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The Role of Memory in the Age Decline

in Digit-Symbol Substitution

Performance!l

Timothy A. Salthouse, PhD?

Adult age differences in the Digit Symbol Test were investigated in.three separate experiments. A
experiments incorporated a manipulation of the number of digit-symbol pairs in modified versions of the

test forms to determine whether the age differences would be reduced with dec

d memory require-

ments. The results of all three experiments indicated that, as the number of |digit-symbeol pairs was
reduced, the age difference was reduced in absolute terms, but not in relative terms. Older subjects
decreased their times by greater absolute amounts, but by the same relative amounts when the number
of digit-symboel pairs was decreased from nine to one. Independent results supported the interpretation
that memory factors play a very small role in contributing to the age decline in digit-symbol performance.

ERFORMANCE on the Digit Symbol Test,

one of the subtests in the widely used
WAIS intelligence battery, is one of the best
psychological correlates of chronological age
presently available. Correlations between
digit-symbol performance 'and adult age in
large samples of individuals ranging in age from
20 to 90 have consistently been reported to be
about -.5 (e.g., Birren & Morrison, 1961;

Goldfarb, 1941; Heron & Chown, 1967), and~
the Digit Symbol Test often exhibits the most

dramatic age declines among commonly
administered standardized tests (e.g.,
Hollingsworth & Poffenberger, 1923; Howell,
-1955; Hunt, 1949; Whiteman & Jastak, 1957).
Despite this impressive status as an age-
sensitive performance index, it must be
admitted that at the current:time there is no
adequate explanation of what.the Digit Symbol
Test measures, nor any compelling hypotheses
as to which of the component abilities it
requires are responsible for the declines
observed with increased age. Some specula-
. tions have been offered to the effect that the
Digit Symbol Test measures ability to learn
(e.g., Thorndike, 1926; Whipple, 1914),
translation . ability (e.g., Bromiley, 1974), or
intellectual ability (e.g., Wechsler, 1958), but
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little or no empirical /data have been provided
in support of these c&njectures.

One interpretatio:n of digit-symbol per-
formance attributes| the age decline-to a
reduction in learning|or memory capacity with
increased age (i.c., Erber, 1976; Willoughby,
1929). This memory-capacity hypothesis can

-be tested by varying the number of different

digit-symbol pairs presented on the test form

-and then examining the relationship between

age and performance with different numbers of
digit-symbol pairs. If most or much of the age
difference in digit-symbol performance is
caused by a smaller|memory capacity in the
older individual, then the age difference should
be reduced or eliminated as the number of
digit-symbol pairs is =reduced from nine to six
to three to one. w

Reducing the num‘ber of digit-symbol pairs
should not only reduce the number of times
the subject has to reﬂer to the code table at the
top of the page to retrieve the appropriate code,
but it should also re}duce the time needed to
locate the digit-symbol pair in the table once
the search has been initiated. Strictly speaking,
then, the manipulati(:)n of the number of digit-
symbol pairs involves both memory and visual
search factors. However, because the time to
look from the relevant portion of the response
form to the code téB‘Ie can be assumed to be
much greater than thF time to search the code
table once it is fixated, it seems reasonable to
postulate that the memory factor is the more
important. ;’
\
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The traditional method of ' determining
whether the differences in one factor (.., age)
vary as a function of the particular levels of
another factor (e.g., the number of digit symbol
pairs) is to examine the interaction term in an
analysis of variance. Representing the two
levels of one factor as O and Y, and the two
levels of the other factor as A and B, this
method of analysis therefore entails the follow-
ing comparison: ?

O(A)-Y(A) vs. O(B)-Y(B) (Y
or, equivalently:

O(A) - O(B) vs. Y(A) - Y(B) 0

It is important to realize that the comparisons

involved in this procedure are absolute dif-
ferences. That is, in equation (1) the absolute
difference between the Group O;and Group Y
scores in Condition A is contrasted to the
absolute difference between the Group O and
Group Y scores in Condition B. - '

A different perspective to the problem of
interpreting age differences “across experi-
mental conditions is based on an evaluation of
the ’relationship between average old per-
formance and average young performance in
each condition. The. rationale behind this
approach is that since the absolute levels of
performance may vary so widely as to make
absolute comparisons of performance quite
meaningless, the comparison that should be of
greatest interest is.the ratio of ol performance
to young performance. in each condition. This
leads to comparisons of: ‘ .

O(AYY(A) vs. OBYY(B) -~ (3
or, equivalently: i
O(AYO(B) vs. Y(AVY(B) = (4
An illustration of how these two methods
of analyzing age differences can lead to
strikingly different patterns of results is avail-

able in a comparison of age records for track
and field events (i.e., Shepard etal., 1974). The

_average time for the 100-meter running event

was 9.92 sec for record holders between the
ages of 20 and 25 and 13.22 sec for record
holders between the -ages of 60 and 65. The
comparable times for the 10,000-meter running
event were 1707.5 sec for the 20- to 25-year-
olds, and 2236.4 sec for the 60- {o 65-year-olds.
Substituting these . values inii equations' (1)
and (3) reveals that the absolute differences

from equation (1) were 3.3 sec and 528.9 sec,
but that the relative differences from equation
(3) were 1.33 and 1.31. The fact that the per-
formance of the old subjects relative to the
performance of the young subjects is the same
in the two events is certainly as interesting
and important as the fact that the absolute dif-
ferences in performance increased substan-
tially from the 100-meter event to the 10,000-

meter event. Because of the possibility that

similar differences in. the pattern of results
might be obtained in the current experimental
tasks, the age differences in the studies

reported here will be examined with both

absolute and relative comparisons.
. | :
EXPERIMENT

METHOD

Subjects. — Twelve |young (age 19 to 28,
mean = 23) and 12 old (age 62 to 80, mean = 71)
adults served as subjects in a 15-min session
following their participation in another un-
related experiment. The young ‘group con-
sisted of 7 males and 5 1females, while the old
group involved 5 males and .7 females. All
subjects reported themselves to be in good
health. The young subjects were recruited from
the college community and the old subjects
from a variety of senior citizen groups and
retirement organizations. ] ‘

Procedure. — All subjects were first admin-
istered the standard W AIS Digit Symbol Test
and then were tested ‘oni eight pages comprising
four experimental conditions. Each page had a
code table and six rows of 13 double boxes with
a digit in the top box an}d nothing in the bottom
box. Two pages contained only one digit-
symbol pair in the code table, two pages
contained three digit-symbol pairs, two pages
contained six digit-symbol pairs, and two pages
contained nine digit-symbol pairs. All digit-
symbol pairs in the conditions with more
digit-symbol pairs included the same pairs that
were used in the conditions with fewer pairs.
Only the digits contained in the code table on
that page were presented in the top boxes on
each response form. ‘The digit-symbol pairing
in all pages was the same as that used in the
WALIS version of the test. L

The particular digit-symbol pairs presented
in each condition weré varied across.subjects,
and the conditions w‘e"r;e presented inacounter-
balanced fashion for each subject. :
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The instructions and procedures throughout
all experimental trials were similar to those
used in the WAIS Digit Symbol Test, with the
exception that there was no time limit and the
subjects were required to complete all items
on the page in whatever time was necessary.

RESULTS
For ease of comparison, the initial measures
of performance on the standard Digit Symbol
. Test and the modified experimental versions
are expressed in seconds/symbol. The mean
.seconds/symbol on the standard test was 1.26
~ for the subjects in the young group and 2.33
for the subjects in the old group. A t-test (¢
(22) = 4.44) indicated that the difference
between these values was statistically signifi-
cant (p <.01).

Less than 1% of all responses in the expen-
mental conditions were errors, and thus only
correct responses were analyzed. The mean
seconds/symbol for the young and old sub-
jects in the four experimental conditions are
displayed in the left panel of Fig. 1. An analysis
of variance revealed that the age factor (F
(1,22) = 23.03, MS error = .275), the condition
factor (F(3,66) = 170.28, MS error = .045) and

the age X condition interaction (F(3,66) = -

16.37, MS error = .045) were all statistically
significant (p < .01).

The relative method of making age com-
parisons involves expressing the level of
performance in each experimental condition
as a percentage of the level of performance
in the standard test. (This is simply a special
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Fig. 1. Absolute (left panel) and relative (right panel)
performance for young and old subjects as a function of
the number of digit-symbol pairs, Experiment I.

case of equation (4) in which four ‘*‘A”’ condi-
tions are all compared to the same ‘B’ condi-
tion. The equation (4) version is easier to
evaluate statistically than the - equation (3)
version because separate values are available
for each individual in each age group, while
equation (3) involves comparing a single
average value for each age group.) The means
of the relative performance measures for the
young and old subjects in the four experi-
mental conditions are displayed in the right
panel of Fig. 1. An analysis of variance on these
measures indicated that the age (F(1,22) =
11.24, MS error = .023) and condition (F(3,66)
= 233.84, MS error = .010) factors were
statistically significant (p < .01), but that their
interaction was not (F(3,66) = .56, MS error =
.010).

DISCUSSION :
The major results of this experiment are

subject to two quite different interpretations

depending upon which particular dependent
measure one chooses to emphasize.. The
results with the absolute measures of per-
formance indicate that the magnitude of the
age difference is reduced as the number of
digit-symbol pairs involved in the experimental
condition is reduced from nine to one, thus
apparently supporting the memory-capacity

‘hypothesis. However, there is no change in the

size of the age difference as the number of
digit-symbol pairs is reduced with the relative
measure, and therefore these results prov1de

_ no support for the hypothesis.

EXPERIMENT I1

The ambiguous status of the memory-
capacity hypothesis as a consequence of the
different patterns of results with absolute and
relative measures of performance makes an
independent test of this hypothesis desirable.
One such test consists of an examination of the
proportion of errors to particular digit-symbol
pairs as a function of their frequency of occur-
rence in the experimental trials. The logic
underlying this test is.-that errors on digit-
symbol pairs under speed emphasis instruc-
tions can be attributed to two sources: (a)
incomplete or inaccurate processing of the
digit-symbol pair and (b) failure to retrieve the
digit-symbol = code from memory. The

frequency of the first type of errors can be

assumed to remain approximately constant
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across all digit-symbol pairs, but tl'le frequency
of the second type of errors would be expected
to be greatest for digit-symbol pairs with the
least opportunity to be remembel’ed i.e., the
digit-symbol pairs with low frequencnes of
occurrence. By mampulatmg the number of
dlglt—symbol pairs at each of ‘several fre-
quencies of occurrence and examining the
proportion of errors in each freqﬁency group,
it should be possible to obtain an estimate of
the number of digit-symbol parreremembered
by each individual. Assume, for xample that
there was one digit-symbol parr with high
frequency of occurrence, two |digit-symbol
pairs with ‘the next highest frequency of
occurrence, three digit-symbol : pairs with
the next frequency, and three’ dlgrt—symbol
pairs with the lowest frequency of occurrence.

Now if the proportion of errors for a particular
individual was approximately e‘qual for the
one, two, and three dlgrt-symbol pairs with
high to moderate frequencies of occurrence,
but was much greater for the rerhammg three
digit-symbol pairs with low frequenc1es of
occurrence, one could infer that t‘he individual
remembered at least six (i.e., one plus two
plus three), but less than nine (i.e., one plus
two plus three plus. three) dlgrt—éymbol pairs.

This error—propomon test of the memory-
capacity hypothesis is examined in the second
experiment. In order to proddce sufficient
numbers of errors, monetary incentives were
offered to the subjects to perforrh at specified
rates of speed regardless of lhe level  of
accuracy.

Another modification of the procedure
from. the first experiment involyved reducing
the wnung component in the taslé by providing
symbols in the test spaces below each digit,
half'of which were the correct sylnbol and half
of which were incorrect, and requiring the
subject merely to draw a slash through every
incorrect symbol. This modlﬁcatlon results in
the number of responses remaining constant in
all ‘conditions regardless ‘of the number. of
digit-symbol pairs and thus removes the con-
founding of number of pairs with number of
responses that was present in . the ﬁrst
experiment.

METHOD ‘ J

Subjects. — Thirteen young (age 17 to 23,
mean = 20) and 18 old (age 60 tb 76, mean =
67) adults participated in a sméle session of
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approximately “one-half| hour. Four of the
young subjects and 2 of the old subjects were
males. The subjects were drawn from the same
population as those in \the prevrous experi-
ment, but none had partlcrpated in the earlier
expenment All subjects‘ reported themselves
to be in good health |

Procedure. — The procedure was similar to
that of the previous experlment with respect to

- the administration of thelstandard WAIS Digit

Symbol Test, the general construction of
the test forms for the experlmenhl conditions,
the assignment of digit-symbol pairs to condi-
tions, and the variatrorl of sequence orders
across subjects within each age group. The
major modifications in procedure concerned
the presence of symbols below each digit in the
test forms, the partltlorﬁng of each test form
into 3 trials consisting. of two rows each, and
the new instructions | about varying the
emphasis on accuracy.. } :

Unlike the prevrous‘ expenment in this
experiment a symbol was provided in the box
below each digit. The symbols were assigned to
the digits such that each digit had a .5 prob-
ability of having the’ appropnate symbol in the
box below it and ina manner that would result
in exactly half of the dlgrt-symbol pairs in each
two-row set being corréct ‘The subject was
instructed to draw a slash through all of the
symbols that were mapﬂ)ropnate for the digit,
according to the digit symbol code onthe top of
the form, and to ignore all symbols that were

‘correctly assigned to thel digits.

The subjects were oft‘ered monetary incen-
tives to perform at dlfferent rates of speed in
each two-row set on the test form. On half of
the ‘pages the subjects performed in the order
fast, moderate, and slow and on the other half
they performed in the Order 'slow, moderate,
and fast. The speed at wlnch each two-row set

was completed was commumcated to the

subject immediately after its completion. The
subjects were 1nstructed to attempt to perform
as accurately as was possrble consistent with
the desired rate of speed. The incentives were
based on the subject’ sl time relative to the
mean time achieved by the subjects in his age
group in a pilot expenment The slow rate was
set equal ‘to the mea‘n| speed in the earlier
experiment, while the gnoderate and fast rates
were set to be 1.5 and 2.0 times faster than the
earlier mean. Despite “the incentives  being
determined by the crltenon times that were
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slower for old subjects than young subjects,
the old subjects earned slightly (but not
significantly, p > .05) less bonus money than
the young subjects (i.e., $0.91 vs. $1.43,
t(29) = 1.81).

All subjects received 16 pages of three
expenmental trials each. The order of present-
ing the four experimental conditions was
counterbalanced for each subject, with dif-
ferent subjects starting with' different condi-
tions. The sequence of speed instructions
within each condition was also counter-
balanced for each subject.

RESULTS

Performance on the standard Digit Symbol
Test averaged 1.20 sec/symbol for the 13
"young subjects and 1.84 sec/symbol for the 18
old subjects. The #-test (#(29) = 6.74) used to
evaluate these means revealed that the age dif-
ference was statistically significant (p: < .01).
Because thére were substantial differences
in both speed and accuracy in each condition,
only the trials with 90% or greater accuracy
were utilized in the analyses of the speeds.
The mean speeds with 10% or fewer errors
were determined in each condition for every
subject and these mean speeds entered into
analyses of variance with both absolute and
relative measures of performance. The results
with the absolute measures were significant
(p < .01) effects of age (F(1,29) = 29.30, MS
error =,095), condition (¥(3,87) = 292.32, MS
error = .039), and of the interaction of age
and condition (F(3,87) = 11.18, MS error =
-039). The condition effect (F(3,87) = 290.25,
MS error = .016) was also significant (p < 01)
in the analysis with the relative measures, but

;. the age (F(1,29) = .02, MS error ='.034) and

age X condition (F(3,87) = .19, MS error =
.016) effects were not. F]g 2 displays these
results.

The proportions of errors in the. nine-pair
condition were computed for each subject for
each individual digit-symbol pair, and the pairs
were then grouped-according to the number of
conditions in which they occurred. These
proportions -were entered into an analysis of

“variance with age. and frequency as factors.
The frequency factor proved to be a signifi-
cant (p < .01) source of variance (F(3,87) =
11.06, MS error = .009), but the age (F(1,29) =
4.06, MS error = .012) and age X frequency
(F(3,87) = .95, MS error = 009) factors did
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Fig. 2. Absolute (Ieft panel) and relative (right panel)

performance for young and old subjects as a function of
the number of digit-symbol pairs, Experlment I1.

Table 1. Error Proportions as a Function of the
Number of Conditions in which the
Digit-Symbot Pair Occurred.

No. of Conditions

4 3 2 N
Experiment I1 :
Young 139 .140 A7 182
(o] 1] .083 084 .163 145
Experiment I1I
Young
First half .076 .096 113 123
‘Second half .084 .088 131 126
Old
First half .053 .052 117 128
Second half .046 .049 . 106 .106

not. The basis of the frequency effect, as can
be seen in the first two rows of Table 1, was for
the proportion of errors to be greater for
digit-symbol pairs occurring in only one or two
conditions (i.e., low-frequency pairs) than for
digit-symbol pairs occurring in three or four
conditions (i.e., high-frequency pairs). Direc-
tional statlstlcal tests on the average error
proportion in the two high-frequency condi-
tions versus the average error proportion in the
two low-frequency conditions were signifi-
cant for both the young subjects (i.e., £(12) =
2.16, p < .05, one-tailed) and the old subjects
(i.e.,1(17) = 4.89, p < .0005, one-tailed).

-
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DISCUSSION |

The results of this expenment were similar
to those of the first experiment in demonstrat-
ing that a significant age X condition inter-
action is evident only in absolute, and not in
relative, measures of performance Unlike the
previous experiment, however, in the current
experiment an independent test of the memory-
capacity hypothesis was avallablc in an
examination of the error proportions for digit-
symbol pairs of different frequencxes of
occurrence. Sizeable variations as a function of
the frequency of occurrence were apparent in
the error proportions (as reﬂected in the
51gmﬁcant frequency effect in the analysis of
variance and the pattern of results displayed in
Table 1), but there was no evidence of an inter-
action between age and frcqucncy This resuit
indicates that the young and old groups of
subjects had similar patterns of lerrors across
frequency groupings and, followmg the
argument presented earlier, leads to the
inference that the two groups of subjects were
operating with functionally equlvalent memory
capacities.

Because of the importance of the conclusion
that young and old mdlvxduais perform the
Digit Symbol Test with equwalt‘ent functional
memories, a third experiment was designed to
determine whether the error reshlts would be
replicated with a new group of ‘subjects The
design of the third experiment was similar to
that of the second experiment eXxcept that the
subjects - part1c;pated for twice as many
experimental trials in order toexamine the
effects of practice on the variables of interest.

The results of this experiment are displayed in

Fig. 3 and in the bottom four rows of Table 1.
Statistical -analyses revealed pattern’ of
results identicalin all important réspects to that
of Expenment 1I.

GENERAL DISCUSSI(lN

There are two major results from the three
experiments reported here. THe first is the
finding, obtained in all three experiments, that
as the number of dlgxt-symbolJ pairs in the
condition was decreased from mne to one, the
age differences were reduced with the absolute
measures, but remained unchahged with the
relative measures. The second 1 ajor result is
the observation - that whilejnthere were
systematlc vanatlons in-error proportions as a
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Fig. 3. Absolute (left panel) and relauve (right panel)
performance for young and old subjects at two stages of
practlce as a function of’ the number of digit-symbol

i

pairs, Experiment 11, A
function of the frequency of occurrence of the
digit-symbol pair, the paittem of errors was the
same in the young and old subjects. Both of
these results were statlstlcally significant in at
least two separate experiments, and thus they.
provide a firm basis for inference.

The first resultis of some general importance
since the discovery that age X condition inter-
actions are eliminated w1th relative measures
of performance leads one to speculate whether
many of the age X: éondmon interactions
previously reported | m the literature would
also have been elimmated had relative

measures been reponed rather than absolute

measures. The issue as to whether the absolute
or the relative measures ;of performance are the
most appropriate for |interpreting age dif-
ferences cannot be resolved here, but it is |
xmportant to realize that the two measures can,
and in the present case do, ‘yield strikingly
different patterns of results

The second result serves to reduce the
problem of mterpreiatlon created by the
discrepant pattern of results with the absolute
and relative measuresmf performance.;The
inference from' the error data, based on, the
presence ofa frequency; effect and the absence
of an age X frequency‘ eﬁect is that the young
and old subjects perfOrmed the task as if
they had approxlmatel'y equivalent memory
capacities. l

A result reported by ;Storandt (1976) is also
consistent with the Hypothesis that memory
differences are not responsible for the age

e
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in digit-symbol  performance.

Storandt found that old and young subjects
require approximately the same proportion of
their total digit-symbol time merely to copy
symbols already present instead of substituting
the symbol appropnate to the presented digit
as is required in the traditional form. The copy-
ing manipulation is somewhat different from
the ‘manipulation employed in the current
experiments, but the overall conclusion is the
same—reducing the memory requirements in a

- digit-symbol task does not alter the per-

formance of older adults relative to younger
adults.. :

SUMMARY -
Three experiments were conducted to
investigate the cause of the age decline in

’ performance on the WAIS Dngxt Symbol Test.

The primary mampulatlon in all experiments
involved varying the number of digit-symbol
pairs to be used on a particular test form from
the standard number of nine down to six,
three, and one. The expectation was that as the
number of pairs relevant to the task was
decreased, - the performance difference
between young and old adults would also
decrease if memory factors were responsible
for the age decline in performance on the
standard test. This expectation was confirmed

. when performance was. analyzed in absolute

terms, i.e., the actual amount of time
required to perform the task, but it was not
confirmed when performance was analyzed
in relative terms, i.e., the proportion of time
required in the experimental conditions
comipared -to the time required in a control
condition. Since: these two types of analyses
yielded contradictory interpretations, an
additional test was desngned to investigate the
issue further. This test was based on the
assumption that differences in error propor-
tions across dlglt-symbol pairs of differing
frequencies of occurrence ‘are attributable to
memory differences, and thus estimates of
functional memory capacny could be deter-
mmed by examining the number of d:glt-

symbol pairs with relatively low proportions of
errors. The results of this test indicated that
young and old adults” had similar patterns of
errors and therefore were presumably per-
forming the digit-symbol task with approxn-
mately the same number of digit-symbol pairs
in memory. The general conclusion from this
study is that the important factors in the
age decline in the Digit’ Symbol Test are
perceptual, decisional, or motoric rather than
memorial.
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