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This study is concerned with whether the correlation between complex working memory spans
and reading comprehension occurs because the complex spans reflect the capacity of a structural
working memory that plays a causal role in comprehension or because a third factor, word
knowledge, plays a causal role in both the span tasks and comprehension. If the latter hypothesis
is correct, the correlation between word span and reading comprehension should be large when
span iy tested with low-frequency words but should not occur when span is tested with very
familiar words. WNinety college students were tested on a simple and a complex version of the
wird span task with high- and low-frequency words, The Verbal Scholastic Aptitude Test (VSAT)
was used as a measure of reading comprehension. The correlation between span and VSAT was
somewhat higher when span was tested with low-frequency words, but was significant with both
tow- and high-frequency words, This suggests that both word knowledge and a content-free
working memory play a causal role in the relationship between word span and higher level
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cognitive tasks.

The timited-capacity working memory is a critical element
the saplanation of such coramon and important cognitive
s as learning, problem solving, and reading and listening
prehension. In the case of comprehension, a reader would
nore likely to recall a previously read proposition the
r it was represénted in working memory. Furthermore,
r with a large working memory capacity would be
ble to integrate related facts that ocour at different
mm& in a text, For example, when the reader encounters &
oun, the noun referent is more likely to still be repre-
in the working memory if the reader has a large
king memory capacity (Daneman & Carpenter, 1980,
Daneman and Carpenter (1980) argued that the overall
vecutive capacity of working memory does not differ across
individoals. However, individuals would differ in the storage
nponent of working memory as a consequence of how
sh attention their reading processes require, Readers whose
ng-specific skills are well learned and automatized would
little of the working memory capacity for processing and
Id have more residual capacity fo e, The capacity
he short-term storage would be task-specific. A good and
or reader with corresponding large and small storage
sacity while reading might have the same, or even reversed,
vel of storage capacity in a task unrelated to reading,
Daneman and Carpenter reasoned that for a span measure
of short-term storage to correlate with a measure of higher
vel cognition, the span task must require the same strategies
d processes as those used during the higher level tasks. To
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Engle, 1989). The reading span t

this end, they used a span task in which subjects read a series
of sentences aloud and, at the end of the series, tried to recall
the last word from each sentence. Thus, the task was in many
ways identical to a simple word span task except that sentences
were read aloud between to-be-recatled words, They found
that this reading span measure of working memory correlated
with several reading comprehension measures including the
Verbal Scholastic Aptitude Test (VSAT). They assumed that
this correlation occurred because the reading span task re-
quired the subject fo use the same reading-specific processes
used during the reading comprehension test. Moreover, tra-
ditional memory span and comprehension are uncorrelated
because they do not require common complex cognitive
ProCesses.

Recent work, however, suggests that individual differences
in working memory capacity are more general (Turmner &
ask 15 really a dual task with
reading the sentences aloud being a background task to the
primary task, remembering a lst of words. If Daneman and
Carpenter’s theory is correct, any background task that forces
the subject to use skills unlike those used during reading
should not predict performance on a comprehension test,
However, another possibility 1s that total executive processir
Space varies across individuals independently of reading
Older tasks of short-term memory, such as the digit s

i,
miay not correlate with Hmiiiiﬂé;, Clt,}ﬂ]plthﬁﬂmﬁ)ﬂ (,{:N}}'ﬁl &

Friedman, 1973) because these tasks place a premium on
superficial codifig and rehearsal strategies that probably play
a minimal role in comprehending text. Rehearsal increases
the number of digits recalled. But whether an individual
knows when and how to rehearse would 1ell us nothing about
storage space available to that individual. The reading part of
the reading span task may simply serve 1o prevent grouping,
coding, and rehearsal that allows the span score to more
accurately reflect the true storage space available to the sub-

ject.
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Turner and Engle {1989) compared the correlation of dif-
ferent span measures with reading comprehension. In this
study, we asked whether the backpround element of the
complex span task must invoke reading-specific skills for the
span score to predict reading comprehension.

In addition to simple word and digit tasks, we used complex
span tasks that required subjects to either read sentences aloud
or solve a string of arithmetic operations as a background to
the span task itself. The reading span was similar to the
procedure used by Daneman and Carpenter. Subjects saw one
sentence at a time and read i aloud. In one condition, the
subjects recalled the last words from each sentence in the set.
In another condition, however, the sentence was followed by
a digit and the subject tried 1o recall the digits that followed
each sentence in the set,

In the operation span task subjects saw a string such as “(4
® 2y~ 3 = 6 snow” presented on the monitor of a computer.
After the string was read and W%pm}de% to, subjects were
presented another string, such as “(9/3) + 1 = 4 tiger.” In one
condition the operation was followed by a to-be-recalled word,
as in the examples, and in another condition the to-be-recalled
itern was the digit that followed the equal sign in the operation.
The subject’s task was to respond “ves” or “no” depending
on the correctness of the arithmetic string and to recall the
words or digits at the end of each progressively longer set of
operations, In the example, the subject would be required to
read the operations, respond “no”™ following the first string,
“yes” following the second, and then to recall “snow”™ and
Stiger.”

This task would seemingly require different skills than
reading a passage for comprehension, and should not predict
a critm*ie;m test m‘ ('{:adiw m‘mmwhﬁ*usim "“I“he:: smbim:m n}m

Wt, (}bmumd &.Jh«jwm V&}Ai sCOTES fmm univer Mty muﬁudﬁ.

If Daneman and Carpenter’s theory is correct, the correla-
tion between span score and the reading comprehension
measures should only be significant for the reading span
because the operation span task does not force the subject to
use reading-specific skills. Turner and Engle (1989) found,
however, that scores from the operation-word task correlated
with both of the reading comprehension measures as highly
as did the reading span scores, This finding suggests that
working memory capacity is not dependent on the particular
strategy used to asccomplish the task at hand. Turner and
Engle’s regression analysis suggested that operation span and
reading span tasks tap the same underlying process.

The explanation we have offered for that correlation based
on Turner and Engle (1989), is that capacity differences in
working memory are a characteristic of the individual and
serve a primitive causal role in the performance of higher
level cognitive tasks such as reading comprehension. Like all
correlations, however, this one is open to many alternative
explanations, One simple and attractive hypothesis is that
individual differences on both the complex word span task
and reading comprehension tests are simply a reflection of
individual differences in some aspect of word knowledge,
Baddeley and Scott {1971) showed that performance in a
short-term memory task is a function of the frequency of the
word stimuli, Thus, the same set of words might functionally
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be low-frequency for subjects with low word knowledge
high-frequency for subjects high in word knowledge. Bex
individual differences in word knowledge should obviously
affect higher level verbal tasks such as reading comprehensio
word span would accidentally correlate with reading o
hension and other tasks of a verbal nature.

Several lines of evidence make this argument difficull
discount. One is that neardy all the published reports
significant correlations between measures of working memor
and higher level cognitive tasks have used verbally orente
tasks as the criterion variable. Furthermore, nearly all
predictor tasks have been word span tasks, The one except
was the reading digit span and operation digit span tasks

1 Turner and Engle (1 ), but even with those tasks th
wneiazmm with reading comprehension, although signi
cant, were lower than for the complex word span tasks.

There are several different ways to test the %’wp(:&iiwm
the memory span-comprehension connection is drive
the common variable of word knowledge. One approg
would be to test for word knowledge and to partia
variance due 1o word knowledge out of the n“wrmldtm
question. This approach was used recently by Dixon, |
and Twilley (1989). They obtained three messures :
working memory capacity, word knowledge, and readin,
Their regression analyses and causal modeling led th
conclude that word knowledge and working memory capacit
both contributed independently 1o reading cwmyﬁmhﬁmsﬁm

We report here a different approach fo this gues
word knowledge is responsible for the high correlatic
tween reading comprehension and word span, then
relation should be very high when low-frequency wor
used, because these words would be familiar to st '

e

knowledge. However, the correlation should disapp
the words used in the span task are high-frequenc
because there should be little subject vmmhxhty i
me]m}g@

mu.l 3&&3:&5;& m;:um avai mii? e 1o ﬁmm,, m;d Mm is ftlm
causal factor in the relationship between word span
ance and comprehension, then a different paltern
tions should occur, The correlation between reading ¢
hension and span should be significant with ]
fow-frequency words. I, as Dixon, LeFev |
{1989} argued, word familiarity plays an independent r
both span and reading, then the correlation might
what higher with low-frequency words than with h
quency words, but both should be significant, -
We used the operation span and the simple word spa
our measures of working memory, In every mmpmm
our lab, the operation span has predicted higher level
tion at least as well as the reading span and it allow
control over the difficulty of the task than does the
span task. As our criterion reading comprehension tas
used the Verbal Scholastic Aptitude Test, The V‘*x;%‘
several advaniages for our purposes. It is highly
the scores were already available, Furthermore, T ¥
Engle’s (1989) research has shown the VEAT 1o highly.
late with less global tests of reading such as the Nelson-D




those elements of the test that are not specific to reading,
1 an vocabulary, appear to depend on working memory
acity (Daneman & Oreen, 1986).

Method

4 for number of syllables, were
'%mmm fmm & bcmk m word fzmmuww&y (Carroll, Davies, &
himan, 59 1} Two pools were composed only of high-frequency
ds ing over 500 times per million in the English language,
ples of high-frequency words we used are under, cat, difficult,
‘interesting, green, show, and exsy. The remaining two pools

# ok

ere made up of low-frequency words appearing less than 30 times

ted by La Pointe and Engle (1990) to generate stimull for
eir operation span task, Bach operation required the multiplication
wision of two integers, the vesult of which was to be added to or
acted from a third integer (e.g., “Is [10/2] — 1= 67}, Integers
ere tandomly generated with the constraints that ( } those to the
of the equal sign be digits between 1 and 10, and (2) the correct
product be a whole number, An answer was always provided,
d trials were approximately equally divided as to whether or not
{his answer was correct. The to-be-recalled word appeared to the right
1 pperation.

Number of

M S subjects

s 320.00 33.99 10
L 351400 376.86 13.80 16
- 401450 430.00 17.72 12
351 W{) 4581.54 14,05 13
527.86 14.24 14

572.31 15.36 13

650,83 35.79 12
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cight words in length, The order of these trials was randomly se
for each subject, so that trial length was unpredictable. The termina-
tion of a trial was indicated by the presentation of a question mark.
At this signal, the subject was to begin written serial-recall of the
words, There was no time Hmit for recall. The subject indicated to
an experimenter when to begin the next trial, which was then initiated
by a key press.

Operation spans.  As with the word span tasks, there were two
operation span tasks, corresponding to high- and low-frequency
words, Simultancously presented on the screen were an operation
followed by a to-be-remembered word. Subjects read the operation
aloud, provided an oral yes or no verification as to whether the answer
provided was correct, and then read aloud the word, As soon as the
to-be-remembered word was read, an experimenter pressed a key that
initiated either another operation-word pair or & guestion mark, The
question mark signalled that written serial recall of the words for that
set of operations was to begin, Recall was untimed, and a new trial
was begun when the subjects indicated that they were finished writing.
For each task there werg 18 trials that ranged in length from two to
seven operation-word combinations. Again, the order of trials was
randomly selected for each subject so that Hst fength was unpredict-
able.

£

Procedure

Fach subject participated individually in a single session for ap-
proximately an hour and a half, and received all four span tasks,
Each of these tasks sampled exclusively from one of the four word
pools, Across subjects, each word pool was approximately equally
represented in each task, and task order was also approximately
counterbalanced.

Scoring

Three dilferent scoring procedures were used, but all fed to the
same conclusions. We will present the results of the one we call the
Absclute Span score. This score was the sum of all words recalled on
perfectly recalled trials. Thus, i a subject recalled perfectly all three
trials of length 2, all three trials of length 3, but only recalled two
trials perfectly at length 4 and recalled none 4:»%"‘ the trials at longer list
lengths perfectly, the span score would be |

Results

Because of a problem in data collection, verification errors
for the operation span tasks could only be caloulated for 70
subiects but the subjects were evenly distributed over the
intervals, with data from 10{(x1) subjects in each VSAT
interval. Overall errors were vcl"y low, zm:ragi:sg around one
percent for np%&mnm followed by high-frequency words
{.79%) and about the same for operations followed by lmw
frequency wosds (1.12%). Even though error data for 2
subjects were not avatlable, there is no reason to expect iha&
their data were any different from those of the sample exam-
ine.

A preliminary analysis indicated no effects associated with
task order, so this factor was not considered further. An
analysis of variance {ANOVAY was computed, with the factors
being word frequency (high or low), task type (simple span or
operation span), and VSAT interval (17}, with inierval con-
trasied for orthogonal polynomial trends.
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Overall, we expected that high-frequency words would be
better remembered than low-frequency words, and that reten-
tion would be better in the simple span tasks than in the
operation spans. Table 2 confirms the expected pattern of

results. The analysis showed main effects for frequency, F(1,

between high- and low-frequency words was semewhat less
pronounced in the operations tasks, resulting in a frequency

by task type interaction, F(1, 83) = 126.2, p 001, MS, =
2% 0. There was a main effect for VSAT interval, F(6, 83) =

6.6, p< DO, S, = 1733, which also showed a significant
linear trend, F{1, 83) = 394, p < 001, M8, = 173.3, There
were no significant global interactions associated with VSAT
interval, but there was a linear interaction between task type
and interval, F{1, 83) = 5.7, p < 02, M5, = 64.0. As can be
seen from Table 2, the slope of the stimple span across interval
is steeper than that of the operation span, buf this is probably
an artifact of the greater range in the simple span scores.

Correlations

Individuals who score high on tests of vocabulary skills
tend to score high on working memory span tasks (Daneman
and Green, 1986) and also perform better on standardized
tests of reading comprehension, Clearly, there is a relationship
between word span, word knowledge, and verbal comprehen-
sion. On the basis of the theories we described previously, we
expected that the data would result in one of two interpretable
patterns of correlations.

One possibility is that the relationship between comprehen-
sion and span is mediated by a word knowledge factor, In
general, people who know more words may be more familiar
with the words in span tasks and in text, thereby producing
better memaory s s and greater text comprehension than
people with less word knowledge, This would produce an
indirect relationship between span and comprehension. When
the words in the span task are highly familiar to all subjects,
however, the span scores should not correlate with compre-
hension. Only those tasks with low-frequency words should
predict verbal comprehension.

An alternative position is that individuals differ in the
executive processing and storage space available to them and
that this difference has an influence on comprehension inde-

Table 2

Mean and Standard Deviation As a Function of Word
Freguency, Span Task, and Verbal Scholastic
Aptitude Test (VSAT) Tnterval

Simple span Operation span

High Low High Low

VEAT
imterval M S M S M SD M SD

250350 250 112 85 36 113 71 63 40
351400 237 111 88 57 148 108 9% 54
401450 285 926 111 57 148 82 98 56
451800 322 96 129 45 194 &% 119 58
501-550  36.9 139 139 68 206 88 125 42
551600 40,7 136 187 58 182 99 152 92
G01-800 388 146 0 233 82 243 72 177 103

pendent of word knowledge, According to this view, indivi
ual differences in working memory capacity will become
manifest in any fask that requires immediate memory,
cluding all memory span tasks administered in this study
tests of reading comprehension, such as the VSAT, It shou
also be noted that this explanation does not ignore the role
that word knowledge would play in comprehension. Clearly,
reading will be disrupted by unfamiliar words, and subjects
are likely to bring to the tasks well established individual
differences in word knowledge. Comprehension is proba
influenced by many {actors, with working memory capacily
and word knowledge being among them. We would therefo
expect that tasks reflecting both word knowledge and workir
memory capacity will be the best predictors of comprehe
sion. For this stady, such tasks involve low-frequency word
MNonetheless, if working memory capacity has an independ
relationship with comprehension, we would also expect
the span tasks involving high-frequency words would
predict VSAT,

In general, Table 2 shows that for both the simple w
and operation tasks the number of ttems recalled increase
VSAT increased, and that this trend is found with both b
and low-frequency words. The results of the correspondl
correlational analyses are presented in Table 3.

The analyses show that both the simple span and operat
span tasks with high-frequency words predict VSAT. Thes
results do not support the notion that individual differen
in word knowledge alone are responsible for the relations
between working memory span and comprehension,
finding suggests that working memory has an influen
verbal comprehension independent of word knowledg
predicted, tasks involving low-frequency words tende
stronger predictors of VBAT than those with high-fre
words, It appears that a combination of working .m

sion. In support of this notion, the correlation between si
word span and VSAT was significantly greater with

was relatively Hitle difference between the ¢
ing high- and low-frequency words. ,
We recognize that verbal comprehension reflec

resented in Figure 1 is a model of how these two hyp
constructs, working memory and word knowledge

ciently captured our data: x*(3) = 5,89, ¢
Bonet normed and non-normed it indexes of 97
respectively, Also in Figure | are the standardized

For the tasks administered, individual differences in
ing memory capacity are best captured by the span task,
high-frequency words because these tasks are not confo
by individual differences in word knowledge. That is not
suggest that these tasks are the best predictors o
comprehension, but simply that they are purer meas
working memory capacity imitations. Alternatively, perfi
ance on tasks that use very low-frequency words is vie
most strongly indexing a word knowledge factor, Notie



Waord frequency r

Simple-high 5%

Simple~low H3*

Operation-high 38

Operation-low A4
ote. n for all correlations = 90,

e low-frequency word tasks. These paths are meant to
et the assumption that all our tasks require immediate
TorY.

he notion that capacity and knowledge both influence
mprehension is represented by the paths drawn from work-
memory and word knowledge to verbal SAT. Thes
count for the assertion that tasks reflecting both these factors
‘be better predictors of verbal comprehension,

here is one more path in the model that has not been
rectly tested in this study. We assume that individual differ-
in working memory capacity directly influence the
opment of word knowledge, Working memory has been

et

w

overing from garden path passages (Daneman & Carpenter,
83). Daneman and Green (1986) showed that working
emory capacity was important in vocabulary learning, par-
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ticularly in drawing inferences about the meaning of novel
waords from the context in which words were used.

Discussion

This study was an attempt to test one explanation for the
frequently observed correlation between word span and such
educationally relevant tasks as reading comprehension. We
have entertained two simple explanations of this observed
relationship. One is that individuals differ in a working mem-
ory capacity independent of the contents of that working
memory. This basic capacity difference plays a causal role in
differences in the comprehension of discourse in the ways
described by Just and Carpenter {1980) and Kintsch and van
Dijk (1978). An alternative explanation for the correlation
between word span and comprehension, and the one tested
here, is that a third factor, word knowledge, plays a causal
role in both word span tasks and in the comprehension of
text. This is admittedly a broad category, including many
different skills and types of knowledge, but we operationalized
it here in terms of basic word familiarity. Our idea was that
if two subjects differed in their knowledge about words, they
would perform differently if they received the same words in
a word span fask and in a reading comprehension task.

Our logic was that we should observe a very strong corre-
lation between word span and comprehension if we used low-
frequency words, but that the correlation should be near zero
when high-frequency words were used. If the correlation in

simple span
high frequency |88 ¢
woards

operation span

/ Word

Knowledge

Figure 1.

the construct and the measure

regression weights.)

87
/ \
[Working Mﬁenmr@ 59
Capacity | *
, 42

high frequency
words

verbal BAT w80
simple span
fow frequengy - 47

pm——

* words
#
operation span B
low frequency e g
words

Structural model indicating the relationship of the span tasks and the Verbal Scholastic
Aptitude Test (VEAT) to the underlying hypothetical constructs of Working Memory Capacity and
Word Knowledge. (The direction of each arrow [path] rep

sents the assumed causal direction between

d variables. The standard coefficients above each path indicate the
magnitude of the relationships. These coefficients are usually interpreted as similar to standardized
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question is entirely a result of differential capacity in working
memory, then we should see no difference between the cor-
relations observed with low- and high-frequency words, A
third possibility was that both word knowledge and working
memory capacity play a causal role in both span and compre-
hension tasks, In that case, the correlation between span and
comprehension would be high with low-frequency words and
somewhat lower but still significant with hl;;h frequency
words,

This third scenario is exactly what we fmmd Mmcmg’h the
correlation between the simple word span with bigh-frequency
words and the VEAT was significant and moderately high,
the correlation between the word span task with low-fre-
aguency words and VSAT was significantly higher, For the
operation span tasks, argued to be a better measure of working
memory than simple word or digit span, there was little
difference between the correlations involving low- and high-
frequency words.

It is important to point out here that the central focus of

this research was on the nature of working memory and the
relationship between working memory and reading compre-
hension. The research was not directed at estimating the
relative importance of working memory capacity and word
knowledge in the complex task we call reading. We argue that
the results presented here lend strong support to the idea that
word knowledge per se does not explain the relationship
between word span and higher level cognitive tasks.

But if this refationship between working memory tasks and
comprehension is caused by individual differences in working
memaory capacity, what is the nature of that difference and
how is it manifested in the higher level tasks like reading
comprehension? Although we have argued here that the dif-
ference is not a result of word knowledge, it is still possible
that the relationship between working memory and higher
level cognition is peculiar to verbal tasks, Baddeley (1986)
reviews extensive evidence that articulatory coding plays an
important role in simple word span tasks and also in some
primitive higher level tasks. La Pointe and Engle (1990)
presented evidence that the complex working memory tasks
are also sensitive to variables that have been presumed 1o
drive articulatory coding.

It is possible that the complex word spans measure the
amount of verbal material that can be retained at a superficial
level, a level that would probably be coded in some articula-
tory form. This possibility fits with the conclusions of Dixon,
LeFevre, and Twilley (1989, who found that the reading span
did not correlate with comprehension in a task that required
that inferences be drawn based on a mental model of real-
wortd knowledge, They speculated that the reading span
measures the retention of surface level text and will only
predict comprehension in tasks that also require a superficial
understanding of the material. However, recent work from
Engle, Carullo, and Collins (1989) has shown that, for college
student subjects, the word span correlated most highly with
inference and cause-effect questions, both of which require
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deeper level knowledge than fact or pronoun reference qu
tions am both of which correlate most highly with the Ve
SAT. Thus, whether simple and complex word spans be
reflect the capability to retain superficial text information o
the capacity to build a deeper mental model (Johnson-Laix
1983) awaits a resolution, It s likely that if individuals differ
in their capacity to retain surface information, this would
affect their ability to construct 8 more global mental rmd
as well.
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