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Is Working Memory Capacity Task Dependent?
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The complex span measure of working memory is a word/digit span measured while
performing a secondary task. Two experiments investigated whether correlations between
the complex span and reading comprehension depend on the nature of the secondary task
and individual skill in that task. The secondary task did not have to be reading related for the
span to predict reading comprehension. An arithmetic-related secondary task led to corre-
lations with reading comprehension similar to those found when the secondary task was
reading. The relationship remained significant when quantitative skills were factored out of
the complex span/comprehension correlations. Simple digit and word spans (measured with-
out a background task) did not correlate with reading comprehension and SAT scores. The
second experiment showed that the complex span/comprehension correlations were a func-
tion of the difficulty of the background task. When the difficulty level of the reading-related
or arithmetic-related background tasks was moderate, the span/comprehension correlations
were higher in magnitude than when the background tasks were verv simple, or, were very
difficult.  © 1989 Academic Press, Inc.

WORKING MEMORY CAPACITY: AN The digit span has been assumed (o re-
INDIviDUAL DIFFERENCES APPROACH flect output from short-term memory and is

a ubiguitous component of intelligence
tests (Wechsler, 1944y, However, it does
not correlate well with performance on
such higher level tasks as reading compre-
hension (Perfetti & Lesgold, 1977) or even
the amount of information estimated to be
represented in primary or secondary mem-
v (Martin, 1978),
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tive, (2) an articulatory loop, and (3) a visno-
spatial scratch pad. The articulatory loop
and the visuo-spatial scratch pad are main-
tenance systems controlled by the central
executive, which is a flexible work space
with Hmited capacity. Part of this lmited
capacity is used for processing incoming in-
formation with the remainder used for stor-
age of the products resulting from that pro-
cessing.

Although other models of WM have been
developed (e.g., Klapp, Marshburn, &

Lester, 1983; Brainerd & Kingma, 1984,
1985; Case, 1974; Kintsch & van Digk,

1978}, thev all assume a lmitation in the
amount of information that can be kept ac-
tive at any given time. Further, it has been
generally assumed that this Hmitation af-
fects consequent processing, i.e., that
higher level processing is limited to some
extent by the limitations of WM.
Daneman and Carpenter (1980, 1983)
demonstrated the importance of the WM
limitation in reading comprehension, They
hypothesized that WM is used to represent
the strategies and skills used in reading with
any remaining WM capacity used to store
the products of reading comprehension,
e.g., facts, pronoun referents, and proposi-

tions. The two functions, the processing of
the written information and the storage of

intermediate products, were thought to
compete for the limited resources available
to WM,

They suggested that individual differ-
ences in reading comprehension could be
due to variability between readers in the
efficiency of their processing skills. Pre-
sumably good and poor readers have equiv-
alent overall working memory capacities,
Crood readers are assumed to have efficient
reading skills which demand relatively little
from the gross WM resources Emwm% more
of the W M capacity for the storage of prod-
ucts of the reading task. Consequently,
gwm% readers have more WM capacity

available for the storage of products simply
%::mwuw they have more efficient reading

skills, Since poor readers are assumed to

ject recalled the
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have inefficient and thus capacity demand-
ing reading skills, they have less residual
WM capacity for storing the products of
reading.

Accordingly, individual measures reflect-
ing WM capacity should be tied to a specific
processing task, in this case reading. To re-
state this idea, good readers would have
more available WM capacity than poor
readers while reading because of their more
efficient reading skills. But this greater WM
capacity would be specific to reading tasks.
That is, a good reader could have LESS
WM available when performing a nonread-
ing task than a poor reader who is skilled at
the nonreading task.

Daneman and Carpenter (1980) devel-
oped a measure of WM that measured ca-
pacity while the subject was performing a
nominal reading task. This task, which they
called the reading span task, was presumed
to require both processing and storage in
WM. Subjects read groups of sentences
aloud while simultaneously trying to re-
member the last word of each sentence.
The number of sentences in a group gradu-
ally increased. After each group, the sub-
“endwords™ in any order,
WM capacity was defined as the largest
oup of endwords the subjects recalled
correctly. The task is, in effect, a word span

task since the only measurement made is
the number of words recalled correctly. It
was hypothesized that the effect of the sec-
ondary task (reading the sentences aloud)
would differ for good and poor readers. The
number of words recalled, against the back-
ground of processing senfences, was con-
sidered a measure of the residual storage
capacity of WM. Daneman and Carpenter
(19801 found high correlations between
reading span and three measures of reading
comprehension; (1) answering fact gues-
t1ons 721, (2) pronoun reference gues-
tons (r = .90}, and (3) the Verbal Scholas-
tic Aptitude Test (Hxp. 1, r = ; :
ro= A9, In addition, as they had wg*ywmw
sized, a simple word span test given to the
same subjects did not significantly correlate
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with any of the three comprehension mea-
sures. Daneman and Carpenter (1983) rep-
licated the significant correlations between
reading span and Verbal BAT (.46 and .38)
in two later studies. A similar correlation (¢
= 53) between WM span and the Nelson-
Denny, a standardized test of reading com-
prehension, was found by Masson and
Miller {1983). Recently, Daneman and
Green (1986) found that reading span cor-
related with learning the meaning of novel
vocabulary words in a context with suffi-
cient cues for inferring meaning (#(28) =
693, Furthermore, the correlation was still
highly significant when vocabulary knowl-
edge effects were statistically removed (r =
53

From these findings, Daneman and ¢ol-
leagues argued that the reading span is an
index of the WM capacity that is NOT al-
located to processing (i.e., reading and
comprehending) the individual sentences.
Because good reading comprehenders have
better or more efficient reading strategies
than poor reading comprehenders, more ca-
pacity would remain for storage of to-
be-remembered information. Thus, they ar-
gue that any measure reflecting the capac-
ity of & WM that is important in reading
comprehension must require the use of
reading strategies. The WM span measure
s dependent on the type of background
task used while measuring the span, and
that background task must include reading
if the span measure is to predict individual
variation in reading comprehension.

Another possible explanation of the
Daneman and Carpenter findings, however,
may be that people are good readers be-
cause they have a large WM capacity inde-
pendent of the task being performed. Good
readers may be remembering more words
against the background of processing sen-
tences in the reading span task because
they have larger WM capacities than poor

readers, MOT because good readers have
more efficient reading skills than poor read-
ers. A greater WM capacity would be inde-
pendent of the type of background task
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used while measuring span. That 15, a good
reader may have more WM capacity avail-
able for processing and storage than a poor
reader whether performing a reading or a
non-reading task. According to this alterna-
tive theory, a measure of WM should suc-
cessfully transcend task dependence in its
prediction of higher level cognitive func-
tioning. That is, the memory span task
could be embedded in a concurrent pro-
cessing task that is unrelated to any partic-
ular skills measure and still predict success
in the higher level task.
ExperIMENT |

A pilot study performed in our lab sup-
ports the notion that WM storage capacity
i independent of the nature of the task be-
ing performed (Turner & Engle, 1986).
Span measures embedded in a processing
task other than reading correlated with
reading comprehension just as well as did
the reading span. Three span measures
were used in the Turner and Engle study,
Omne was a replication of Daneman and Car-
penter’s (1980) reading span (referred to
here as the sentence-word span test, Sen-
tence Word) wherein subjects read a series
of unrelated sentences and recalled the last
word in each sentence. In a second span
measure, a to-be-remembered digit fol-
lowed each sentence in the series, (sen-

tence-digit span test, Sentence Digit) and
the digits were to be recalled following the

end of the series. In the third span task sub-

jects performed simple arithmetic opera-

tions {e.g., (3 x4y + 11 = ., Jfollowed by
a to-be-remembered word (operation-word
span test, Operations Word). Memory span
was deflined as the maximum number of
itemns (digits/words) recalied. The main pur-
pose of this pilot study was testing whether
the relationship between S€ span mea-
sures and reading comprehension is depen-
dent or independent of specific processing
strategies reguived by the secondary task.
That is, does the secondary task need to
mvelve reading, as Daneman and Carpen-
ter (1980, 1963) suggested, to predict read-
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ing comprehension? Daneman and Carpen-
ter’s hypothesis would predict that the Sen-
tence Word and the Sentence Digit span
tasks would reflect differences in residual
WM capacity because of individual differ-
ences in reading skills and strategies, not
hecause of differences in WM capacity in-
dependent of task proficiency.

The alternative explanation, that the
reading span measures abiding individual
differences in WM capacity independent of
the skills required for the processing com-
ponent of the task, suggests that the com-
plex memory span index could be embed-
ded in any task that requires heavy process-
ing beyond the span task and still reflect
individual differences in WM capacity that
are important in higher level functioning.
Using a concurrent processing task involy-
ing strings of arithmetic operations fol-
fowed by a to-be-remembered word (Oper-
ations Word), allowed the span task to be
embedded in a processing task that requires
a different set of strategies than reading
comprehension. Nevertheless, the word
span measured in the operation-word task
predicted reading comprehension just as
W:H as it did in the sentence-word (Le.,
reading span) or sentence-digit task.

One implication of these results is that
the background task in a WM measure does
not need o be reading related to lead to a
correlation between the span measure and a
. An indiy

test of readir wmmw%w g id-
ual may be a y comprehender
because of a lar ity not spe-

H jent reading skills
However, there is ¢ sible confounding
in the Turner and I study. Readi m
ability and mathem:
highly correlated.
tend to be good in math. Daneman and Cs
penter’s theory could stifl be correct by the
following analysis, Good readers could
have a large sentence-word span because of
their efficient reading skills and, indepen-
dently, theyv could have a large operation-
WOT ai span because of their efficient math-
The dissociation of the na-

ture of the background task and the nature
of the task being predicted, in this case,
reading comprehension, would only be
meaningful when the two types of skills are
not themselves correlated,

The purpose of the first experiment was
to further address the question of whether
WM storage capacity is task dependent.
More importantly, the study addressed
whether the correlations observed by Turner

""" ole are simply due to good readers
also having good quantitative skills and us-
ing both kinds of skills efficiently, or,
whether they generally have larger WM ca-
pacities.

One way to approach this problem is to
statistically remove the effects of quantita-
tive skills (as reflected by Quantitative SAT
scores) from the correlation between each
of the WM span measures with the reading
comprehension measures, If the correlation
between the operation-word span and read-
ing comprehension is simply due to good
readers also having good and efficient
quantitative skills, then the correlation be-
tween operation-word span and compre-
hension should disappear when the guanti-
tative skills are factored out. On im other
hand, if the correlation between the WM
span measure and reading comprehension
is independent of the particular skills in-
volved by the background task, the partial
correlation coefficient between operation-
word span and reading comprehension
should stll be significant.

Method

The Tuwmer and Engle experiment sug-
gested that one of the reasons people are
good ¥ -rs may be that they have a large,
general WM capacity that is independent of
SPEC ﬁlm task stra Ys.mm The purpose u;i" this
cowas to further test fhis
%M%w s:ﬁm inating alternative hyy m@hmm
would help to understand the pmw m:m of
these experiments if we consider WM
;MM tike M;u"m‘mm and Carpenter’s 3"&;%%{%«»

ing span as really the combination of two
tasks. The primary task is remembering

It
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items, either words or digits. But this pri-
mary memory task is performed against the
background of a secondary or processing
task like reading sentences. Daneman and
Carpenter argue that the significant corre-
lation between the number of items recalled
in the primary span task will only correlate
with a reading comprehension task when
the secondary or background task is also
reading related.

Since different skills are clearly required
for solving arithmetic problems than when
reading sentences, the secondary or back-
ground task of the current study was either
solving arithmetic operations or reading un-
related sentences. In addition, since the re-
call of digits likely requires different mem-
ory strategies than those used when re-
membering words, the to-be-remembered
items in the memory component of the task
were digits or words,

Therefore, the first experiment included
a replication of our pilot study, and in ad-
dition, asked whether any similar correla-
tions found between the different complex
WM spans and comprehension were simply
due to good readers also having good quan-
titative skills and using both kinds of skills
efficiently, or, whether they just generally

have larger WM capacities independent of

these skills.

Subjects

The study tested 243 University of South
Carolina psychology students who partici-
pated to satisfy a course requirement or re-
ceive extra credit. All subjects were tested

in groups of at least two and no more than
five and completed the tasks in two 1-h ses-
S075.

All subjects completed seven tasks: four
complex WM span tasks, two simple span
tasks, and the Nelson-Denny Standardized
Reading Comprehension test. In addition,
written permission was obtained from each
subject to obtain their Verbal and Quanti-

tative Scholastic Achievement Test (SAT)
scores from the University.

The four complex memory span mea-
sures were: (1) one in which subjects read a
series of sentences, verified whether each
sentence made sense and then recalled the
last word in each senience (sentence-word
span task, Sentence Word), (2) oneg in
which subjects also read a series of sen-
tences and verified whether each sentence
made sense and recalled a to-be-remem-
bered digit which followed each sentence
(sentence-digit span task, Sentence Digit),
(3} one in which the subjects verified the
answers to strings of arithmetic operations
and recalled a to-be-remembered word

which followed each operation (operation-
word span task, Operations Word), and (4)
one in which the subjects verified the an-
swers to strings of arithmetic operations
and recalled the digit answer that was
printed to the right of the equal sign rege arel-
less of whether or not it was the correct
answer (operation-digit span task, Opera-
tions Digit). There were 42 stimuli in each
of the four complex span tasks (Sentence
Word, Sentence i‘)imt‘ f')g‘aﬁ:rmim‘h‘; Word,
Operations Digit) , presente d in 12 trials,
The number of mmuh in each trial was
gradually increased from two to five, with
three trials at each level.

The two wmp?c span measures were: (1)
a digit span task in which subjects were
asked to remember increasingly larger sets
of randomly generated digits in the correct
serial order and {2) a word span task, in
which the sets of items to-be-remembered
were words rather than digits, There were
132 digits presented in 27 trials and 81
words presented in 18 trials. The number of
stimuli (words/digits) in each trial was grad-
ually increased from 2 to 9 in the digit task,
and from 2 to 7 in the word task, with three
trinls at each level in both simple span
tasks.

The Nelson-Denny Reading

Comprehension |

Form F of the Nelson-Denny standard-
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ized Reading Comprehension test was ad-
ministered. A total of 8§ passages, each ap-
proximately 250 to 650 words in length, and
36 questions were contained in the test
pamphlet. Subjects were instructed to si-
lently read each passage and then fo answer
the multiple choice questions that followed
each passage on the numbered answer
sheets provided. They were allowed to look
back at the material they had read, but were
advised 1o leave difficult questions unti
they had finished answering the remaining
questions. Subjects were given 20 min to
complete the test. Reading rate was deter-
mined for each subject by having the exper-
imenter call “Mark’” when 30 s had elapsed.
At that time subjects recorded the number
of words read, which was printed to the
right of the line on which each was reading.
Accuracy scores were based on the number
of correct answers out of the total 36 ques-
tions,

Memory Span Tasks

Word stimuli. The words to be recalled in
the sentence-word, operation-word, and
simple-word tasks were selected from a to-
tal pool of 243 words and then divided into
three sets (Le., Set A, Set B, and Set ) s0
that each subject recalled different words in
each of the three span tasks. The to-
he-remembered word was the last word in
the sentence in the Sentence Word task, or
the word that followed the operation string
in the Operations Word task, or was the
stimulus item in the simple word task, All
three sets of words were one syllable con-
crete nouns, selected from the most com-
mon four to six letter words published in
the Francis and Kucera (1982) frequency
norms.

Sentence stimuli. Sentences for the sen-
tence-word and sentence-digit tasks were
generated 1o make sense with the desig-
nated last word, Each sentence was from 11
to 16 words long, was nominally unrelated
10 the others, and was either “correct’”” o1
“incorrect.”” “Correct’” sentences made
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semantic and syntactic sense, e.g., ““The
grades for our finals will be posted outside
the classroom door.”” “Incorrect’’ sen-
tences were made nonsense by reversing
the order of the last four to six preterminal
words, e.g., ““The grades for our finals will

classroom the outside posted be door.”
The number of “correct”” and ““incorrect”

sentences in a trial (h.e., set size) gradually
increased from 2 to 5, with three trials at
each set size. Approximately half of the
sentences in each set size were randomly
selected to be “‘correct,”” and half
“igcorrect,” with the constraint that 21
sentences in each w;i;; were “correct’” and
21 were “mw;wm

Digit stimuli. The to-be-remembered dig-
its in the wniummdwh operation-cigit and
simple-digit tasks were randomly sampled
with replacement from the integers, -9, A
single to-be-remembered digit followed
gach sentence in the sentence-digit task, or,
was the stated answer in the operation-digit
task, or was the stimulus item in the simple
digit task,

Operation stimudi, A total of 84 operation
strings served as stimuli for the processing
component of the operation-word and op-

eration-digit complex span tasks. Hach
string consisted of two arithmetic opera-
tions and a stated final answer, e.g., [(%/3)
' = 1], The first operation was a simple
multiplication or division pmwm‘ﬂ m paren-
theses, such as (3 > 4} or (8/2). The inter-
itern product or guotient was not st Mmd and
was 1o be solved prior to a second opera-
tion, i.e., the simple addition or subtraction
of a single-digit integer. Approximately half
of the operation strings in each trial listed
an answer after the equal sign that was cor-
rect, and half listed an answer that was in-
correct by at least 4, e.g.. (93 —~ 2 = 6].
The number of operation strings in a trial
(i.e., set size) gradually increased from 2 to
&, with three trials af each set size. As with
the sentence stimuli, approximately half of
the strings in each set size were answered
correctly and half incorrectly.
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General Procedure

In all of the memory span tasks, small
groups of subjects read aloud series of stimn-
uli that they saw projected from transpar-
encies onto a large screen while simulta-
neously hearing prerecorded items on a
cassette tape. The length of each recording
determined the presentation rate for each
stimudus item. The average playback time
for the four different stimulus items in the
complex tasks was 423 ms for the Sentence
Word task, 532 for the Sentence Digit task,
396 for the Operations Word task, and 541
for the Operations Digit task., The experi-
menter kept all items covered on the trans-
parency, except the item being presented,
by gradually moving a blank sheet of paper
with a 6" % 0.5" cut out, creating a ““window™’
through which the stimulus item was pro-
jected onto the center of the screen. Thus,
all subjects heard the stimulus items while
seeing them on the screen and were re-
quired to read the items aloud, along with
the voice on the tape. Subjects performed
in groups of from two to five subjects, sit-
ting at individual desks, positioned so that
the experimenter could see the mouths of
all subjects. Then, if necessary subjects
were reminded to read aloud, and in addi-
tion, the experimenter mouthed all items,
which served as a constant reminder for
subjects to continue reading aloud.

The first trial was initisted by the exper-
imenter after reading specific instructions
at the beginning of each task. In the Sen-
tence Word task the experimenter allowed
the first sentence to be projected through
the “"window” on the screen and played the
recording of the same sentence. Subjects
immediately began reading the sentence
aloud paced by the recording. As soon as
gach subject decided whether a sentence
made sense, he or she placed a check mark
in the appropriate numbered blank on Side
I of his or her answer sheet. Immediately
after the first sentence was presented, the
next sentence appeared on the screen and
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subjects read it aloud, again paced by the
recording of the sentence, After a series of
two sentences were read, the subjects saw
ared line and heard a “‘recall”” cue at which
time they turned their answer sheets to Side
2 and wrote down the last word of each of
the sentences they had read. Although they
were instructed to write the words in any
order, subjects typically wrote the words in
the same order as presented. After a set of
three trials at set size 2, the number of sen-
tences was increased to three.

And, after cach additional set of three iri-
als, the number of sentences continued to
be incremented by one until subjects were
reading five sentences prior to the “recall”’
cue. Likewise, in the sentence Digit task,
wherein each sentence was followed by a
digit, subjects saw, heard, and read each
series of sentences and digits aloud, along
with the voice on the tape. Again, subjects
verified whether the sentence made sense,
and when they heard the *‘recall” cue they
serially recalled the to-be-remembered dig-
its. In the Operations Word task subjects
also saw, heard, and read aloud series of
operations strings and to-be-remembered
words, again paced by the recorded stimu-
lus presentation. Subjects immediately ver-
ified whether each stated answer following
the equal sign was correct or ingorrect, and
finally when the “‘recall” cue was heard
they typically wrote the to-be-remembered
words in serial order, but they were told
they could record them in any order. In the
Orperations Digit task subjects saw, heard,
and read aloud the series of operation
strings, paced by the recording, and as soon
as possible verified whether the stated an-
swer was correct. When the recall cue was
heard they recalled the answer stated after
the equal sign in the correct serial order,
whether or not the stated answer was cor-
rect. In the Operations Word and Opera-
tions Digit tasks all intermediate computa-
tions were required to be silent and no aids
(i.e., pencil or paper) were allowed,

In the two simple span tasks subjects
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saw, heard, and read aloud words or digits,
sequentially presented at a rate of one per
second. The number of words presented
prior to the recall cue was gradually in-
creased from 2 to 7, and the number of dig-
its was increased from 2 to 9. When the
recall cue was heard, subjects wrote their
answers on answer sheets numbered from 1
to 81 for word recall, and from 1 to 132 for
digit recall. Digits were recalled in the cor-
rect serial order and words in any order.

Results Experiment |

The data from this study consisted of 22
scores for each of the 243 subjects, they
were derived from the four complex mem-
ory tasks, the two simple memory tasks,
the Melson-Denny Reading Comprehen-
sion task, and the Verbal, Quantitative, and
Total SAT tests. The data from the four
complex span tasks consisted of one mea-
sure of the processing component and two
of the storage component of the task. The
processing component measure was the
number of correct verifications for sen-
tences or operations in each task. The span
data for a subject were not included in the
analysis if the verification measure was be-
low 80%. The data for two subjects were
excluded from each of the complex spans.
One recall measure was a Set-Bize Memuory
Span. This was the maximum size of the set
of to-be-remembered items (words or dig-
its) in which the subject perfectly correctly
recalled the memory items two out of the
three times. A second recall measure was a
Total Memory Span. This was the total
number of correctly recalled words/digits
from all trials. Within each trial, words
could be correctly recalled in any order,
while digits had to be recalled in the correct
serial order to be included in the total mem-
ory span. These two measures were also
derived for each of the two simple span
tasks.

The scores derived for each subject from
the Nelson-Denny Reading Comprehen-
sion test consisted of (1) the number of cor-
rect answers out of all 36 possible ques-
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tions, {2) the percentage of correct answers
out of the total questions completed, and
(3) the number of words read per minute.
The second measure was used as an at-
tempt to express comprehension indepen-
dent of reading speed. However, since this
measure did not correlate with the span or
any other comprehension measures used in
the current study and is not the standard-
ized measure for the Nelson-Denny, it will
not be discussed further.

The two span measures led, with few ex-
ceptions, to the same conclusions so only
the results of the total memory span will be
reported. This measure of WM has been
used by other researchers (e.g., Baddeley,
Logie, Nimmo-Smith, & Brereton, 1985
and Masson & Miller, 1983) and will allow
better comparison across studies. The high-
est possible score for this measure was 42
for the complex spans, 81 for the simple
word span, and 132 for the simple digit
span. Table 1 reports the descriptive statis-
tics for the WM measures and comprehen-
Si0N measures.,

Reliability analysis. Reliability estimates
of the complex and simple span scores
ranged between .89 and .93. The reliability
estimates for subjects’ memory span scores
were derived from Cronbach’s alpha for-
mula as measures of internal consistency.
Intercorrelations were computed among
the total number of items correctly recalled
in each of the three trials across all set sizes
for each memory task. For example, in the
Sentence Word task, the total number of
correctly recalled words in the first trials of
sef sizes 2, 3, 4, and 5 was calculated as one
individual Sentence Word span, a second
individual Sentence Word span was the to-
tal number of words recalied in the second
trials of all the set sizes, and finally, a third
individual Sentence Word span was the to-
tal number of words correctly recalled in
the third trials of all set sizes. The intercor-
relations computed among these three trial
spans ranged from .78 to .80 for the Sen-
tence Word task, from .74 to .81 for the
Operations Word task, from .74 to .83 for the
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TABLE 1
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Descriptive Statistics for WM toral score

Tasks
Sentence Sentence Operation Operation Simple Simple
word digit word digit waord digit
Mean 9.1 32.5 2.6 28.4 63.0 95.8
5D 5.1 5.8 4.4 6.2 10.6 19.2
Mindmum 7 18 19 15 23 24
Maximum 41 41 41 40 B4 130

Descriptive Statistics for Comprehension and SAT Scores

Melson-Denny number Reading {Juantitative SAT
correct rate Verbal 5AT score sCOTe
Mean 26 2698 441.5 456.9
SD 503 #6.3 88.47 91.1
Minimum 8 36 240 270
Maximum 38 756 680 720

Sentence Digit task, from .72 to .76 for the
Operations Digit task, from .71 to .82 for the
word task, and from .69 to .75 for the digit
task.

Reading comprehension. Table 2 shows
the Pearson Product Moment correlation
coefficients calculated between the total
memory span and the comprehension mea-
sures. The major goal of Experiment | was
to determine whether the relationship be-
tween the WM span scores and reading
comprehension varies as the nature of the
WM background task was varied in the
complex tasks. Table 2 shows the correla-
tional coefficients central to this question.
Clearly all four complex span measures

TOTAL SPANS AND
INSION MEASURE

CORRELATIONS BETW
COMPRES

Melson-
Denny Verbal Quantitative
BCCUPACY SAT SAT
. Span task sCOres SCOTES scores
~ SBestence Word 37 g (26%%
_ Operation Word Agyrr B 3R
Sentence Digit i 8 24
£ i igi 24F 1 24%
07 08 09
0 A2 A2

P, p s D02,
H24D), p < 0005,
o

correlated significantly with the MNelson—
Denny even though the magnitude of that
correlation was nearly twice as high for
those tasks involving the recall of words as
for those involving the recall of digits. The
Nelson~-Denny correlated significantly with
Sentence Word span, (241 37, p <
0001, with Operations Word span, r(241)
=40, p <0001, with Sentence Digit span,
r(241) = .20, p <002, and with Operations
Digit span, r(241) = 24, p < 002, These
correlations suggest that comprehension
may be related 1o WM span, whether mea-
sured against a background task involving
reading or performing arithmetic problems.
Subjects with higher Sentence-Word spans
were better reading comprehenders than
subjects with lower Sentence-Word spans.
More importantly, subjects with higher Op-
erations-Word spans were also better at
reading comprehension than those subjects
with lower Operations Word spans, The
correlations of Nelson-Denny with Sen-
tence-Word and Operation-Word spans
were not statistically different, #2410
0.32, p > .50,

The magnitude of the correlation be-
tween the two complex digit spans and
comprehension was relatively smaller than
it was between the two complex word
spans and comprehension. The correlations
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between the Sentence-Digit span and Nel-

son-Denny, r(241) = .24, p < .0002, were
not significantly different from each other,
1(241) = 0.57, p > .50. Although all four
complex spans correlated significantly with
reading comprehension, those requiring
word recall predicted reading comprehen-
sion significantly better (r = .37 and .40)
than those tasks requiring the recall of dig-
its (r = .20 and .24). Significant differences
at the .05 level were found between all com-
binations of the Sentence Word and Oper-
ations Word pairs of spans and the Sentence
Digit and Operations Digit pairs of spans;
Sentence Word/ND (r = .37) and Sentence
Digit/ND (r = .20), 1(241) = 2.90, Sentence
Word/ND (r = .37) and Operations Digit/
ND (r = .24), 1(241) = 1.99, Operations
Word/ND (r = .40) and Sentence Digit/ND
(r = .20), t241) = 3.23, and Operations
Word/ND (r = .40) and Operations Digit/
ND (r = .24), 1(241) = 2,13,

Verbal SAT. Differences in the predict-
ability of reading comprehension by the
two types of complex spans (digit and
word) were also found in the correlations
between the complex spans and VSAT
scores. Table 2 shows that both complex
word spans correlated significantly with
VSAT, Sentence Word/VSAT, r(208) =
28, p < .0001, and Operations Word/
VSAT, r(208) = .34, p < .0001. On the
other hand, neither of the correlations in-
volving complex digit spans and VSAT
were significant, Sentence Digit/VSAT,
#(208) = .08, p > .24, and Operations Dhgit/

was no relationship found between VSAT
and complex digit spans, but complex word
spans did predict VSAT.

Quantitative SAT. There was a relation-
ship, however, between all four complex
spans (Sentence Word, Operations Word,
Sentence Digit, and Operations Digit) and
QSAT. Table 2 shows significant correla-
tions between Sentence Word and QSAT,
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and QSAT, r(208) = .33, p < L0001, Sen-
tence Digit and QSAT, r(208) = 24, p <
0005, and Operations Digit and QSAT,
H208) = .25, p < .0003. These significant
and nearly equivalent correlations between
the four complex spans and QSAT might be
expected, considering that the different
components of the QSAT would invoke
both verbal and quantitative skills, i.e.,
names of the digits, etc., and that VSAT

0001,

Simple spans. As expected, the simple
word and digit spans did not predict reading
comprehension. The correlation between
the simple word span and Nelson~Denny

simple digit span and Nelson-Denny was,
241 = .10, p > .19. In addition, Table 2
shows there were no significant correla-
tions between VSAT or QSAT with word
span, r(208) = .08 and .09 respectively, or
with digit span, r(208) = .12 and .12, Te-
spectively. Therefore, individual differ-
ences in the number of words or digits re-
called did not predict individual differences
in comprehension as measured by Nelson—
Denny, VSAT, or QSAT scores.

Reading rate. There was no relationship
between reading rate and WM capacity.
The only measures that approached signif-
icance in correlation with reading rate were
the Sentence Word and Operations Word
complex spans, r(241) = .17 and .19, re-
spectively, p < .06. No other span and
reading rate correlations approached signif-
icance,

Span intercorrelations. The four com-
plex spans tended to correlate with one an-
other, ranging between .38 and .58 (see top
half of Table 3). Not surprisingly, the high-
est span correlations were between the two
complex spans requiring word recall (Sen-
tence Word and Operations Word), r(241)
0001, and, between the two
complex spans requiring digit recall (Sen-
tence Digit and Operations Digit), r(241) =
.58, p < .0001. The remaining correlations
were also fairly large among the complex
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TABLE 3

Correlations among Complex and Simple Spans

Tasks
Sentence Sentence Operation Operation Simple Simple
word digit word digit word digit
Sentence Word i
Sentence Digit SppEn -
Operation Word LA A -
Operation Digit A SEHE AR e
Word 0 A3 D8 15 -
Digit 24 27 e BEA A6+ —

Correlations among Comprehension and SAT Scores

Nelson-Denny accuracy Quantitative SAT
SCOTES Verbal SAT scores SCOres
Nelson-Denny —
VSAT GG -
QAT AL g

(241, p < 01
(241, p < 0001,

spans, Sentence Word/Sentence Digit, r(241)
= 50, Sentence Word/Operations Digit,
H241) = .38, Operations Word/Sentence
Digit, #(241) = 43, and Operations Word/
Operations Digit, r(241) = .38, at the p <
0001 level. In addition, Table 3 shows a
large correlation between the simple word
and digit spans »(241) = .46, p < 0001,
Thus, the simple spans were highly corre-
lated, and the complex spans highly corre-
lated; however, the correlations across the
different types of spans {complex and sim-
ple) were much lower, ranging between
- .03 and .35, To the extent that the corre-
lativns among the complex spans were sim-
ilar, these memory measures may be tap-

ping the same underlying process., And, of

course, the correlation between the two
simaple spans suggested these two measures
may be, at least partially, determined by
the same underlying process,
Comprehension and SAT intercorrela-
tions. As expected, the correlations among
the comprehension and psychometric mea-
sures were all large and significant: (1) Nel-
son-Denny (ND) and VSAT, r(208) = .66,
P 0001, (2) ND and QSAT, r(208) = 41,
P 0001, and (3) VEAT and QSAT, r(208)

= 54, p < 0001 (see bottom half of Ta-
ble 3).

Summary of correlational analyses. The
correlational analyses showed that compre-
hension had a relationship with the four
complex spans and that the simple spans
did npot correlate with comprebension. In
addition, the complex word spans related
more highly with comprehension than did
the complex digit spans. Span intercorrela-
tions also were higher between the two sim-
ple spans, and the complex word spans,
than those correlations between simple and
complex spans. In addition, the relation-
ship between the complex digit spans (Sen-
tence Digit/Operations Digit) and between
the complex word spans (Sentence Word/
Operations Word) was greater than be-
tween complex word and digit spans (Sen-
tence Word/Sentence Digit, Sentence Word/
Operations Digit, or Operations Word/
Sentence Digit, Operations Word/
Operations Digit), These findings were
based on tests of differences in the magni-
tude of correlations.

However, as pointed out by Marascuilo
and Levin (1981), what determines the
strength of a relationship, is the closeness
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of points to a regression line, Thus, any two
sets of correlations may be found not sig-
nificantly different (i.e., the two different
sets of points, or ellipses, may be equally
close to their respective regression lines),
but the corresponding slopes of the two re-
gression lines may not be similar. A linear
prediction of reading comprehension may
be quite different when using one WM com-
plex span, than when using another, even
though the strengths of the two linear pre-
dictions (i.e., the two correlations between
spans and comprehension) are similar.
The regressions of Sentence Word with
Nelson-Denny and of Operations Word with
Melson-Denny were central to the present
study. An analysis was performed to test
the hypothesis that the slopes of these two
regression lines were parallel. This hypoth-

p > 25, MSE = 40.46, In other words, the

two complex spans requiring the recall of

words were similar in their ability to predict
reading comprehension as measured by the
Nelson-Denny.

Linear relationship between span and
comprehension. A principal-components
analysis confirmed that the relationships
between reading comprehension and com-
plex spans reflecting WM capacity should
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be additionally explored in a regression
analysis. One way to approach the problem
of whether one, two, or all of the four com-
plex spans are needed to predict compre-
hension, or whether the spans similarly ac-
count for the variation in reading compre-
hension, is through a stepwise multiple
regression analysis using the forward selec-
tion technique (Marascuilo & Levin, 1981).

This procedure allowed a different com-
plex span measure to serve as the first,
maost powerful predictor of comprehension
in each of four models. The relative contri-
butions of each remaining complex span in
predicting comprehension in each of the
different models were then compared. Ta-
ble 4 shows the results of the stepwise re-
gression analysis,

Table 4 indicates the increment in the ND
comprehension variability that was ac-
counted for by each span measure when en-
tered into two different models. In the two
models, entering Sentence Word and Oper-
ations Word first, the change in the pre-
dicted variance of ND comprehension due
to the addition of a third most powerful pre-
dictor span was never significant, indicat-
ing that Sentence Word and Operations
Word spans were sufficient predictors of
comprehension. Entering Operations Word

TABLE 4
STepwisE REGRESSION WITH THREE COMPREHENSION MEASURES A8 CRITERION

Proportion of Model
variance

Crder of entry Predictor variable aceounted for R F p
Melson-Denny
i Operation Word L1603 603 45.25 001
2 Sentence Word 0326 1929 9.53 0023
1 Sentence Word 1342 1342 36.74 004
2 Operation Word G387 1929 17.17 001
VEAT
i Operation Word L1146 146 26,66 L0061
2 Sentence Word 0154 300 3.63 058
3 Sentence Digit 0162 1462 387 L350
QSAT
1 Operation Word ol BEtil 25.48 0001
2 Sentence Digit RN 236 316 771
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span first accounted for 16.03% of the vari-
ance, while Sentence Word added 3.26%,
Entering Sentence Word span first in this
fashion accounted for 13.42% of the vari-
ance, while Operations Word added 5.87%,

Table 4 also shows the stepwise regres-
sion analysis with VSAT as the criterion
variable. When the four spans were allowed
to compete in the stepwise procedure Op-
erations Word span was selected first, ac-
counting for 11.46% of the variance in
VSAT, with Seatence Word span next, ac-
counting for an additional 1.54%, and Sen-
tence Digit span last, accounting for an ad-
ditional 1.62% of the final model, F(3,204)

a‘ts’om W(:srd hpzm made a unique contribu-
tion to VSAT when the Sentence Word
span was entered first in the stepwise re-
gression procedure. When Sentence Word
span was entered first, 7.93% of the vari-
ance was accounted for in VSAT, the Op-
erations Word span was selected next, ac-
counting for 5.7% of the variance in VSAT,
This finding that the Operations Word task
is a unique predictor of reading ability,
even after the Sentence Word task is par-
tialed out is difficult for a theory based on
reading skills to explain, The Operations
Word span was the only variable that ac-
counted for a significant proportion of vari-
ance in QSAT, 11.01%, F(1,208) = 25.48, p
<0001,

The question addressed by this study was
whether WM capacity is task dependent.
Does a WM measure need to be “‘reading”’
related to generate a significant correlation
between the span measure and a test of
reading comprehension? Finding similar
correlations between the four complex
spans and the ND comprehension measure
implies WM capacity transcends task.
These results clearly show that the process-
ing component of the WM span does NOT
need to be “‘reading’’ related to produce a

correlation between the span measures and
reading comprehension. This suggests indi-
viduals may be good or poor reading com-
prehenders because of a large or small WM
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capacity, not because of more or less effi-
cient reading skills. However, there is an-
other possible explanation addressed by
this study, it may be that these similar cor-
relations are simply due to good readers
also having good quantitative skills in
which case the significant correlation of
Operations Word with the measures of read-
ing comprehension would be accidental in
nature. The correlation between Sentence
Word and comprehension could occur be-
cause, as Daneman and Carpenter argue,
the Sentence Word task causes reading
skills to be invoked and the residual WM
capacity is reflected by the number of
words recalled. The Operations Word task
would lead to arithmetic skills being in-
voked and, since verbal and guantitative
skifls tend to be correlated (.54 between
VSAT and QSAT in the current sample),
the WM capacity reflected by the Opera-
tions Word task would tend to be similar to
the WM capacity reflected by the Sentence
Word task. However, WM capacity would
still be task dependent. This problem was
approached with a partial correlational
anatysis of the data,

Partial correlarion analysis. The partial
correlation technique was used to address
the question of whether the significant cor-
relation between Operations Word and read-
ing comprehension measures was an arti-
fact of the tendency for verbal and quanti-
tative skills to correlate. In this procedure,
the possibility was considered that the cor-
relations between each of the complex
spans and NI comprehension were con-
founded by the covariance between verbal
and quantitative abilities. Therefore, the ef-
fect of quantitative abilities (QSAT) was
partialled out prior to measuring the rela-
tionships between the complex spans and
comprehension. Table § shows significant
values for the following partial e;fwrc;:imiimts:
{1} Sentence Word and ND, #(205) =
{2) Operations Word and ND, (205} = "2‘"'?
{3y Sentence Word and VSAT, r(20%) -
A7, and (4) Operations Word and VS‘»AT}
r(208) = 20. All other partial correlations
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TABLE 3
Partial CORRELATIONS BETWEEN SPAN AND
COMPREHENSION MEASURES

Comprehension measures

MNelson-Denny Verbal
ACCUTACY SAT
Span measures sCOres SCOTES
Sentence Word VAL A7
Operation Word EHRE My
Sentence Digit A0 -~ 47
Operation Digit 10 02
Word R 03
Digit 09 A2

* 208, p < 01
B A208), p < 006,
HE ATO8Y, p o< 0004,

were not significant. The important point is
that the relationship between Operations
Word span and reading comprehension
(Nelson-Denny) is still present when quan-
titative skills (QSAT) are factored out of
the association. However, neither of the
complex digit spans (Seuntence Digit and
Operations Digit) showed a significant rela-
tionship with comprehension after the ef-
fect of QSAT was removed. The zero order
correlations for Sentence Digit/ND (r =

were half the magnitude of the Sentence
Word/ND (r = .37) and Operations Word/
ND (r = .40) zero order correlations.

In summary, the significant partial corre-
lations between the Operations Word and
Sentence Word spans and comprehension
suggests the complex span measures of
WM capacity may be independent of the
particular skills involved in the processing
component of the span task. The correla-
tion between Operations Word span and
reading comprehension was not simply due
to good readers also having good quantita-
tive skills.

EXPERIMENT 2
The purpose of this experiment was to
study the relationship between the complex
WM span and comprehension measures
while manipulating the difficulty of the pro-
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cessing component of the span tasks, The
findings of Experiment 1 showed that the
complex spans reflecting WM correlated
with reading comprehension. More impor-
tantly, the correlations found between com-
plex spans and comprehension did not de-
pend on the use of specific reading skills in
the processing component of the span task.
The complex memory span related to read-
ing comprehension even if it was embedded
in a concurrent processing task that was un-
related to reading skills. However, there
was no relationship found between compre-
hension and the traditional span measures
in BExperiment 1. Why was reading compre-
hension predicted by the complex WM
spans, but not by the simple word or digit
span measures? One reason for this may be
that individual differences in the simple
spans are a result of differences in the use
of memory strategies such as chunking,
rote rehearsal, phonetic recoding, and elab-
oration. It is unlikely that these same strat-
egies, with the possible exception of pho-
netic recoding, would be very important {o
reading comprehension. The complex span
measures may more closely reflect the
number of “‘items”” that can be represented
in the working memory without the aid of
rehearsal. The complex span measures may
correlate with reading comprehension be-
cause the processing component of the task
(i.e., reading unrelated sentences or solving
operation strings) inhibits the use of these
memory strategies. This theory suggests
that any method of eliminating the use of
memory strategies while measuring WM
should lead to a more accurate measure of
this limited capacity memory.

One way to test whether the processing
component of the complex span task is sim-
ply preventing memory strategy use, is 1o
vary the difficulty of the processing compo-
nent. Theoretically, the span measured
while processing very simple sentences,
e.g., “See the dog,” should be similar to
the simple span measure, The processing of
these simple sentences would not be so de-
manding that subjects could not make some
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vse of memory strategies. On the other
hand, reading sentences, such as, “*She saw
the small dog run behind the truck,” would
be more demanding and would minimize
strategy use. Therefore, spans measured
against an easy background task would not
likely predict reading comprehension as
well as spans measured against a more dif-
ficult background task. This suggests that
as the difficulty of the processing compo-
nent of the task increases, strategy use
would be less likely, and the resulting rela-
tionship between span and reading compre-
hension would increase. However, when
trying to remember items while processing
very difficult sentences, such as, ““The
voung lady with the old man saw the small
dog run behind the brand new 1987 Ford
truck,”” the correlation between span and
comprehension may break down. If the
background becomes too difficult several
things could happen that would diminish
the relationship between the complex span
and reading comprehension. One is that
some subjects would just give up on the
background task and allocate all their re-
sources to the span component. S0, to
some extent, for these subjects the task
would be more like the simple span.

Another result of an exceedingly difficult
background task could be that span perfor-
mance would be compressed to the extent
that the range of scores would be restricted.
And, to the extent that the range of the span
scores is restricted, the resulting correla-
tion between comprehension and span
would be decreased. Therefore, since spans
measured against easy background tasks
may not inhibit the use of memory strate-
gies, resulting in a span similar to the tra-
ditional simple spans, and since spans mea-
sured against very difficult background
tasks would be restricted in range, a com-
parison of correlations between compre-
hension and easy, moderate, and difficult
complex spans might result in an inverted
U-shaped function,

1t is also important to note that if the cor-
relation between sentence-word spans and
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reading comprehension is considered to
depend on the use of reading skills in the
processing component of the span task, as
Daneman and Carpenter argued, then, as
the background task is made more difficult
the resulting Sentence Word span and com-
prehension correlations would behave in
the manner described above, The Sentence
Word span/comprehension correlations
should increase in magnitude, up to that
point where the difficulty level restricts the
range of the Sentence Word span measure,
However, if, as Daneman and Carpenter ar-
gue, the correlation between comprehen-
sion and complex span is determined by
specific task skills used in the background
task, then when the difficulty of a back-
ground task consisting of operation strings
is manipulated, the resulting pattern of span
arid reading comprehension correlations
should not be the same as the pattern of
correlations between Sentence Word span
and reading comprehension. Solving oper-
ation strings clearly does not require read-
ing skills, vet the Operations Word span
measured against the background task of
verifying operation strings correlated with
reading comprehension (v = 40 in Experi-
ment 1), The Operations Word span/
comprehension correlation suggested spe-
cific task skills did not determine the come-
plex span measures reflecting WM capa-
city. If a comparison of the behavior of Op-
erations Word span/comprehension cotre-
lations with Sentence Word span/
comprehension correlations should result
in similar shaped functions, it would appear
that a task independent explanation would
be further supported.

Method

In this experiment the difficulty of the
processing component of the complex Sen-
tence Word and Operations Word span
tasks was manipulated. Three levels of dif-
ficulty were defined for the processing
components of the Sentence Word and Op-
erations Word tasks, Unrelated sentences
used in the verification component of the
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Sentence Word task were simple, moder-
ately difficult, or difficult, and, the opera-
tion strings used in the verification compo-
nent of the Operations Word task were sim-
ple, moderate, or difficult. Thus, there
were three Sentence Word and three Oper-
ations Word span tasks. Reading compre-
hension was tested with Form F of the Nel-
son-Denny Reading Comprehension Test.
The stimuli and administrative procedures
for this standardized test were identical to
those described in Experiment 1.

Subjects

There were 52 undergraduate students
enrolled in psychology courses at the Uni-
versity of South Carolina who were tested
individually in two 1-h sessions. Two of the
subjects were unable to complete the diffi-
cult Operations Word verification task, and
therefore, their data were not used. The re-
maining 50 subjects completed six complex
WM span tasks and one comprehension
task. The order in which the seven tasks
were completed was randomized across in-
dividuals and sessions to balance practice
and boredom effects.

Memaory Span Tasks

The word stimuli used in the memory
component of the Sentence Word angd Op-
erations Word complex tasks were identical
to those used in Experiment 1. Again, three
sets of words were used so that subjects
would not recall the same words in any one
session.

Stimuli for sentence word task. As de-
seribed in Experiment 1, the unrelated sen-
tences were generated backwards using
words from the three sets of stimulus words
as the last word in each sentence. Sentence
difficulty was varied in two ways: (1) lin-
guistic difficulty and (2) the length of the
sentences. The linguistic difficulty of sen-
tences has been tested by many research-
ers. For example, Miller and McKean {1964)
found the reaction time required to trans-
form kernel active-affirmative sentences
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was a function of the complexity of the
transformation required. These findings
suggested that processing is more difficult
for passive and negative than active and af-
firmative sentences, Therefore, the unre-
lated sentences in this experiment were ac-
tive-affirmative (simple), passive-
affirmative (moderate), or passive-negative
(difficult). The length of the sentences was
varied by adding one phrase (for the mod-
erate sentences) or two phrases (for the dif-
ficult sentences) to the kernel sentences
used in the simple sentences,

Sentence stimuli. There were three sets
of sentences totalling 180 simple sentences
(60 in each of three sets), 126 moderately
difficult and 126 difficult sentences (42 in
each of three sets). The simple sentences
were active and affirmative, consisting of
four to five words, e.g., “‘People gave their
time.”” The moderately difficult senlences
were passive and affirmative, consisting of
8 to 11 words, e.g.. ‘“Money is given by
people at Christmas time.”” The difficult
sentences were passive and negative, con-
sisting of from 10 to 15 words. and were one
phrase longer than the moderately difficult
sentences, €.g., ““Money was not given by
people in that state at Christmas time.”’

Half of these sentences made sense and
half were made ‘‘nonsense’’ by reversing
the order of the middle two words in the
simple sentences, e.g., "'People their gave
time,”” or the last four or five preterminal
words in the moderate and difficult sen-
tences, e.g., ““Money is given Christmas at
people by time™ or “"Money was not given
by people in Christmas at state that time.”’

Manipulation check on sentence diffi-
culry. A study was conducted to test
whether response time to verify the three
different types of sentences conformed to
expectations. All simple, moderate, and
difficult sentences used in Experiment 2
were presented on a computer monitor, one
at a time, to 24 subjects whose task was to
verify whether each of the sentences made
sense. Subjects were given reaction time
and accuracy feedback after each verifica-
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tion trial and were instructed to maintain
performance at 90% accuracy. Each verifi-
cation error produced a “beep” from the
computer., When there were more than four
beeps in a row the experimenter repeated
the instructions, stressing that the subject
take longer to respond in order to be more
accurate. Subjects were most accurate
when verifyving simple sentences (X =
98.7% correct), somewhat less accurate

93.7% correct), and even less accurate
when verifying difficult sentences (¥
86.6% correct). Subjects were fastest at

= 2943 ms), and slowest at verifying i
cult sentences (¥ = 3947 ms). Thus, the
performance function resulting from the pi-
lot study confirmed that the sentences used
as stimuli in Experiment 2 are differentially
difficult as described,

Stimuli for operations word task. The dif-
ficulty of the operation strings in the Oper-
ations Word task was varied in two ways:
(1) the number of operations in the string
and (2) whether the fraction, 0.5, was used
in the string. Each of the simple operation
strings (60 in each of three sets) consisted of
the addition or subtraction of two single-
digit integers followed by an equal sign fol-
lowed by an answer. All of the addends
were randomly selected with replacement
from the digits 1-9, with the constraints
that the same digit not be used for both ad-
dends, and, that the correct sum also be a
digit between land 9{e.g., 3 + 1 = 4,8 -~
§ = 3), Half of the stated sums were correct
and half were incorrect by 4,

Each of the 126 moderately difficult op-
erations (42 in each of three sets) consisted
of two operations with a stated final an-
swer, (e.g., (9/3) + 4 = 7). The first oper-

ation in the string was a multiplication or a
division problem in parentheses, such as (6&/
3 or (2 x 3}, followed by the addition or
subtraction of a number between | and 9.
The integers were all randomly sampled
with replacement from the numbers 1-9
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with the constraints that the unstated inter-
item product, and the stated final answer,
be whole numbers between | and 9, Half of
the stated final answers were correct and
half were incorrect by 4.

Similar to the moderate operations, each
of the 126 difficult operation strings (42 in
gach of three sets) consisted of a multipli-
cation/division operation, followed by an
addition/subtraction of a number, with a
stated final answer. However, the digits in
the problem were constrained so that the
stated answer or the unstated interitem
product included the fraction 0.5, e.g., (2.5
X3+ LS = 6.5 or, [(7/2) — 2.5 = 1]
The final answers were also constrained to
be between 0.5 and 9.5, with half correct
and half incorrect by 1 or 2.

Manipulation check on operation diffi-
culty. Similar to the senience verification
study, an operation verification study was
conducted to test whether subjects differ-
entiatly processed the different types of op-
eration strings. All operation strings were
randomly presented on a computer monitor
to 24 subjects whose task was to verify
whether each of the stated answers were
correct. Subjects were given reaction time
and accuracy feedback after each trial and
were instructed to maintain 90% accuracy
and urged to slow down when making too
many errors. Subjects were most accurate
when verifving simple operations (¥
92 .78% correct), less accurate when verify-

rect), and least accurate when verifying dif-
ficult operations (¥ = 65.97%). Subjects
were fastest at verifying simple answers (¥
s}, slower at verifying moderate
answers (¥ = 2363 ms) and slowest at ver-
ifying difficult answers (¥ = 3459 ms).

General procedure

The procedure for administering the six
complex WM span tasks was similar to that
described in Experiment |, except subjects
were tested one at a time with the series of
stimuli presented on an IBM microcom-
puter. The number of sentences {in the
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three Sentence Word tasks) or operations
{in the three Operations Word tasks) within
gach 3-trial series was gradually increased
from 2 to 5 for the moderate and difficult
stimuli levels, and from 2 to 6 for the simple
stimuli levels. Specifically, each subject
read the visually presented unrelated sen-
tences (Sentence Word tasks) aloud and
verified whether the sentence made sense
on their answer sheet. Immediately after a
subject finished reading a sentence aloud
the experimenter pressed the return key
causing the next sentence to appear in the
series, The clapsed time each subject re-
guired to read and verify each sentence was
recorded. When a series of sentences was
completed {i.e., one trial) a question mark
appeared at which time the subject wrote,
in any order, the last words of the sentences
just read. Similarly, in the three Operations
Word tasks, each subject read aloud a se-
ries of operations and to-be-remembered
words, verifving whether each stated an-
swer was correct. Immediately after a sub-
ject finished reading and verifying an oper-
ation string the experimenter pressed the
return key and the next string appeared.
When a series of operation strings was
completed the guestion mark appeared
which cued the subject to recall the words
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in any order. No limit was placed on the
tirne allowed for the computations, and the
time taken to read and verify the problem
was recorded. Subjects were warned that
the number of stimuli in each trial would
increase as they progressed through the se-
ries of each task.

Results Experiment 2

The data for this experiment consisted of
scores obtained for each subject from 36
measures of WM span, reading comprehen-
sion, and the Verbal and Quantitative com-
ponents of the Scholastic Achievement
Test. Table 6 shows the mean, standard de-
viation, minimum, and maximum for the
span measures and the reading comprehen-
sion measures. In each of the six complex
tasks there were two measures of the pro-
cessing component of the task: (1) mean re-
sponse time to complete reading and veri-
fying the item and (2) accuracy stated in
proportion of correct verifications. Two de-
pendent measures of span were also re-
corded for each task: (1) an absolute mem-
ory span consisting of the total number of
correctly recalled words and (2) the mem-
ory span consisting of the highest set size in
which memory items were correctly re-
called from two of the three memory trials

TABLE 6

Descriprive Statistics for WM Total Score

Sentence Operation
Simple moderate Difficult Simple moderate Difficult

Mean 42.1 29.9 26.8 46.5 32.3 29.0
o recall 70 71 78 77 69

5D 5.40 378 5.04 4,80 4,20 5.04
Mean span 3.2 2.9 2.4 3.8 EN 2.5
Minimum 30 20 31 18 18
Maximum 55 44 56 9 3%

Descriptive Staristics for Comprehension and SAT Scores

Nelson-Denny

Quantitative SAT

Number correct Reading rate Yerbal AT score SCOTE
Mean 26.7 289.5 443.4 479.6
5D 5.45 85,6 406.0 7.7
Minimum 12 176 250 270
Maximum ENS 544 680 690
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given at each set size. As in Experiment 1,
the analyses of total WM spans are re-
ported.

Verification statistics. The level of accu-
racy in the verification component of the
complex span tasks was generally high with
not much difference across the difficulty
conditions. The sentence verification accu-
racies were 95, 97, and 94% for simple,
moderate, and difficult sentences, respec-
tively., The operation verification accura-
cles were 98, 97, and 87% for simple, mod-
erate, and difficult operations, respec-
tively. On the other hand, response time
did vary considerably across the difficuity
condition. The mean response times were
2.80, 4.28, and 5.28 s per sentence for sim-
ple, moderate, and difficult sentences. For
the operations, response times were 3.45,
6,01, and 11.14 s for simple, moderate, and
difficult operations.

Reading comprehension. This study was
directed at the question of why reading
comprehension was predicted by the com-
plex WM spans (consisting of simultaneous
processing and span tasks), but not by the
simple word or digit spans (consisting of
only the span task}). The processing compo-
nent of the complex WM span may simply
prevent the use of memory strategies and
thereby generate a “‘purer’’ measure of
WM capacity, which then better predicts
comprehension than the simple span. If the
use of memory strategies are inhibited by
using a verification task while measuring
span, then as the difficulty of the sentence
{Sentence Word) and operation (Operations
Word) verification tasks is increased, the
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correlation between WM span and compre-
hension ought to increase up to a point. Ta-
ble 7 shows the Pearson Product Moment
correlations calculated between the siraple,
moderate, and difficult complex span tasks
and comprehension measures that are cen-
tral to this question.

The level of difficulty influenced the cor-
relation between WM span and reading
comprehension, whether the span was mea-
sured with the Sentence Word or the Oper-
ations Word complex span task. The mod-
erate Sentence Word/ND correlation, »(48)
= 46, p < 001, was larger in magnitude
than the simple Sentence Word/ND corre-
lation, r48) = 36, p <
between moderate and simple correlations
{.46 and ,36) was significant, /{48) = 1.99, p
<08, In addition, the moderate Sentence
Word/WD correlation (.46) was larger than
the difficult Sentence Word/ND correla-

=32, p < 05,
tended to be larger in magnitude than the
simple Operations Word/ND correlation,
r(48) = 28, p <0 03 (H{48) = .88, p > .10),
and was larger than the difficult Operations
Word/ND correlation, r{48) = 23, p > 11
(1(48) = 2.06, p < .025).

It is important to note that the correla-
tions between comprehension and Sen-
tence Word span and those between com-
prehension and Operations Word span be-
haved similarly across levels of difficulty.
One would not expect these correlations to
vary in the same systematic manner, if the
complex spans reflecting WM are consid-

e i

CORRELATIONS BETWEEN Spans AND COMPREHENSION MEASURES

Comprehension Sentence Uperation
MEATUTES Simple moderate Difficult Simple moderate Difficuit
WD AT* AT 26 J28* 3o 23
VEAT 25 30 27 (B i A7
QEAT 04 08 08 0 18 it

* {49y, p < 05 for span and ND correlations.
A7y, p o< 001 for span and VSAT correlations,
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ered to depend on the use of reading skills
in the processing component of the span
task, That is, if reading skills determine the
Sentence Word span, then as the sentence
verification task using those skills is made
more difficult, the resulting Sentence Word
span/comprehension correlations should in-
crease in magnitude, as they did, up to that
point where the difficulty level was very
demanding. However, the Operations Word/
NIy correlations show a similar pattern
across levels of verification task difficulty.
And, since the operation verification task
(i.e., the processing portion of the Upera-
tions Word span task) clearly did not re-
quire reading skills, a reading skill or task-
dependent explanation simply cannot ac-
count for the Operations Word/ND
correlations varying in the same manner as
the Sentence Word/MD correlations, The
pattern of Sentence Word and VSAT cor-
relations across different difficulty levels of
span was somewhat similar to the inverted
U-shaped patterns for the Sentence Word/
ND and Operations Word/ND correlations.
The moderate Sentence Word/VSAT corre-
lation, r(48) = .33, p <0 .03, tended to be
larger in magnitude than the simple Sen-
tence Word/VSAT correlation, r{48) = 29,

differences between moderate and simple
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Sentence Word/VSAT correlations were
not significant, #(48) = 0.69, p > .10, and
differences between moderate and difficult
Sentence Word/VSAT correlations only ap-
proached significance (#(48) = 1.34, p >
{07y, There were no other significant corre-
lations between Sentence Word and Oper-
ations Word with VSAT and QSAT scores.
This included the relationship between Op-
erations Word and VSAT which was signif-
icant in Experiment 1. We can only point
out that all the correlations were somewhat
lower in this study and that all those corre-
lations involving QSAT disappeared in this
study.

Analysis of data from the verification
task. The top part of Table 8 shows the cor-
relations between the accuracy of the veri-
fication task and Nelson-Denny, VSAT
and QSAT as a function of the difficulty of
the verification task. The bottom part of
Table & shows these correlations for the
verification response time. In general, both
sets of correlations suggest a rather small
relationship between verification accuracy
and/or speed with the global ability mea-
sures. There were only 4 significant corre-
lations with accuracy and 7 with response
time. However, 7 of the 11 significant cor-
relations were for the moderate level of dif-
ficulty (4 for sentence verification and 3 for
operation verification).

It is notable that the same general in-

TABLE 8

Sentence Crperation
Test Simple Moderate Difficult Simple Moderate Difficult
Correlations between Accuracy of Verification and Ability Measures
N A8 28* 08 Rin A6 03
VEAT 10 i A2 -0 26 19
QSAT 08 24 0 06 RV 3
Correlations between Verification Response Time and Ability Measures
NIy — .21 - 2% - 21 - .22 25 A7
VEAT - 30 - 33K -2 4 A3EE - 25
OSAT - .27 ~ .18 2 —.21 — 37* —.29

* 49y, p < D5
49y, p <0 002,
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verted U-shaped pattern of verification/
comprehension correlations occurred across
the three levels of difficulty that had oc-
curred with the span/comprehension corre-
fations. This pattern was found for 11 of the
12 sets of correlations.

An analysis was also performed on the
relationship between the verification per-
formance and the number of words recalled
in the complex span tasks as a function of
difficulty. Only 7 of 72 possible correlations
were significant and these fit no noticeable
pattern.

Span-verification trade-off. The moder-
ate difficulty level resulted in Sentence
Word and Operations Word span distribu-
tions that were similar to those of ecarlier
studies. Therefore, based on their total re-
call at the moderate difficulty level of the
Sentence Word task, subjects’ spans were
categorized into high, medium, and low
Sentence Word span groups. Also, high,
medium, and low Operations Word span
groups were similarly formed, categorized
according to their recall in the moderate
Operations Word task. High span groups
consisted of those subjects whose spans
were one standard deviation or greater
above the mean of each sample distribu-
tion, and low span groups contained sub-
jects whose spans were one standard devi-
ation: or greater below the mean of each

~ sample distribution. Since the moderate
Bentence Word task had a sample distribu-
ton mean of 29.2 and standard deviation of
178 (see Table 6), this criterion produced a
high Sentence Word span group with 14
ubjects who had spans above 33.68, a low
Sentence Word span group with 10 subjects
having spans below 26.12, and a medium
Sentenice Word span group of 26 subjects
aving spans between 26.12 and 33.68.

_ Bince the moderate Operations Word
15k had a sample mean of 32.3 and stan-
ird deviation of 4.2, 13 subjects were cat-
gorized into the high Operations Word
pan group whose spans were above 36.5,
subjects into the low Operations Word
an group whose spans were below 28.1,
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and 25 subjects into the middle operations
Word span group whose spans were be-
tween 28.1 and 36.5. Within each of these
groups (high, medium, and low Sentence
Word and Operations Word span groups)
recall for each set size was then examined
at each level of difficulty.

The top part of Fig. 1 shows the mean
number of words recalled by subjects in the
high, medium, and low groups at each set
size as a function of the difficulty of the
tom part of Fig. 1 shows these words for the
Operations Word verification task.

The finding from this analysis is clear.
Span performance of low span subjects was
not affected by the difficulty manipulation,
but high span subjects showed a significant
decrease in recall from the moderate to the
difficult tasks when they were at the limit of
their span capacity, Figure | shows that the
recall of subjects in the high Sentence Word
span group decreased from 35 in the mod-
erate task to 25 in the difficult task at set
size S, F(1,26) = 7.75, p < .06; and de-
creased from 25 in the moderate task to 18
in the difficult task at set size 4, F(1,26) =
4,38, p <0 .05, Recall of subjects in the high
Operations Word span group decreased
from 37 in the moderate task to 26 in the
difficult task at set size 5, F(1,24) = 6.68, p

19 in the difficult task at set size 4, F{1,24)
{05, On the other hand, low
span subjects did not show any significant
differences in Sentence Word or Opera-
tions Word recall as a function of the diffi-
culty level of the tasks at any set size. How-
ever, at set size 5, well above these sub-
jects” spans, there is a trend toward a
decrease from 29 in the easy to 24 in the
moderate Sentence Word tasks, F(1,18) =
4.01, p < .07, and from 28 in the easy to 24
in the moderate Operations Word tasks,
F(1,22) = 3.12, p < .11, These results are
similar to those reported by Carpenter and
Just (1988) with mixtures of easy and ditfi-
cult sentences.

Finding a difference in the recall of high
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Fro. 1. Mean recall as a function of span task, set size, difficulty of the background component, and
whether the subject was high, medium, or low span.

but not low span groups as a function of
difficulty suggests that subjects in the high
span groups are allocating more Processing
time than low span groups as difficulty level
increases. If so, then the response time for
the verification tasks should reflect this dif-
ference. However, this was not the case. In
high, medium, and low span groups the re-
sponse time to verify sentences and opera-
tions increased in a similar fashion as the
level of difficulty increased. The high span
subjects in the Sentence Word task showed
an increase in response time from 2.8 to 5.5
s (from easy to difficult conditions) and the
low span subjects showed an increase from
7.9 to 5.8 5. The corresponding increase in
the Operations Word task was from 3.1 to
8.5 s for high span subjects and from 3.5 to
9.8 s for the low span subjects.

For both Sentence Word and Operation
Word tasks, span declined with increasing
difficulty. This suggests a possible trade-off
in processing between the background task
and the span task. Are good readers more
or less likely to trade off performance in the
span for the increasingly difficult back-
ground task? This was tested by calculating
a difference score between the Simple and

Difficult conditions for each subject and
testing for the correlation between this
score and the reading comprehension mea-
sures. The correlations were all non-
significant and near zero. For the Sentence
Word task, the correlations were .02 with
the Nelson-Denny, .03 with the VSAT, and
.01 with the QSAT. For the Operation
Word task, the correlations were — .01 with
the Nelson-Denny, .17 with the VSAT, and
.06 with the QSAT. This suggests that the
good and poor readers did not differentially
trade off between background task and
span task,

Span intercorrelations. 1f the Sentence
Word and Operations Word complex spans
are reflecting the same underlying WM ca-
pacity, then they ought to intercorrelate.
Table 9 shows that the Sentence Word and
Operations Word spans, at least across the
simple and moderate levels of difficulty,
correlated significantly. Only 3 of the 15
possible correlations were not significant
and all involved a difficult task as a member
of the pair,

(GGeNneRAL DISCUSSION

The primary question motivating this
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TABLE 9
CORRELATIONS AMONG CoMPLEXY MEMORY Spans
Sentence Ciperation
Simple Moderate Difficult Bimple Moderate Difficult
Bentence Word
Stmple B
Moderate Ve
Difficult 3R 27 R
Operations Word
Simple ,fal’”‘*’“ AR 47 —
Moderate A6t 15 HEPEE e
Difficulr AFEH 22 LG R e
*po= 05,
i ;)7 D05,
Hk 0001,
study was whether the correlation observed  “‘reading’’ related to generate a significant

between the complex memory span and
reading comprehension is a result of a
rather specific interaction between particu-
lar skills of the individual and the task being
performed at the moment or the result of a
relatively immutable capacity which tran-
scends the specific task, If memory span
oredicts reading comprehension when mea-
stred against a background of both reading-
and arithmetic-related tasks, then the mea-

specific task skills. Experiments 1 and 2
clearly demonstrated that good readers re-
membered more words and digits than poor
readers, regardless of whether the back-
ground task required reading or arithmetic
kills, The Sentence Word, Sentence Digit,
Operations Word, and Operations Digit
spans in Experiment 1, and the moderate
Sentence Word and Operations Word spans
in Experiment 2 all predicted reading com-
_prehension.

- Dne possible explanation of these find-
nigs ds that good readers also have good
guantitative skills leading to a spurious cor-
telation between the operations tasks and
ading comprehension. However, the rela-
tonship between Operations Word and
ading comprehension was still present
shen quantitative skills measured by the
Juantitative SAT were factored out of the
sociation. Thus, a complex span reflect-
g WM capacity does not need to be

stire can be considered to be independent of

correlation with reading comprehension. In
fact, the Operations Word task contributed
significantly to the comprehension varia-
tion even when entered into the lingar re-
gression after the Sentence Word task.
Experiment | demonstrated the absence
of a significant correlation between reading
comprehension and the simple digit and
word spans. This led to the question of why
the complex spans, but not the simple
spans, predicted reading comprehension,
Sxperiment 2 considered the possibility
that the complex span 1S a more accurate
measure of WM capacity because it pre-
vents the use of memory strategies, such as
grouping and rote rehearsal. If so, then
varying the difficuity level of the back-
ground task, against which the complex
span is measured should atfect the complex
span/comprehension correlations. That is
exactly what was found in Experiment 2.
The Sentence Word/comprehension and
Operations Word/comprehension correla-
E%mm were a 'ﬁmm%wﬂ of the different levels
1L is imporiant to note
Jhm Emm iww wie», wﬁ correlations exhibited
similar inverted U-shaped functions. That
is, when the difficulty level of the reading-
related {Sentence Word) or arithmetic-
related {(Operations Word) background
tasks was moderate, the span/compre-
hension correlations were higher in magni-
tude than when the background tasks were
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VEIY wa‘imp!e or, were very difficult. The
similarity of the Operations Word and Sen-
tence Word correlational patterns further
supports the argument that the tie between
the complex span and comprehension is at
least somewhat independent of the type of
hackground.

What is not clear from our results is just
how far we can push this generalization
about the independence of the nature of the
background task and the criterion task.
Working memory may be a unitary individ-
ual characteristic, independent of the na-
ture of the task in which the individual
makes use of il

On the other hand, it remains possible
that the complex span task must make use
of a verbal, if not “‘reading,”” background
task in order for the span to predict com-
prehension. The operations task, while not
“reading’” as we normally think of it, cer-
tainly makes use of a verbal code for the
numbers and operations. This would fit
with research and theorizing on attentional
resources by Wickens (1984) who proposes
that attentional resources for verbal and
spatial tasks are independent. 1t may be the
case that working memory capacity for an
individual is not peculiar to a particular task
but may be peculiar for either tasks that are
generally either verbal or spatial. Another
possibility is that only w::rba tasks will pre-
vent verbal rehearsal and only spatial tasks
will prevent spatial rehearsal, Both of these
ideas would seem compatible with Wickens
views on resource allocation.

Results that may support this general
view of working memory were recently re-
ported by Daneman and Tardiff (1987},
They used three different tasks for their 36
jects: a verbal parsing task with the last
word of each parsing trial remembered as
the span item, a number division task with
the resultant multidigit answer for each trial
as the span item, and a 3-dimensional tic tac
toe game requiring the use of visual tmag-
ery with the resultant winoing path as the
span item. Daneman and Tardiff found that
both the word span and the digit span cor-
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related with reading comprehension but the
imagery span did not.

This result may reflect separate verbal
and spatial working memory processes but
there are several reasons to be cautious
about the findings. For one, the three tasks
seem to vary greatly in their general diffi-
culty, both in the processing component
and in the span component and, as we have
seen, the difficulty of the background task
will affect the relationship between span
and criterion performance. Second, the na-
ture of the background task and the nature
of the to-be-remembered span were con-
founded. Using the multiple task procedure
to answer theoretical questions reguires
that one of the components of the com-
pound task be held constant while the na-
ture of the other is varied., Further, if the
findings of Experiment 1 on the differences
between words and digits as span items are
correct, then the failure to find significant
correlations for the imagery task could be
simply because of the nature of the span
items.

Why then do complex spans, but not sim-
ple spans, predict reading comprehension?
One possibility is that performing the back-
ground task against which the complex
span is measured, limits the subjects ability
to use memory strategies such as rehearsal
or grouping of the to-be-remembered infor-
mation. This is not far from the view of
working memory and short-term memory
taken by Anderson (1983). He views work-
ing memory as “‘the temporary knowledge
structures currently being attended and the
active parts of long-term memory,”’ page

18, Word and digit span, as traditionally
meaasured, reflect a combination of those
few elements kept active above threshold
without the benefit of rehearsal plus those
elements maintained through rehearsal.
From thi’«; analysis, working memory con-
sists of the subset of all knowledge struc-
tures that are activated above some ambi-
ent baseline and short-term memory is the
subset of those elements that are activated
above some threshold and can thus be
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maintained without rehearsal. The thresh-
old corresponds to what we typically think
of as conscious awareness, It may be that
the background task in the complex span
prevents the use of those helpful memory
strategies commonly used in the simple
span task. The relatively slow rate of pre-
sentation typically used in memory span
studies certainly allows rehearsal and
grouping strategies to be used by nearly all
adult subjects to circumvent the capacity
limitations of short-term memory. The
background task in the complex span tasks
makes it more difficult to use these strate-
gies and thus gives a clearer picture of the
“true’” capacity of short-term memory.
Cohen and Sandberg’s (1977) findings
support the notion that any measure reflect-
tng the WM limitation important in higher
level cognition must dissociate the influ-
ence of memory strategies from the span
measure. They demonstrated a relationship
between 1Q and the recency portion of a
digit-recall function. In one experiment
“they gave their subjects a probed serial re-
call task in which subjects were presented
with auditory or visual lists of nine digits.
- They also varted whether the digits were
presented at 1 digit/s or 4 digits/s. After pre-
sentation, the subjects received a cue to se-
gty recall the first, middle, or last three
digits-in the list. And, as expected, they
found that digits were recalled better at the
beginning and the end of the lists, regard-
less of the rate of presentation. They then
tested the relationship between I and re-
-l from each of the three portions of the
list. The recency portion of the recall func-
s was the only one to show reliable cor-
lations with 1Q, with low IQ subjects
wwing a greater deficit than high 10 sub-
ects on items at the end of the lists of dig-
. Burther, the most reliable correlations
securred between IQ and the recency por-
on of the recall function when the presen-
wn rate was 4 digits/s, too fast to allow
h rehearsal. However, when they
ed the correlation between 10 and the
racy recall, they found MO systematic
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relationship. They suggested that items at
the beginning of the list are represented by
an empty STM and that capacity was then
available for the use of rehearsal strategies,
On the other hand, when the items at the
end of the list occur, the subject has already
allocated existing resources and this pre-
vents the use of grouping, rehearsal, and
other memory strategies,

In a later paper, Cohen and Sandberg
(1980) mnchuded the above data in a factor
analysis, from which they argued that the
most critical factors determining a relation-
ship between their subjects” 8TM capacity
measures and [ are whether items are en-
coded in order and whether STM is empty
or partially filled at the time of encoding the
to-be-remembered items. The important
point is that the primacy portion of Cohen
and Sandberg’s probed serial recall tasks,
remembering items from the beginning of a
list, can be compared to the simple digit and
word span tasks used in Experiment 1,
wherein capacity was also available to re-
hearse the items. And, the recency portion
of Coben and Sandberg’s tasks can be com-
pared to the complex spans used in Exper-
iments 1 and 2, in which the background
task prevents subjects from using memory
strategies to increase the number of items
recalled, The implication is that the span
measured while the subject is performing
any rehearsal preventative task would more
accurately reflect the capacity of the buffer.

Why, then, does the size of the correla-
tions between the complex spans and com-
prehension appear to depend on whether
the items to-be-remembered are digits or
words? BExperiment 1 demonstrated the
magnitude of the correlations between
comprehension and the complex word
spans {(Sentence Word and Operations
Waord) to be nearly twice the magnitude of
those between comprehension and the
complex digit spans (Sentence Digit and
Operations Digit). Since the same back-
ground tasks were used (i.e., verification of
sentences in Sentence Word and Sentence
Digit and verification of operation strings in
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Operations Word and Operations Digit),
differences in the to-be-remembered items
appear to be crucial. This finding was un-
expected and any account is decidedly post
hoe in nature.

One possibility may be that memory
strategies are more available or more auto-
mated for digits than for words. Intuitively,
it would seem that opportunities to apply
grouping strategies to a list of unrelated dig-
its occur more often in the real world. And,
to the extent that strategies are repeatedly
used for processing specific types of infor-
mation, the strategies become automatic
processes. If so, strategies used for group-
ing digits may be simply more automatic
than those used for grouping words, and
consequently, would be more difficult to in-
hibit by the background task.

How do the data fit with existing theories
of WM? Baddeley and Hitch (1974) initially
formalized the notion of a working memory
system, identifying processing and struc-
tural components of a limited working
memory capacity important in performing
higher level cognitive tasks. They proposed
that part of the limited capacity in the sys-
tem is used for processing incoming infor-
mation (i.e., the central executive), with
the remaining resources (i.e., the articula-
tory loop and visuo-spatial scratch pad)
used for storage of the products of that pro-
cessing. While processing information, the
central executive is considered a controller,
selecting the most beneficial strategies for
integrating information from several differ-
ent sources. As such, the central executive
is used for decision making and controlling
the amount of resources to be allocated
among the requirements of the ongoing in-
formation processing (Baddeley, 1986).

If the complex span is reflecting a WM
system, such as proposed by Baddeley and
Hitch (1974), then which part of WM is pri-
mmﬂy responsible for the background
task? Further, which mmpww t does the
complex span measure? To restate this
question, are the complex spans reflecting
individual differences in the central execu-
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tive, or are they reflecting differences in the
articulatory loop, or some interaction of
the two? Baddeley and his colleagues (Bad-
deley, 1986) have argued that the articula-
tory loop is a time based system, which
plays an important role in the performance
of the simple span task. Recent unpub-
lished work from our lab (LaPointe & En-
gle, 1988) shows that word length, a vari-
able thought to reflect the articulatory loop,
leads to the same effect in complex span
tasks as in the simple word span. Span
scores are higher with short words than
with long words in both simple and com-
plex word span tasks suggesting that time-
based articulatory coding is important to
both. It is possible that the background task
prevents grouping and other rehearsal strat-
egies that are irrelevant to reading while
leaving the articulatory coding intact. Re-

hearsal and grouping, as used In memory
tasks, are not typical reading skills but the
use of articulatory coding probably is im-
portant, even if not essential for decoding
the individual word or phrase. Whether ar-
ticulatory coding must occur in the com-
plex span tasks for the span scores to pre-
dict reading comprehension is not yet clear
but we hope to be able to answer that ques-
tion so0on,

Another question that must be left hang-
ing is why the Operations Word task added
to the variance accounted for in the linear
regression above that accounted for by the
Sentence Word task., One theoretically un-
interesting possibility is that the Sentence
Word task in Experiment 1 was simply
more difficull than was the ‘mm“;;mamw Word
task and we see from Experiment 2 that
difficulty level is important. The Sentence
Word task required the subject to verify the
correciness of sentences. This could be
done easily but the reading aloud of the re-
arranged senten was difficult and con-
fusing to our subjects. This mwguﬁ by made
the overall task more dz flicudt, This is sup-
ported by Table 1 which mmww that the
mean span for the Sentence Word task was
lower and the standard deviation larger
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than for the Operations Word task. But for
now, we just do not have a solid explana-
tion of this finding,
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