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span, involved subjects'retention of digit or word infor-
mation while concurrently carrying out processing con-
cerned with solving arithmetic problems or answering
sentence-comprehension questions.

The focal cognitive task in this project was integrative
reasoning involving abstract verbal materid. A typical
problem is illustrated in the top panel of Figure l. Prob.
lems can vary in the number of premises describing rela-
tions between two terms, but dl evenrually end with a
question asking what will happen to one term if a speci-
fied change is introduced in another term. An advantage
of this particular task is that problem diffielty (as rcflected
by decision accuracy) can be systematically altered by rna-
nipulation of the number of premises presented prior to
the question, presumably because demands on working
memory are increased by the additional requirements for
the storage and coordination of information associated
with more premises.

The tlree investigative procedures used in this project
were all designed to examine the hypothesis that age-
related differences in the integrative reasoning task are
at least partially attributable to age-associated reductions
in some aspect of working memory. The statistical con-
trol procedure tests the prediction that the magnitude of
the age differences should be greatly reduced if people
of different ages are statistically equated with respect to
their working-memory ability. Because working npmory
involves the preservation (storage) of information during
processing, the experimental analysis procedure examines
the implication that older adults should be less accurate
than young adults at maintaining relevant information
while engaged in the performance of the task. And finally,
if a low level of working nrcmory can be considered analo-
gous to a concurrent memory load, then the panern of
performance exhibited by older adults should be qualita-
tively similar to that found in young adults who perform
the task while also remembering other information. This
expectation is examined in the simulation procedure.

Working-memory mediation of adult age
differences in integrative reasoning
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Three research methods were used to inveetigate the hypotheeized mediational influence of
working memory on age-related differencee in integrative ieasoning. Reeulte from all three pro
cedures were consietent with the-hypothesis because (1) statietical control ofan index ofworking
memory attenuated the age differences in reasoning accuracy, (2) young adults were more ac-
curate than older adults in a measure reflecting the preservation oflinformation during procegs-
ing, and (3) yorrng adults performing the task with a concunent memory load exhibited i qualita-
tive pattern of performance similar to that of older adults performing thetask without a concurr€nt
memory load.

Although there has recently been considerable interest
in working memory as a possible mediator of adult age
differences in cognition (for reviews, see Light, l99l;
Salthouse, 1990; Stine & Wingfield, 1990), rhe amounr
of evidence directly relevant to the mediational role of
working memory is still quite limited. The research re-
ported in this article was therefore designed to use three
investigative procedures to examine the hypothesis that
working memory functions as a mediator of the age-
related differences in at least some cognitive tasks.

The existence of negative relations between age and
measures of fluid or process aspects ofcognition has been
well documented on the basis of research dating from the
early decades of this century (see Salthouse, l99lb, for
a review). Despite a considerable amount of research, no
completely satisfactory explanation of these age-cogni-
tion relations is yet available. However, in the last few
years there has been growing interest in the role of work-
ing memory as a proximal (i.e., assessed at the time of
testing) mediator of age differences in at least some mea-
sures of cognitive functioning. One of the reasons for the
enthusiasm about explanations based on working mem-
ory is that the construct of working memory seems more
amenable to operationalization than do other relatively
general constructs such as attentional capacity. That is,
if one conceptualizes working memory as involving the
simultaneous storage and processing of information, then
it presumably can be measured by tasks in which there
are both storage and processing requirements. For exam-
ple, the two tasks used to operationalize working mem-
ory in the current project, computation span and reading
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(All Relevant)

R and S do the OPPOSITE
Q and R do the SAME
lf Q INCREASES, what will happen to S?

(1 Relevant, 1st position)

G and H do the SAME
F and G do the OPPOSITE
lf G DECREASES, what will happen to H?

(Recognition Probe, 1st position)

D and E do the SAME
E and F do the OPPOSITE

*** D and E do the SAME ***

Figure l. Illustration of sample problems in the integrative-
reasoning task.

Statistical control procedures have been used in two
earlier research projects with this same integrative-
reasoning task. Salthouse, Mitchell, Skovronek, and Bab-
cock (1989) administered the reasoning task and the
computation-span working-memory task to 120 adults be-
tween 20 and 80 years of age. Multiple-regression equa-
tions predicting reasoning accuracy revealed that age was
associated with an R' of .278 when considered alone. but
the R'� value for age was reduced to only .l 19 after par-
tialing the variance associated with the working-memory
measure. Two additional studies, each involving over 220
adults between 20 and 80 years of age who were ad-
ministered the integrative-reasoning task and two working-
memory tasks, were reported by Salthouse (l99la). The
working-memory tasks in these studies were group-
administered versions of the computation-span and
listening-span tasks (see Salthouse & Babcock, 1991, for
further description). Results similar to those of Salthouse
et al. (1989) were obtained in both studies. To illustrate,
values of R2 associated with age in the prediction of
reasoning accuracy were .121 and .104 before statistical
control of a composite measure of working memory, but
were only .015 and .036 after such control. The results
of these earlier studies, therefore, suggest that a fairly
large proportion of the age-related differences in the
integrative-reasoning task may be mediated by reductions
in working memory. In terms of percentages, the vari-
ance associated with age was reduced by 57 .2%,87 .6%,
and 65.4To, respectively, across the three studies.

Although the statistical control procedure can be very
informative. it does have several limitations. For exam-
ple, the fact that only a single measure of working mem-
ory was used in the Salthouse et al. (1989) study raises
the possibility that the assessment of working memory wits

relatively narow and closely linked to particular qpes
of information and specific kinds of processing operauons.
The Salthouse (l99la) studies included two distinct
working-memory measures, but the group-administration
format may have created a spurious association between
the working-memory and reasoning measures because of
factors unrelated to working memory (e.g., time restric-
tions necessitated by group testing). An attempt was made
to minimize the possibility of an artifactual relation be-
tween the working-memory and reasoning measures in
the present study by administering the tasks by means of
computers. This allowed research participants to spend
as much time as desired in each phase of the working-
memory tasks and to respond at their own pace in the
reasoning task.

If working memory is important for cognitive tasks be-
cause it allows information to be preserved while other
information is being processed, then one should expect
to find better preservation of information during the per-
formance of a cogritive task among people wtnse working-
memory systems are highly effective than among people
whose working-memory systems are less effective. This
prediction can be tested by using versions of the ex-
perimental analysis procedure to evaluate the availability
of information presented earlier in an ongoing cognitive
task. Information availability can be examined with a va-
riety of different methods, but the critical point is that
the evidence for age differences in working memory is
derived while the subject is actively engaged in the per-
formance of a cognitive task and not from a separate task
deliberately designed to assess working memory. In the
terminology of Salthouse (1990), measures obtained with
the experimental analysis procedure are within<ontext
measuies, whereas those typically used in the statistical
control procedure are out-of-context measures.

Previous research (e.g., Salthouse, [rgg, Palmon, &
Mitchell, 190; Salthouse et al., 1989) with the current
integrative-reasoning task examined information availabil-
ity in terms of the contrast between two types of trials.
Trials in which all premises are relevant to the decision
(illustrated in the top panel of Figure l) require both mem-
ory and integration of information. That is, because the
question concerns terms originally mentioned in differ-
ent premises, information from several premises must be
integrated and coordinated to determine the answer. In
contrast, no information integration is required in trials
in which only one premise is relevant because the ques-
tion concerns terms mentioned in a single premise. An
example is illustrated in the middle panel of Figure 1, in
which the question refers to two terms originally related
in the first premise. Because trials in which all premises
are relevant require both memory and integration whereas
those with a single relevant premise do not require across-
premise integration, it has been assumed that compari-
sons of accuracy in t}te two types of trials would be in-
formative about the relative importance of memory and
integration processes in the performance of this particu-
lar task.



In both earlier srudies (Salthouse et al., 1989, lg0),
decision accuracy decreased as more premises were pre-
sented, and the magnitude of accuracy decline for trials
with one relevant premise was nearly the same as that for
trials with all relevant premises. Furthermore, the same
general pattern was evident in adults ofall ages. These re-
sults were interpreted as suggesting that a critical factor
in the variation in accuracy as a function of number of
premises and as a function of adult age rnay be the preser-
vation of information, and not its integration or coordi-
nation. That is, the principal determinant of the variations
in reasoning accuracy associated with additional premises
or with increased age appears to be the ability to main-
tain previously presented information rather than the abil-
ity to integrate information that is available in memory.

As with almost any experimental technique, however,
objections can be raised with respect to how results of
the manipulations are best interpreted. One reservation
about the contrast between one-relevant and all-relevant
trials is that even performance on one-relevant trials may
not be a pure measure of information availability, but
might also reflect the ability to transform the format of
the information from the terms "opposite" and ..same"

used in the premises to the terms "increase" and ..de-

crease" used in the question. Rather than representing
the ability to maintain information without integration,
therefore, accuracy of decisions in one-relevant trials
could reflect the ability to maintain information and to
convert it from one representational format to another.

This concern can be addressed by attempting to obtain
a more direct assessment of information availability in the
form of recognition probes for previously presented
premise information. An example of a probe-recognition
trial used in the current experiment is illustrated in the
bottom panel of Figure l. Notice that the probe is pre-
sented in the same format as the premises, and the sub-
ject merely has to decide whether it is the same as. or
different from, one of the premises presented earlier in
that trial. Supplementing the contrast of performance in
one-relevant and all-relevant trials with these recognition
probes should therefore allow a more definitive evalua-
tion of the hypothesis that older adults perform pmrly
on integrative-reasoning tasks because they are less likely
to preserve relevant information than are young adults.
Because recognition probes provide a more direct assess-
ment of the status of information in memory, a finding
of age differences in measures of probe-recognition ac-
curacy would provide additional support for the inference
that a failure to maintain critical information during pro-
cessing is an important determinant of age differences in
integrative-reasoning performance.

The principal assumptions underlying the simulation
procedure are that the effects of reduced working-mernory
functioning can be mimicked by various experimental
manipulations, and hence that the pattern of performance
exhibited by young subjects performing the reasoning task
with one of those manipulations should be qualitatively
similar to the pattern exhibited by older subjects perform-
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ing the task under normal conditions. Baddclcy and Hitch
(1974; Hitch & Baddeley, 1976) have propoaed rhar re-
quiring subjects to maintain a concurrent memory load
reduces effective working-memory functioning because
some aspects of working memory havc to bc devoted to
preserving the task-irrelevant memory-load information.
If this assumption is corr€c.t, and if a major faclor con-
tributing to the age differences in reasoning perforrnarrce
is a diminished working nrcmory among older adults rel-
ative to young adulS, then the patterns of perforrnancc
for older adults should be expected to be very similar to
those for young adults performing the task with a con-
current memory load. Bottr groups shorld have lower
levels of performance than young adults without I con-
currrent npmory l@d, ard thc panern of pcrfornrala dif-
fererrces between young adults and old aduls should
resemble that berween young adults with and without the
concurrent memory load.

The major limitation of the simulation approach is that
direct quantitative comparisons are gercrally rn nEaning-
ful when there is no basis for speci$ing the correspon-
dence between a particular number of years of agc dif-
ference and a given amount of concurrent memory load.
Qualitative comparisons evaluated with rcspoct !o a com-
mon refererrce group are also complicatcd becausc im-
pairments in performance san be produced in a variety
of different ways. Confidencc that the simulation is ac-
curate thus tends to increase in proportion to the nnmber
and pattern of correspondences that can be establishcd.
Fortunately, the reasoning task inva*igatcd in this pmject
allows serreral possible conmsts between dre pcrfmrrance
of older adults and that of young adults with a corrcurrent
memory load by comparing each against thc pcrformance
of young adults with rcspect to ( I ) ttle effect of additional
premises on decision accuracy, (2) trc pofiern of utrry
ofone-relevant trials relative to all-relevant fials, (3) thc
patt€rn of accuracy of orrc-relevant trials as a fuirction of
the serial position of the relevant premise, and (4) the pat-
tern of accuracy of recognition-probe trials as a function
of the serial position of the relevant premise.

To summarize, if an important factor contributing to
adult age differences in integrative reasoning is an age-
related reduction in working npmory, then orp would ex-
pect (l) substantial attenuation ofthe age differenccs in
reasoning after statistical control of measures of work-
ing memory, (2) significantly lower accuracy for older
adults compared with young adults in measures of infor-
mation availability obtafured while subjecS are engaged
in the performance of the task, and (3) a qualitatively sim-
ilar pattern of performance for older adults ard for young
adults perforning the task with a concurrent rrcrnory led.
The study described below was designcd to test each of
these predictions.

In addition to the primary focus on working npmory,
there was also a secondary intercst in the role of per-
cepual-comparison s@ as a potential mediator of the
age differences in both reasoning and working memory.
Previous sodies have revealed that statistical control of
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an index ofperceptual s@ greatly attenuated the age dif-
ferences in measures of reasoning and working memory
(Salthouse, l9la; Salthouse & Babcock, l99l). How-
ever, the same paper-and-pencil measures of perceptual-
comparison speed were used in all of the earlier studies,
and consequently the generalizability of this result is not
yet known. Two computer-administered measures of
perceptual-comparison speed based on the Digit Symbol
Substitution Test (Salthouse, 1992) were therefore em-
ployed to examine the influence of perceptual speed on
the relations between age and performance on both the
reasoning and working-memory tasks.

METHOD

SubJccts
Characteristics of the three samples of adults who participated

in this project are summarized in Table l. Older adults were
recruited from ncwspaper advertiscments and referrals from other
participants and were paid a nominal fee for their participation. Both
samples of young adults were college students who received extra
credit in psychology courses for their participation. It is apparent
in Table I that the three groups were sirnilar with respect to aver-
age years of edrcation ard self-rated trealth, ard thus any age-related
differences in the performance rneasures are unlikely to be con-
founded with differences in at least these characteristics.

hocedure
All participants performed four tasks, in the same order, before

the reasoning task. The first task, digit-symbol, was a computer-
administered version of the WAIS-R Digit Symbol Substitution Test
(Wechsler, l98l). Displays in this task consisted of a code table
associating digits and symbols and a single test stimulus consisting
of a digit-symbol pair. The code table remained constant across
trials, but the identity ofthe digits and symbols in the test stirnulus
varied from trial to trial. The task was to press the / (slash) key

on the keyboard as rapidly as possible when the digit and symbol
in the test stimulus matched according to the code table and to press
tlrcZkey on the keyboard when they did not match. The digit-digit
task was very similar but had no symbols. The code table was there-
fore uninformative in this task because the decisions were to be
made on the basis of the physical identity of the pair of digits. In
both tasks, a practice set of 18 trials was followed by an experimenal
set of 90 trials. Because accuracy was greater than 95% in both
tasks for all three groups, the median time per response in the ex-
perimental trials served as the dependent measure.

The two working-memory tasks required subjects to remember
information while also carrying out specified processing. The to-
be-remembered information in the reading-span task was the last
word in the sentenoe, and the processing consistcd of selecting which
of three alternatives was the corr@t answer to a simple question
about the sentence. The to-be-remembered information in the com-
putation span task consisted ofthe secod digit in an arithnretic prob-
lem, and the processing consisted of selecting which of three alter-
natives was the correct answer to the problem. Materials in both
tasks were identical to thosc described in Salthouse and Babcock
(l9l). Each successive item (scntence or arithmaic problem) could
be viewed ai long as desired, and the subjects were allowed as much
time as needed to type their recall responses. A trial consisted of
the presentation of the designated number of senteirces or arithmetic
problems followed by an anempt to recall the last items from all
of the presented sentences or arithmetic problems in the order in
which they were pres€nted. Spans were determined by the longest
sequencc in which the target items were recalled correcdy and the
processing was performed without mistakes on at least two of the
three trials. A practice phase with trials containing sequences of
up to three items preceded the experimental phase in each task.

The reasoning task was first described, then administered in a
practice block of seven trials. Two experimental blocks of63 trials
each were then presented. All participants received the same trials
in the same sequence. Forty-five ofthe trials were normal reason-
ing trials, and l8 were recognition-probe trials. Across the two
blocks there were an equal number of increase (or satne) and de-
crease (or diferenr) trials for each of the five combinations of num-
ber and type ofpremises (i.e., l-1, 2-1,2-2,3-1, and 3-3, where

Tsble I
Mesns gnd Standard Deviations for Variables in the Three Samples

young

N 3 0
Proportion females .50

30
.53

20. l  1.0 68.2 5. ' l
1 . 5  0 . 7  t . 7  0 . 9

t4 .2  l . l  t4 .5  2 .2

ord

SDSDSD

Young-Memory Load

30
.30

Age
Health
Education

DS time
DD time
CSpan
RSpan
Reas. acc.
Probe acc

l . l 3  0 . 1 4  l . 9 l
0.53 0.05 0.77
4 . 4  2 . 1  2 . 2
2 . 9  1 . 5  1 . 9

79.1  l l . l  59 .9
7'7.3 r5.2 6.4

20.3 1.5
1 .6  0 .6

1 4 .  I  1 . 3

l . l 9  0 . 1 9
0.53 0.(X
4 . 7  1 . 8
3 . 3  1 . 8

63.6  l1 .8
68.6  15 .6

0 .36
0.27
t . 7
1 . 6
9 .2

12.2

Note-Health is self-rating on a scale where I = excellent and 5 = poor. Education
is self-reported years of formal education completed. DS time is time in seconds in
digit-symbol task. DD time is time in seconds in digit-digit task. CSpan is the span
in the computation-span task. RSpan is the span in the reading-span !ask. Reas. acc.
is percentage correct in the normal-reasoning trials. Probe acc. is percentage correct
in the probe-recognition trials.



the first digit refers to the total number of premises and the second
digit to the number of relevant premises). All types of trials, in-
cluding the recognition-probe trials, were rurdomly intermixed
within the experinrntal block, but all participants receivcd the sanre
random s€quence.

. Premises were presented sequentially for 4 sec each. The ques_
tion remained visible until the subject's response (Z for incriase,
/ [slash] for decrease), but the instructions emphasized that the re-
sponses should be made as rapidly as was consistent with maxi-
mum accuracy.

Recognition-probe trials were identical to the reasoning trials ex-
cept that the recognition probe replaced the question requiring an
increase or decrease decision. One half of the probe trials had the
same premise as one ofthose pres€nted earlier in the trial, and one
h4f !"d a premise that differed from an earlier prcmise by a rever-
sal of the original relation (e.g., a premise with a sanre relation
was changed to one with an opposite relation). Decisions that the
premise was identical to onc pr€sent€d earlicr were communicated
by pressing the / (slash) key, and decisions that the premts€ was
different were communicated by pressing the Z key.

Trials for the subjects in the concurrent-memory-load condition
were preoded by the presenadon of a sct of five randomly sclected
digits. The subjects viewed the digits for 4 sec, after which thc first
display of the reasoning task was prescnted. Immediately follow-
ing_the decision response to the reasoning qucstion or recognition
probe, the subject was asked to recall the five digits in rhe order
in which they were presented by typing them on the computer key-
board. Performance in the reasoning tasks was only analyzed for
trials.in which the subjects were correct on the digit recall. This
included l0l trials for the average subject, with a raige across sub.
jects of 4E to 125.

REST.JLTS

Statistical Control Analyscs
Multiple-regression analyses were conducted to exam-

ine the statistical control predictions ofattenuated age re-
lations on the measure of reasoning accuracy aftei par-
tialing the variance associated with working memory.
Because measures of information availability, in the form
of probe-recognition accuracy, and of perceptual speed,
from the digit-symbol and digit-digit tasl$, wer€ obtained
from each participant, these measures were also entered
into the regrcssion analyses. Composite nreasures of work-
ing memory and perceptual speed were created by aver-
aging the e scores from the measures in the computation
span and reading span tasks to create a working-memory
composite and averaging the e scores from the mqNures
in the digit-symbl and digit-digit rasks to create a
perceptual-speed composite. (Correlations between the
measures in the total sample after partialing out age were
.38 betrveen the two working-memory measures and .56
between the two perceptual-speed measures. The remain-
ing correlations, again after partialing age, were -.0g
between computation span and digit-symbol, -.07 be_
tween computation span and digit-digit, -.16 between
reading span and digit-symbol, and -.O$ between reading
span and digit-digit.) Results of the regression analysei
based on the complete samples of young and old aOutts,
and of young adults with and without a Concurrent mem_
ory load, are summarized in the top panel of Table 2.t
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Entries in the first column of Table 2 refer to the cu-
mulative R2 after the variable in that row and the imnrcdi-
ately preceding rows had been entered into the regres-
sion equation. Values in the second column indicate the
increment in Rr when thc variable in that row is added
to the regression equation. The values in the third column
are F ratios evaluating the statistical significancc of the
initial R'or the increment in Rr associated with the added
variable. Finally, the entries in the fourth column indi-
cate the perc€ntage by which the group differenccs were
attenuated by satistical conrol of the preceding variables.
For example, the differerrce between th€ initial R! for age
of .479 and the increment in Rr for age after controlling
the influence of working memory of .248 is .23 I , whicfi
corresponds to an att€nuation of 4t.2%.

Because some subjects had an average accuracy very
close to chance, the analyses were repeated aftcr omit-
ting subjects with less than 80% correct responscs on the
reasoning trials with only one premise . This is an arbitrary
criterion, but it does ensure.that the level of understand-
ing and degree of motivation was sufficiently high thar
the task could be performed with moderate accuracy in
the simplest condition. These data, bascd on 26 young
adults, 16 older adults, and 12 young adults with a con-
current memory load, are displayed in the bottom panel
of Table 2.

Three points should be noted about the results of the
analyses involving the groups of young adults without a
concurrent memory load and old adults. The first is that
the rclative annunt of afienuation (i.e.,48.2% in thc con-
plet€ sarnple and 32.4% in the restricted sample) of the
age-associated variance after control of working memory
is similar to that found in the previous studies using the
statistical control procedure (e.g., Salthous€ et al., 1989;
Salthouse, l99la).

The second point is that the reduction in age-related
variance associated with control of the probe-accuracy
rneasure is approximately the sanre as that associated with
the working-memory measure (i.e. , 49.3% vs. 48.2 % in
the complete sample) and that the additional reduction
when both measures are controlled simultaneously is
rather small (i.e., to 61.8%). This suggcsts that, ar least
with respect to the age-related differerrces on reasoning ac-
curacy, the two variables are not in&pendent but instesd
have a certain amount of strared or common variance.

Finally, it can be seen that statistical control of the
perceptual-speed measure, either by itself or in combi-
nation with other variables, resulted in an attenuation of
the age-related variance by 80% togO%. The apparent
implication is that a large proportion of the age-related
differences in this reasoning task is mediated by age-
related reductions in speed ofprocessing, as indexed by
the perceptual-speed measures.

Results from the contrasts of young adults with and
without a concurrent memory load are presented in Ta-
ble 2 primarily for purposes of comparison with the age
contrasts. Notice that unlike the differences between
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Table 2
Results of Hierarchical Regression Analyses on Average Reasoning Accuracy

Young vs. Old Young vs. Young-Memory Load

Increment in R
Percent

Attenuated N Increment in R'�
Percent

Attenuated

Group

Working memory
Group

Probe accuracy
Group

Working memory
Probe accuracy
Group

Perceptual speed
Group

Percepoal speed
Probe accuracy
Group

Percepoal speed
Working memory
Group

Perceptual speed
Working memory
kobe accuracy
Group

Group

Working memory
Group

Probe accuracy
Group

Working memory
Probe accuracy
Group

Perceptual speed
Group

Perceptual speed
Probe Accuracy
Croup

Percepoal speed
Working memory
Group

Perceptual speed
Working memory
Probe accuracy
Group

All Subjects

53.28*

34.41*
30.12* 48.2

62.50*
38.2't* 49.3

44.74*
28.35*
28.92* 61.8

58.55r
10.21  *  83 .  I

78.22*
23.36*
10.43*  87 .1

62.3t4
8.43*
7 .10  88 .9

'17.93*

10.54*
15.28*
8.64* 89.4

29.72*

13.62*
2t.261 12.4

I  3 .38*
28.451 17.6

14.94*
5.67

22.44* 35.0

34.52*
3.03 90.8

36.49t
4.36
2.M 90.8

39.32*
6.45
3.43 94.r

39.46*
4.'t2
3 .7  |
2.62 93.0

.321

.009
-346

.461

.617

.009

.461

.622

.100

.370

.100

.480

.626

.100

.  r 0 l

.382

.100

. l 0 l

.480

.629

.001

.379

.t49

.34

.482

. l t7

.2n .o94

.rt ' l

. t47

.r22

.2' � to .148

.312

.48  .136

.122

2'l .4*

0.77
29.41* -5.0

68.56*
23.191 51.4

I  . 3 1
67.01*
23.87* 49.8

9.08*
24.38* 15.9

15.03*
56.77*
21.86* 54.5

9.09*
0.06

25.q* t2.5

t4.87*
0 . 1 0

56. l3*
22.03* 53.6

6 .35

6.03
7 .28  -0 . l

20.33*
8.88* '1 .5

8.25*
14.94*
9 . 3 1 *  6 . 1

5 .33
4.30  36 .1

7 .6*
16.02*
6.86 28.6

5.89
4 . t 9
5 .28

7.95*
5.59

12.33r
7.16 25.2

.479

.283

.531

.396

.639

.283

.463

.&6

.46

.547

.46

.605

.67

.46

.529

.582

.M

.529

.620

.67 |

.426

. t u

.472

. t66

.5  l7

.184

.254

. 5 3 1

.451

.490

.451

.525
-5&

.451

.505

.530

.451

.505

.547

.5't7

.243

. 1 8 0

.  183

.081

.  139

.062

.063

.053

.063

.091

.051

.288

. 3 5 1

.070

.277

.039

.o'74

.039

.054

.425

5 5 1

156

.452

. l 6 l

.210

.380

.t46

.001

.281

Subjects Satisfying Accuracy Criterion

.222

.138

.244

.105

.083

.105

.083

.184

. l  l 0

.054

.u2

.030

.361

.M

. l17

.2N

.305

. t l7

.2ffi

.3U

.494

I
I

*P < .ol.

young and old adults, the performance differences as-
sociated with the memory-load condition were not sub-
stantially attenuated by statistical control of the working-
memory or perceptual-speed variables. This is to be ex-
pected because the two young adult groups were very sim-
ilar in these out-of-context measures (cf. Table l).

Analyses of Information Availability
Accuracy in the reasoning task as a function of the num-

ber of presented premises is displayed in Figure 2. The

top panel contains the data from all subjects, and the bot-
tom panel presents results from the subset of subjects in
each group with accuracy of at least 80% on trials with
only one premise. Notice that accuracy decreases with
more premises and that the absolute level of performance
is very similar for trials with one relevant premise and
for trials in which all premises were relevant. The analy-
sis of variance (ANOVA) results, summariz€d in Table 3,
confirm that the main effects of group and number of
premises were siSnificant but that the relevance effect
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eral ways in which average accuracy could have decreas€d
with the pres€ntation of additional premises. For exam-
ple, accuracy might have remained invariant for either
the first or the last premise in the trial but declined on
other premises, or it might have declined neady uniformly
across all premise positions. The results, displayed in Fig-
ure 3, indicate that the second characterization is more
accurate. That is, for all three groups, accuracy was lower
with more premises regardless of the serial position of
the relevant premise. Furthermore, young adults without
a concurrent memory load were always more accurate
than were subjects in the other two groups. Results of the
ANOVAs with age goung, old) and premisc gpe (i.e.,
l-1,2-1,2-2,3-1,3-2, arf, 3-3, where the first and sec-
ond digits refer to number of premises and position of
relevant premise, respectively)' as factors are summarized
in Table 4. Of particular interest is the absence of an age
x premise type inrcraction in both the analysis based on
all of the data and in the analysis based on the data from
the restricted sample. Virtually identical rcsults were evi-
dent in the analyses contrasting the two young adult groups
distinguished by the presence or absence of a concurrent
memory load.

Figure 3 also contains probe-recognition accuracy
ploaed as a function of serial position of the probcd
prcmise. The general pattern cloeely rcsembles that of the
one-relevant reasoning trials except when the trials con-
tained nvo premises, where the older adults and ttrc young
adults with a concunent memory load were somewhat
more accurate in thc recogrition trials than in thc reason-
ing trials. Results of the age grorrp x premise type
ANOVAs similar to those condrrcted on the accurrcy of
one-relevant reasoning trials are summarized in Table 5.
The major point to be emphasized from thesc &u is that
the age differerce in recognition accuracy was eliminated
by restricting the sample to subjects with accuracy of at
least 80% in the reasoning trials with a single premise.
To verify that the elimination of the age differences was
not simply attributable to the reduced power associated
with a smaller sample size, an analysis of covariance with
accuracy in one-premise reasoning trials as the covariate
was also conductcd. The age group main effect was also
not significant in this analysis [F(1,57) = 0.85, MS, =
131.061, thus confirming the results from the restrictcd
sample analysis.

Qualitative Sinituity of Age end
Concurrent-Memory-Loed Contrests

Inspection of Figures 2 and 3 and Tables 3, 4, and 5
reveals that the performance of all three groups was
qualitatively very similar. This is evident in the declines
in accuracy with additional p,remises, in the neady equiva-
lent levels of accuracy for one-relevant and all-relevant
trials, and in the serial-position functions for one-rclevant
reasoning trials and for probe-recognition trials. Statisti-
cal support for this similarity is evident in the general ab.
sence of inleractions involving the group variable in the
ANOVA results sulrunarized in Tables 3, 4, and 5.
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Figure 2. Accuracy in trials with all premises relevlnt to the do'
cision or with only onc premisc rrlevant to the decision es a func-
tion of the number of prcsented premises. The top penel prcsents
data from all subjects, and the bottom poml shows dala from sub'
jects with at least t0% accuracy on trids with a single prcmise.

(i.e., one relevant vs. all relevant) was not significant.
The primary difference between the patterns in the top
and bonom panels ofFigure 2 is that in the bottom panel
the differences between the young and old groups appear
to increase as additional premises arc presented. This pat-
tern was verified in the ANOVA as the interaction of age
group X number of presented premises was significant
in the data from the restricted sample. With this single
exception, the results from the analyses involving the con-
trast between yung adults with ad witlrut the concurrcnt-
memory-load requirement were similar, particularly with
respect to t}te absence ofinteractions involving the group
factor.

Accuracy was also analyzed on one-relevant trials as
a function of the serial position of the relevant premise.
These analvses were of interest because there were sev-
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Figure 3. Accuracy in reasoning trials with one relevant premise and in recognition-probe
trials as a frmction of the serial pmition of the rehvant or probed premise. The top panel prcsents
data from all subjects, and the bottom panel shows data from subjects with rt le{st ffi% sc-
curacy on trisls with a single prcmisc.

DISCUSSION

The results of this study suggest that there are at leasl
two factors involved in the age differences in integrative-
reasoning performance. One factor is fairly broad, in that
it affects performance in all conditions of the task and may
reflect lack of understanding, low motivation, or some
type of sensory or motor deficit. It is assumed that the

influence of this factor can be minimized by eliminating
subjects with low levels of performance in the simplest
trials involving only one premise. The magnitude of the
age differences when the sample was restricted in this
manner was somewhat smaller than that in the complete
sample, but there were only two cases where the pattern
ofresults appeared different. One difference occurred in
the analyses sunmarized in Table 3, where the interaction

Table 3
Results of Analyses of Variance on Reasoning Accuracy

otd

Young vs. Old Young vs. Young-Memory Load

MS,dldf MS"

Group

Number of premises
Group x number

Relevance (one vs. all)
Group x relevance

Number x relevance
Group x numb€r x relevance

Group

Number of premises
Group x number

Relevance (one vs. all)
Group x relevance

Number x relevance
Group x numb€r X relevance

Subjects Satisfying Accuracy Criterion
I,N 28.29* 363.41

2,80 t40.00* 125.33

All Subjects
I,58 47 .50*

2,rt6 69.87*
" 2.63

1,58 0.60
'  | . f f i

2,t16 0.72
" 0.50

" 9.69*

| ,N  r .74
"  1 . 8 3

2,80 0.65'  0.u

I ,58 2'7 .68* 8 | 5.04
2,1t6 &.14* t84.98

" 0.37
r ,s8 2.93 t22.94

"  1 .43
2,116 1.43 125.88

" 0.36

r ,37 6.16 422.86
2,74 107.33* 133.41

"  3 .5 r
t,3'7 0.70 I 14.90

'  o.g
2, '74 2.U 104.59

" 3.20

658.24

205.45

135.  l9

rw.62

133.0'1

97.Q

*p <  .o l .
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Group

Premise type
Group x premise type

Group

Premise type
croup x premise type

!fg!Sg!4g!ry5 "lrgryrygg! leasoglg  1gllgy with one.Retevanr hemise
_ _ I."q!q vt- ry __ v.qC '1.-v9rl1C-l49mory Load
df --!--- -g-L df F MS,

All Subjects

33.93* 765.62 1,58 29.8 t  |  9 ,61 .98
13.851 3t4.24 5,290 t4.52' 357.24
1.23  0 .46

Subjects Satisfying Accuracy Criterion
1,ltt)

5,200

16.39* 590.68 t.3' l 8.86i 635.42

l , 5 8

5,290

Teble 4

t9.20* 292.80 5,185 15.371 334.63
t .22  0 .92

'P  < .o l .

Teble 5
- Io{$fl41dry= rlllnancc on kobe.Recognirion Accurry

_ _Yqlg r. qd
df F Mi,

L-flg "'. Iguls {ggg.y l4.a
__4L_ - J__ MS,

Group

Premise type
Group x premise type

Group

Premise type
Group x premise rype

I , 5 8

5,290

l,,to
5,2m

All Subjects
9 .40*  1139.93  1 ,58  4 .77

22-t2* 339.29 5,290 22.t6r
0 . 6 6  t . 1 l

Subjects Satis[ing Accuracy Criterion

t422.O7

357.45

t214.24

3 10 .53

985.06 |.37 0.A2

18.62' 288.88 5,185 t7 :15i
o . 3 7  l . l 4

tP  <  . o l .

of age x number of premises was significant in the re-
stricted sample but not in the complete sample. This pat_
tern, illustrated in the bonom panel of Figure 2, is ion-
sistent with earlier findings of larger age differences with
a greater number of premises (Salthouse et al., 1999,
1990). Inclusion of data from subjects who performed at
or near chance levels in the task apparently obscured this
interaction in the analyses based on data from the com-
plete sample.

The second difference in the results of the complete
sample and the restricted sample was in the analysis of
probe-recognition accuracy, summarized in Tabli 5. In
this case-, the age differences were no longer significant
when subjects performing poorly in the simplest reason-
ing problems were eliminated from the analyses. This pat_
tern, which is supported by the absence of significantige
differences in the analysis of covariance, suggests thit,
at least when there is some assurance that evlryone un_
denands the task and is apparently motivated to perform,
young and old adults are equivalent in the aUitity to
preserve untransformed information during processing.
A similar result in a cube-comparison task was reportA
by Salthouse ard Skovronek (19y2\, where it was concluded
that age differences in working memory are pronounced
only when the stimulus information has to be manipulated
or transformed in some fashion. This interpretation may
also apply in the present study because transformation

(from same or opposite to increase or decrease) is re-
quired with the reasoning questions, but not with the rec-
ognition probes. The tendency for young adults to have
nearly the same accuracy in the one-relevant reasoning
trials and the probe-recognition trials (i.e., 79.4% vs.
77.97o) but for older adults to be less accurate in the
reasoning trials (i.e., 66.7Vo vs. 73.6Vo) is also consis-
tent with this interpretation.3

No single set of results is definitive, but the combined
results from three quite different procedures appear fairly
convincing in suggesting that working memory is a major
factor contributing to adult age differences in integrative
reasoning. That is, working memory soems to be impli-
cated because ofthe substantial attenuation ofthe age dif-
ferences after statistical control of an index of working
memory, the presence of age differences in at least some
measures of information availability obtained during the
performance of the task, and the qualitatively similar pat-
tern ofperformance differences between young adults and
old adults and between young adults performing under
normal and under concurrent-memory-load conditions.
Each of these procedures has limitationi, but because they
are not the same limitations, confidence in one's infer-
ences is enhanced when the results from each procedure
converge on the same interpretation. It therefore seems
reasonable to conclude that one ofthe causes ofadult age
differences in certain cognitive tasks is a limited ability
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to preserve information during processing, which can be
viewed as a consequence of an impairment in working
memory.

The fact that the premises in the reasoning task were
presented sequentially, and for a duration ofonly 4 sec,
raises the possibility that there was a greater influence
of working-memory or perceptual-spe€d factors in this
task than in more traditional reasoning tasks. This in-
terpretation is plausible, but it should be noted that simi-
lar patterns ofage differences, and attenuations ofthose
differences after statistical control of an index of work-
ing memory, were observed in previous studies in which
the premises either were presented sequentially under self-
paced conditions (Salthouse et al., 1989) or were all pre-
sented simultaneously in a paper-and-pencil format (Salt-
house, l99la). It therefore seems unlikely that the results
of the current study have limited generalizability because
of the specific method used to present the stimulus ma-
terials.

If it is the case that age-related reductions in working
memory play an important role in the age differences in
this, and perhaps other, cognitive tasks, the question im-
mediately arises as to what is responsible for age-related
differences in working memory. Results from other re-
search suggest that the speed ofexecuting relatively sim-
ple operations probably contributes to the age differences
in working memory. As an example, Salthouse and Bab-
cock (l9l) found that a large proportion of the age dif-
ferences in two measures of working memory were re-
duced after statistical control of measures of perceptual
speed, and these findings were replicated and extended
in the studies reported by Salthouse (l99la). The present
study was not primarily designed to investigate this is-
sue, but some of the results are obviously relevant. For
example, an analysis conducted with the composite-
working-memory measure as the criterion revealed that
the attenuation ofthe age-related effects on that measure
was nearly 

'15%, 
from an R2 of .251 for age when con-

sidered alone to a value of .063 after control of percep-
tual speed. Furthermore, the results summarized in Ta-
ble 2 reveal that statistical control ofthe perceptual-speed
measures reduced the age differences in reasoning ac-
curacy by an amount larger than that produced by con-
trol of working memory and that there was little additional
attenuation of the age differences by also controlling work-
ing memory.

In view ofthe apparent importance ofperceptual speed
in mediating the relations between age and performance
in both reasoning and working-memory tasks, it is desir-
able to consider exactly what is measured by the tests of
perceptual speed. Of particular concern is the possibility
that because the digit-symbol substiotion test involves
nine digit-symbol pairs, it might represent memory fac-
tors as much as perceptual-speed factors. The issue of
what is responsible for age-related differences in the
digit-symbol test was recently investigated by Salthouse
(19y2).The following results, either based on original data
or cited from previously published studies reviewed in
that article, led to the conclusion that memory factors were

relatively unimportant determinants of the age-related dif-
ferences in digit-symbol performance: (l) age differences
are still evident when all participants have learned the
digit-symbol associations to a criterion ofperfect recall;
(2) age differences either remain constant or increase with
additional opporrunities to learn the digit-symbol pairs;
(3) young and old adults have similar serial-position func-
tions when response times to individual items are arnlyznd
according to the position of the digit-symbol pair in the
code table, suggesting that the code table was searched
in the same manner by both age groups; (a) the age dif-
ferences remain constant in relative terms as the number
of digit-symbol pairs, and hence the presumed memory
demands, is varied; (5) young and old adults devote the
same proportion of their response time to merely copy-
ing the symbols; and (6) adding working memory to the
prediction equation after perceptual speed resulted in lit-
tle further attenuation of the age differences in digit-sym-
bol performance. Results supporting an interpretation that
the age differences were largely determined by the speed
at which elementary operations could be executed were
(l) high correlations between digit-symbol performance
and performance on other measures of perceptual speed
and (2) little unique age-related variance in digit-symbol
performance after statistical control of variance in otler
measures of perceptual speed.

The case for the current composite measure of percep-
tual speed as a reflection of speed factors more than mem-
ory factors is even stronger than that for the digit-sym-
bol measure alone because of the inclusion of the
digit-digit measure in the perceptual-speed composite. It
is difficult to imagine how memory factors could have
contributed to performance on the digit-digit task in which
sameldifferenr decisions were made about pairs of simul-
taneously presented digits. Of course, other influences
may be operating, but it seems reasonable to suggest on
the basis of the preceding arguments that the perceptual-
speed composite used in this study probably does reflect
some fairly basic aspect of the speed at which certain kinds
of information can be processed.

One possible interpretation of the relation between speed
and working memory is that working memory has a dy-
namic quality, perhaps somewhat analogous to someone
trying to juggle several objects simultaneously. That is,
just as the number of items that can be successfully jug-
gled depends on the rate at which they can be caught and
tossed, so might the limits on the number of distinct ideas
that can be kept active (or mentally juggled) in working
memory be set by the rate at which information can be
processed. From this perspective, therefore, working
memory might be interpreted as the set of items currently
active in consciousness, and age differences in working
memory might hypothesized to originate because in-
creased age is associated with a reduction either in the
ability to activate new information or in the ability to rnain-
tain the activation of old information.

The hypothesis that age-related differences in working
memory might be mediated by reductions in the speed of
executing relevant operations obviously needs to be con-



firmed with additional evidence from converging proce_
dures. The cause of age differences in procelsing-speed
must also eventually be explained. Nevirtheless, results
from this and other recent studies seem to suggest a plau_
sible, and testable, interpretation of the caris"es of adult
age. differences in cognition that merits further investi_
gatlon.
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NOTES

, 
l. Interactions involving the group variable with each predictor vari-

able were also examined to determine whcther the innuclce of the pre-
dictor varied across groups. None of these inre.".tlons *a" significant
ar the designated (.01) significance levcl.

2. 
.Note 

thar there are six possiblc premisc typcs becausc a single rel-
evant prcmls€ can appear in the first position when on€, two, or thr@
prcmises are presentcd, in the socond position when two or three pr€m$€s
are presented, and in the third position only when ihree premrscs are
presented.

3: 
tn^l-g:_qloup 

x trial type (one-relevanr reasoning, recognrrron
probe) ANovA on the data from the restricted samples'revealed thar
the age group.x trial type interaction failed to reachthe cnt€non sig-
nificance level [F(l,zlo) : 4.08, MS. = E5.78, p = .051.
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