
of each sentence in the series, The
number of words readers recalled agal
the background of this reading task wé
considered their reading span, a mea
of their WM storage capacity. The

reading span correlated significantly

with three measures of reading

comprehension, including individuals

Verbal SAT scores, while a tradition

word span measure did not, In seve

span-and Verbal SAT ranging from

studies Daneman & Carpenter (1980,
found high correlations between rea

.59, and also between reading s



&aﬁurefufvraadingzsemprahenﬁiaw
.72 to .90, Their interpretation
these findings suggests that good
ders have large WM capacities because
ey have sfficient reading strategies,
nd therefore more efficient processing,
eaving more of the total WM capacity
gr the storage of memory itews.
gwever, it should be noted that this
yggestion would assume that the
econdary concurrent task, i1.2.,
arelated sentences, used in the
pradﬁatﬁng span measure must be nighly
related to the criterion measure, i.e.,
peading comprehension. Reading spans
are assumed to reflect differences in
residual WM capacity because of
differences in the efficiency of reading
skitls, NOT because of differences in
total WM capacity independent of task
¢rﬁfici&n£y* Another important
possibpility, however, is that one of the
teasons people are good readers is
3 e they have a larger total WM
Fnacity. According to this view, a WM
?ngex S%muid Successfully transcend
secondary task dependency in its
;Eggaiﬁtian of reading comprehension, or
“any Figher level cognitive skill. WhiTe
investigating individual differences in
adult reading comprehension, Baddeley,
Logie, Nimmo-Smith & Brereton (1985}
were also interested in the
interpretation of the significant
correlation between comprehension
the reading span measure. They
attempted to test how general the
system is that underlies the span
measure by comparing its correlation
with reading comprehension with that of
a counting span measure and
comprehension., Although, the counting
span did not have the same strong

reading

and

WM

orelationship with reading comp rehenston

as the reading span did, Baddeley, et al
{1985) pointed out that other WM
investigations may find a better measure
of general WM capacity that is not task
dependent.

The present study is directed at
testing whether a strong relationship
between WM span measures and reading
tomprehension can occur with span
Measures requiring different strategies
and skills than those required in
reading comprehension, Using a task
involving strings of arithmetic

perations followed by &
to-be-remembered word, would allow the
memory span test to be embedded in a
oncurrent task that is seemingly not
highly related to reading skills, yet
would induce considerable processing
emands concurrent with the memory
ask. Hitch (1978) found that solving
ental arithmetic problems utilized
rocessing strategies, which included a
emporary storage of initial and interim
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 information..
‘strategies used for reading sentences
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However, the processing

are inherently different than those used
in solving arithmetic operations. 1f
the magnitude of the correlation betwean
operation span and reading comprehension
js similar to that between readjng span
and comprehension, then this complex
span index may be tapping something more
basic than a specific skill-level hased
system., At the least, it would suggest
that individual differences exist in WM
capacity independent of specific
strategies used in the processing task
in which the memory span test is
embedded., The stronger implications
would be that individual differences in
these measures of WM may indicate
differences in total WM capacity
independent of the task being

performed,

This study also seeks 1o control
for a potential confounding in Daneman &
carpenter's (1980, 1983) experiments.
Good readers may have remembered more
words in the reading span task simply
because they comprehended the sentences
better than poor readers. At the time
of recall, better retention of the gist
of the sentences by the good readers
could be used to reconstruct the final
sentence words, If so, any correltation
found between the reading span and
comprehension measures would simply mean
that the ability to comprehend
correlates with the ability to
comprehend. A reading span task wherein
unrelated sentences are followed by a
tg-he-remenbered digit could correct for
this problem, i.e., & sentence digit
vask, I1f the relationship between the
sentence digit span and reading
comprehension still holds, then one
could consider {as Daneman & Carpenter
(1980) did) that these memory span
measures are indexing a limited capacity
wMi

In summary, this study addresses
two issues by testing subjects with
three span tasks. First, a
sentence-word task is used which
replicates the task used by Daneman &
Carpenter (1980) in which subjects read
ynrelated sentences wherein the span
measure is the number of last words
recalled (SW). In addition, &
sentence-digit task 15 used in which
subjects read sentences followed by
to-be=-remembered digits (SD). Comparing
the correlation of the spans resulting
from the two tasks (i.e., SW & SD) with
reading comprehension measures should
clarify whether Daneman & Carpenter's
(1980, 1983) reading span {SH} is a
measure of what is actually remembered,
or is a measure of reading comprehension
in disguise. More importantly, an




PROCEEDINGS OF THE HUMAN FACTORS SOCIETY—30th ANNUAL MEETING— 1986

operation-word span task is used in
which subjects perform arithmetic
operations followed by a
tpebe-remembered word {OW). Comparing
the correlations of the OW span and the
two reading spans, T.€., SW and D, with
measures of reading comprehension and
Verbal SAT scores should help determine
whether these embedded memory Spans are
reflecting individual differences in the
capacity of WM independent of processing
task, or are reflecting individual
differences in task-specific

processing.

METHOD

Subjects

Thirty-seven students from the
University of South Carolina
participated, fylfilling a reqguirement
for a psychology course. Fach subject
was seen individually, and over a period
of approximately one hour participated
in a reading comprehension task and
three complex memory span tasks. AIs50,
Yerbal SAT scores were obtained with
subjects’ permission,

Reading Comprehension Task

Materials, Twelve paragraphs, gach
of which was approximately 160 words in
tength, were accompanied by four
multiple choice or short answer
questions.

propcedure. Subjects were
instructed to silently read the
paragraphs and to be prepared to answer
factual questions about each paragraph
immediately after reading it. No time
Jimits were imposed for answering the
questions sor for reading the paragraphs,
and subjects were allowed to leave an
answer blank if they could not recall
the answer.

memory Span Tasks

Materials. The set of materials
for the sentence-word {(SW) task
consisted of 60 unrelated sentences
presented on flash cards to the
subject. There was one sentence from 11
to 14 words long on each card. The
number of cards per trial varied from 2
to 6. Blank cards separated the trials
and cued subjects' serial recall. The
complete card deck consisted of a
specific sequence of 15 trials which
gradually increased the number of
sentences {cards}) from two to six in
each sequence of trials. There were
three trials for each of the
sequentially increasing series (2-6)
thus, there was a total of 60 sentences
used in.all-fifteen trials,  The set of

R A e

cards for the sentence-digit (5D} tasy
was identical to the SW set with the
exception that the sentences in this gg
were followed by one-digit numbers,
randomly sampled with replacement from
numbers 0-9, FEach card in the set for
the operation-word (OW) task consisteq
of an unanswered numerical operation
ctring (e.g., (3 m 4) + 11 = . . . )
followed by a randomly chosen word
{e.g., apron, received, etc.). The
first arithmetic problem in all
gperation strings consisted of one
single-digit muttiplication or divisioen
operation in parentheses, such as {7 «
1) or (8 / 2), with each digit randomly
sampled with replacement from the
numbers 0-9. This problem always
resulted in a whole number and was to bg
solved prior to the following addition
or subtraction problem, consisting of &
gne~ or two-digit number, such as, + 13,
- 3 or - 19, randomly sampled with
replacement from the numbers 1-19. The
length of each word following an
pperation string varied from one to
three syllables and was randomly chosen
from English literature text books for
college freshman level courses without
regard to any other criteria.

procedure, FEach subject was
instructed to read atoud all the
information on each card, including the
target item. For example, in the SWH an
50 tasks subjects read the sentence on
ecach card aloud, and when a blank card
pccurred serially recalled the lTast wore
{or digit) following each of the
centences in that trial. In the OW tas

subjects read the operation aloud, th&m,mf

colved the operation giving the answer
aloud, and finally read the target word
aloud. Audible and/or silent
intermediate computations were i
permitted, but no pencil and paper.
aids. For all memory span tasks when
the subject successfully recalled the
target items in two of the three trials
for a specific size series, the size ot
the series was incremented. Sybjects
were warned to expect the number of
cards to increase as progress was made
from a 2-card to a 6-card series, and
sybjects proceeded through the series t
each stimulus set until they failed twl
of the three trials in a series. L.y
separate memory span far each ﬁﬁiﬁﬁlﬁﬁ
Tet was defined at the highest éﬂxiéﬁﬂ
~77e wherein a subject recalled at ek

Ao

two of the three trials correctlye.

RESULTS

Table 1 shows Pearson product
Moment correlations found between eat
of the three span measuyres with rea#*
comprehension and Yerbal SAT score




TABLE 1

@ﬁN MEASURES COMPREHENSION MEASURES

Paragraph Verbal
Juestions SAT
Csentence-word .36 .39
sentence-digit A9 .50
gperation-word .41 .38

4=37 for all three span measures.
§=37 for paragraph question measure.
N=3% for Verbal SAT measure.

The similar correlations found between
The two comprehension measures and the
three span measures embedded in
srithmetic and reading related tasks
iearly indicated that the spans are
independent of specific skills reguired
Tn the concurrent processing task. It

_ Tan be seen that the highest

. span-comprehension correlations were
Thetween sentence-digit {50) span and
yerbal SAT scores {(r{33} = ,50, p<.01l),
ant between 50 span and our reading
comprehension measure {r{35) = .45, p
<, 01y, Table 1 also shows that
sentence-word (SW) and operation-word
(0W) spans correlated significantly and
nearly equally with the two
comprehension measures. Subjects with
higher SW and 0W spans were better at
answering paragraph guestions than
subjects with lTower SW and OW spans,
r{35) = .36 and .41, p<.02 and 01
respectively, and, subjects with higher
$W and OW spans achieved higher Verbal
Sat scores, r{33) = .39 and .38, p < ,0Z
respectively. These results indicate
that it is NOT necessary for the
predictor measures, i.e., the complex
memory spans, to be embedded in
concurrent processing tasks reguiring
skills related to the criterion measure,
in order to find significant
correlations between them,

The sample distribution of Verbal
SAT scores ranged from 250 to 640 (mean
= 459 sd = 96), and the distribution of
bur second measure of comprehension,
T.e., answers to the paragraph
questions, ranged from 37.5% to 91.67%
with a mean of 70.16% (sd = 13.23%).

) Table 2 shows the frequency
distributions of the three span
Measures, While Daneman & Carpenter
(1980) did not present a frequency
Gistribution of their span scores, the
information they did provide suggests
Sur sample is distributed somewhat
differently than theirs.
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TABLE 2

SPAN MEASURE SPAN SCORE

SENTENCE-WORD 17 16 3 G 1
DPERATION-WORD 15 18 1 o0 '3
SENTENCE-DIGIT 1 4 9 12 11

Specifically, the SW span scores,
resulting from our replication of
Daneman & Carpenter's reading span task,
revealed a positive skewness in an
already limited range, With the
exception of one subject, the range of
our SW spans was between 2 - 4 (mean =
2.70, sd, = ,85), while Daneman &
Carpenter's spans ranged between 2 and
6, {(mean = 3,16, sd, = .93}, Since our
subjects had the more limited range in
the reading $pan measure, comparisan of
our results with theirs should be
modified by the possibility that our
lTarge span subjects may be more like
their "better” small span subjects,

Subjects were better at remembering
digits than words.  The sentence-~digit
(s0) spans averaged 4,76 (sd = 1,09},
while the sentence-word spans averaged
2,70 {sd = ,85) and the pperation-word
[OWY spans averaged 2,89 {sd = 1.077),
While Both the SW and OW spans revealed
positively skewed distributions, the 5D
span distribution was negatively
skewed,  Thus, our span distributions
are plagued with a restricted range and

extreme skewness and would seem to bias

against finding the correlations between

the measures we designed the study to

test, and measures of reading

comprenension,

A secondary issue addressed by this
paper was whether Danemnan & Carpenter's
reading span is simply ‘8 measure of
reading comprehension in disguise, A
comparison of the correlations between
SW span and comprehension with those
tetween SD span and comprehension
answers this gquestion., Both of these
span measures involved subjects reading
gnrelated sentences, but the SW task
required recall of last words of the
sentences, while the SD - task reguired
recall 5D task reguired recall of digits
following the sentences. Table 1 shows
that SW spans corrvelated .36 with
answering paragraph questions and .39
with Verbal SAT scores, and that SD
spans correlated .49 with answering
paragraph questions and .50 with Verbal
SAT scores,  Comparing the correlations
hetween the paragraph guestions and the
SW measure {r= ,36) and the 5D measure
{r= ,49) showed the two correlations
were not significantly different, t(36)
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= .84, p > .20, Also, when comparing
the correlations between these two span
measures and Verbal SAT scores {r .39
and .50 respectively) no significant
difference was found, t{36) b1, p o>
W20,

DISCUSSION

The basic guestion addressed by
this study was whether individual
differences arise from the use of more
or less efficient processing strategies,
or, from an inherent difference in WM
capacity. Investigating this issue, we
asked if the predictor WM span was
measured using § processing task which
required the same specific reading
retated skills that are used in the
criterion measure, i.e., reading
comprehension, The similar correlations
found between the reading comprehension
measures and the span measures embedded
in the arithmetic and reading processing
tasks clearly indicated that the
measures were independent of the type
processing task, A}l three span
measures reliably predicted
comprehension, independent of any
specific skills required in any
particular processing task performed
concurrently with the span task,

of

In addition, a comparison of the
correlations between SW and SD span
measuyres with the reading comprehension
measures argues agyainst the notion that
the reading span measure used by Daneman
& Carpenter, (i.e., our SW span) is
contaminated by the subject simply
recalling the gist of the individyal
sentences and reconstructing the final
words from that, Although
reconstruction of the gist of the
_sentences could have facilitated recall
of the last words of each sentence in
the SW span task, this gist
reconstruction could not possibly have
been used to reconstruct the digits that
followed each unrelated sentence in the
5D span task., The concurrent processing
task of reading a series of unrelated
sentences while holding the last word of
each sentence in memory for future
recall is not a measure of reading

comprehension in disquise.

The current finding that the
embedded span measure i1s independent of
task, i.e., that the sentence-word {SW),
the sentence-digit (SD} and the
operation-word (OW) span measures all
showeid similar correlations with both
measures of reading comprehension,
clearly shows that the span measure does
not depend on specific processing
strategies. Although, we wish to
caution the reader that these data are
corretational in nature, and therefore

277

cause-~and-effect attributions cannot pe
made, we can conclude that the embeddeq
memory spans are reflecting individual
differences in the capacity of working
memory independent of processing task,
strongly implying that differential
reading strategies and reading skillg
are not the only factor determining the
WM span measure, There must be a more
general system underlying the WM span
measure,

REFERENCES
Baddeley, A.D. {1979). Horking memory
and reading. in P,A. Kolers, M,E,
Wrolstad, & H., Bouma {(Eds.),

Processing of Visible Language.
355-370, NY: Plenum.

Baddeley, A.D. & Hitch, G.J. (1974},
Working memory. In G. H. Bower {(Fds,)
The Psychology of Learning and

i

Motivation, 8, New York: Academic
Press,

Baddeley, A.D. & Lieberman, K. (1980},
Spatial working memory. In R.
Nickerson {Ed.), Attention and

verformance, 8, 521~539, NJ: Lawrence
Eribaum Associates,

Baddeley, A.D., Logie, R., Nimmo~Smith,
Ivi & Brereton, N. {1985}, Components
of fluent reading., Journal of Memory
and Language, 24, 119-131.

Daneman, M. & Carpenter, P.A, {1980},
Individual differences in working
memory and reading. Journal of Verbsl
Learning and Verbal Behavior, 19,
450466,

Daneman, M. & Carpenter, P.A. {1983},
Individual differences in integrating
information between and within
sentences,s Journal of Experimenta
Psyechologys Learning Memory &
Cognition, 9, 561-584,

Hitch, G.Jd. (1978}, The role of
short=term working memory in mental
arithmetic., Cognitive Psychology,
302323,

10

S

Klapp, S§.7., Marshburn, E.A., & Lestel,
P.T. {1983}, Short term memory does
not involve the “working memory” 0
intellectual processing: the demis
a common assumption, Journal of
Experimental Psychology: General
240264,

Salame, P. & Baddeley, A.D. (1982).
Disruption of short-term memory B
unattended speech: implications
the structure of working memory.
Journal of Verbal Learning & Ve
Behavior, 21, 150164, '

*




