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ABSTRACT The extent to which individual differences
by working memory capacity were related (o differences in com-
prefhiension and following divection was studied in fiest, third,
and sixth graders, Working memory was tested by a simple word
span and Daneman and Carpenter’s (1980) reading span. A
readding comprehension test and g following directions test, in-
cluding directions heard in g classroom, were also given. The
aumber of words recalled in both the word span aond the reading
span predicted comprehension for all grades, This relationship
showed no age differences. However, the relationship between
the span measures and following directions indicated that the
vole of working memory in following directions mayv mcresse
with age. As the complexity of directions incressed, low-span
subjects in each grade had more ditficulty performing directions
than bigh-span subjects did. Doplications for giving directions
to school chibdeen are discussed.,

T%w limited capacity working memorv has been con-
sidered important to the development of general
cognitive and social skills in children. For example,
Brownell (1988) found that children’s ability to combine
imitative acts in social and motor play improved with
That is, as children aged, they could remember and
perform more behaviors as a sequence, Brownell found
similar results acr ous task domaing and
that one mediator of this increase in abili
behaviors may be growth in whatever ﬂmhmtm ;g,mwtix in
MEmOTy span.
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Thinking about the !f*wmwwu uf a ﬁmmzﬁ
wm cessing and storage cen

(1928) with his notion of “’MM f m wnima‘wm
Mm al-Leone (1970 forma
tian lines hv proposing that there
capacity of what he calls the M-operator over the early
life span. The theory argues that for every 2 years during
childhood, there 15 an increase of 1 in the number of
chunks, subjective units, knowledge structures, or
schemes that can be kept active in memory at one time.
The number of iterns that we are able 1o recall clearly i m~
sases during childhood even if d‘mnkw mmii
are held constant (Buartis, 1982 ]
But it is not clear that the increase in recall is a res
increase in the size of the working memory
For example, C Kuxr‘lmr‘zaﬁ,,

an or

uzmﬁ Gol thg»

mation during recall tasks are faster and more efficient
during childhood. Consequently, these encoding and re-
trieval operations reguire less attention, leaving more of
the flexibly divided limited-capacity attention to be allo-
ed to the maintenance of the stored itemns.

These two different explanations to the functional in-
crease in measures of short-term or working memory can
also be used to explain why span performance would dif-
fer across individuals at a given age or stage of develop-
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ories can be %‘:w:wfﬂwmé to ,ﬁmn why mdm mwa‘im at a
n developmental level might differ on measures of

m o oor working memory, Thus, Daneman and
‘ {1980y 1] of individual differences in
adults &‘wmmw heavily from Case’s theory.

Short-term memory has commonly been assumed to
play a M ole in the ¢ e functioning of the indi-
vidual, For example, ompreher of langnage
seems to rely on our ability to hold particular lat aric

i ‘ ncoming informa-

¢ that information over

capacity has been thought of as

a constraint and a source of individual differences in lan-

guage comprehension (Kintsch & wvan Dijk, 1978) and

problem solving (Mewell & Simon, 19723 us, one

might assume that a smaller working memory capacity

would lead to poorer performance in tasks of higher cog-
nitive functioning, wc:h as reading.

From the owtset of modern work on short-term mem-
Ory, Memory span &‘MM its variants have been assumed to
be the prototypical measure of short-term memory ¢a-
pacity, Memory span had been assumed 1o measure
something tmportant about memory and s role in higher
tevel cognition long before current thinking about short-
term or ww}mw memory began {Brener, 1940; Wechsler,

1944y, Therefore, it follows that measures of wmmmw
Sparn &,hmﬁm be related to measures of higher cognitive
functioning such as language comprehension and read-
ing. But span, at least digit span, has an inconsistent pat-
tern of correlations with language comprehension (Demp-
ster, 1985).

However, complex memory span measures that require
processing as well as storage of information do correlate
consistently with language comprehension and reading.
Daneman and Carpenter (1980) used the same argument
about individual variation in working memory capacity
that Case, Kurland, and Goldberg (1982) used 1o explain
developmental differences. Daneman and Carpenter as-
sumed that there is a trade-off between processing and
storage such that an individual with more efficient proc-
esses on a task like reading could give more attention to
the information to be stored. An individual with efficient
reading processes would have a larger storage component
than would an individual with inefficient reading proc-
esses, For a span task to predict performance on a higher
level cognitive task, E‘amwwm the span task must incor-
porate both p g and storage demands, with the
processing being similar to that required during the
higher level task. In other words, the memory span would
predict reading performance only it the span task itself
included some component that also required reading.

Daneman and Carpenter (1980} used a complex span
task that vequired subjects to read sets of increasing num-
bers of sentences aloud and 1o recall the last word of each
sentence after each set. The reading span score predicted
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span and reading comprehension does not reguire
the processing component alse be reading in nature.
Turmner and Engle argued that the complex span signifi-
cantly predicted reading comprehension, because it meas-
ured the number of items that could be kept active in
TROrY wimm‘i ihz‘“‘ t:‘*m”;sw%imm‘xg factors of reb 1
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The research presented here has several o
was 10 detenmine the extent to which in .
ences in working memory capacity g‘maﬁiwm
7 ‘ itive ta
whether this relati v was markedly different from
that typically found with college-aged subjects, Daneman
;md '%M&a};‘mfhmw (%‘E}M}s studied working memory ca-

per MHH
5 in children, and

Miiiim They f‘mma t?fm whereas simple span signifi-
cantly predicted listening comprehension, the correlat
between comprehension and the complex mes
working memory was higher. One problem with the
study, however, was that the complex span required the
child to recall the entire sentence and not just the last
word, Recall of sentences hikely would be affected by the
extent to which the child understood the sentence, in

which case the span score would be another measure of
comprehension and, obviously, one measure of compre-

hension predicting another measure of comprehension is
hardly interesting.

A second goal was to determine whether the capacity
reflected by this complex span is important for higher
level tasks other than reading and listening comprehen-
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follow directions by including such items on intelligence
tests, Brener (19400 studied the rzi‘:‘&iﬁw to follow written
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, hence smaller
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Basically, the design of the study was as follows: sub-

cts from first, third, and sixth grades were given simple
wum span and reading-span tasks and then evaluated on
tests of listening (first graders) or reading mmmwww«;m
mﬁi of hw WM M mj fool mwm ﬂmi dw

an nﬁm,“ #L)H
sEin s tested on a

-appropriate comprehension test and a following-
directions task adapted from the test given by Kaplan and
White (1980).

Method

Subjects

120 children ?’MMMM\/ selected

fre in Columbia, South Carolina.
The subjects 17 s oand 23

girls }a 40 zima

{Mﬁ} e {, ,} wmm
jeots, with each :
grade, The study was approved by univers
district review boards, and appropriate written informed
consent was obtained from parents and children,

Diesign and Materials

Subjects completed five tasks: the Wepman Auditory
Discrimination fest, a word-span task, a listening or read-
ing comprehension test, and a following « test,
The sublects were tested individually in two 45-min ses-
stons, separated by at least one day,
The Wepman Auditory Discrimination test consists of
me-syllable word pairs, with the words in each pair
ring by one phonen est was used as
m{ﬁm‘mm i

il

s for possible

s

wmm &, conerete nouns, stimull for b
typed in 1-point black letters and present
dex cards, The sentences used in the sentes

Serite
sentenc

Irst-gr Ma‘
i subject,

sentences were then modified for the 3rd and 6th
Third-grade sentences were 6 to 9 words long
constructed by adding adjectives (e.g., ““Jake climbed the
tall slippery pole.”). ntences were 9 to 12
words long and were structed by d clives,
adverbs, and negative, passive voice (e.g., “Jake was un-
able to climb the tall greased pole.’").

nd were




f the three
aned questions taken

The reading comprehension test for each o
s was composed m fvw
&

Yy '%M in %:3 th inventories are
normed to grade level. Seven passages were used at each
of the three ded levels (mw first, third, and sixth
grades). Passages were altered, if necessary, to inchude a
pronoun reference. The mmm es were typed, double-
w;wm:i on standard paper. Guestions mkm ﬁmm the in-

0 ed either for main idea, detail, ¢ il ef-
‘im or inference. An additional qu ORI

reference was ac dmi o Em m estions

The followir
basis of a dir
{19800, Their te
were classif T :ﬁ‘%ﬂ
qualifiers that an individual was required to | ‘M low sl
tanecusly. For example, “Point to the picture at the top
of page three and copy it twice” s a 2 + 3 direction (Le.,
a direction consisting of two behaviors and three quali-
fiers), where “point”” and ““copy™ are the behaviors and
“at the top,”” “page 3,7 and “twice” are the three quali-
fiers. Directions consisted of pencib-and-paper tasks as
well as mmm -oriented tasks such as “*Sit on the floor In-
dian style.”" In the present study, 45 directions similar to
those mmi by Kaplan and White were given. The number
and type of directions given were as Tollows: four each of
P+ Ortwoencholf b+ 1,1 + ”ﬂ {4 f% ZZ?. A 02 1,2
% 244,340,334+ L3+ 20 % 4,4 + 1,4 +

4 Mmej 4 + 4, We added one mwh m 54 2,5 4+ 3,

= «ﬁ., Ea 5.6+ 4,0 + 85, and & 4+ 6 divections to ensure
gwmizm a possible ceiling effect. Difficuliy level was not
o0 eredd in the order of the directions. The 45 direc-
tions were arranged randomly, with the constraint that
those directions requiring the same setting or materials
were grouped together. Further, within those groups of
directions requiring the same seiting, the presentation of
directions was random,

el LY
‘Lﬂ Lim

Procedure

All 120 subjects were given the Wepman test and the
two span tasks during the first testing session. The Wep-
man test was always administered first. The span tasks
were then given, with the order of the tasks as well as the or-
der of the two word lists counterbalanced across subjects.

The reading comprehension test and the following di-
rections test were given during the second testing session,
with the order of the tasks counterbalanced across sub-

jects, Half of the subjects recetving the word-span task
first received the following directions test first, and half

received 1 wling comprehension test first, Half of the
subjects receiving the sentence-word-span task first re
cetved the reading comprehension first, and half received
the follo directions test first,
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The Wepman Auditory Discrimingtion test. The test
wis administered to the instructions provided
by the author. serimenter read the word pairs
aloud, one pair at a time, to the subject who was faced
away from the experimenter. The subjects were told to
patrs of words,

el “sarne’ or Cdifferent” to il
and the experimenter recorded their responses.

Word-span tosk, The subjects were shown words on
index cards at approximatels ne-word per s rate, Bach
of the subjects received a different random order of
words that was achieved by shuffling the cards on which
the words were printed before each subject was el

f
{

"‘i”hm words were groups from two to ‘énw mmﬁw par list,
Is ar each of the list e ve trials

w% mw WOT Um per list, five trials of er Hst,
teL) Lists of words were ~a kb ] {
wuéw pan task was mmmmmms
grades in the same manner, except that st g
tened as H“%»{:’ '“L%g‘“’f%‘l"iﬂ"i enter i”mﬁifﬁ the words
the 3
The s mw M were 5&‘}?&25”%
shorwn ii Y OWere 1o wﬁ

in all three

wlers lis-
aloud, whereas
d the words aloud the

= tha

Mi to 1 the words. K
the experimenter recorded the su
prevent difficulty with poor writers,

much time as they
oral, and ¢
SPONSES 10
jects were given two or three practice trials of two or 1l

words per list. The practice words were not recorded

or analyzed.

Sentence- span task, The administration of the sen-
LERCe-51 similar 1o the word-span task,
tenices were shown one at a time on index cards, and each
of the subjects received a random order of sentences. The
Ist graders listened as the experimenter vead sentences
aloud, whereas the 3rd and 6th ﬂ“i“%ﬁ‘*f“ﬂ} read sentenc
aloud at their own . Like the word-span task, the
wﬂ,ﬁmm WEre rouped 1‘(«:&%"&3 two to five sentences with
five trials at each of Hw group levels. Groups of sentences
wWere xc,gmmm% by a blank index card. Subjects were in-
structed either to listen as the experimenter read the sen-
tences or 1o read the sentences aloud. The students were
told 1o recall the last word of each of the tences in a
group when they saw a blank card and to res ol the oriti-
cal words in any order that they WMW' L Again, recall was
unpaced and oral, and the exper dedd the re-
sponses. Two or three practice maix wh One Or Lwo sen-
tences per group were given. The practice trials were not
recorded or analyzred.

Reading comprehension fest. The subjects were given
i‘mw ;:mw;:mgm randomly selected from the seven for the
The subjects were handed pas-
Sages T }w ist graders followed along as
the m;im"mm:m‘m“ read the pa es aloud. The 3rd and
6ih graders read passages silently. After each pass
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not m u el m MM that they sho
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dd try 1o follow the di-
vowere then encour-
n that they could re-
{ wm%ﬁw the order of the
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ﬁmmhm Ve zf Mm:y am,%,:eui 4 not v
direction. All m , paper, pens, pencils,
crayons, and paper § xni for subjects to suc-
iy complete each direction were provided, As sub-
jects performed the dir ns, the expenimenter recorded
the behaviors and gualifiers that the sub carried out
by marking a corresponding sce ¥ vk oor - for
parts of the direction followed.

Scoring

Atotal of 17 scores for each of the 120 subjects w
derived from the W pman test, the two span tasks, the
reading comprehension test, and the following directions
test,

The Wepman test score was the number out of 40 word
pairs that subjects responded to positively (39 pairs were
scored because, in our part of the world, almost no one
can say or hear pin and pen as ¢ enty. OF the 120 sub-
iects tested, only one subject had trouble with the test
When the subject was retested by the school speech
teacher, the subject’s score fell within the normal range
and the subject’s data were inchuded. Because this test
was included only as a precautionary measure, and all
subjects scores féa: within the normal range, we will not
cliscuss the test further,

Four different scoring methods were used for both the
word-span and sentence-span tasks, result iw in eight

span scores for each subject. The results included the
span score, the perfect span score, the absolute
score, and the total span score. The span score was der
by determining the level at which subjects recalled all
words correctly on three of the five trials. The subjects
were given partial credit i they correctly recalled all
words in one or two trials at the next i’li”i&‘;ﬂ MW:L and no

of-five criterion was met, §m“ amm;ﬁ
rectly recalled all the words on the rwo trials @ 3t
three of vw three trials correct, the span score wvm;&id
eoual thr four trials would then be examined. If
three of those trials were correct, then the score would be
increased to four. However, if only two of the four trials
were perfect, the score would be 3,30, and if only one of
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the )‘ww trials was perfect, then the span score would be
3,25 I fewer than three of the fouwr trials were perfect,
ii ,fs ve trials would not be o d. The highest possi-
s seore using this method v

ﬁ‘&w per SpaN SCOFE Was
{1971) Mmmt if %«*‘m that
the capaci
mined by

based on Broadbent’s
it is the correct way (o m
Sterm memory. The score was
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s from all five trials, No partial credit we
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ample, if a suby S two W«;wﬂ,s@
srrecthy and
otly, the p
1 five trial muuh
did not recall the f!
re was 5. The af

!

Bt

cause |
the absol

Mymmﬁ the
» oriterion in Mwﬁ‘% recall m“ a trial was
example, if a su atled three out of
five trials correct at the fwo and three trials and then only
recalled one perfect fowr trial, the absolute score would
be 1912 | 1. The highest possible
wx‘m* W was derived by sum-
‘ alled correctly regard-
; ha Mwic {rie 19 was correct. The maximum
4l score was f(}v

The overall reading comprehension score was deter
mined by dividing the number of a subject’s correct re-
sponses on guestions from all four passages by the num-
ber of Poss le correct responses. Individual scores for
cach of th e types of guestions (Le., pronoun refer-
ence, fact, main idea, inference, and cause and effect)
were dertved in the same manner as the overall reading
SCOTE,

The total directions score was the total n
haviors and quali tw rs performed, SEM% of order,
out of 231 possible. The per rections score was the
number of directions mt of 45 that subjects performed
perfectly, regardless of order.

wmber of be-

Resulis

Reliability Analysis

A relatively crude ““sphit part” analysis

s of the reliability
of the span scores and the scores from the directions test

was performed. Five different trinls were given at each
list length for words and sentences, One trial at each list

§ ’%)ﬁ’lﬂgv a‘*i"w@‘m WM” out replacement, and
1 sub-

; ! Thus, ¢
ject had five ma:h SCOTES, w%mh were analy
Cronbach’s alpha, The reliability of the direc
was analyzed by taking those divections for which there




of
i‘% mmi omns {:mwmhu M to the
shown in Table 1.

sres are all in the mid-
tion, and there appears t
or between the simple wi
and sentence-span scores. The directions task ap
be somewhat less reliable. It should be kept in mind,
%‘&awww:m that the meh{*t of directions contributing to

toh E& (s,
little differ

MW Were ww&‘mmm i on all the mm
dures described above. There w
ences in the conclusions drawn from the dsﬁmmu mwxm;&
procedures for the word and sentence spans, so we have
confined the reporting to the analyse:
span score, Our method consisted of summing the num-
ber of words from all the trials that led to perfect recall,
and the possible range for that score is 0 1o 70,

e

" the specific @u (i

ns task, we report on the \
score. This measure was the total
iers and behaviors performed correctly,
as determined by free scoring. The highest possible score
was 231, The descriptive statistics for the span measures,
mmlmw task and divections task, are shown in Table 2.

eral points should be noted about the descriptive
statistics shown in T vould expect certain
SCOTes to inore s should be rel-
atively stable. Word span and following directions all
should show an increase over age because all the subjects
received the same task, However, the reading compre-
hension scores should be relatively sirmilar if the passages
were chosen «,ﬂwumm ‘or the different groups of sub-
jects. Because the sentences vsed in the reading span test
were adjusted for complexity for the different groups,
one might expect the number of words recalled for the
three groups of children to be similar, Case et al, (1982)
and Daneman and Carpenter (19680} would argue that, if
one chose sentences for this o that were perfectly
matched in difficulty for the different ages, the number
of words recalled should be egual. The test results in
Table 2 conform to those expectations, with one notable
exception. For all four tasks, the Ird graders’ score was
spmewhat lower than one might have ected.

There was a significant in s¢ in the simple word
span from first to sixth grade, but the 3rd graders were
no different than the 1st graders, A2, 117) = 13.4, p «
Q01 The st and 6th graders performed equally on ¢ hg
ﬁmmmm wa«m test, but the 3rd graders were significantly
tower, M2, 117y = 6.6, p 1, Overall reading ¢
for the m and 6th graders were not significantly differ-

the total directic
mumber of quali
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Table 1. HRelighility (Cronbach’s Alpha) for Span and Directions

Civade Word span Sentence span Directions
H A7 e
3 k3 i
5 87 R

Table 2. Deseriptive Statistics for Span Measures, Rending
Comprebension, and Directions

Cirade 74 &0 belin. Mg,
Word span i i 6l
3 14 i
& 1% 70
Senlence span t 1,66 2 46
3 12.18 4 4
6 18,18 2 &6
Reading compre- i 15 2 a8
hension 3 1 15 94
& 1€ 33 a1
Directions 1 1801
3 11,95
& 1180

ent, but the third-gre iR

an those for the sixth grade, F2, 1D .
The results suggest that the passages given to
Gth graders were opriate to d level, but those
given to the 3rd graders may ha relatively more
ficult, Performance on the directions task whawM the
stgnificant improvement over age, #(2, 1
001,

i a:mmwmra were based on ANOVAs and
isons on the appropriate
ished at the .08 level,

The 1st graders mmmﬂ m m the stimuli for all their
tasks, but the 3rd and 6th graders had to read the stimuli
for all their tasks, The reading requirement for the 3rd
graders may have been sufficiently demanding, even with
grade-appropriate materials, such that all the tasks for
the Jrd graders were functionally harder than those for
the Ist and 6th graders,

the Jst mwi

Correlationgl Analvsis

Listening/reading comprehension. :
sion of this study was to n the relati umm;a be-
tween the two word-span measures and the two higher
level cognitive tasks. Comprehension (lstening/reading)
and following directions, and to determine whether the
relationship differed across age. Table 3 shows the corre-
lations between the two spa sures in the top panel,
the simple word span and comprehension in the middle

The pri
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The bottom panel of Table 3 shows the correlation
tween the complex sentence span and comprehension,
The f ow shows the results for the overall compre-
henston score and, i, all thre ades showed signifi-
cant correlations with compre on and were similar
and not statistically different from one another. Further,
the set of correlations between sentence span ;tmd COM-

5 be-

ﬁ«;w :am
mw:i‘n the
w ;mfﬂ the

e

sentence spe

s showed more correlations
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Table 3.-
Heading Scores

Correlations  Among Word Span, Sentence Span, and

Cirade
i 3 &
Waord span
&f mmw srHATY Rl |y R
A2 o AL
Bl .29 2B
22 19
R VAN L
Inference 8 . A6
Cause and effect A2 A?i% A
Sentence span
Overall comprehensio i EA e
Pronoun N A6 A0
Main idea AT 19
Fact e AT i iin
Inference A8 A2 A3
Cause and effect A8 e L36H

Mo U8 R w08,
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Table 4. —Correlations of Varous Tasks With the Total
Phirections Seore
Ciracle
i 3 [
Totol directions score
Ay i
19 e
g AREE

Compasite span
{Word + semtence scores)
Orverall comprehension R i
Total directions 30 AT

One findi

that was consistent for both the simple span
the three groups was that
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is counter (o previous reports and
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Following directions.
tasks with the totg X direc
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Mremm@ on %w mmpw% mwm ‘:fM«K for m three age
groups. For the span resu M of the lst graders, simple
word span did not predict the directions score, but sen-
tence span did significe predict this score, However,
the reverse was true for 3rd graders; simple span pre-
dicted performance on the directions task, and sentence
span did not. For the 6th lers, the two different span
measures both showed significant and similar correla-
tions with directions following. App tly, there may be
a developmental difference in the relationship betw

working memory capacity and following directions with
wmmm memory taking on increased importance over

e composite of the two span scores perhaps gives a
clearer picture of the relationship with age. Table 3 shows
that the correlations between the two span tasks %m high
md ﬁmm the same if:w al o 66),
cores and
added ‘s:awe&‘ihm Nw eac h mi ywi m ffﬁvf‘m a composite
SCOTE.




The last row of Table 4 contains the correlations be-
tween the composite span scores and the total direction
scores, The correlations range from a nonsignificant 30
for the Ist graders to a .47 for the 6th graders, This
should be compared with the relationship between the
compaosite score and the comprehension task, in which
the correlations were all above .5 and virtually identical
for the three age groups. Whatever is measured by the
span tasks is important to listening and reading compre-
hension and 5 egually important across the
mxdim imm‘. However, following directions is dif
> is an apparent age effect in the importance
of whmﬁwm is measured by the span tasks.

The directions in difficulty, as defined by the
number of behaviors and gualifiers specifying the direc-
tion. Working memory should not be so important 1o the
folowing of relatively simple directions. However, as the
difficulty and complexity of the direction increase, the
importance of working memory capacity should also in-
crease, To determine whether this ocourred, we analvzed
the directions score of héyh~ and lo an subj
function of the difficulty of the direction. We chose hay}
span subjects based on the upper guartile of the absolute
score on the sentence-span task and low-span subjects
based on the lower quartile, As the directions became
more difficult, the older subjects staved at ceiling longer
than the vounger sub did, But eventually, all three
groups showed a divergence of high- and low-span sub-
jects, with the low-span subjects suffering more from the
difficult directions (see Figure 1),

The purpose of this study was to determine whether the
relationship that has been reported between measures of
working memory capacity and higher level tasks like lis-
tening/reading comprehension with adults would extend
to children. Our results show clearly that (a) the number
of words recalled in a simple word-span task or as part of
a septence-span task significantly predicted comprehen-
sion, (b} there were few or no age differences in this rela
tionship, and (¢} the simple word span and sentence span
were not different in their ability 1o predict listening/
reading comprehension.

The rele of working memory in following directions
seemed to increase over the grades tested. By the sixth
grade, both simple and complex-span tasks predicted di-
rections following well, When the sublects were divided
into high and low spans, all three grades showed that the
more complex divections hurt low-span subjects more
than they damaged the high-span subjects.

Discussion

This study was not divected at answering the question
of whether the manifest increase in short-term ‘memory
capacity found over the early years is a result of true in-
creases in capacity, increases in speed, or improvement in
rehearsal and grouping strategies. The increase in func-
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tional capacity was demonstrated in our study by i% @ m
crease in the word span from the first and third ¢
grades. However, the sentence-span task, in a sense,
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S children for processing diffi-
culty and 8 arable level of recall for the st
and 6th graders. One interpretation of our finding is that,
when the proce i
not allowed to
workd ‘ 5
here. implication is that, even Mmm
come more pr fent procedurally, the

equated the three

h children be-
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nent of working memory does not ine clopmen-
tally. Even with the groups equated for the complexity of

ntences, however, there was still within-group vari-
ation in the number of words that could be recalled in the
sentence-span task. Further, ation in the task pre-
dicted variation in the comprehension and, for the older
children, HHUWHW directions task.

The withi
velopmental
procedural p -
ever, Turner an agi &.,mmw ( w 9% showed | Il
relationship between span and comprehension in adults
does not regui kg
¢ procedurally identical to the comprehension

‘herefore, we must conchide that the within-g ge
variation in the span g her {ay a result of individ-

ual variation in storag ity or (b)Y a result of varia-
tion m SOMe processng component common 1o tasks
other than reading and E&Wsm ng wwmwm on. Hw
a::i‘:?ﬁ"&:xwmamt could be
andd spoken langua
posed by Baddeley an
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One of the questions posed by this research was
whether the previously reported superiority of the sen-
tence span over the simple span in predicting comprehen-
sion (Daneman & Carpenter, 1980 Turmer & Engle,
1989) would be eliminated with children. Daneman and
Carpenter (1980) compared a simple word s wm with the
sentence span. They found that the se
better predictor of comprehension in collese
than the word span was, The same result was obtained by
Turner and Engle (1989), strnple
15 ywmﬂ a pm}m or fl:w &iw hidw leve i

S @
tasks of comprehe:
the sentence span.
pected, but several mmm m*mi m W made khmz

Su &‘w

mmpwmmmﬁ i {%m norm mﬁm Mmm mm z"mmmm
Since collection of the data reported in Turner and Engle
{1989), we have completed over 20 studies with college
students that directly compare the simple word span as
described here with a complex span task—either a sen-
tence span like the one fro

span task like that used by Turner and
Nations & Cantor, in press; La Pointe & §.‘
In nearty all of those studies, the simple wm,mi
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icantly predicts performance on a z‘t‘%:;“:smurfz:* of reading
comprehension. Typically, the magnitude of the correla-
tion between word span and comprehension is slightly
smaller than that between the complex span and COMmpre.
hension and, over studies, is more variable, but is nearl
always significant,

Thus, we cannot view the fingings obtained here as
aberrant, The {span i '
complex spans in predicting higher

but the difference between the two ta 5
hm been reported previously. The simple word task may
Imore prone to the recognition of
nd patterns in the word stim-
O We would also like to ;:ME at-

mh 1} wan is the mmwiw
tention to the fact ¢

‘ wﬁ W h QUL Proce imm the subject does not get
words repeated from Hst to %M as was deﬂ tonally done
with span tasks using words,

ference may be important 1o ¢ h
tasks, and our laboratory is inves
] er 35 fr‘w wm i“‘ ;

§ a5t t«mw mmiwm ve M‘ mii or ;
have as much predictive value for cor
graders as for adults.

It is not clear why the predictive
for i'q;"zmwmg; directions ine

to 6th

ACtor
H‘BM %,.mﬁ}”a span iaﬁMx;} M at i mpmim m COTI-
prehension is some form of speec !“s m phonological cod-
ing. Possibly, even by the middle of the first ¢ e, chil-
dren are frequently tested on sior v or reading-H
mation in such a manner that encourage

tions, and it would thus develop later.

Do the results have implications for educational prac-
tice? To the extent that short-term memory and working
memory refer to similar constructs, we know that work.
ing memory is limited in capacity, and the limitation is
probably smaller than the 7 2 proposed by Miller
(1956). The limitation is probably on the order of
propositions or knowledge structures that can
tive at one time. The developmental and m!uwm al dif-
ferenices research, like tha wed here, su s that
the Hmitation will be smaller dividuals and
larger for others. The amount of i&":;&'"cwmzz tion in working
memory can be functionally increased by chunk :
grouping the material, The ;;;‘w;,w:wdum can be done by lw
learner, but studies teaching children to use grouping and
chunking strategies have not shown much generalization
from one task to another. The teacher can increase chunk

e




size by build ipon materials that the learner already
knows. We know that individuals use larger chunks when
working with material that they understand well, 50 prioy
knowledge should be used whenever possible, along with
new knowl Thus, reading materials on topics known
by the child should le r chunks in working

cacl to lary
memory at one time. In spelling classes, more letters will
be represented if the child has a good k nowledge of spell-
ing patterns than if representation is at the individual let
ter level,

When working with materials of a verbal
dren tend to rely on the phonological code to represent
that material in working memory, The reliance seems 10
be particularly important to the retention of surface-level
knowledge and the retention of word order. Thus, the
task should minimize sound-alike confusions within the
same grouping, phrase, or constituent.

Teachers need to be acutely aware that the directions
they provide must be stated in such a way that minimizes
the burden on working memory. The directions should, if
possible, be structured so that grou uping can be used and
should be packaged with no more than three or four
propositions per direction. Also, the directions should
not include many phonologically confusing words. M
important, the teacher must be aware that there irdi
vidual differences in we rmw memory capacity and that
this factor will affect th e ability of the child to process in-
formation in many i
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