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of Working Memory Capacity

Linda B. La Pointe and Randall W. Engle
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Five experiments investigated the effects of word length in simple word span tasks and complex
operation and reading span tasks and the relationship betwee ; s and reading compre-
hension. The first 2 experiments showed word length effects using both simple and complex
memory span tasks and that both simple and complex span tasks correlated with re ading
comprehension. In the third experiment, articulatory suppression did not eliminate word length
effects. The final experiments showed that articy latory suppression eliminated the effect of word
length when words were sampled with replacement from small fixed pools but not when sampled
without replacement from a large pool. The word pool effects were not a result of concreteness
of the words. We conclude that the reading span does not measure 4 working memory specific
to reading. Further, in immediate memory experiments, repeating words from trial to trial may
lead to a more Hmited coding than is used with nonrepeated words,

Most global models of reading argue that the temporary

ke, 1978), This would

ention studied as short-term

years, But digit span, the most tradi-

tional of §TM tasks, does not distinguish between good and

poor readers (Guyer & Friedman, 1975, Perfetti & Lesgold,
1977,

The reading span task is really two tasks:
task requires the subject to wmé @ sentenc
primary task requires the subject 1o keep track of and re
set of words, Daneman and Carpenter (1980} argued that t
correlation oceurs only because the background task requiTes
reading processes similar to those required in the compreh
sion task being predicted, However, Turner and F ngle (1989)
found that the background component of this complex span
task did not have to be related to reading. They replaced the

The background
e aloud, and the

Daneman and Carpenter (1980) argued that tasks, like KW‘ sentence-reading component of the span task with a wms}w
digit span, measure only a storage component and that, mendt 1o verify 8 string of arithmetic operations. Fach of the
order to observe the impact of individual differences in mmw operations was followed by a word or digit and the subject

pOrary retention on a task must measure pr ,
as well, They developed a task that required the subject | 0
read a set of sentences aloud and, afterward, 1o recall the last
word of each sentence. The number of words recalled was
defined as the reading span. This measure has been shown 1o
distingoish very well between good and poor readers. Dane-
man and Carpenter found it to predict performance on several
specific types of comprehension questions as well a5 more
global measures like the Verbal Scholastic Aptitude Test
(VSAT). The significant and sizable correlation between the
reading span and reading comprehension has been found in
many different laboratories and situations (Baddeley, Logie,
Nimmo-Smith, & Brereton, 1985 Daneman & Carpenter,
1983, Dixon, Le Fevre, & Twilley, 1989 Masson & Miller,
1983).
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Just resources or capacity available during
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had to recall the words or digits that corresponded 1o the set
of operations. Tumer and Engle found that the pumber of
items recalled in this complex span task predicted reading
comprehension as well as did the reading span. This SUBZESS
that the complex span measures something more general than
reading.

Daneman and Carpenter {1980} and Turner and Engle
{1989} found that a simple word span did not predict com-
prehension, so presumably the simple and coraplex word
spans do not reflect exactly the same structures, PYOCESSes or
strategies. The goal of the research reported here was to begin
an analysis of similarities and differences between the word
span task, forms of which have been studied for dozens of
years, and the newer complex span tasks.

One purpose of the experiments reported here was 1o Ursue
the finding of Daneman and Carpenter {19807 and Tumer
and Engle (1989) that the simple word span did not predict
comprehension, The mmwatiw importance of the complex
span rests totally on the fact that the simple span does not
predict comprehension, mewm,, to date, very few studies
have actually used a simple word span task that is comparable
to the span component of a reading or operations span
task. Daneman and Carpenter used the simple word span in
only one experiment (Experiment 1, 1980) and found non-
significant correlations of .33-.37 {n = 19) between word span
and comprehension as mﬁmuwc" by fact and pronoun gues-
tions, and a correlation of .35 between simple word span and




MEMORY SPANS 1119

: : middm, %m }%y mmm%
the c“amwim SPHER pmmc}mm %Mw typically used a different
set of words for each trial, Fven though Daveman and Car-
penter used different words for each list in their simple word
span condition, they presented the words orally 1o the subjects
while the reading span task required the subjects to read the
sentences, and nﬁrmmwumﬁ% the to-be-remembered span
words, aloud. While Turner and Engle {1989) used the same
presentation conditions for their simple and complex span
tasks, those presentation conditions were unusual. In order to
test a very large number of subjects, Turner and Engle used a
group testing situation with the subjects simultaneously secing
the items presented visually on a screen, hearing the items
presented via tape recorder and saying the items aloud. It is
possible that this procedure leads to effects (like articulatory
suppression, for example) that are unlike a typical span pro-
cedure and we do not know whether this differentially affects
the predictive validity of the simple and complex span tasks.

Sinee the absence of a significant correlation between sim-

ple word span and comprehension is s0 important to our
thinking about the reading span and other complex span
tasks, it is crucial that additional studies be done comparnng
the simple and complex span tasks and whether the two tasks
respond the same way 1o different variables, We have known
for some time, for example, that articulatory coding s impor-
tant in typical word span tasks. Both phonological stmilarity
and word length have proven to be powerful variables in
short-term memory tasks and it has been argued that both
oceur because of articulatory coding (Baddeley, 1986}, Bad-
deley, Thomson, and Buchanan (1975} showed, for example,
that subjects recall more short words than long words and
that the length of time to Amm“hiw the words is more impor-
tant than the number of syllables, This supported the notion
of a time-hased articulatory code that facilitates recall in this
find of task,

Daneman and Carpenter {1980) would argue that the sim-
ple word span and the reading span are inherently different
and, while articulatory coding might be important to recall in
a simple word span task, it should not be much of a factor in
complex spans like the reading span. If that is true, then the
word length effect should not be found with the reading or
operations span tasks.

Raddeley’s (1986) theory of working mercory argues that
two components of working memory are important to resd-
ing, the central executive and the articulatory loop. We will
refer here 1o the articulatory loop not as if it were an inherent
structural aspect of human cognition, but rather as the result
of a coding strategy, one of many which may be invoked
during thinking. If the reading span task predicts comprehen-
sion because it measures the articulatory component, then it
should be no surprise if word length has the same effect 1n
the reading span as it has in the simple word span task.
However, one complicating factor is that the way the reading

span task is typically performed requires the subject to read
sentences alowd which should serve as a source of articulatory
wppression, Since concurrent articulation of irrelevant speech

shown to eliminate the word length effect, at least

with wisual presentation, the word length effect might be
diminished or absent with complex word spans.
Thus, the absence of a word length effect would not distin-
guish between Daneman and Carpenter’s and Baddeley's
view, But the presence of a word length effect with complex
span tasks would cast doubt on the idea that simple word
span and complex word span tasks are different in what they
Measure,

Our purpose then was to compare directly the simple and
complex word span tasks using procedures that could be
finked more legitimately with earlier literature and to inves
tigate whether one variable, word lengih, has the same effect
on the two types of tasks, To give aw e punchline o our
story, we will report two experiments showing that word
tength has the same effect on complex span tasks as on simple
span tasks, that the simple span significantly predicts readi
comprehension, and that the correlations may N* as §";“
those obtained with the complex ‘
mwﬁ mv xwm MW?& m m m not ¢ M%mimax i mm COne mwm

M*ﬁ fimumi 1om u'% 1 wm‘aé
%mgt? ?m zmw méu} ALOTY  SUppTe n depends  on
whether the span words come from a small fixed pool or are
sampled without replacement from a larger pool. A final
experiment showed that the results of the previous four ex-
periments were not a result of 2 potential confound between
word length and concreteness.

Experiment |

Method

Subjects

Fighty undergraduate students at the University of

ive s scipated. Fac
word span
Iy 40 min.

?:lA ! m::ma tmm unives
A2 {(Word Len Word-
s perimerter . Ward
length, order of span task, word-group, and experimenter were be-
tween subjects ; re two levels of word length (long
and short) and two orders of span task (simple-complex and complex-
simple). The word-group factor alse bad two levels: 1) Set A for
simple span and Set B for complex, and 2) Set B for simple span and
Set A for complex. There were also two experimenters. The fifth
factor, span task, was a within subjects variable with two levels. All

Diesign.

subjects performed both the simple word span task and the complex
eading span task. The between subjects factors were counterbalanced
resulting in 16 separate groups.

Magerials and stimuli,
from a list compiled by Ku
were ranked according to frequent
A pool was created with the following
one syllable long or thre -
word chosen, a closely ranked (within seven ranks) three to four
sylable word was chosen, The next selecte /
ranked 1o the one immediately prior o it as
a stimubus pool consisting of 162 short wor
was created. By alternating the : :
(Set A and Set B, two sets of short and two sels m émw‘ words were

Stimnull %w m Y }@m h&‘«k*a wm 5¢ *a;‘fmi

olos

ot wmﬂ W




wnprised of 8

1 short words and 81 lopg words
ank of usage in the English
srior 1o their use as stimull, the
d into four sets: Set A short words, A long
3 m«tmin and Set B long words. An analysis of
s showed none of the sets significantly
differed from es M} other of the words used in the experiments
are shown in the Appendix.’ cornplex span task for this experi-
ment was ﬁ wmhw xpmz task mm {%‘w ﬁw%w rwm mbered wmd
ntence, The
he words were

a5 poss hi

words were divie
words, Ser B short
variance on word 0

%«Mw~rm‘nmm%wrmf:d wma:i was not pa <:M‘"ﬂm 580 mmm
drawn From the same Set A and Set B long and ¢ words described
above. Pairing of the word stimuli and sentences was random and in
an order determined by the computer on which the stinull were
presented. A set of 162 sentences was mmww; { which were 12 10 16
words long and randomly assigned to 2 groups of B sentences each,
Crne group of sentences was used with whum words and one was ‘
with long words, Word length was a between subiects factor

subject was presented with words of i the same length in both
imple span and the complex reading span task. The use of word
s counterbalanced, Hd}? of the subjects used Set A words with
he simple span task 4m t B words with the reading span task.
e, half u Set Boin W simple span task and Set A in the
reading span task, Some amaimﬁm of sentences were! CTIEVET WE
go to Mew York we visit my mother’s - being
bitten last fall Ricky was id 1o pet the car”, and “During the
winte woan get a mum at Hw peach at a low rate.”

Reading spoan task. wes were presented on the monitor of
an Apple He computer. ation of the sentences was controfled
by zm enperin ¥ instructed to begin reading aloud
A% SO0 A5 4 Sentence apy 1. They were 1o read the entire sentence

andd the word that iuiiuwui the terminal punciuation, Immediately
after the sub ond the to-he-remermbered word, the experimenter
Dres a key f(mi ted 1o the niation of the next sentence and
the subject was to begin reading this sertence alowd pmmediately.
i sisted of two sentences. After presentation of the
sentences, @ question mark was presenied on the monitor, in the
center of the screen, This signalled the end of the trial and servid as
} : alling the word that followed each

sentence, These two sentences ituted one trial, The number of
sentences in a trial was gradually increased in the fol lowing manner.
A set was completed when three mm of a given number of sentences
) iect had attempted 10 recall the to-

had been completed, the number
sedd by one. The end of a trial was
’emiu MM hv a mw»mm mﬁrh presented at the center of the monitor
M},{i{“&'}{)‘wd tor recall ih“ wmu mr that

they wrote down should not be the tast word they had read. The task
continued until a set of trials consisting of five sentences had been
completed. After completion of the five sentence set, the subjects

stopped.

Word span task.  1n addition 1o the reading span task, cach subject
performed a simple word span @ k. The words were presented on
the monitor of the computer at a rate of one per second. Subjects
sad each word aloud as it was presented and, when a question mark
appeared on the sereen, attempted to recall the words, Reca
written on a response sheet in any order the subject chose with the
constraint that the last word could not be written ﬁm%; The task m
with a list length of two words. Three trials at a given list ley
constituted a set and when a had been '“umgsmm the nmamber of
words in the list was increased by one. In the simple span task,
subjects did not stop until a set of seven~word lists had hm n COM-
pleted, Subjects who used set A words in the read: @
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presented the set H swadﬁ, a5 %mm : fm mmpw word span tasks
subjects who used An W»k wm&
with set A Wmmi% s Wor
different random order of words.
Comprehension Test.  As our me
we used the VEAT, publi
chose this measure for several reasons: (a) the VEAT s a longer, more
global test of reading comprehension and, although it includes a
vocabulary component, it is olearly oriented toward reading compre-
hension, (b Our previous research (Turner & Engle, {989} had shown
the VSAT to correlate as well, and frequently better, with the req aling
span and operations span tasks than other reading comprehension
measures like the Melson-Denny, (0) the VSAT is one of the most
studied tests in the world and is given 10 hundreds of thousands of
voung Americans each year, (d) the VEAT was already available for
nearly all of the subjects

@

sure of reading comprehension,
ucational Testing Service, We

Results

Scoring.  The data were scored in
method was ve mitar to that used by Daneman and
Carpenter (1 ‘&‘%ié"‘y This score, called the strict span score, was
the number of words that were recalled perfectly on two out
of three ‘i.rimra M’” & ‘aww sef Bize OF im i‘, rth. i% a st m m
rememberea :
size perfectly, %w qu reg ME IO INOTE Hmm one ‘Hm
at that next @M 5170 i,hm M% mmm was given W
An individ
this method, MM all others o0
presented within a trial were reme mtwm‘i regardless of serial
order.

A second method of calculating scores required surming
pp the total number of words in each of the mals that were
recalled perfectly, We called this measure the absolute span
seore. The third score, called the total span score, was the
total of all the words correctly recalled. The difference between
s seore and the absolute score was that each word correctly
recalled was included in the « ¥ ess of whether
i‘fmh yrial led 1o perfect recall. Finally, we heeded Broadbent’s
(1971) admonition that the best way 1o measure ST may
be to use the highest number of words individuals remember
correctly in all trials rather than the point at which recall is
perfect some portion of the time (e.g, 50%).

All four of these scoring methods were used for all of the
experimenis reported here but there were no may jor differences
in conclusions drawn for the different ng procedures,
Therefore, the results of all five experiments will only describe
the analvses of the absolute score. The maximum score pos-
sible was different for the simple span task and the reading
span task. For this reason, scores were converted to propor-
tions before analysis.

Analysis of variance.  The primary question motivating
mm experiment, was whether a word length effect, simnilar 1o
that observed previcusly with simple word span, wou id be

several wavs, One

1t should be noted that the word bible was inadvertently imchuded
in the List A short word list even though 1t is a two syllable word,
Several other words like “wire” are pronounced as twe syllable words
in our part of the world, The word “far”™ was inadvertently used in
hath List A and List B short word lists.




MEMORY SPANS 1121

i Lagend
LB short

o

BTN

Hinphe Hpan Freading Bpan

Task

Figure 1. Experiment 1
length and task.

. Mean percent recall as a function of word

observed with the complex reading span task., As Fig
shows, sublects remembered more words in the simple span
task than in the complex span task, They also remembered
more short words than long words in ‘%’Wi h the simiple span
task and the complex reading span task.

These conclusions were based on effects that were signifi-
cant at least at the p < 0% level. More short words were
recalled than long words, F(1, 64) = 41.86, M5, = 345.6, and
more words we called in the simple span than reading
span task, F{1, 64} = 81.13, MS, = 79.06, There was also
interaction of span task and word length, F(L, 64) =
‘&i S = '”% {}(3 m’*ﬂ@(‘iimg ‘ma'& ‘ h{z wm"d ifmmh k:"ﬁ%?m WS

in iha:’* res Mmg m«m i( %a«é) "H ’» w,
the effect was small, it was m;;;m y reliable.
1t is not clear that the task by word length interaction has
any interesting implications. The complex span tasks for all
the experiments reported here are all more difficult and lead
to poorer recall than the simple span task, Thus, it is likely
the case that task main effects and interactions involving task
oceur because the complex span tasks are more constrained
y performance boundaries than the simple span tasks,

The reading task is, however, clearly sensitive enough 10
show a word length effect and ﬂmt is the important conclusion
drawn from this analysis. It appears that the reading span task
and simple span task are not as different as Daneman and
i am«mm suggest and that they share at least some common

= W{M S0, whziﬁ*

sroup X Span Task interaction
2 6,37, M5, = 79.06. Further
1515 m h% um,m mm %ﬁmwm i the word length effect 1o

: 22 M, = 240.6, in the complex
fol mwmj the sentences. However, the
effect of word length was smaller and only marginally signif-
icant, F(1, 291, pe 1), MS, = 2121, with the complex
task when set B words followed the sentences,

mk Mfma wi f\ WOIT

=

Reliability analysis. 1t has been argued (Dempster, 1985)
that the reason simple span measures often do not correlate
with reading comprehension and other measures of higher
Jevel cognitive functioning is that the word span measure is
not reliable. For this reason we made a crude attempt 1o
determine whether our tasks were internally consistent.

An analysis of the sphit part refiability of the absolute span
SCOTES Was mw appropriate because only 1 i i
perfect re Tuded m Hm“& 50T
bility ana

e

simnple span and 2
scores were caloul

: alpha showed gm, follow-
: ies: Simple Span Short .74, Simple Span Long
82, Complex Span Short .68, and Complex Span Long .7
Thus, all four tasks showed relatively high reliability, and they
were not much different from one another,

Correlational analvsis,  Table 1 shows the descriptive sta-
tistics for the absolute span score and Verbal, Quantitative,
and Total SAT s oh BAT scores were not fw»unm“!

scores, altho
for three of our subjects, It should be no
included a sizable VSAT rang 200
450. Table 2 shows that the
short words and long words
QSAT, which were predicte
words but not by the read
mentioned previ ously the readir
ma%i an ?3 * BIT ;

mmm ws%h wih ‘% AT
reading span with shor
As

:gi»m task leads
; 3:‘%“1‘6%1”3’1&1‘?

&";rmmw: was prof
long words that the
lation to occur.

This experiment replicates other work in showing a sizable
and significant correlation between the ve i task {at
least with short words) and reading comprehension, What
was different about this experiment, however, is that the
simple span with both long and short words also predicted
comprehension as measured by the VEAT.

Discussion

The first experiment showed that the length of the to-be-
remembered words has the same effect in the reading span

Table |
Deseriprive Staristics: Experiment |

Measure N M YY) Kdin.
Verbal SAT 450 102 230
CQuan SAT 4482 a4 3061

Total BAT 175 580

Spmple Short 16 23.4
Simple Long 2 4.8
Complex Short 16 G5
Complex Long 12.8 9.5

«‘wu* SAT = Scholastic Aptitude Test.
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Table 2

Correlations Between Absolute Scores and SAT

WVerbal Cuantitative Total
Measure BAT SAT SAT
ple Short A B
ple Long AT ALE
Complex Shor e e
. 07 b7

task as has been repeatedly o

served with the simple word

span task. This calls into guestion any theory that the two

tasks measure completely different aspects of temporary
memaory such a storage and processing. Whatever resources

or pr

s the two tasks have in common may also be
related to read

omprehension proc s since both predict

v be refated to reading,
”my Ww Mﬁww that some of the

AL span task are gmif*z,si
Le., @re zm;vmrmm in tasks not directly wmngm
wmw Fand, that individoal differences in those processes or

resources will also be manifest tn non-reading tasks.

Experiment 2

H purpose of Expertment 2 was to determine whether
o length effect in the complex span task would also be

Method

Subjects.  Fighty undergraduate stude
South Caroling, all native nghish, participated for course
credit. The method used in this experiment was similar to that used
in Experiment 1. Subjects were seen individually and performed two
tasks in approximately 40 minutes. Word length was a between
subjects factor as in Experiment 1, and both g simple span and
complex span task were performed by each subject, The si mple word
span task was performed exactly as it was in the previous experiment,
However, the complex task in this experiment required the subject
to verify arithmetic operations and remember words at the end of the
operations,

Design. A roixed design with three between-subyj
one within-subjects factor was used, Word length was 2
subjects factor a5 was task ord
simiple t or the operatios

actors and
ain a between-
er. Subjects performed first either the

words from Set A were used in the simple word span task, then Set
B words were used in the coraplex task and viee versa, The only
within subj factor was span task.

Materials and stimagfi. The words that subjects attempted 1o recall
in both the simple word span and the complex span task were drawn
from the m:‘ww;“ Set A oand Set B owords u in Experiment 1. In
Experiment 2, subjects vead alouwd and verified the accurae v of a
series of mathematical operations, each of which was followed by a

nis at the University of

pan task, The two possible levels of
word-group specified which word set was used in each span task. If

LINDA B, La POINTE AND RANDALL W. ENGLE

word. The operations used were generated in the foll Howing manner,
Each operation consisted of two parts. The first t component reguired
the multiplication or the division of two integers;
each operation required the subiect to add or subtract an integer to
the result of the first component, rations were presented i
the form of a question as is shown by the following examples: Is {
2y ok B LTS (10/2) ~ 1 e 69 i
an zw?wlw H’c e;‘fmz;“miw mi%a mm A

3, }3} wm ¥

number to be added to or subtra
randomly generated and was an in
mination of operations to be per MEWMH t.e., smlmpm Mwmmﬁmww
and addition/subtraction) was mndamm amk {& } answers to the oper-
;itmm mm:: also p »mm 10 Mm & ‘

were divided into two wm:m;wfsh One g
and one group with 1
were: “I5 (8 x 1)+ 8

hed above were presented in the same manner
as the serten were in the complex task of Exper
operation appeared on the monitor of an Apple e npuier, A w
from Set A or Set B was presented at the end of each operation after
the answer. The pairing of operation to word was random without
replacement and was determined by the program presenting the
stimuli for each subject. The subject was instructed to begin reading
the mmrm”wn out lowd as soon as it app &m%, to immediately s
s “no,” indicating whether the operati ‘
or m‘m .md then to read the word aloud. Pr ‘Hm;sm Wi
control of the experimenter, who M 50 wm;Wi the
regarding the ; rof the ¢
read aloud. Sy : rimeter gwmmm Wﬁic:w to the task.
The operations span task began with the presentation of two
operation-word pairs which constituted one trial. After this trial was
presented, a question mark appeared on thw SCTELT
am wi” jeo j

level (for example 2 operation-word pairs) completed a set. When a
set of three trials had been performed, the number of aperation-word
pairs in a trial was increased by one. The number of operation-word
pairs in a trial was increased in t‘hisza wgsy mmiﬁ wu& 5 md u“i:z:u:h
verified and attempied to ;
word trials. The subject w)wmd after mm;}}wwmv M m st m 5
operation-word pairs. As in Experiment 1, subjects were allowed
write the words in any order they chose, but were asked to refrain
from writing down the last word, first.

We measured each subject’s oral reading rate while reading aloud
the words from which the stimulus pools were formed, However
these data showed nothing meaningful and will not be discus
further,

Results

The main goal of this experiment was to discover whether
a word length effect could be demonstrated in a complex span
task that did not involve reading as a background com ponent,
As with Experiment 1, our confidence in the conclusions
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drawn from the resulls of this experiment would be enhanced
if we could show that the scores on which the analyses were
performed were internally reliable and that the tasks were
1 wawm% ﬁmx“x"xﬂ%mixzw &r‘n'w?ym“mﬂ‘k to a real world task like

,fffrmigmm fzg}’ VEPEOHCE., 15‘ ure o ~“hﬂw*», @.iw once again,
people remembered more words in the simple word span task
than they did in the complex operation task and, as antici-
pated, they also remembered more short words than long
words. They remembered more short words than long words
in both tasks, but this effect was greater in the simple task,
The word length effect, defined as the difference between
recall of short words and recall of long words, was bigger in
the simple span than operations span task but was still highly

, &ﬁﬂki wwm ﬂmmh M }
¢ by word imgth
, Further analysis

- for simple word span
1903, and the effect for

278, M.
L, 72) == B.EB, MS 297.3,
f

was significant in mm with the e
giving an F(1, 72)
operation span ywm@ an M ]

Reliability an s Once again we pe s;“rr“a“mq"% reliability

nalvses to determine the internal reliability of the span
measures used in these analyses. The scores used in the
MMMMW analyvses were derved in exactly the same manner
as in BExperiment 1, The reliability analysis performed using
Cronbach’s alpha showed the following: Simple Span Short
T8, Simple Span Long .84, Complex Span Short .65 and
Complex Span Long 71, Thus, as with the previous experi-
ment, the scores were relatively high and not much different
from one another,

Correlational  analysis. The correlation  analysis per-
formed in this experiment used mo: absolute scoves for the
span tasks and SAT scores, Tables 3 and 4 show the descriptive

Ll
BB unon

Doy
, B0 tang

¢ B0

20

1

Opraration Soan

Tank

Figure 2. E m;w frnent 20 Mean percent recall as a function of word
length and task.

Table 3
Descriptive Staristics: Experiment 2

Measure N M Ky E Win. [ EVE
Werbmal SAT 77 B61®
CQuan SAT ] 330 HYG*
Total AT 146 630 1360
*wm\ir Shaort 14.4 198 91.3

mipte Long 13.3 i 75,3
Complex Short 18.5 14,3 {000
Complex Long 6.3 0.0 8.6

* Hw SCOTES fm iim it

and correlation coefficients that resubled from Ms
Simiple span measures using bo
“‘é‘f‘imﬁmtsm correlated with VSAT
the coeflicie eater for ‘*4‘5‘“ O
was for long WUW§ 5. : mwmuw

from the comples span Mmk {in thi
task) si elated with v :
«::W%;w"am ith i‘mi%‘z short and long words idition
10 tm voof the word length effect with the
task, own that performance
s with W O, we have shown again

e

on %%m ﬁ:‘,‘wi@ COT
that the simple we pan task
comprehension, As with the p
refation with VEAT of the four span tasks was the
span with short words (0.54) but, in this study, the con
between the stmple span with short words and V&,
nearly as high (0.49),

Lo
T was

Discussion

Several conclusions can be drawn from these two experi-
ments. Ope is that the background component of the complex
span does not have to be reading for the complex span (o
predict ‘comprehe won. The reading span-comprehension
nt 1 and the operation span-compre-
henston correlation in Experiment 2 were identical ((L54),
Secondly, res 1

elation with mx"“mf K nmm may
r, bt not much, deﬁ 4

complex span tasks studied |
of word length that may be somewhat smal
with simple span tasks. However, the differenc
word length effect with complex and simple span
both experiments 15 probab i i
between the two tasks and
Both of the first two conclust
and Carpenter’s (19807 int
the reading span z‘qg,‘, cand why

¥
it correlates with comprehes

507,
We are not pre at this point 1o discuss why both of
OUY exy f clation | i ‘

span and comprehension and previo
and Carpenter (1980 and Turner am
find these corvelations to be significant,
that question and the next three experiments
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Table 4
rrelation

¢ Between Absolute Scores and AT

Cuantitative
SAT

seholastic Aptitude Test
B {

on the issue
may have app

may cast some light
at one
procedur
simple word s
in hi lev --‘~i e

The third con Mmt}zt SUREe
similarities 10 the processes “simi are used in simple and
complex word span tasks. The Miz‘w‘mﬁmm reaction might be
that the common process involved s articulatory coding or
"mm calls the articulatory loop, The problem
won is that, as mentio

1 , od above, the
complex span has built-in articulatory suppression with the
Hzing

Suffice it to sav that what,
sared m be trivial vanations in
smwm‘ms in w%’m’*mm th{“

n mm !m WMQ

pre e some m «Mﬂﬁ"

of the sentences and the operations. Irrelevant
n has 1 showrn eatedly to eliminate the word

the meh E
tion and, thus, the irrele
wondd not ehiminate the word i ﬁm
As mentioned above, the work o date on the word length
effect, and most other work using short Hst recall procedures,
has used the same small sample of words on every . The
simple and complex span procedures here used sampling
without replacement from a large pool of words. It is possible
that this leads to the use of a different code than that used

‘ "im

54
with a small sample of words used repeatedly. Two papers by
Besner and his colleagues (Besner & Davelaar, 1982 Besner,
Drandels, 1981) have argued that at least two differ-
sulatory codes are used yeets in immediate
span experiments. One of f these codes is used for
fexical ss from print and is not eliminated by articulatory
suppression. The other code underlies both word length and
phonological similarity effects in span tasks and is masked by
irrelevant articulatory suppression.

Ome explanation for the results of our first two experiments
is that there is vet a third articulatory or phonological code
that comes into play when the same words are not used
repeatedly. This code would aid retention in span experiments
but would not be vulperable to suppression. The next two
experiments addressed this possibility,

ernor

Experiment 3

This experiment was designed to be much like the previous
one except that subjects mﬁmzmm 4 an irrelevant letter string
during the performance of both simple and operation span
tasks. If the word length effect we have observed with both

simple and complex tasks derives from mechanisms other
than the articulatory %mm i rmgm be tmune to the effects
of articulatory supp word length effect ke that
observed in Experimen w i azﬂ‘w;i 2 would ocour. 1Y, on the other
hand, subjects use a code like that described by Baddeley et
al., {1975y then the word length effect should be elimnated
for both tasks. Of course, another possibility is that we would
see the effect eliminated with simple span and not with
complex span, which would indicate that two different time-
hased articulatory or phonological codes are used for retention
in the two tasks.

Method

5. Sixty-four undergraduate
aroling, all native s
zm«mmcm as part of a course rmguummm ‘%v

o span tasks and two simple wor
ained from the mimw

Jude; at ﬂ‘w University of

sy b g

as‘m were 1
pan wk

igned to be much simapler than mww 1
iR %w nm tiplication or xﬁwmmﬂ of

5.

= 10T s (1/1) =
operatinns were gencrated wzm Hn Mmlv e computer,
am which impo he following restrain
- ivision were inte

uging
£a) the two numbers
s between 1 oand 5,
multiphication

or addition) was random, (¢}

b were
24 and {2)
choice m‘ m s ANEWET ﬂm Was gwwmwm{? was also random. A pool of
wm‘m%emg WS erated in the above described manner and
‘ivi{%m imm W0 gr ﬁm‘ group was used with short

oy H« ( m’ xmm ¢
monitor at a rate of one per §
thermn when a gquestion mark signatling the end of a trial app
the center of the screen. Subjects were required 1o silently read
words and 0 continuously articulate the letter string “ab
while the words appeared on the screen. The mmuumm for
were wentical to the previous t:x;wrirmwm Subiects performed &hw
word span once with short words and once with long words. The
wordset factor was Tully crossed with task order, stimulus order and
operations,

Operation span task.  The pairing of operation to word was ran-
dom without replacement and was determined by the program pre-
senting the stimuli. The subj
reading the «mwgmw‘r* 5 5
orally whether :
the word at iiw end. As with the word span t
articulation of the letter string “abcabe . " was requi
individual made the du, \.,u,m and read Hw operations MM wuwln
silently, A verbal “ves™ or “no” response M‘fx&’ﬂ i
the answer g:smtmmﬁ for the operation, wa
and the experimenter recorded this. Sub
perform the operation verification as ﬁ‘}lvﬂ{?m,
accurate. Presentation was under the
¢ appropriate way to perform the ta
vects performed 15 practice irials. The experimenter im:wxmﬁ%mmiy
sented the next operation-word as soon as the “yes” or “no’

ord and suby

A5 RO
control of the
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response had been made for the previous string. The operations task
began with the presentation of a series of two operation-word pairs
which constituied one trial. After this trial had been presenied, a
question mark appeared on the monitor that signalled the subject to
begin recall,

Design. A mixed design was used with four between subjects
factors and two within su ts factors. Word group (2), order of
stimulus presentation (2), order of task presentation (2), and op
set (1) were between subjects factors. Word length () and sk ()
were within subjects fac

Results

alysis of varignee.  The primary question motivating
this experiment was whether a word length effect would be
nstrated under conditions of articulatory suppr i)
specifically in the complex task, Figure 3 clearly shows lm
subjects remernbered more short words than long words in
both the simple word span task and the complex operation
span task, However, subjects performed no better in the
simple span task than they did in the complex operation task.
The word length effect was significant with both orders but
the effect of word length was reduced when short stimuli came
hefore long.

These conclusions were confirme
effect of word length, F (1, 48
two-way interaction was significant, Order of
Word Length, F (1, 48) = 15,76,
way inferaction was significant, Wordgroup % Order of Word
Lemngth > Word Length (3, 48) = 2,92, M5, = 40.9,
Correlations.  Tables 5 and 6 show the descriptive statistics
and important correlations for this study., Apparently, the
requirement to suppress eliminated the correlation between
simple word span and VSAT. With the operation span, the
correlation was somewhat reduced but was, nevertheless, Sige
nificant. It may be a coincidence, but the magnitude of these
correlations, for both simple and complex tasks, was very
sirmdlar to the correlations reported by Turner and Engle

a significant main
= 40,9, One
Word Length x
v = 409, Also a three-

d by

B

Lager

Pogo -

# 4

Birnple Spas

Operation Spaen

Vel

ure 3. Experiment 30 Mean percent recall as a function of word
b and task.

N A Min. Max,

&4 447 700

64 485 300 620

64 X i ? G770 1310
Sim ;3 e Short 64 224 6.2 5493
Simple Long 64 14.1 4.5 457
Complex Short 64 22.1 4.8 &6,
Complex Long 64 15.6 ‘~3 0 0 45

Note, VEA'T ic Aptitude Test; QOSAT = Quantitative

‘otal Scholastic Aptitude Test,

{1989). Tt is possible 1}
by Turner and Engle resulted in articulatory suppression,

wat the net effect of the procedure used

Discussion

I we compare the overall level of
experiment to that in Fxperiment 2,
]

Cperformance in mm
we sen that the reguire-

vant letter string drove overall
performance down for both 5. However, performance was
apparently reduced more in the simple span condition than
m the complex condition because they were about equal in
this study. ?)mgmv this overall decrement in recall, however,
the word length effect remnained for both tasks, even though
the words and operations were not presented auditor tly nor
read aloud by the subjec
The primary pur of this study was not to examine
changes in the correlations between the
hension, ﬁu we can not ove mm a%m t%w §
fations he
two previons studies
sion was required, while
and VEAT ren

{5

ment to articulate an irre

observed in the
‘ﬁf*@ili“a?&i when ;;wm:m;,mm SUppr
thos

BT
v the

an and

interesting. The suppression reguirement substantially re
duced performance in the simple span and this may have
elirminated any possibility for covariation between this task
and the VEAT to appear. But, if that was the case, why did
the correlation still remain for the complex task w%mw had
even lower levels of performance? This question merits further
study,

Numerous studies since Baddeley et al. (1975) have shown
that the word length effect in a simple span task with visually
r}r“e“' mm wwmiﬂs s‘*@ f;“f%z"mwm:ﬁ !‘}y articulatory supg i

2] ami imhmxmﬁ
pools of words was clearly m order and the next study did

Just that,
Experiment 4
We were interested in the presence or absence of the word

length effect in eight different conditions. Subjects rec
both simple word span and operation span tasks. The to-be.
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Table 6
Correlations Be
Tasks and V

on the Simple Span and Complex Span
SAT av a Function of Word Length

Simnple Span Complex Span

Long Short Long
13 Rel 26 ki
T = Verbal Scholastic Aptitude Test.

either a fixed pool or an unlimited pool, Half the subj
performed irrelevant articulation while simultaneously t
forming the span tasks and half the subjects did not articulate.

Method

fﬁ»mwmﬁmr wnd

sraduate students at the University of
eakers of English, participated in this

Hmm as pm% of a course requirement. Each sublect was seen
dualty and in the ¢ of approximately 1.5 }*mm,, performed

four m%&» simple and operation word spans with short and long

ected from the same
ables of primary interest
KPETIm m{ Wi M‘m K ritw of the stimulus pool.
For this reason a subset of m;gm words from each of the Set A and
Set B short and long words was randormly chosen, The fixed pool of
stimuli drawn from Set A short words consisted of the following:
snake, sum, arm, talk, fact, learn, hall, and need, Long words selected
from Set A were addition, company, foundation, instruction, annval,
sensitive, excellent, and physical. The fixed pool of Set B short wo
was: seal, knee, laugh, test, act, climb, adf, and ear. TVhe words ch
from Set B long words were: theory, atmosphere, specific, emphasis,
maintenance, determine, occasion, and emplovee.

As in Experiment 3, subjects completed two types of tasks, opera-
vion span tasks and simple word span tasks, both with short and long
words. The operation task reguired that individuals read a seri
mathematical operations that were presented in the form of a question
and to verify whether or not the answer presented with it was correct,
These ﬁmmt ans were the same operations used in Experiment 3,

Procedure.  Word span task. Word stirnuli were presented on the
monitor of an Apple He computer. The words appeared at a rate of
one per second and subjects read them silently and attempted to
recall them when a question mark signalling the end of a trial
appeared in the center of the scree who performed the
suppression were reguirsd to continuously articulate the letter string
“abcabe .. while the words appeared on the screen, whereas those
in the no suppression condition said nothing while the words ap-
D he Hist length began at two words, Three trials at a given list
length constituted 2 sef and when a set had been completed the
number of words ina trial was increased by one. In this task, subjects
stopped when a set of seven words had been completed. Since this
study used a fixed pool of items in some mm%mmm &wmi ) mii wm
required with responses
zhc hm‘i wmd *‘mb

wmd‘ Mmf a’mm;&mw to wmm % im m&rds mcﬁwmm in a trial in
covrect serial order, subjects often remembered words which had not
@wr& 17 /Mad mmmmﬁmﬂ v mm Whm ‘éim y ;&«3 z'@’;wrmmwd h\ :

asterisks. AJI.‘@ wbjwm gﬁﬁmtm wm!& m wmd SDIATE OI0E wzm mm €, wmd&»

and once with long words, The word group factor was fully crosse
with task order and stimulus «:srdm‘:

Operation span Mw’«
Experiment 3 were
consisted of a sert e
computer. A word from ‘M A or Set B was p
each operation. The pairing of operation 1o word
replacement and was determined by the prog
stimuli. The subioct was instructe i
operation as soon as it appeared, o 1 ;
whether the operation was ¢ tor not and then s
word at the end, As with the word span tasks
articulatory su pw
string “a

suby
e;w,mn condition continuonsly artic mams Mw le w
hepbe L7 while making the decision and reading the oper-
tlently. In the no-suppression conditions subjects
2 2 ng it, bot verbally
entedt answer with ves or no and

nstructed to ren the
iMz? bt to be accurate.
enter who had
ask and also
mm “3 wmﬂm‘ trials to assure i‘%m& Hm subject nmﬁvsw»ud ﬂ
ure, During these m{: experiar
the subject w n the ve s%ﬁemwm
component and provided fee The experimenter
immediately presented the next 4:»9;34@’:1’31‘;«:@;3 as ﬁmm as the ves or no
response had been made,
@ ammm C 2
1 After § 3 MM! had been pre
csignalled the subj

1 span task.
.wg::«:t“micmwwwd DRIrs)
ers completed, the
sed by one. The
in this way until
the final words of

completion

F
Three trials at a given level (for
constituted a set. When a
number of operation
number of operation-word pairs was increase
subjects had read, verified a
a set of § operation-word tr
of the § operation-word set.

All subjects we ented 15 g
word span and operation span tasks, Additionally, those who partic-
ipated in the fxed-pool condition were required to learn the pood
hefore each span task began. This was accomplis by presenting
six trials of the simple word span task in which all eight words of the
pool were presented for serial recall, In each of these trials the order
was varied and the words comprising the pool were in full view. If
subjects were not able 1o write all eight words they were encouraged
10 guess,

Fach subject preformed two operation span and two simple word
span tasks with both short and long words for each task, The order
of task presentation was counterbalanced and crossed with word
group. Order of word length presentation was also counterbalanced.
Oine set of operations was used with the first complex task performed
and the other sef was used with the second complex t

Diggign, A mixed design was used with five betw
m tors amﬁ (s wvzixm wh ects h tors. Suppre

example
wt of three trials |

ice trials for both the simple

ser subjects

ion, fixed or unbime.
~nmmm amd wﬂjsﬁ r

Results

As with the prev : :
formed on all the so uww pﬂmﬁdmw and no dwtﬁvmm £ were
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ase there were only 16 subje
in this experiment, no correlational ana
Experiments -3, this study was

ts per condition
was done, Unlike
concerned with
wiween recall of short
and long words in each of the eight conditions. Therefore,
planned mdividual 7 tests were used to test for a word length
effect in the eight conditions.

The results are shown in Figure 4 where the absolute span
scores have been converted to perc o4 to allow cores
Wrwm across %L? ks, An asterisk proup of two bars
indi g ‘m% condition as
inchic 3OS e ‘wa
For the pth effect oo
curred in hmh 1, and
operation zs,;':a;zmg ! , ere was 1o Suppres-
sion. Articulatory suppression e ated the word length

ot i both the wmmiu BT, ;‘, LAY 5 2.5, and

simply
whether there would be a difference b

stmple spa
mva span W‘m SUPY)

Muost of what was found in this
cated provious fin
readi rom the

risons (1 and
w owhat has repeatedly
There was 2

B shoce

@

& i o ] & o £
i & b & i B el &
i 5 1 @ i B M &
o i i 1 o U o 4
3 S 3 P

Condition

Figure 4. Experbment 4 Mean percent recall as a function of word
imwh mk SUPDE wy condition and nature of the word pool. (The
ﬁm ant effect of word Mwm im ﬁw ndition.

1 Simple
m)mmxiam,
sl Pool; 5 is Simple

%gxm %um@rwwwa hm“i Pool; 20
Fined s Operation Span-Supp
?:’}g‘}z,mw&h.AW ion, Unfimited Pool; 6 is Simple Span-Suppresston,

7 18 Cwperation Span-Mo Suppression, Undomited

Unlimited Pool, 7
Pool and 8 is Operation Span-Supp Unlimited Pool.)

hstantial word lm&mh effect when no e,m"‘ft‘ﬁm%m::}r‘y SUPPIes-
{ on mmh

trial. ’% %w 'fm m*qmwmw m Was 1P
the word ley disappeared if the words were mﬁwn
from a fixed pool. The next two comparisons (three and four)
show that the same conclusions hold for the complex opera-
tmm @;‘W"g when the words are ¢ Emwm from :; srmatl 2 wd p«w@

L S

have alres Ms«
word pool, "‘Hw wwm length effect was present with both
simple and complex span tasks and was not elminated with
SUPDTessic

The pattern of results across the four experiments re
here were guite consistent. However, 1 is a potential
confound in the Mwmmmm Inspection of the st of words
in &H 1% ; *wéwmd that more m“ Mw *;!"ww‘ﬁ‘

wosrted

a;%mw?ms% ;
lection of words for the span test.

Experiment 5

of this experiment was to see whether
conclusions regarding word tength effect, articulatory
sion and nature of the word pools rerain valid wi
5 are equated for concreteness.
whether the conclusions wert

Method

Subjects.  One hundred forty 6 aduate students at the
University of Bouth Carolina, all native spea kers of E nglish, partici-
pated in this experiment as part f)? @ COurse requirement.

Design and procedure. The simple span task was used for this
experiment. There were 1 crate conditions, The words were either
sampled with replacement from a fixed pool of & words or sampled
without replacement from a pool of 81 words, For those subijects
receiving words from the fixed pool, recall was, of course, serial, For
those subj receiving words from the unlimited pool, hall the
subiects were instructed to recall in a strict serial order and half the
subjects were instructed to recall in any order with the constraing that
were not to recall the last word first, Half the subjects in each of
= onditions performed under articulatory suppression and
half performed normatly, without the rmuix“v;wm 1o articulate the
irrelevant ftems. The slting six conditions were or with the
length of the to-be-recalled words. Half the subjects received short
words, and half the subjects received long words.

A subset of each set of 81 words was chosen to be used as the fixe
pool e The result was a list of short words and a list of long
words where word frequency and concreteness were equated as well
as possible. These words were used in the conditions that received
tems sampled from the same small set for each trial. The same
procedure was used as for the e span for the other experiments.
However, all varables were ma thated between subjects.

Stimauli. Asin the prior expe ents, two seis of words were used
as to-be-recalled iter one sylable words and another of

s, one set of
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] mimm ﬁw T *m*«, im conoretey
r«;‘gms‘@ ﬂw MM@ sets for both conor
g mv ‘;hm‘r’f wwwcm Was

t mﬁ the m: ma 4
rizm uf :2{3‘73.“ m LT m i of long words were
and the rest had a mean frequency of 13,

T mmdﬁw megy
20 AA and A worg

Results

As with | AT

t 4, we were primarily interested
whether there was an effect of word length for each of the six
conditions. Therefore, the critical predictions were tested with
planned 7 tests at the 0.05 level. The results are raphed in
Figure 5. The results demonstrate that a confounding of
concreteness with Ecmp and short words was not responsible
for the conclusions of the previous 4 experiments nor was the
method of recall, The results were the same when concreteness
was controlled and regardless of whether recall was free or
serial.

Articulatory suppression eliminated the word length b effiect
when the same words are used on each trial. However, when
new words are used on each trial, articulatory suppr
does not eliminate the word length effect, regardies
whether the subject recalls by free « The only
word length comparison in Fi

word length effect was
mditions: (1) fixed pool with
501, (2) unkimited pool with

significan
NO SUPRression,

13 u i U i

5 8 ¥ F

M Y b N ¥y

o £ o B 8] E

§ g
Condition

Cipure 5. Experiment 5 Mean
I, wrm). pool and recall ¢
H’M‘m asterisk indicates a sig
condition. The .mziﬁﬂ'im @
Pool, Mo supp 3
N, Unhiited
Unlimited Pool, Serial ¥
Poolk e Recall, Mo Su
Fr 1 Suppressi

L]

GO, Unbimited

Hmited Pool,

wmh mppm on |
ppression; and [ UF-YES, U
011,

POINTE AND RANDALL W. ENG

oot

serial recall and no suppressic
unlimite ‘% m‘ml wi’z}‘a wmz TECHA
; pool with free
4, and (5]
3.97, !

all 'mﬂi no mmpw
undimited pool with free

Discussion

the word
s articulatory suppression.

In both Ex ants 4 and 5, we have shown that
Jength effect was not eliminated w..
Another point should be noted from Figures 4 and 5. Baddeley
mad %m m??aﬁ‘mm umm vy, 1O8R6) %mw speatedly shown

sssion eliminates the word | ‘

Wa* h Ave 0
fixed pool o
studies 15 Mmﬂ the
SUYPYeSSIon OCCUrs as %a @:amwm SHICE O
it 1 ihie ¢
vt words 1o be re

5, superior
‘Mm? "wwth EVen

recall of short wwa"m %‘w lomg words was obs
lower levels of recall i the words were
unlimited pool iﬁ fact, 1 1
phserved with recall at about

om an unbimited pool and with articulatory sup
This speaks to the robustness of: (a) the absence of the effect
when suppression i with lists from fixed pools, and (b
the presence of the effect with sts from unlimated pools.

Creneral Discussion

Crar purpose in this research was not, at |
study the word length effect per se. Our purpose was, howe
to understand better the relationship between the simple wwm
spans, complex word span and comprehension, This g uestion
was examined in two ways. One strategy was (o see whether
stmple spans correlated with reading comprehension under
conditions in which the preser ﬂa‘iUUH modality was more
sirnilar to that used with h the readi san task and also under
conditions more ke those typically used in short-term mem-
ory experiments with words. A second strategy was 1o see
whether both types of span tasks were affected by word lengt
in the same manner.

Let us briefly summarize the findings of the five experi-
ments orted here, The first experiment found a word length
ect in the complex ting span task and also that the
simple wwm span iask significantly correlated with reading
COTmpPr wi, The second experiment showed that the word
length effect was obtained in a complex operation span task
and, again showed that the simple span task corvelated with

ast initially, to

reading comprehension, The third experiment showed that
suppression reduced the corrn g he stmple span

and comprehension o
tie;m between th

i, but the correla.
¢

omp ﬁm SpaT smé% o wtm nsion remaine

A that the word length effect
~gsi00 i either the
The fourth experiment

MWM ‘ISW wi i%, b an unlimited pool of words, the word length
effect was not eliminated by suppression, but with fixed pools
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of words it was eliminated by suppression. This generalization
held for both simple and complex span tasks. The fifth
experiment eliminated the hypothesis that our results were
due 1o a confounding with concreteness of the words and the
method of recall.
Omne interpretation that seems to leap out from these resu
15 that the reading span task does not have the special qm%mm
attributed to it by Dan ieman and Carpenter (1980}, We found
that reac Raje n was predicted as well by 4 com-
plex span task involving arithmetic as by one involving read-
ing. More importantly, the simple word span task also signif-
jcantly predicted comprehension and, in some cases, did so
as well as did the complex span task, if}m“ lab has conducted
numerous studies since Turner and Engle (1989 in which the
simple span task has been compared to several forms of the
complex span task. The simple span has significantly pre-
e ;mié% comprehension in nearly all of them, Typically,
the magnitude of the correlation between word span and
VEAT s slightly smaller than that between the complex span
and VEAT and, over studies, it is more variable, but #t is
nearly always significant, We do not vet know the bound
conditions under which the simple span-comprehension cor-
refation will appear and when it will not appear. Our third
riment may give a hint to that question. As mentioned
earlier, it may just be a coincidence che correlations for
both simple and operation span in Bxperiment 3 were vir-
tuatly wentical to those obtained by Turner and Engle { W@)
Itis not clear why suppression would eliminate the correls
for simple span but not complex span and whether this has
any theoretical implications.
Additional evidence for the

argument that the reading span

ask d aot bave a special relationship with reading com-
prehension was the finding that the complex span task acted

just Hke the simple span te A length was manipulated
in our experiments. In conditions where the word length eff
appeared with the simple span task it also appeared with both
of the complex span tasks. In conditions where the word
length effect disappeared with the simple span, 1t also disap-
peared with the complex span. Clearly, this one variable has
similar effects on the simple word span, reading span, and
ngwmtmw span tasks,
The mnmim and simple span tasks mway not be greatly
different in what they measure, but it is unclear what they do
measure that 1s important to higher level cognition. One factor
that both span tasks and reading comprehension tasks have
in common is a reliance on verbal knowledge, However, we
have shown in a recent study (Engle, Nations, & Cantor, in
press) that word knowledge per se does not account for the
refationship between word span and comprehension perform-
ance, 11 15 still possible that this relationship is peculiar to
verbal tasks, however, and some form of articulatory coding
may be the critical factor,

it was not our intention to study the nature of the word
length effect when this series of studies began but some re-
thinking of this variable seems to be in order. It has been
argued that the articulatory loop is the process underlving the
word length effect (Baddeley et al., 1975}, But what is meant
by the term “articulatory loop™ 1t is often referred to in the

literature as if it were an inherent siructural aspect of human
cognition. But perhaps it would be more beneficial to consider
it & coding strategy, one of many, which may be invoked
during thinking.

This view was proposed by Reisberg, Rappaport, and
(rShaughnessy (1984), They pointed out that, although work-
ing memory is often thought to be comprised of a central
executive and sl emns that act as information stores,
actually “these slave systems are in fact activity-based s
control processes and not memories in a stri '
They showed that people could incre:

also taught o use movement of the {inge
. When presented a series of numbers to remer
1o type the numbers in the
. By continually yepeating
the MOLOT seQUENCE NECesSary m WW the numbers, they could
maintain them until recall, st which time they simply decoded
the series of finger movements. Reisberg, et al. noted, that
although it is widely accepted that phonological coding occurs
in working memory, it is not necessarily a fixed attribute of
working memory. Perhaps it appears that way because so
ch of what we do can be accomplished economically using
ulatory-type strategies or processes which, because they
5 ently, yme very well-practiced and pos-

sibly automatic,

Reisberg et al. further suggested that people code informa-
tion in working memory in whatever configuration that is
useful 1o accomplish the task at hand, Hmi y by indi-
vidual capabilities and personal history
researchers now believe that very young children rely on visual
coding whereas older children appear to use articulatory or
phonological coding more readily (Hitch, Halliday, Scaafstal,
& Schraggen, 1988: Hitch, Woodin, & Baker, 1989),

The articulatory loop then may be thought of as the com-

Lo

bination of a MM@ that decavs over time and a time-lHmited
ref wwhv

rwhich, when invoked,
that code. Thus, it is a simple race betwe
refreshes ‘H e code and decay of the trace. §
is refreshed it is, in essence, recoded. If we accept this view of
the articulatory loop, we can further consider the possibility
of a whole continuum of codes, of which phonological and
articulatory are but two examples EE is also important (o note
that the representation of information in a specific code would
ot mmiud& its representation in other coded forms as well,
This variety of the levels of processing approach is not a new
idea (Craik & Lockhart, 1972) and it offers a less static way
of thinking about coding in working memory, Information
may be extracted and recoded in a variety of ways,

In fact, it is conceiv
and levels of speech-bas
have offered evidence fo
immediate memory tasks. )

effect reflects time-based 1 hamnkmmi codes, our reses
suggests that additional em%m come into play when the words
for recall are chosen from an unlimited pool. It remains to be

raly id? Hm& there > are many (iiﬁf

word le
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seen just how important the nature of the word pool is 1o the
relationship between the span tasks and reading comprehen-
On,

I simnple span and comples spans are not greatly different,
then what is the relationship between what is now called
working memory and what used to be called short-term
memory? We would like to argue that a distinction needs to
be made between short-term mernory and working memory;
a distinction made by Bower (1975), Anderson (1983) and
others. 1t is possible to define s L%mzi term memory as those
knowledge structures currently active above some threshold
which could be considered as the E"wum%my of consclousness,
Traditional span tasks probably overestimate short-term
memory capacity which is more Hkely 1o be on the order of
34 items rather than 7 & 7 (Broadbent, 1971} Processes like
rehearsal and wwmnm allow subjects to keep active and recall
approximately 24 additional items, but these same processes
are rarely used in higher level cognitive tasks like reading or
listening comprehension. Thus, individual differences in re-
he just ob-

3

sarsal, grouping, and associational type strategi
scure any relationship between short-term memory capacity
and higher level cognitive 1asks.

Working memory is probably better thought of as those
long-term memory knowledge structures and the connections
between them that, wm‘m recently activated are, nevertheless,
outside the window of consciousness. It is the working mem-
ory that allows us to retain the gist of the conversation in
which we are engaged, to quickly retrieve the name of 2 new
neighbor we met recently and to know roughly where we left
our car keys last night. Our working memories provide the
texture and context to our cognitive life at any given moment.

How does the complex span fit with this distinction between
short-term memory and working memory? We would like to
argue that the comples memory span task is really a measure

“term memory, not the working memory desc
The complex span is probably a W:tm measure of the
true capacity of short-term memo ' e the background
ask roinimizes the impact of rehearsal and grouping on recall.
However, even the simple word span might be useful in this
regard because chunking, grouping, and simple rehearsal may
be harder and less likely 1o occur when the list does not use
the same words on each trial, This, of course, suggests a much
maore general capacity notion than one based on phonological
or verbal codes,
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MEMORY SPAMNS

Appendix

List A: Short Words

acdd fonife skill
aid league snake
arm tock stay
hack meal S
beach miss talk
beat friteras) tall
bible ! mouth
birt file near tool
blue form need tonwn
bomb forth nOse trade
brain 2as out
break ; OWH

Dair

rain
cause
close
out
dance
desk
door king

List A: Long Words

constraction medinm solution
decision ETIOTY ific
i minister
national significance
NeWSpaper sipnilar

de
andience electric particle
authority emotional particular ing
automobile enCcourage philosophy :
available Iy variety
average entablish
arple

excellent

existence preparation
community fonmnddation proshably
company generally property
competition impossible radiation
completion instraction
condition liberal

List B: Short Words

act £ar Jist S0t
all end meet test
braed fiair mix theme
b far no train
bay nod tube
birth none vote
block paint week
bromd pake why
box park wifi
brown T plan win

build force post work




claim
climb
count
CrOss

uate
advantage
anvthing

avenue
capital

chemica
collection
COMTRURS

component
conclusion
continue
corporation
deliver
description
det 7
determine
dictionary
dis '
ECONOMIC
element

Unlimited Pool

bard
code
brute
dell
air
scuare
bloom
dawn
chief
breeze
gift
golf

THOCHEE
stub
Iump
SPray
stain

LINDA B, La POINTE AND RANDALL W. ENGLE

Appendix continued

hang rise

it ool

home Thin

jazE seat

Judge

knee shoe

Yac shore

laugh site

lean eyl

lig south

1ty el

lip ot
List B: Long Words

etiminate inferesting

emphasis Hterature

emploves mainie

equipment IMEAsure

musician

evervthing

exactly oncasion
examing opinion
expenditure atherwise
% period
family phenomenon
formula

government

headguarters

historical

hospital

important

independent

information quality
initial reasonable
mstrument

interest remember

Short Word Lis

Experiment 5

slave chirt
lice dust
queen jail
steam Hime
crag fur
story VR
heast star
wife suds
camp nun
fowl SAUCE
fad gold
bronze )
gem seat
Coast inn
church peach
rowd ool
street bhood
brain lark
cell bar

slush

worth

satisfy

somet

suddenty
sulficient
temy

tank
inlk
OGS
board
child
sl
claw
dove
oats
bowl
Coin
QO
pipe
string
cane
{oast
cord
lirnh
pole
boy
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chance
check
3

clai
chmb
count
CTOSS

crowd

uate
advantage
anything
assembly
atmosphere
avenue
capital
character

collection
COMMunist
COMMPOnEent
conclusion
continue
corporation
deliver
description
detective
determine
dictionary

SCOTIOMIC
elerment

Uniimited Pool

bard
codle
brute
dell
air
spuare
bloom
dawn
chief
brieze
gift
golf
shy
NOOSE
stub
Tump
SPray
stain
cash
bsss

LINDA B. La POINTE AND RANDALL W. ENGLE

hang rise
hat roof
home run
JarT seat
share
shoe
shore
it
sl
sonith
speak
SE0rt
List B: Long Words
eliminate interesting
emphasis literature
employee maiplenance
eguipment Meas
estirnak
EVETYONE
everyihing :
exactly JHCASIOn
examine apinion
expenditure otherwise
HPTE periodd
farnily phenomenon
form policy
government politi
headguariers
historical president
hospatal Previoy
mportant
independent
information quality
initial reasonalble
ingtrument
interest remember
Short Word List—FExperiment 5
slave
tce
gueen
steam tme
crag fur
storm vest
heast star
wife suds
camp nan
foywi SAUCE
tad gokd
bronze 503
gem
const
church peach
rowd tood
street blood
brain tark
cell bar
stush girl

Appendix continued

keg

wiorth

LATY
SECUFITY
solution

suchdenly
sufficient

wmperature
theory

tank
ink
MOES
board
child
soil
claw
dove
ORls
bow]
coin

pipe
string
CAar

cord
limb
pole
by



Fixed Pool

imited Pool

colony
retailer
PrOCession
headguarters
beverage
property
performer
wholesater
instrimernt
islander
SWHY

oificer
acdmiral
ynmittes

tlemen
opium
appliance
mstractor
vehicle

Fixed Pool

musician
gallery

MEMORY SPANS

Appendix continued

star
tump

Long Word Li

TUTSEry

avenue
gallery
hurricar

musician
planist
archestra
photograph
newspaper

utensil
physician
srandmother
policeman
medallion
animal
hospital
magarine
volcano

property

nn
chirt

—Fxperiment 5

restaurant
furniture
kerosene
aleohol
tobacoo
actory
librasy
tablespoon
lemonade
butterfly
dismond
Osquito
revolver
datfiodil
ambulance
MICTOSCODE
umbretla
strawberry
elephant
potato

officer
TOOSQLLO

Revision
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bronze
polf

malaria
decoration
vaecination
prosecuior
evangelist
inhabitant
material

PEODTIELOY
amplifier
table

caterpillar
aceordion
Macaron
automobile
wniversity
refrigerator

ale
amplifier
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