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Effect of normal aging on the
manipulation of information in working memory
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The goal of this study is to examine the central executive of working memory in normal aging, specif
ically focusing on its capacities to manipulate or modify the format of the to-be-recalled material. The
central executive was measured with the alphabetical span procedure, during which subjects were
asked to recall a random series of words in their alphabetical order. The storage demand was equal
ized across subjects by adjusting the list lengths according to individual span. Experiments 1, 2, and 3
showed that elderly subjects were not impaired in manipulating information, relative to young con
trols, even when the difficulty of the task was increased. In Experiment 4, validity was tested by ask
ing young subjects to perform the task under the conditions of full or divided attention. Alphabetical
recall was more impaired than direct recall during the divided attention condition, which suggests a
larger involvement of the central executive component in the former. These results are discussed in re
lation to the hypothesis of a central executive impairment being associated with normal aging.

Working memory (WM) is a short-term memory sys
tem involved in tasks that require concurrent retention
and processing (Baddeley, 1986; Baddeley & Hitch,
1974, 1994; Salthouse, 1994). In Baddeley's theoretical
framework, WM is a tripartite system composed of two
specialized slave systems-the phonological loop and the
visuo spatial sketchpad-and a central executive. The
phonological loop contributes to the retention ofverbal in
formation and is subdivided into a passive phonological
store and a rehearsal procedure. The visuospatial sketch
pad holds images and spatial information. The central
executive is an attentional component involved in the con
trol and distribution oflimited resources (Baddeley, 1986,
1992; Baddeley & Hitch, 1974). This study focuses on
the manipulation capacities of the central executive in
normal aging. Manipulation is defined as the process of
actively and consciously modifying the format of the
information to be recalled. Within a WM framework,
manipulation would require involvement of the central
executive component.
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Recent theoretical and empirical attempts have been
made to examine the functioning of the central executive
component and to specify the nature of its involvement
in cognitive activities. One example is the model for ac
tion control elaborated by Norman and Shallice (1986),
which was proposed as a potentially fruitful theoretical
framework for the central executive. This model suggests
that well-known actions are performed through the acti
vation ofautomatic schemas. When activated schemas are
incompatible (e.g., opening a door while holding a bag),
semiautomatic plans ofaction (or contention scheduling,
in the Norman and Shallice terminology) occur to re
solve the conflict. Hence, the bag would be rapidly trans
ferred to the nondominant hand, allowing use ofthe dom
inant hand to open the door. There are situations that cannot
be resolved by simple contention scheduling, and in these
cases the system can rely on a second form ofcontrol: the
supervisory attentional system (SAS). This form of con
trol is nonautomatic; it is slow and conscious. The SAS
acts by modulating the pattern of activation ofparticular
schemas so that the most appropriate actions take place.
For example, the SAS would be involved in a situation in
which a subject has to open a door while holding a bag in
one hand and a cup ofcoffee in the other hand. In this case,
the subject might stop, look around for a nearby place to
rest the coffee, put down the cup ofcoffee, open the door,
and subsequently pick up the cup of coffee. In the Bad
deley and Hitch view (Baddeley, 1986, 1992; Baddeley &
Hitch, 1994), the central executive ofWM corresponds to
the SAS. According to this framework, the central execu
tive would be involved in a number ofdifferent activities:
realization ofnew actions, planning and decision making,
time sharing, inhibition ofautomatic behavior, as well as
the updating and manipulation of information in WM.

A number of studies have observed that elderly people
are impaired in tasks that require the manipulation of the
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information retained in WM (Craik, 1986; Dobbs &
Rule, 1989; Foos, 1989; Tun, Wingfield, & Stine, 1991;
Wright, 1981). One interesting example of a manipula
tion task is provided by Craik (1986). Gick and Craik
(reported in Craik, 1986) assessed manipulation abilities
in normal aging with an alphabetical span procedure.
The subjects were presented a random series of words,
which they were required to rearrange mentally and to
report in alphabetical order. Serial ordered recall is usu
ally spontaneously adopted by subjects during the im
mediate recall of short lists. One reason might be that the
format of recall is then perfectly congruent with the for
mat ofpresentation. Furthermore, the phonological loop
retains an ordered representation ofthe material. In con
trast, alphabetical recall requires that subjects organize
and control their retrieval. This corresponds closely to
one of the roles that the SAS system is hypothesized to
play in memory. When asked to modify the format ofthe
input, the subject has to break down the ordered repre
sentation, extract alphabetical order from long-term mem
ory, and scan that order while items are held in the phono
logical loop. The subject has to verify the output while
controlling these different operations. Completion of
this task is impossible with automatic processes and very
unlikely with simple contention scheduling. Rather, the
task requires that automatic schemas (for example, read
ing the content of the ordered representation in the
phonological loop) be inhibited and that information
from long-term memory be activated. The alternation
between the reading ofeach information type-the items
and the alphabet-would then be done by modulation of
each process. The task most likely requires usage of the
SAS control system, or central executive, the role of
which is to provide control over cognitive operations.
The performances of elderly and young normals on the
alphabetical recall of words and on serial digit recall
were compared by Gick and Craik. Elderlies were found
to be impaired on the alphabetical task, yet were unim
paired relative to young normals on the digit span task.
The authors suggested that the alphabetical recall im
pairment was not due to a decrease in passive storage,
since aged and young subjects did not differ when re
porting sequences of digits. This led them to conclude
that aged subjects were impaired in WM tasks involving
active manipulation of the material.

Although the original alphabetical span procedure is
quite appealing, it suffers from a potentially important
methodological weakness. Specifically, the use of digit
span might not have been an appropriate control for pas
sive storage capacities. The implicit assumption in the
protocol used by Gick and Craik (Craik, 1986) is that only
one difference exists between alphabetical and digit re
call: the first task requires manipulation, whereas the sec
ond does not. It must be noted, however, that the two con
ditions also differ in their material format: words versus
digits. This difference in material format may underlie
the apparent interaction between age and recall type. Stud-
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ies that have compared digit versus word spans have at
times observed intact digit spans but impaired word
spans in normal aging (Light & Anderson, 1985, Exper
iment I; Wingfield, Stine, Lahar, & Aberdeen, 1988). In
these studies, a difference of about one unit was found
between the word spans of young subjects and those of
aged subjects. This corresponds to the difference in the
alphabetical recall ofwords, reported by Craik, between
the two age groups. Consequently, the age difference ob
served by Gick and Craik in the alphabetical condition
may simply reflect a word span impairment rather than
an impairment in manipulating information. This word
span reduction is also indicative of an impaired storage
capacity in aged subjects, a suggestion that is congruent
with other studies (Dobbs & Rule, 1989; Foos, 1989). A
passive storage deficit in elderly people might thus be
responsible for their observed difficulties in manipulat
ing information, as it makes them particularly sensitive
to tasks requiring both the retention and the manipula
tion of information.

Loftus (1978) has pointed out the complexities of in
terpreting interaction effects in memory research, be
cause the shape of the function that relates response
probability to a particular theoretical component is gen
erally unspecified. Salthouse (1985) has raised the same
concerns in aging research, mentioning that the frequently
observed baseline differences between young and elderly
subjects is a serious problem when examining interac
tion effects. The finding of an interaction between the
variable of interest and age is obscured ifthe two groups
differ according to their baseline performance, as this
variable of interest may have differential effects when it
occurs at different points of the performance range. For
example, manipulation operations are certainly more dif
ficult to perform on weak memory traces than on strong
ones. The direct implication is that a performance defi
cit may be manifested, not because manipulation is im
paired, but rather because the operation acts on a weaker
trace. Other problems may arise when the two groups
have different baselines. For example, a ceiling effect in
young subjects but not in older ones might be responsi
ble for the detection of an interaction. One solution pro
posed to resolve the problem of unequal baselines is to
manipulate the conditions oftesting to ensure comparable
levels ofperformance in both groups (Belleville, Malen
fant, Peretz, & Chatelois, 1992; Meudell & Mayes, 1982;
Salthouse, 1985; Salthouse, Fristoe, Lineweaver, & Coon,
1995; Somberg & Salthouse, 1982).

The alphabetical span procedure represents an attrac
tive tool for the assessment ofmanipulation abilities; we
thus reemployed this procedure to assess manipulation
abilities in aged individuals. However, the present study
controlled for an impairment in the storage capacities of
older subjects before introducing a manipulation re
quirement into the task. This was done by first assessing
each subject's word span and by adjusting the length ofthe
experimental sequences according to this span. The sub-
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jects were then tested with word series in the condition
of direct (or serial) recall and in the condition of alpha
betical recall. Because of the adjustment of the length of
the sequences relative to each subject's span, the perfor
mance of aged and young subjects should not differ in
the direct recall condition. However, if aged subjects ex
perience a genuine manipulation deficit, they should be
impaired in the alphabetical condition. In Experiment I,
the subjects were tested with sequence lengths that were
one word smaller than their individual span capacity. In
Experiments 2 and 3, the number of items to manipulate
in the task was increased by one, in order to make the
task more demanding.

Experiment 4 addressed the construct validity of the
different procedures used to assess the central executive
ofWM. Construct validity refers to a task's ability to be
a true measure of the component that it is proposed to
examine. Independent evidence that particular tasks or
dependent variables are true measures of central execu
tive function represent crucial validation, especially in ex
periments failing to report age differences. Even if there
are theoretical reasons for believing that alphabetical re
call involves the SAS system, it is still possible that the
task can be performed with semiautomatized forms of
controls. In order to address this problem, we took ad
vantage of the fact that time-sharing paradigms call on the
central executive. A third experiment assessed whether
the alphabetical span is sensitive to divided attention.
Young healthy subjects were asked to perform the direct
and alphabetical recall tasks in either a divided attention
condition or a full attention condition. According to Bad
deley (1996), the central executive is involved in the di
vision of attention or time sharing. Performing a task that
requires extensive central executive capacities (alpha
betical recall) should be particularly problematic when
the central executive is simultaneously involved in dual
task coordination. Divided attention is likely to alter per
formance on any concurrent task, provided it is non
automatic. However, if alphabetical recall requires more
central executive input than does direct recall, it should
also be more susceptible to divided attention.

EXPERIMENT 1

In this experiment, young and elderly normal subjects
were required to report a sequence of words in the pre
sented order or in alphabetical order. The subjects were
tested with individually adjusted sequences, the length
of which corresponded to their word span minus one
item. The immediate serial recall procedure used in the
direct condition was the same as that used in a typical span
test. Since the sequence length was adjusted according to
individual word spans, the performance ofyoung versus
elderly subjects should not differ on the direct recall con
dition. However, if the manipulation capacities of the
central executive are dysfunctional in aged subjects, they

should be impaired in the alphabetized condition, rela
tive to young subjects.

Method
Subjects

Thirty-two normal francophone subjects, 16young and 16 elderly,
participated in the experiment. All subjects were taken from a pool
of volunteers living in the community. They had no history ofneu
rological disease, psychiatric disorder, or recent (within a year) gen
eral anesthesia and did not take any medications known to affect
cognitive functions. A medical questionnaire was used to assess the
inclusion criteria prior to the subjects' acceptance into the protocol.
The young subjects (6 males and 10 females) were, on average,
22.38 years of age (SD = 2.63, range 19-28) and had a mean of
13.31 years of education (SD = 1.54). The older subjects (2 males
and 14 females) had a mean age of71.75 years (SD = 4.67, range
68-78) and a mean educational level of 12.75 years (SD = 3.51).
The difference in formal education between aged and young sub
jects was not significant (0.56 ± 1.97, where 1.97 is the 95% con
fidence interval). General verbal performance was assessed with
the Mill Hill Vocabulary Test (Gerard, 1983). This is a widely used
francophone test in which subjects have to identify the synonym of
a target word from among six choices. On this test, young subjects
had a mean score of 32.15/44 (SD = 4.81; the results for I young
subject were not available on this test), and older subjects had a
mean score of35.56/44 (SD = 5.48). The difference in vocabulary
score was not significant (3.41 ± 3.76).

Materials
Two hundred and eleven monosyllabic words were chosen ac

cording to the following criteria: (I) the words had to be frequent
(Baudot, 1992) and imaginable substantives, and (2) the words were
unambiguous with respect to the print-to-sound correspondence of
their first letter. For example, a word like phare in French (which is
pronounced [fAR]) would have been excluded. Furthermore, words
having homophones of a higher frequency were not used.

These words were used to construct sequences of words, the
length of which ranged from two to eight items (to be used with sub
jects ofa span size from three to nine). There were 20 different se
quences for each length, 10 to be used in the direct condition and
10 to be used in the alphabetical condition. Words included in a se
quence differed according to their first letter and had no phonolog
ical or semantic similarity. In addition, the manipulation requirement
was controlled by measuring three factors: (I) the distance between
the first letter ofthe words in a sequence (according to a pilot study
from our laboratory [unpublished data], it is easier to judge the al
phabetical order of letters that are farther apart); (2) their position
in the alphabet, since letters at the beginning ofthe alphabet should
be easier to arrange in alphabetical order; and (3) the total number
of manipulations it was necessary to perform in each sequence
(e.g., there is one manipulation in the series bloc, pneu, and crabe
but two manipulations in the series rose, pornme, and lune). With
these criteria, the manipulation requirement was made equivalent
for the different sequence lengths. Mean word frequency was equiv
alent across sequence length, as well as for the direct and alphabet
ical condition at a given list length. None of the words were re
peated across different sequences for a given length. Sequences of
different lengths (thus submitted to subjects ofdifferent span sizes)
originated from the same pool ofwords but were not identical with
respect to order and items, for the reasons outlined below. For ex
ample, Subject A, with a span size of seven, was tested with 20 se
quences of six items (10 in alphabetical and 10 in direct). The 20
sequences were different and made up ofnonrepeated words. Sub
ject B, with a span of six, was also tested with 20 sequences. These



were necessarily different from those used for Subject A, as they
contained one less item. However, sequences were controlled so that
frequency and manipulation requirements were equivalent for both
subjects. We did not construct the different sequence lengths by
simply removing (or adding) one item from the longer (or smaller
lists), because it was impossible to do so without causing serious
imbalance across sequences in the manipulation difficulty.

Procedure
Preexperimental phase. As a first step, a classical word span

procedure was used to assess the short-term memory capacity of
each subject. The words chosen for the span procedure fit the same
criteria as those on the experimental list, in terms of length, fre
quency, and imageability, yet did not overlap with the experimental
list. The items were chosen without replacement. Sequences of
words were read to the subjects at the rate ofone item per sec, start
ing with short sequences oftwo words. The length ofthe sequences
was increased by one word every two trials. However, if an error
occurred on one ofthese two trials, the subjects were given two ad
ditional trials. The subjects were instructed to orally report items in
serial order. Testing was interrupted when the subjects failed to re
port correctly two of the four sequences at a particular length. The
word span was defined as the longest sequence correctly recalled on
50% of the trials.

Experimental phase. Following the span measurement, the sub
jects were assessed in two conditions-----direct and alphabetical recall.
Words were read to the subjects at the rate ofone item per sec, and
the subjects recalled the words orally. In the direct condition, the
subjects performed an immediate serial recall of the words. In the
alphabetical condition, they were asked to rearrange and recall the
words in their alphabetical order. For example, the words route
nappe-poivre should be recalled nappe, poivre, route in this condi
tion. Ten sequences of words were recalled in each condition. The
number of words to be recalled in a sequence corresponded to the
subject's span, as determined in the preexperimental phase, minus
one item. For example, a subject with a word span offive was tested
with sequences of four words. The order of presentation of the di
rect and alphabetical conditions followed an ABBA design, starting
with the direct condition. This allowed us to control for possible ef
fects of fatigue or practice. The whole procedure was completed
within a single testing session.

Results and Discussion

A preliminary analysis was performed that compared
the span sizes of young and aged subjects as assessed in
the preexperimental phase. The average span was
smaller in aged subjects (M = 4.38, SD = 0.72) than in
young subjects (M = 4.88, SD = 0.81), and this differ
ence was marginally significant (0.5 ± 0.547). A second
preliminary analysis was done to assess the effect of the
order of presentation because of the ABBA design. A 2
(age: young, old) X 2 (order: first, second) X 2 (recall:
direct, alphabetical) analysis of variance (ANOVA) was
conducted. The analysis showed that neither the main ef
fect of order nor any of the interactions with this factor
reached significance (F < 1, in all cases). This indicates
that the order ofpresentation of the conditions had no in
fluence on performance and that no fatigue or practice
effects were affecting the results. For this reason, the
data from the two orders of presentation were pooled in
the subsequent analyses.

Figure 1 shows the number ofsequences correctly re
called by elderly and young subjects in both conditions.
To be considered as correct, the whole sequence of items
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Figure 1. Number ofsequences correctly recalled by young and
aged subjects in conditions of direct (white columns) and alpha
betical recall (shaded columns) of Experiment 1. Subjects were
tested using sequences with lengths that were one item smaUer
than their span.

had to be correctly recalled. Alphabetical recall yielded
a diminished absolute level of performance, in compar
ison to direct recall (see Figure I). However, the decre
ment that was due to alphabetical recall is not larger in
older subjects. This is confirmed by a 2 (age: young,
old) X 2 (recall: direct, alphabetical) ANOVA. The analy
sis revealed a significant main effect ofrecall [F( 1,30) =
45.76,MSe = l.31,p<.001],reflectingthereducedper
formance level in the alphabetical condition. A power
analysis indicated that the effect size of the main effect
of recall (Hintze, 1991, according to Cohen, 1988) was
0.846. There was no main effect of age (F < 1, MSe =
4.53), indicating that elderly and young subjects exhib
ited the same performance level. The effect size for the
main effect ofage was 0.145, and a group of388 subjects
would be required in order to reach a power level of .80.
Contrary to the prediction, the age X recall interaction
was not significant (F < 1). A power analysis ofthe inter
action showed an effect size of only 0.03 and indicated
that a sample size of 630 subjects would be required in
order to reach a power level of .80.

Another set ofANOVAswas performed using the pro
portion ofcorrectly recalled items (see Table 1). Since the
number of items represents a finer measure of recall, it
might be more sensitive to an interaction between age and
condition. An item was considered as correct when it was
recalled in the position appropriate to the recall condi
tion (serial or alphabetical). The total number of words re
called was then transformed into a percent correct value.
The same ANOVA as above was performed and showed
similar insignificant results (no interaction, F < 1).

In summary, alphabetical recall yields a decreased per
formance level in comparison to direct recall, which sug-
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Table 1
Proportion of Correct Items (With Standard Deviations)
for Young and Aged Subjects Tested at Span Minus One

Materials
The materials were the same as those in Experiment l.

Method

EXPERIMENT 2

In this experiment, the procedure was slightly modi
fied in order to eliminate performance at the ceiling level
and to increase the task demand. This was done by in
creasing the length of the sequences by one item. The
subjects were thus tested at the very limit of their short
term memory capacity with sequence lengths corre
sponding to their span.

Aged

o Direct

• Alphabetical

0..&..........--

10

Young

I ·
6

i
o
'0 4

]
EZ 2

Procedure
The procedure was the same as that in Experiment I, except that

the number of words to be recalled corresponded to each subject's
span size, as determined in the preexperimental phase.

Results and Discussion

Two preliminary analyses were performed. First, the
span sizes ofyoung and elderly subjects were compared.
Elderly subjects showed a smaller span than youn~ sU.b
jects (4.7 words in young and 4.4 in elderly), and this dif
ference was marginally significant (0.30 ± 0.354). The
effect of the presentation order of the conditions was
again assessed with a 2 (age: young, elderly) X 2 (order:
first, second) X 2 (recall: direct, alphabetical) ANOVA.
There was no main effect oforder ofpresentation (F < I),
and none of the interactions with order reached signifi
cance [age X order and recall X order, F < 1; age X order
X recall, F(l,30) = 1.67, MSe = 0.92,p = .21]. The data
from the two orders were thus pooled in the following
analyses.

Figure 2 shows the number of sequenc~s recalle.d.cor
rectly in both the direct and the alph~betIcal condltI~ns.

As in Experiment 1, performance In the alphabetical
condition is severely depressed, as compared to that in
the direct order condition. However, this reduction is
again equivalent for both groups. This was confirmed by
an ANOVA that revealed a significant main effect of re
call [F(1,30) = 42.46, MSe = 2.80,p < .001], associated
with an effect size of 1.15, but no interaction between
age and recall (F < 1). A power analys.is ~f the interac
tion yielded an effect size of0.169 and indicated that the
sample size required here to reach a po~er leve~ of .80
would be 288 subjects. Note that, according to Figure 2,

Figure 2. Number ofsequences correctly recalled by young and
aged subjects in conditions of direct (white columns) and alpha
betical recall (shaded columns) of Experiment 2. Subjects were
tested with sequences corresponding to their span.
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gests that there is a cost to the manipulation requirement
of the task. However, elderly and young subjects, equal
ized in the direct condition, do not perform differently in
the alphabetical condition. This suggests that manipula
tion is not particularly difficult for normal elderly peo
ple, as long as basic storage is controlled for. The ab
sence ofan age effect in alphabetical recall may, however,
relate to a relative lack oftask sensitivity. It must be noted
that all of the subjects performed quite well on both the
direct and alphabetical conditions; this might be ex
plained by the observation that the subjects were tested
below their span limits. In fact, a ceiling effect was ob
served in most of the subjects in the direct condition, as
well as in some of the subjects in the alphabetical condi
tion. Another possibility is that the task was not suffi
ciently demanding and, thus, that the proposed deficit in
elderly normals would be manifested by a more rigorous
condition that tests the limits of the SAS. For this reason,
a second experiment was devised, in which the task was
made more difficult by increasing the number ofitems in
each sequence by one.

Subjects
Thirty-two different subjects (16 young normals and 16 elderly

normals) participated in this experiment. The subjects were se
lected according to exclusion and inclusion criteria that were the
same as those in Experiment 1. The young subjects (7 males and 9
females) were, on average, 22.31 years of age (SD == 2.73, range
19-26) and had completed, on average, 14.25 years of education
(SD = 1.84). The older subjects (2 males and 14 females) had a
mean age of73.69 years (SD = 3.55, range 66-79) and a mean ed
ucational level of 11.69 years (SD = 3.0 I). The difference in for
mal education between aged and young subjects was significant
(2.56 ± 1.82), with the young normals having achieved slightly
higher educational levels. However, the general verbal p~rforrnance,
as measured with the Mill Hill Vocabulary Test, was significantly
higher in aged subjects (M == 38.21, SD = 3.38) than in young sub
jects (M = 34.62, SD == 4.56; note that 2 young subjects did not
complete the task). 3.59 ± 2.92.



Table 2
Proportion of Correct Items (With Standard Deviations)

for Young and Aged Subjects Tested at Span in
Experiment 2 and Experiment 3

Condition

Direct Recall Alphabetical Recall

Subjects P(Corr.) SD P(Corr.) SD

Experiment 2
Young 85.38 9.15 64.19 15.02
Aged 73.55 18.42 53.13 15.76

Experiment 3

Young 93.56 6.98 75.20 8.85
Aged 90.56 8.66 73.50 17.42

the interaction would be in the opposite direction from
that expected-that is, the age difference would be larger
in the direct than in the alphabetical condition. Although
aged subjects do appear to have a lower glob~l l~v~l of
performance, the main effect of age was not significant
[F(l,30) = 2.26,MSe = 8.35,p=.14]. The effect size of
the main effect ofage was 0.2657, and 114 subjects would
be required to reach a power leve.1 of .80. .

As in Experiment 1, an analysis was conducted using
the percentage of correctly recalled items as the depe~

dent variable (see Table 2). The results of the analysis
were similar to those obtained when correctly recalled
sequences was used as the dependent variable: t?e inter
action was not significant (F < 1), yet the mam effect
of age was significant [F(l,30) = 5.95, MSe = 352.03,
p < .05].

In conclusion, elderly subjects do not appear to show
any differential effects of alphabetical recall on WM,
when compared to young subjects. The procedure used
here intended to equalize recall in the direct condition by
testing subjects at their short-term memory span. Unfor
tunately, we have only partially succeeded in do~ng so.
Although young and aged subjects recall an equivalent
number of sequences, this is not the case when measur
ing the number ofcorrect items. Young subjects do recall
more items than do older ones in the direct condition. It
is worth pointing out that there is clearly no interaction
between age and condition, in spite of this age effect on
the number of items: the age difference is not larger in
the alphabetical condition than in the direct condition.
However, the presence ofa group effect is a problem, be
cause it is still possible that an interaction would come
out in a transformed version of the data (Loftus, 1978).
In principle, this group effect should not have been found,
because the subjects were tested with sequen~e lengths
that corresponded to their spans as measured .m t~e pre
experimental phase. One possible ~~planatlO.n IS that
aged subjects are simply more sensinve to fatigue. Al
though possible, this explanation is disconfi~ed by the
fact that no group X order effect was found m the pre
liminary analyses on the experimental trials. However,
fatigue effects could have occurred between t~~ preex~er

imental and experimental trials. As a result, It IS possible
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that the span measurement was not accurate in aged sub
jects. We have evidence to suggest that this might be ~he

. case in aged subjects and that they were outperformmg
their baselines during the span measurement procedure
of the preexperimental phase. In the preexperimental
phase, the span measurement is done with only 2 trials at
each length. The subjects move rapidly through the in
cremental list lengths, as only 2 trials are used to esti
mate the span. If the number of trials is not sufficient to
take into account a potential fatigue effect in the aged,
these subjects may fail to maintain the same level ofper
formance in the experimental phase, where 10 trials are
given in each condition. An examination of the data su?
gests that this is the case. First, the span size measured in
the preexperimental phase is quite large for our aged sub
jects and does not differ statistically from that for younger
ones. Second, Figure 2 shows that aged subjects recall
less than 50% of the sequences in the direct condition
(48.3% precisely). Yet, the sequences presented should
yield a higher performance level, as it is supposed to cor
respond to their span, which is defined as the length for
which subjects reach a minimum of 50% correct perfor
mance. On the few trials available in the preexperimen
tal phase for the same lengths, the performance of aged
subjects was much higher, reaching about 70%. The~e

was thus a decrease in performance from the preexpen
mental to the experimental trials. Of note, a look at indi
vidual data shows that it is those subjects tested with the
fewest trials that show the largest decrease from the pre
experimental to the experimental phase. The measure
used here thus seems to have overestimated the span size
of some of our aged subjects, because not enough trials
were provided at each length. This, interacting with fa
tigue effects, contributed to an alteration of the span es
timate for aged subjects. A third experiment was under
taken to take this into account with regard to span
measure, in an attempt to eliminate the group effect.

EXPERIMENT 3

In Experiment 3, the span measurement procedure in
the preexperimental phase was slightly modified in order
to provide a more accurate estimate of span capacity, be
cause we suspected that errors in the span measurement
of our elderly subjects were the source of our failure to
equalize performances in Experiment 2. The procedure
was thus modified to allow a more rigorous criterion for
span capacity. This should ensure equalization of recall
across groups in the direct condition and allow us to
measure interactions without the possible confounding
effect of differences in baseline performance.

Method
Subjects

Twenty new subjects (10 young and 10 elderly) participated in
this experiment. The subjects were selected according to exclusion
and inclusion criteria that were the same as those in the previous ex
periments. The young subjects (\ 0 females) were, on average, 21.70
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years of age (SD = 0.95, range 20-23) and had completed, on av
erage, 16.40 years of education (SD = 1.07). The older subjects (I
male and 9 females) had a mean age of73 years (SD = 4.55, range
68-79) and a mean educational level of 15.50 years (SD = 1.51).
The difference in formal education between aged and young sub
jects was not significant (0.90 ± 1.07). However, the general verbal
performance, as measured with the Mill Hill Vocabulary Test, was
significantly higher in aged subjects (M = 29.40, SD = 2.88) than
in young subjects (M = 26, SD = 3.92; 3.40 ± 0.82).

Materials
The materials were the same as those in Experiment 1.

Procedure
The procedure was the same as that in Experiment 2, except for

the span measurement of the preexperimental phase, which differed
as explained below. Span was established with a staircase proce
dure. One trial was presented for each sequence length, starting
with sequences of two items. A correct recall was followed by the
presentation of sequences one item longer. When subjects failed on
a trial, 3 more trials ofthe same sequence length were presented. If
subjects succeeded on 2 trials, 6 other trials were provided, for a
total of 10 trials. If the subjects did not recall 2 of the trials, a total
of 10 trials were presented at the smaller sequence length. A 50%
correct performance on a series of 10 trials was required for the se
quence length to be considered as the subject's span. A 20-min
pause was provided to the subjects between the preexperimental
phase and the experimental phase.

Results and Discussion
As a preliminary analysis, the span sizes ofyoung and

elderly subjects were compared. Elderly subjects showed
a smaller span than did young subjects (4.9 words in the
young and 4.2 in the elderly; 0.7 ± 0.31). Figure 3 shows
the number of sequences recalled correctly in both the
direct and the alphabetical conditions. The ANOVA re
vealed a significant main effect of recall [F(l, 18) = 49.23,
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Figure 3. Number ofsequences correctly recalled by young and
aged subjects in conditions of direct (white columns) and alpha
betical recall (shaded columns) of Experiment 3. Subjects were
tested with sequences corresponding to their span.

MSe = 75.63, p < .001] but neither an age effect (F < 1)
nor an interaction between age and recall [F( 1,18) =
2.75, MSe = 4.23, p = .11]. A power analysis of the
interaction showed an effect size of only 0.1943 and in
dicated that a sample of 192 subjects would be required
in order to reach a power level of .80. The same results
were obtained when the percentage of correctly recalled
items was used as the dependent variable (see Table 2):
neither the main effect ofage nor the interaction was sig
nificant (F < 1 in both cases), yet the main effect of re
call was [F(I,18) = 38.05, MSe = 26.1, p < .001]. The
power analysis was done tor the interaction and showed
a somewhat larger effect size (0.3909). It also indicated
that the use of 50 subjects would yield a power of .80.
However, it is worth pointing out here that the interaction
would be in the direction opposite to that predicted by an
age-related manipulation decline (see Table 2).

In summary, a modification ofour span measurement
technique was sufficient to permit an equalization of the
performance ofaged and young subjects in the direct re
call condition. Yet again, no interaction between group
and recall was observed, further confirming that elderly
subjects are not more impaired by the alphabetical recall
condition, when compared with young subjects.

EXPERIMENT 4

The goal ofExperiment 4 was to evaluate the validity of
our manipulation procedure. For that purpose, the same
paradigm was applied to young subjects in the condition of
either full or divided attention. In the divided attention con
dition, the subjects performed either the direct or the al
phabetical recall condition, as well as a concurrent visuo
spatial tracking task. This concurrent task was chosen
because it does not compete with words for space in the
verbal short-term store or for phonological processing.
Thus, any performance decline in the dividedattention con
dition can be explained by central executive involvementin
coordinating the two tasks. If alphabetical recall requires
the central executive, it should thus be more affected than
is direct recall in the divided attention condition.

Method
Subjects

In all, 32 French-speaking students volunteered to participate in
the experiment. The inclusion criteria were the same as those for Ex
periments 1,2, and 3. The subjects were randomly assigned to the
two different conditions of attention-full or divided. The first
group (full attention) was composed of 7 men and 9 women be
tween the ages of 19 and 30 (M = 21.63, SD = 3.52). Their aver
age level of education was 14.84 years (SD = 2.71), and their av
erage score on the Mill Hill Vocabulary Test was 34.50 (SD =
2.85). The second group (divided attention) included 6 men and 10
women between the ages of 18 and 29 (M = 22.06, SD = 3.13).
This group had a mean of 14.87 years of education (SD = 2.10) and
an average score on the Mill Hill Vocabulary Test of 36.75 (SD =

2.95). No significant differences in age (0.43 ± 2.42) or formal ed
ucation (0.03 ± 1.76) were found. Scores on the Mill Hill Test just
reached significance (2.25 ± 2.11).



Materials and Apparatus
This experiment utilized word span and memory tasks identical

to those described for Experiments I and 2. In addition, a visuo
spatial tracking task was required for the divided attention condi
tion. This latter task was presented on the screen of a Macintosh
Classic computer and consisted of maintaining, via the computer
mouse, a rectangular cursor (0.2 X 0.5 em) within a diagonally mov
ing rectangle (0.7 X 0.9 em).

Procedure
Preexperimental phase. The subjects were tested individually.

The word span was measured for all of the subjects by using a pro
cedure that was the same as that for Experiments I and 2. Then the
tracking threshold on the visuospatial task was established. This
started with a familiarization phase, during which the subjects were
introduced to computer mouse manipulation and to the tracking task.
During this phase, the subjects tracked the moving target once at
slow paces (0.2 pixel/sec and 0.4 pixel/sec) along a horizontal, ver
tical, and oblique axis. Then the tracking threshold was obtained
for each subject. During 10-sec trials, the subjects were required to
track the oblique moving target. The speed of the target changed on
every trial. The initial speed was set at 0.5 pixel/sec and was in
creased by 0.2-pixel/sec increments after each trial. Increments
were continued until subjects failed to maintain the cursor in the
target during 65% ofthe trial, as recorded by the computerized pro
gram. Speed was then decreased by 0.2 pixel/sec on every trial until
the subject reached 90% correct tracking performance. The presen
tation of such ascending and descending series of speeds was re
peated until a 70% correct performance level (between 65% and
75%) was obtained for a given speed on two successive trials.
Therefore, for each subject, a specific target speed was obtained that
corresponded to the fastest speed at which he or she maintained per
formance approximately 70% of the time. This represented the speed
that was to be used in the experimental phase. All of the subjects
were required to complete the tracking threshold measure, in order
to ensure that the two groups did not differ in regards to fatigue.

Experimental phase. After the tracking threshold measure, the
subjects underwent the memory task according to a procedure that
was the same as that in Experiments I and 2. In addition, the sub
jects in the divided attention condition were asked to perform the
visuospatial tracking task concurrently with the presentation and
recall of the word sequences. The target in the tracking task moved
obliquely at threshold speed. The subjects were instructed to main
tain tracking accuracy at the same level as that measured in the pre
experimental phase. They were thus required to put emphasis on
the visuospatial task. These instructions were given in order to re
duce tradeoff effects with the memory task. Thus, an average per
formance of about 70% correct tracking was expected on the visuo
spatial tracking task, whether performed concurrently with either
the direct or the alphabetical condition. A tracking accuracy mea
sure was taken after every five sequences, in agreement with the
ABBA order of presentation.

Results

The average word spans for each group were com
pared. The subjects in the full attention condition had a
mean span of 5.06 words (SD = 0.77), and the subjects
in the divided attention condition had a mean span of
4.94 words (SD = 0.68). The difference in span between
the two groups was not significant (0.12 ± 0.53). The ef
fect ofpresentation order was then assessed with a 2 (at
tention: full, divided) X 2 (order: first, second) X 2 (re
call: direct, alphabetical) ANaYA. No main effect of
order was found [F(l,30) = 1.55, P = .2233], and this
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Figure 4. Performance of young subjects in the direct (white
columns) and alphabetical (shaded columns) recall conditions
when tested in the condition of fuU or divided attention.

factor did not interact with attention [F(l,30) = 1.55,
P = .22]. However, the order X recall interaction was sig
nificant [F(l,30) = 5.24,p < .05]. Simple effects analysis
showed an order effect in the direct condition [F(I,30) =
11.68, MSe = 0.39,p < .01]. Performance on the last five
trials was superior to performance on the first five trials,
a result that is congruent with a practice effect. However,
there was no order effect in the alphabetical condition
(F < 1). The absence of a three-way interaction is of note
(F < 1). Consequently, the results obtained from the dif
ferent orders were pooled in the following analyses.

Figure 4 presents the direct and alphabetical recall of
the sequences for each attention group. Examination of
this figure indicates that the performance decline in the
alphabetical condition is larger for the subjects in the
concurrent divided attention condition than for those in
the full attention condition. The ANaYA performed on
the number of correct sequences yielded a significant
main effect of recall [F(l,30) = 60.92, MSe = 2.12,p <
.0001; effect size, 1.38]. This confirms that fewer se
quences were recalled in alphabetical order than in di
rect order. The main effect of attention was marginally sig
nificant [F(l,30) = 3.40, MSe = 7.73,p = .0752], with
an effect size of 0.33. However, main effects were qual
ified by a significant interaction between recall and at
tention [F(l,30) = 5.36, MSe = 2.12,p < .05], with an ef
fect size of0.4 I. An analysis ofthe simple effects showed
that no attention effect was present in the direct condition
(F < I), but that this effect was present in the alphabeti
cal condition [F(l,30) = 8.10, MSe = 4.46,p < .005]. Fur
thermore, the reduction that was due to alphabetical re
callwas larger in the dividedattentioncondition [F( 1,30) =
51.22, MSe = 2.12,p < .0001] than in the full attention
condition [F(l,30) = 15.07, MSe = 2.12,p < .001]. Sub
sidiary analyses using the percentage of items recalled
(see Table 3) confirmed the analysis performed on the



580 BELLEVILLE, ROULEAU, AND CAZA

GENERAL DISCUSSION

Table 3
Proportion of Correct Items (With Standard Deviations)

of Focused and Divided Attention

number of correct sequences, as described above: the
interaction was statistically significant [F(l,30) = 4.27,
MS e = 100.80,p < .05].

We also assessed performance on the tracking task in
order to verify whether the interaction effect relates to
the presence of a tradeoff. When recalling the words in
direct order, the subjects showed an average tracking per
formance of70.01 % (SD = 8.33, range 54-82), whereas,
when recalling words in alphabetical order, tracking per
formance was at 68.07% (SD = 8.67, range 54.4-84.4).
Tracking performance in both conditions was fairly
close to the tracking threshold (70% in principle), and
the difference across conditions was not significant
(1.94 ± 2.18, two-tailed). There was thus no evidence of
a tradeoff between the two tasks.

The results of our four experiments are quite straight
forward. First, the alphabetical span procedure, which
requires the manipulation of information within WM, is
more difficult than a passive task in which direct recall
is required. Furthermore, alphabetical span is more af
fected by divided attention. This is congruent with the
substantial role of the central executive in the perfor
mance of the manipulation task. Surprisingly, elderly
normal subjects' performance on the manipulation tasks
is identical to that of young controls. These manipula
tion abilities of elderly people are retained when the dif
ficulty of the manipulation task is increased.

Before discussing the theoretical relevance ofthese data,
we shall first assess whether any of the methodological
aspects of our task can explain the pattern of results ob
served here. The questions ofpower, sensitivity ofthe de
pendent variable, and relevance of the measure will be
addressed. Wewill also discuss how the equalization pro
cedure might account for the difference between our data
and those previously reported in the literature.

First, it is possible that our failure to observe a differ
ence between the two age groups was related to insuffi
cient power. This is particularly important in analyses in
which the null hypothesis is confirmed. For this reason,
we performed power analyses on our data, which showed
a very small effect size for the interaction between recall
and age. Furthermore, the number of subjects required to
obtain a power of 0.80 was above 250 in both Experi
ments 1 and 2. When such a large number of subjects is
required for a significant difference to be obtained, the
effects are usually judged as negligible (Cohen, 1988).

When a smaller number of subjects was required (as in
Experiment 3), the interaction found was in the direction
opposite to that which is expected in the case of a ma
nipulation defect. It is important to note that the signifi
cant effect of recall (direct compared with alphabetical
recall) yielded large effect sizes (Cohen, 1988), indicat
ing that the manipulation procedure was sound and af
forded little variability. This result was replicated with
different samples in three experiments. Although the
problem of lack of power is an important issue in aging
research, we do not believe that it is sufficient to explain
these results.

An alternative explanation is that the absence of an
age effect might relate to a lack of sensitivity in the mea
sure. More precisely, it is possible that the manipulation
requirement of the alphabetical condition was insuffi
cient to identify a difference between the two groups.
This criticism cannot be completely rejected, yet there
are three reasons that lead us to believe that our proce
dure was sensitive to a central executive deficit. First, the
alphabetical recall condition was clearly more demand
ing than was the direct recall condition, because it sys
tematically yielded a lower performance level. Further
more, this effect was large and robust. Second, we showed
in Experiment 4 that a small resource reduction in young
subjects was sufficient to decrease their performance sub
stantially on the alphabetical recall condition, relative to
direct recall. Finally, Experiments 2 and 3 added to the
task demand by potentially increasing the number of
manipulations to be performed in WM. It is of note that
the performance decline in the alphabetical condition,
relative to the direct condition, was larger in the second
and third experiments than in the first experiment. This
suggests that the task was indeed more difficult for the
subjects and thus taxed the limits of the system. None
theless, aged subjects remained unimpaired in the alpha
betical recall condition, relative to young subjects. We
are thus quite confident that a lack of sensitivity is in
sufficient to explain the absence ofan interaction between
age and recall.

Another possible objection regarding our results is that
the task used here is not a true measure of central execu
tive functioning. However, both theoretical and empirical
arguments suggest that the alphabetical task is a genuine
measure of the central executive component ofWM. Ma
nipulation tasks require that subjects organize and control
their retrieval strategies, and this fits one of the functions
occupied by the central executive. Nonautomatized, com
plex, ornew tasks would involveconscious control from the
central executive (or the SAS; Norman & Shallice, 1986).
This control would take place by modulating existing
schemas. This theoretical argument was confirmed in Ex
periment 4, which showed that alphabetical recall was
more sensitive to the concurrent completion of a tracking
task than was direct recall. The utilization ofa concurrent
visuospatial task precluded competition for space in a
phonological loop. Rather, the coordination of the two
tasks probably required the control ofthe central executive
system. The fact that divided attention dramatically di-
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mini shed alphabetical recall, especially when compared
with its effects on direct recall, supports the notion that
the task requires commitment from the central executive.

The observation of normal manipulation capacities in
aging is in disagreement with a number ofprevious stud
ies. Other experiments have reported adult age differ
ences on tasks that have also involved a manipulation of
the information retained in WM (Craik, 1986; Dobbs &
Rule, 1989; Foos, 1989; Tun etal., 1991; Wright, 1981).
This was thought to reflect the impairment experienced
by aged individuals in novel and demanding situations,
or in conditions requiring active processes, and was ex
plained by a central executive defect. One of these pre
vious experiments used the alphabetical span procedure
presented here, but with digits as the control condition
(Craik, 1986). Although statistical details are not pro
vided by the author, the results indicate that elderly peo
ple are impaired on an alphabetical recall condition but
not on a typical digit span task (Craik, 1986).

One major difference between our paradigm and those
used in the past is that we have equalized storage require
ments across groups, and this control procedure might
be sufficient to account for the different outcomes. In
deed, studies that have assessed either processing capac
ities or storage capacities have found impairments in el
derly subjects (Dobbs & Rules, 1989; Foos, 1989; Light
& Anderson, 1985; Wingfield et aI., 1988). In the pres
ent study, a small but systematic difference was observed
between the two groups' word spans. Thus, the perfor
mances of elderly normal subjects and of young normal
subjects are not completely akin; aged subjects appear to
have a smaller storage capacity. If we had tested both
groups with sequences of equal lengths, therefore, the
task would have been slightly easier for young subjects
than for elderly subjects. Furthermore, a reduction in stor
age capacity makes older subjects more vulnerable to a
task that requires a manipulation of the information in
addition to storage. The lack of control for storage differ
ences in past studies may have induced a spurious ma
nipulation decrement. Aged subjects were compared
with young subjects in conditions that were more diffi
cult for them for reasons other than the manipulation re
quirement. Our control procedure ensured that a storage
impairment did not contribute to the manipulation defi
cit of elderly individuals.

One might object that the equalization procedure mod
ified the nature of the task. It may be argued that testing
subjects with sequences differing in size qualitatively
modifies the task across the two groups ofsubjects. How
ever, the equalization procedure was not arbitrarily cho
sen: we ensured that subjects were tested at the limit of
their short-term memory capacity by using a classical es
timate of this capacity (i.e., the span task). The number
of items to recall thus corresponded to a genuine psycho
logical limit for each individual subject. Consequently,
we believe that equalizing subjects ensured that the task
was qualitatively equivalent across subjects. When pas
sive storage was controlled for, as in the present case, the
manipulation deficit of aged individuals vanished.
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A similar pattern has occurred in time-sharing tasks.
Impaired levels of performance have been observed in
elderly subjects on divided attention paradigms (Inglis
& Caird, 1963; McDowd & Craik, 1988; Salthouse, Ro
gan, & Prill, 1984; Tun et aI., 1991; Wright, 1981). How
ever, many studies have also failed to observe age differ
ences in divided attention (e.g., Baddeley, Logie, Bressi,
Della Sala, & Spinnler, 1986; Belleville, Malenfant, et aI.,
1992; Gick, Craik, & Morris, 1988; Morris, Gick, & Craik,
1988; Somberg & Salthouse, 1982; Wickens, Braune, &
Stokes, 1987). The discrepancy observed here might re
late to the failure of previously used paradigms to control
for the processing requirement of the individual tasks.
The time-sharing deficit observed on occasion in elderly
subjects may thus have arisen from a difficulty in per
forming the individual tasks, and this difficulty would be
exacerbated in a condition in which they had to perform
both tasks simultaneously (Belleville, Malenfant, et aI.,
1992; Hartley, 1992; Salthouse et aI., 1995). Elderly in
dividuals are thus probably not more impaired than young
people on time-sharing paradigms, as long as the degree
ofdifficulty of the individual tasks is made comparable for
the two groups.

The absence of a manipulation deficit when control
ling for passive storage capacities is of theoretical rele
vance for the hypotheses regarding the source ofthe age
related decline in cognition. Salthouse (1988, 1991) has
questioned the level at which age-related impairments
are found and has proposed that normal aging only affects
elementary processes. In his view, a restricted number of
general elementary processes (or resources) underlie the
functioning of the specialized cognitive components. An
impairment ofone of these elementary processes in nor
mal aging would thus affect a large number of cognitive
activities to varying degrees. In normal aging, complex
cognitive tasks would be difficult to perform only because
they rely on impaired elementary processes. These ele
mentary processes remain to be identified, but possible
candidates have been proposed by Salthouse. These in
cluded working memory, speed, and attention. Both the
storage and the manipulation aspects ofworking memory
were foreseen as impaired elementary processes (Salt
house, 1991). However the present experiment indicates
that the manipulation aspect ofworking memory is not a
primary source ofthe age-related impairment. In contrast,
the present results are compatible with storage capacities
being a primary source ofthe age-related impairment. In
deed, it can be argued that the equalization procedure had
the effect of compensating for a deficiency at the level of
one of the elementary processes. Given that the equal
ization of storage capacities was performed, our results
would suggest that storage space might be one of the el
ementary resources impaired in aging. Other investigators
have proposed that reduced storage is a primary source of
impairment in normal aged people. For example, Parkin
son and collaborators (Inman & Parkinson, 1983; Parkin
son, Inman, & Dannenbaum, 1985) have observed that
matching subjects on the basis ofstorage space eliminates
many of the age-related memory impairments.
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Yet this storage impairment is probably not related to
a phonological deficit or to an absence of rehearsal pro
cedures. There have been numerous descriptions of pa
tients who, after localized brain damage, present with a
verbal working memory deficit that is related to an im
pairment of phonological storage (see, e.g., Vallar &
Baddeley, 1984) or of articulatory rehearsal (see, e.g.,
Belleville, Peretz, & Arguin, 1992; Waters, Rochon, &
Caplan, 1992). These patients are characterized by a se
vere span reduction, resulting in a capacity of2-3 items,
and are also not sensitive to the phonological similarity
and/or articulatory length of the items. The pattern of
impairment in normal aged individuals is different, inas
much as their span reduction is much smaller and we
have shown them to be as sensitive as normal young sub
jects to the phonological similarity and length of items in
immediate serial recall (Belleville, Peretz, & Malenfant,
1996). Nonetheless, it remains possible that articulatory
speed or storage space is reduced in normal aging.

It is important to point out that age differences have
been reported in central executive tasks other than manip
ulation and time-sharing paradigms. For example, aged
individuals are impaired when the syntactic complexity of
the to-be-verified sentences on the sentence span procedure
is increased (Gick et aI., 1988; Morris et aI., 1988; Wright,
1981). Although this has been interpreted as arising from
a deficit in the active process ofworking memory, it may
also relate to a specific impairment in syntactic process
ing. Van der Linden and collaborators (Van der Linden,
Bredart, & Beerten, 1994) have reported age differences
in a task that requires subjects to monitor and update in
formation in WM. Baddeley (1986) has found age differ
ences in a random generation task in which subjects are
required to produce series of elements that mimic ran
domization. This task would require individuals to moni
tor the ongoing productions and to avoid the repetition of
patterns, as well as the production of automatic series or
acronyms (such as USA). These paradigms, however,
have not controlled for group differences in storage or
speed, and the results may be partially accounted for by a
deficiency at this level. Alternatively, these tasks might tap
into some component process ofthe central executive that,
although different from the component processes investi
gated here, is affected by normal aging.

Along the same line, there have been numerous recent
works showing that aged people are impaired in tasks
that are sensitive to frontal lobe damage. For example,
aged individuals show deficits in the self-ordered point
ing task (Daigneault & Braun, 1993; Shimamura & Ju
rica, 1994) and in more classical tests of frontal executive
functions, such as the Stroop or the Wisconsin card-sorting
task (WCST; for reviews, see Moscovitch & Winocur,
1992; West, 1996). They also exhibit impairment in re
taining contextual information in long-term episodic
memory. Some authors have argued that this pattern of
impairment relates to a frontal lobe dysfunction. This
frontal lobe hypothesis is congruent with the suggestion
that normal aging is accompanied by a deficit in the ex-

ecutive component of working memory. However, care
must be taken in interpreting previous data on frontal
lobe tasks. For example, Houx, Jolles, and Vreeling
(1993) have observed that, when considering mild bio
logical or environmental factors, the age effect was much
reduced on the Stroop interference test. Paolo and col
laborators (Paolo, Troster, Axelrod, & Koller, 1995)
have shown that the WCST for normal elderly individu
als does not strongly share construct validity with other
frontal and memory tasks. They suggest that this task
provides more information about elderly individuals'
problem-solving strategies than about their attentional
functions.

Finally, it is worth mentioning that classical tests of
frontal lobe functions are not exempt from the method
ological limitations reported here for working memory
tasks. It is possible that a portion of this frontal lobe def
icit would vanish, if appropriate controls of some as yet
unknown general factor were performed for these tasks.
Nevertheless, it has been shown that, even when control
ling for group effects, some frontal lobe functions remain
impaired in normal aging. Parkin and Walter (1992) have
shown that an impairment in contextual memory was still
present in a comparison of subgroups of young and aged
subjects matched with respect to their memory for facts.
However, this finding was reported for a task that mea
sured the contribution offrontal lobe functioning to long
term memory and not to working memory. This might
again highlight the importance ofsubdividing the general
class of executive functions into finer categories. Execu
tive functions have been measured with a wide range of
heterogeneous tasks that do not have the same cognitive
requirements and that are likely to reflect a variety ofpro
cesses. For instance, some of these tasks might assess in
hibition (e.g., the Stroop test), whereas others appear to
rely largely on problem solving (e.g., the WCST). Ifthere
are different executive functions, it is likely that not all
are impaired in aged individuals, as is shown here.

In summary, we have failed to observe age differences
in a task that requires the active manipulation of infor
mation within working memory. This was found in three
different experiments and thus appears to be a robust ob
servation. Furthermore, this was observed even when the
manipulation demand of the task was increased. The ab
sence of an age decrement could relate to the fact that
this study controlled for a potential age-related impair
ment in basic storage capacity. Thus, diminution in stor
age capacity might represent a source for the cognitive
decline observed in normal aging. The present results
cast some doubts on the hypothesis of a general central
executive deficit in normal aging. Like time sharing, ma
nipulation is probably not impaired in normal elderly
subjects. The central executive of normal aged people is,
therefore, at most only partially impaired. However, it is
the goal of future research to determine which central
executive functions are impaired and which are not and
to integrate these empirical findings into a coherent de
scription of the central executive.
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