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Speed and Knowledge as Determinants of
Adult Age Differences in Verbal Tasks

Timothy A. Salthouse

School  of  Psychology,  Georgia Inst i tute of  Technology.

Two studies were conducted to determine the relative importance ofprocessing speed and knowledge as predictors of
performance in simple verbal tasks within samples of young and old adults. Eight diJferent criterion tasks weie
investigaled, and performance on each was found to be significantly related both to speed of processing and to quantity
of word knowledge. It was also discovered that although young adults were faster thsn okl adults and that old adults
were equal or superior to young adults in relevant knowledge, the same regression equations couW be used to predict
criterion performance in both groups. These results therefore suggest that any age-related compensation that exists in
these tasks is rather weak, in the sense that speed and knowledge appear to have the same importance in young and old
adults, and only the average levels of the predictors dffir as a.function of age.

fT is well established that increased age is ofien associated
r with klwer levels ol 'processing efl iciency, as reflected by
slower responses,  in  many cogni t ive tasks (e.g. ,  see
Salthouse. 198-5, fbr a review). However, increased age is
also fiequently assumed to be ass<tciated with greater
amounts of experience, which might lead to broader and
more extensive knowledge. An issue of considerable interest
in l ight of these two trends is how processing speed and
knowledge jointly influence perfirrmance on tasks involving
both factors, and, in particular, whether there are age-related
differences in the pattern of these influences.

Whenever there are two or m<tre determinants of perfbr-
mance on a task, it is possible that the same level of
perfbrmance could be achieved with ditfbrent combinations
of abil it ies. In thc l iterature concerned with psychology and
aging, this possibil i ty is often discussed within the rubric of
compensation. For example, if older adults have a greater
amount of knowledge than young adults in a particular
domain, then it might be expected that they would rely on
this knowledge to compensate fbr any age-related declines in
processing efl iciency that might have occurred. Although
this speculation seems reasonable, the mechanisms (i.e.,
particular combinations of abil it ies and processes) by which
the presumed compensation takes place in a given task have
not yet been identif ied. One possible exception is in the
activity of transcription typing, where research suggests that
older adults appear to rely on anticipatory processing to a
greater extent than young adults when perfbrming at the
same overall level of speed (Salthouse, 1984). However,
there is apparently no convincing evidence for age-related
compensation in tasks with a greater cognitive component.

At least two possibilities can be proposed with respect to
the nature of compensation in tasks involving both speed and
knowledge. One possibil i ty is that there is a change in the
composition of the task, as reflected by an alteration in the
relative importance of speed and knowledge as predictors of
task performance, As an example, the speed of performing
addition would almost certainly become less important in the
solution of multiplication problems after one has learned the

multiplication table. lf the knowledge is procedural ("how-
to" knowledge) in nature, then it may lead to alterations in
the way the task is performed, and if the knowledge is
declarative (factual infbrmation) in nature, then the individ-
ual may already have stored solutions from previous encoun-
ters with the task. In either case, efficiency of basic process-
ing might be expccted to be a less important determinant of
individual dif ' ferences in perfbrmance within a sample of
people with high levels of relevant knowledge than in a
sample with lower levels of knowledge.

A second possibil i ty regarding compensatory mechanisms
is that the relative importance of processing efficiency and
knowledge may remain the same, but diff 'erent groups of
people may vary in the average values of each factor. That
is, the same determinants of individual differences in perlbr-
mance may be important in samples of different ages, but the
samples may vary in the average levels of those determi-
nants. A relevant analogy here might be vocabulary knowl-
edge and grammatical knowledge as predictors of overall
l inguistic competence. Knowledge of vocabulary and gram-
mar could have the same relative importance in predicting
linguistic competence in two groups who learned a language
with different methods. even if one group had a higher
average level on the measure of vocabulary knowledge and
the other group had a higher average level on the measure of
grammat ica l  knowledge.

Distinguishing between the two alternatives outlined above
requires tasks in which it is possible to assess two or more
hypothesized determinants of perfbrmance, which in the
present situation are relevant knowledge and processing ef-
ficiency. This is not often feasible in many naturalistic activi-
ties, because the activities are so complex that it is difficult to
specify, much less to assess, the relevant knowledge. An
assumption underlying the current research is that evaluation
of the influence of both knowledge and processing efficiency
may be more feasible with relatively simple verbal tasks. At
least as a first approximation, it seems reasonable to assume
that relevant word knowledge can be assessed in terms of
performance on vocabulary tests, and that the efficiency of

P29



P30 SALTHOUSE

simple processing can be assessed in terms of pertbrmance on
specded perceplual comparison tests.

The criterion tasks used in the present studies are illustrated
in Figure l. Four dif'ferent tasks were investigated in each of
two studies in order to provide a relatively broad evaluation of
the phenomenon. The measures of perfbrmance in the verbal
tasks were not necessarily expected to be highly correlated.
but the tasks were all of interest because word knowledge and
processing efficiency or speed were postulated to be impor-
tant in each. As an exantple, consider the anagrams task
presented in Study I . Performance on this task is expected to
be facilitated with greater word knowledge because of better
understanding of sequential constraints and probabil it ies of
particular letter combinations in the language, and because
recognition of words and word liagments is likely to be
superior when there are more words in one's knowledge
system. In f 'act, Hayslip and Sterns (1979) have reported
moderate (.23 to .50) correlations between anagram perfbr-
mance and a composite measure of crystall ized intell igence
that included several measures of vocabulary knowledge.

STUDY 1
Nouns

Write as many 4-letter nouns as you can. (60 sec)

S-Words
Write as many words that begin with the letter S as you can.
(60 sec)

Anagrams
Unscramble the tollowing letters to make an English word.
(10 minutes for 25 problems)
Examples: eisla, ghmit

Word Switch
Switch the first word into the second word by changing
one letter at a time such that each intermediate set ol
letters also makes an English word.
(10 minutes for '15 problems)
Examples: nine - camp, hall - sink

STUDY 2
Word Beginnings

Write as many words as you can that start with PRO (SUB).
(60 sec for each word fragment)

Word Endings
Write as many words as you can that end with AY (OW).
(60 sec for each word fragment)

Making Words
Write as many words as you can from the following letters.
(60 sec each lor BFHILNDRW and ACDGKMPTU)

Scrabble
Write letters in the boxes to make words, trying to connect
words whenever possible. (60 sec lor each of two diagrams
each containing 106 boxes)

Anagram performance might also be expected to be enhanced
among individuals who are faster at processing information
because of more rapid processes of search, transformation,
and exploration of letter permutations.

The same analytical strategy was used with each of the
verbal tasks i l lustrated in Figure l. The reasoning is as
follows. If the relative importance of speed and knowledge
differs in the two groups, then coefficients liom thc regres-
sion equations predicting perlornrance on the tasks would be
expected to have different values in samples of young and
old adults. For example, word knowledge might have a
larger regression weight fbr old adults than lbr young adults,
whereas the opposite may be the case fbr processing ef-
ficiency or speed. However, if young and old adults diffbr
primarily with respect to their average levels of word knowl-
edge and speed, and not in terms of the relative importance
of these f'actors for task perfbrmance, then the same regres-
sion equations should be found to apply in both groups.

The two studies in this prtlect were very similar, and thus
will be described krgether to conserve space and minimize
redundancies. Word knowledge in both studies was assessed
by perfbrmance in two relatively diff icult multiple-choice
vocabulary tests, one involving antonyms and the other
synonyms. The same two measures of perceptual compari-
son speed. one involving pairs of letters and the other pairs
of l ine patterns, were also used in both studies. Because of a
desire to separate thc influence of peripheral sensory and
motor speed fiom the speed of perfbrming more cognitively
demanding operations, two tests of motor speed were also
administered. Finally, in order to provide a comparison with
another moderately complex task not expected to be sensi-
tive to amount of word knowledge, the Digit Symbol Substi-
tution Test (Wechsler, 198 l) was also administered to all
research participants.

Mp,rHoo

Sub.jects. - Characteristics of the samples of young and
old adults participating in the two studies are summarized in
Table I . Young adults in both studies were college students
participating in partial fulf i l lment of a course requirement.
The older adults in Study I were recruited from an adult
education program, whereas most of those in Study 2 were
recruited fiom an adult community center. All of the older
adults, or their designated organization, received a nominal
payment  for  thei r  par t ic ipat ion.

Inspection of Table I reveals that the young adults in the
two studies were very similar, but that the older adults in
Study 2 were somewhat older than those in Study l, with
lower ratings of self'-reported health and lower vocabulary
and Digit Symbol scores. It can also be seen that the older
adults reported more recent experience reading both books
and magazines than did the young adults. Older adults
reported more recent experience with word puzzles than did
the young adults in Study I, but there was no difference in
this dimension across the samples of young and old adults in
Study 2.

Procedure. - All participants within a given study per-
formed the tasks in the same fixed order. The order for theFigure l. Description of criterion tasks used in Studies I and 2
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Table L Characterist ics of Samples in Studies I and 2

Study I Study 2

P3t

Young OId Young Old (  l4s )

No.
Males
Females

Age

Educat ion
(Ycars cornpleted)

Heal th

0  _  c x c e l l e n t , 5 :  p o o r )

Medicat ions
(No . /wee  k )

Hospi ta l  izat ions
(N0. in last  year)

Antonym Vocabulary

Synonynr Vocabulary

Digi t  Symbol

Reading Books
( Hours/ntonth )

(Ycars wi th l5 hours/nronth)

Reading Ncwrpapcrs rnd Ncwsmrguzincs
(Hours/month)

(Years wi th l5 hours/nronth)

Working Word Puzzlcs
( Hours/rnonth )

(Years wi th l -5 hours/month)

46
54

2 l  . 0
(  2 .0 ) "

1 3 . 7
( 1 . - 5 )

2 . 0
( l . l )

. 2
( . 5  )

3
(  r . 6 )

1 0 . 0
( 3  7 )

I  1 . 0
(4 .0 )

7 3 . 0
( r  l  3 )

l 5 . l
( 1 1  . 2 )

5 . l t
( 4 . 3  )

17 .9
( t 4 . 2 )

.1.3
( 4 . 2 )

) . t

( 1  . 9 )

3 . 0
(4 .0)

28
72

70. r
(6 .0 )

t 4 . 0
(2 .  t3 )

( 1 . 2 )

1 . 5
( 3 . l )

.4
(L ,+)

t2.1
( 5  6 )

t -5.4
\4 .4 )

49.7
(  1 5 . 2 )

30 .9
( 2 2 . 1 )
40 .6

( t 7 . 9 \

32.6
(  1 9 . l )
43.4

(  r 6 . 0 )

1 0 3
i l4 .41

1 6 . 3
( 2 0 .  l )

,77  .50*

1 . 0 6

t . 4 l

- 4.02i '

- . 6 9

4 . l l +

7 .50+

I  2 . 3 3 *

-  5 .62*

- l lJ.90i '

-  6 . 1 . 1 +

23.-59"

3 .06*

-  6 .4 [ i i

29
4u

20.0
( 1 . 3 )

t 3 . 4
( l . s )

2 . 1
( 1 . 0 )

. 3
( . 7 )

.05
( . 2 )

9 . 9
( 3  7 )

10 . l t
G . 2 l

7 1 . 9
(  t 0 . 7 )

20 .5
( 2 3 . 6 )

6 .1
(4  4)

l 3 . u
( 9 . 7  )
3. t t

1 -1 .3  )

7 . 3
( l t 3 . l )

2 . 1
( 3 . 2 )

22
55

7 1 . 1
( 6 . 7 )

1 3 . 7
( 2 . 7 )

2 . 7
(  1 . 2 )

2 . 6
( 2 . 4 )

. 1
(  1 . 3 )

9 . 4
(s .0 )
12.7
(4 .6 )

3ll. ti
(  1  1. .+)

36 .  I
(  3 3 . 8  )
4 l  , 3

(20.2)

29.9
( 1 6 . 8 )

45.4

0  7 . 0 )

6 . 6
(  1 0 . 2 )
12.5

(  1 9 . 4 )

- 69.94*

.99

- 3.29),

- 8 . 1 8 +

4. -56*

.70

-  2 .78*

I  U . 5 l *

3 . 3 2 +

-  1 ,1 .54*

- 7 .29r.

20.76\

.29

4 . 5 5  *

"Standard deviat ions arc in parentheses.
t 2  <  . 0 1 .

tasks in Study l was Digit Symbol , Digit Copy, Letrer Copy,
Pattern Comparison, Letter Comparison, Nouns, S-Words,
Antonym Vocabulary, Synonym Vocabulary, Anagrams,
and Word Switch. The order for the tasks in Study 2 was
Digit Symbol, Vertical Line Marking, Horizontal Line
Marking, Pattern Comparison, Letter Comparison, Word
Beginnings, Word Endings, Antonym Vocabulary, Syno-
nym Vocabulary, Making Words, and Scrabble.

The Digit Symbol task was the Digit Symbol Substitution
Test from the Wechsler Adult Intelligence Scale-Revised
(Wechsler, 1981). The Digit Copy and Letter Copy tasks
were similar in format to the Digit Symbol test in that they
consisted of a series of pairs of boxes with a digit (or a letter)
in the top box and nothing in the bottom box. Unlike the
Digit Symbol task, however, in these tasks the research
participant merely had to copy the character from the top box
in the bottom box. Because there was very little cognitive

requirement in these copying tasks, they were presumed to
assess motor speed. The line marking tasks used in Study 2
were also intended to assess motor speed, because the
individual merely had to create plus marks by drawing
horizontal lines across vertical lines, or by drawing vertical
lines across horizontal hnes.

The Pattern Comparison and Letter Comparison tasks
were very similar to those described by Salthouse and
Babcock (1991), and consisted of pairs of l ine patterns or
letters that were either identical or that differed by one
element (position of a line or identity of a letter). The task for
the participant was to classify the pairs as same or dffirent
as rapidly as possible by writing an S or a D on a line
between the two members of the pair. All of the speed tasks
were presented in a paper-and-pencil format and had a time
limit of 30 sec, with the exception of the Digit Symbol test
that had a time limit of 90 sec.
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Items in the two vocabulary tests were adapted from
assorted sources, such as commercially published practice
tests for the Scholastic Aptitude Test. Pilot administrations
and item analyses were used to select a set of 20 items, each
with l ive alternative answers, fbr both a synonym test and an
antonym test. The tests were administered with a time limit
of 4 minutes. which was sufficient fbr nearly all participants
to attempt every item.

Each of the criterion verbal tasks, portrayed in Figure l.
was preceded by an example i l lustrating a typical item in the
task and a possible solution. The tasks were then adminis-
tered fbr the tirne l imits indicated.

RESULTS
An init ial factor analysis (specifying three f 'actors and a

promax rotaticln with k : 3) was conducted on the six
predictor variables (two each designed to measure motor
speed, perceptual speed, and word knowledge) separately in
each age group to determinc whether the relations among
variables were consistent with the hypothesized pattern. The
results of thesc analyses. summarized in Table 2, indicate
that the loading patterns were as expected in both age groups
in each study. Composite predictor variablcs were thcrelbre
created by averaging the two measures of each construct.
and these composites were used in the subsequent analyses.

It is noteworthy that thc correlations between the tactors
(and between the conrposite scores) were considerably
higher in the older adult samples than in the young adult
samples. To i l lustrate, the correlations between the vocabu-
lary and perceptual speed factors were .39 and .40 in the two
older adult samples, but were only .05 and .06 in the two
young adult samples. This suggests that the speed and
knowledge predictors may not be as distinct in the older
adult group as in the young adult group. Potential causes of
this finding wil l be considered in the Discussion section.

Perfbrmance in the cliterion verbal measures was repre-
sented in terms of the number of correct items produced in
the specilied time. lWebsters Ninth Nev'Collegjate Dictio-
nary' (1985) was used to verify the authenticity of the
generated words.l Two alternative methods of scoring re-
sponses in the Scrabble task were examined, one in which
the score represented the nunrber of unique words produced,
and the other in which the score represented the number of
connections between words. The correlations between the
two measures were very high in both young (.97) and old
(.99) groups, however, and consequently the number of
unique words served as the single perfbrmance measure in
this task.

Figures 2 and 3 illustrate the age effects on the primary
measures in each study by expressing the perfbrmance of
older adults in terms of the standard deviations of young
adults. As expected from previous research, the age differ-
ences were quite pronounced and favored young adults for
the motor speed, perceptual speed, and Digit Symbol mea-
sures. Also consistent with past research is the finding that
the age differences were smaller and favored older adults,
rather than young adults, for the vocabulary measures.
Finally, it should be noted that the age differences in the
soeeded verbal tasks were senerallv smaller than those in the

Table 2. Factor Structure fbr Predictors (Promax Rotation)

MotSpd PerSpd Vocab

Study I
LCopy
DCopy

LetCom
PatCorn

Antonynr
Synonym

Study 2
HMark
VMark

LetCom
PatConr

Antonym
Synonyrn

.uu

.98

.09

.05

.02
- . 0 1

l 6
t 2

92
86

07
07

Young

02 .04
02 - .03

0 2  .  t 0
0l .0'7

93 .96
90 .96

.138

.98
. 1 2
. 0 I

.19

.92
-  .02

.0).

- .06
.06

.0-5
, .06

oldFactor Correlations

MotSpd-PerSpd
MntSpd-Vocab
PerSpd-Vocab

.92  . 96

.9 '7 .96

.08  -  . 02
- .06 .0u

. 0 1  . 0 8

.01  .07

Factor Corrclations

_ - ) l

-  . 2 1
.0-5

06 -  .01
07 .05

tt4 .lt9
9 7  . 9 1

l0  . (x )
l 0  . 0 2

Young

.00 .o1

.00 .o7

.04  .  l0
- .04 - .06

.92  .91

.94  .96

old

.64

. 3 3

. 3 9

MotSpd-PerSpd
MotSpd-Vocab
PerSpd-Vocab

.3-s
_ (\/

.06

50
20
.10

Notcs.  Y.  youngl  O. o ld:  MotSpd. nrotor  speed; PerSpd, perceptual
spccd:  Vocab. vocabulary:  LCopy.  Let ter  Copy:  DCopy,  Digi t  Copyl
LetCorn. Letter Comparisun: PatCorn. Patte rn Cornparison: HMark, Hori-
zontal  L ine Marking;  VMark.  Vert ical  Lrne Marking.

Digit Symbol task in which there was assumed to be l itt le or
no influence of word knowledge.

Correlations among the criterion verbal measures were in
the low to moderate range (i.e., median of .33 in Study I and
median of .4'7 in Study 2). Because this suggests that the
criterion measures may represent somewhat difl'erent con-
structs, they are treated separately in all subsequent analyses.

Correlations were also computed between each of the
criterion verbal measures and the health and experience
measures summarized in Table I . None of the correlations
was significant in the young groups, but several correlations
were signil icant (/, < .01) in the older groups. For example,
self-rating of health had a correlation of - .24 with the Word
Beginnings measure in Study 2, indicating that the scores
were lower fbr those individuals with poorer ratings of their
own health. Reported recent experience with word puzzles
had the following significant correlations in the older groups:
.25 forNouns, .36 forAnagrams, .41 for Word Endings, .48
for Making Words, and .40 for Scrabble. The available data
do not allow a distinction between greater experience as the
cause or the consequence of the higher performance on these
verbal tasks, but it is nevertheless interesting that significarit
relations were apparent only in the older groups.

The primary method of investigating the relative impor-
tance of speed and knowledge in young and old adults
consisted of comparing the parameters of regression equa-
tions predicting performance in the verbal tasks in the two



Vocabulary Nouns Anagrams
Speed Digit Symbol S-Words Word Switch

Figure 2.  Mean pcr l i r rnrancc ol  o lder adul ts in stanclar t l  deviat ions ol '
younu  adu l r s  (S tudy  |  ) .

2

r 5 l

Motor Speed Vo€bulary Word Beginnings Make Words
Percept. Speed Digit Symbol Word Endings Scrabble

Figure 3.  Mean pcr l i r rntance ol 'o lder adul ts in stant lard deviat ions ol
young adul ts (Stud1'  2) .

groups. Very similar patterns of results were evident when
the data were analyzed in single regression equations includ-
ing an Age x Predictor interaction term. That is, the interac-
tion was significant (p < .t lt) in Study l only with the
perceptual speed and vocabulary predictors with the Digit
Symbol measure, and in Study 2 with the perceptual speed
predictor for the Digit Symbol and Scrabble measures and
with the vocabulary predictor for the Scrabble measure.
Because the two analytical methods yielded comparable
results, separate regression equations are reported to indicate
the complete regression equations, and the percentage of
variance accounted for, in each group. Initial analyses re-
vealed that there was no significant influence of motor speed
fbr any criterion measure in any group, and thus this predic-
tor was deleted fiom subsequent analyses. Interactions of
perceptual speed and vocabulary were also examined for
each measure. The interaction was significant [ i.e., F'( I ,73)
: 9.561 fbr the older adults in the Scrabble measure.
However, because this was the only measure with a signifi-
cant interaction, and because the pattern was difficult to
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Table 3. Regression Parameters for Young and Old Adults (Study I )

Intercept b(PerSpd) b(Vocab) R2

Digi t  Symbol
Young

old
-: 1br difference

Nouns

Young
ord

: fbr difference

S-Words
Young
ord

: firr difference

Anagrams
Young
otd

:  tur  d i l lerence

Word Switch
Young
otd

: firr dillerence

Nolrs. PerSpd, perceptual speed: Vocab. vocabulary
+ 2  <  . 0 1 .

Table 4. Regression Parameters for Young and Old Adulrs (Study 2)

Intercept b(PerSpd) b(Vocab) R2

Digit Symbol
Young
old

: lbr diff'erence

Word Beginnings
Young
otd

z for dit'f'erence

Word Endings
Young
old

z for difference

Making Words
Young
old

z for difference

Scrabble
Young
old

: for difference

Noles. PerSpd, perceptual speed; Vocab, vocabulary.
*p  <  . o l .

interpret (i.e., the effect of speed was greater among adults
with higher levels of vocabulary), interactions of the predic-
tor variables were ignored in subsequent analyses.

Results from the regression analyses are reported in Table
3 for Study l, and in Table 4 for Study 2. A z-value testing
the difference between the parameters for young and old
adults is reported below the parameters of the two groups.
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Inspection of the tables reveals that the only significant age
differences were in the Digit Symbol measures in both
studies, and in the Scrabble measure in Study 2. In each
case, the differences corresponded to the older adults having
smaller intercept values, but larger regression coefficients,
than young adults. The only significant differences evident
in any of the criterion verbal tasks were therefore in the
direction of larger influences of both vocabulary and percep-
tual speed for older adults than for young adults.

The results summarized in Tables 3 and 4 indicate that
there is l i tt le evidence that the functions relating speed and
knowledge to performance on simple verbal tasks are differ-
ent for young and old adults. That is, the lack of diff'erences
in the regression equations for seven of the eight tasks
suggests that the same regression equations serve to describe
the relations among the predictor and criterion variables in
each age group. This conclusion is admittedly based on the
acceptance of the null hypothesis, but the samples within
each study were fairly large, and the pattern was replicated
across a variety of diffbrent tasks and two independent
samples.

A final analysis was based on the relations among the
primary variables in the combined data from both age groups
in each study. The purpose of this analysis was to examine
the influence of age on each of the predictor variables and on
the criterion verbal measures. A model i l lustrating the rela-
tions of major interest is portrayed in Figure 4. Multiple
regression procedures were used to estimate the (standard-

ized) path coefficients for each of the l ines represented in this
diagram. Coefficients among age and the three predictors are
represented on the diagram, and those fbr the paths labeled I
through 4 are l isted in Table 5.

Several points should be noted about the values in Table
5. First, there is little eff'ect of motor speed on the criterion
verbal measures, with a significant influence only evident on
the S-Words measure in Study l. Second, the effects of
perceptual speed and vocabulary were moderately large,
with significant influences of perceptual speed on all but two
measures and significant influences of vocabulary on every
measure. And third, the direct or unmediated effects of age
were small and nonsignificant on all measures except the
Digit Symbol task in both studies, and the Word Switch task
in Study l .

DISCUSSION
As expected, the age differences in these studies were

much smaller in tasks in which knowledge of words was

relevant to task performance than in tasks in which word

knowledge was not relevant. That is, the older adults aver-
aged between two and three standard deviations below the

mean of young adults on the perceptual speed and Digit

Symbol variables, but were within about one standard devia-

tion on most of the criterion tasks. Moreover, this was true in

both studies, despite a less elite sample (as judged from

scores on the vocabulary and Digit Symbol tests) of older

adults in Study 2 than in Study I . The results of these studies

are therefore consistent with the view (e.g., Salthouse,
1988) that the magnitude of the age-related influences in a

cognitive task depends on the balance of speed and knowl-

edge required in the task. If successful performance is

Figure 4. Model of rclatittns among age, speed' word knowledge, and

perlbrmance on the criterion tasks. Numbers adjacent to the paths are

itandardizecl path coefficients in the form (Study l/Study 2). Values of the

coefficients labeled I through 4 are presented in Table 5. MOTSPD, motor

speedl PERSPD, perceptual speed: VOCAB. vocabulary

Table 5. Standardized Path Coefficients

fbr Model lllustrated in Figure 4
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Motspd
I

PerSpd
2

Vocab Age
3 4

Study I

Digi t  Symbol

Nouns
S-Words
Anagrams
Word Switch

Study 2

.251*

.  r 3 0

.203*

.093

.043

.403*

.222

.209

.52'7+

.332+

.083 - .221+

.219* - .073

.273+ .0U l

. 3 0 5 x  . l 1 3

.288*  .363+

Digi t  Symbol  .172*

Word  Beg inn ings  . l  19

Word  End ings  . 174

Making Words . l3 I

Scrabble .Ott -

.306*  .182*  -  .475*

.623+ .333* .019

.382*  .343+ - .043

. 3 7 3 *  . 3 3 7 x  - . 1 3 1

.437* .392* .160

Noles. MotSpd, motor speed; PerSpd' perceptual speed; Vocab, vocabu-

lary.
* p  <  . o l .

primarily dependent on speed, then the age effects can be

expected to be quite large, as is evident in the Digit Symbol
task. However, if knowledge is an important aspect of the
task, as in most of the criterion verbal tasks examined in

these studies, then the age effects can be expected to be

much smaller. The data summarized in Figure 4 and Table 5

allow this argument to be made more specific. Consider the

anagram task in which the regression coefficients were .527

for perceptual speed and .305 for vocabulary. If knowledge
were not important in this task, then the total age effect
would be expected to be - .44 total sample standard devia-
tion units (i.e., - .833 x .527);but if only knowledge were
important, then the total age effect would be expected to be



SPEED AND KIVOWLEDGE P35

. l  I  to ta l  s tandard deviat ion uni ts  ( i .e . ,  .364 x .305) .  Both
the direction and the magnitude of the age effects can thus
vary as a function of the relative involvement of speed and
knowledge in the task.

The results of these studies suggest that inconsistencies in
earlier studies with tasks similar to those investigated here
may be at least partially attributable to variations in the level
of word knowledge or vocabulary abil ity among the research
participants. That is, thc studies in which the age differences
in fluency were quite pronounced (c.g., Birren, 1955;
McCrae, Arenberg, & Costa, 1987) may have had samples
with zero or negative relations between age and word knowl-
edge , whereas studies with smallto nonexistent age relations
(e.g. .  Davis et  a l . .  1990:  Mi t tenberg,  Seidenberg,  O'Leary.
& DiGiu l io .  l9 t l9 ;  Schaie.  1983) may have had samples in
which the older adults were equal to or superior to the young
adults in word knowledge. The absence of significant age
dilferences in anagram perli lrmance reported by Hayslip and
Sterns ( 1979) may also be attributable to greater vocabulary
knowledgc fbr oldcr participants relative to young partici-
pants in their study.

A major goal ol 'the current studies was to determine the
mechanism responsible for the reduccd age ef lbcts in tasks in
which knowledge is l ikely to have a substantial influence.
Two possible mechanisms were identif ied. One is that knowl-
edge could bc more in'rportant in older adults, as re flected by a
larger regression weight firr vocabulary as a predicbr of
perfirrmancc in the criterion tasks. An alternative possibil i ty
is that the determinants ol 'perfirrmance may remain the same
in the two groups, but that older adults have a higher average
level ofknowledge and a Iower average value ofspeed. These
two possibil i t ics, although not mutually exclusive. have quite
diff 'erent implications about the role of knowledge in any age-
related compensation that may be occurring. In the lbrmer
case, knowledge might be considered to replace speed as a
primary determinant of individual dilterences in perfbr-
nance, whereas in the latter case both speed and knowledge
would be sti l l  important, and only the average values of each
predictor might change with age.

The results across the eight tasks in the two studies were
more consistent with the second, weak. lbrm of cttmpensa-
tion because there was litt le evidence that the regression
equations predicting criterion perfbrmance dif ' fered across
the two groups. This finding indicates that, even though
young and old adults may differ in the average values of
speed and knowledge, the two variables appear to have the
same predictive importance in both groups. In other words.
high levels of knowledge are just as advantageous to young
adults as to older adults, and high levels of speed are just as
advantageous to older adults as to young adults.

Another interesting result in these studies was the discov-
ery that the conelations between the perceptual speed and
vocabulary variables were substantially higher in the sam-
ples of older adults than in the samples of young adults. This
type of "factor convergence" has been reported many times
previously  (e.g. ,  Cunningham, 1980;  Schaie,  Wi l l is ,  Jay,  &
Chipuer, 1989) and could have at least two potential origins.
One possible cause of the higher correlations could be that
the two abilities are more closely related with advancing age
because people who experience declines in one ability also

tend to have declines in other abilities that were once
unrelated. This interpretation is consistent with the idea that
there may be some type of common process underlying the
age-related effects in different abilities, and that when it
begins to deteriorate there are negative consequences for
many abil it ies.

A second possible cause of the larger correlations among
older adults is that, even though there may be age-related
declines in perceptual speed, those individuals with the
fastest speeds may have experienced larger increases in their
verbal knowledge over the years of adulthood, and conse-
quently the higher correlation may be a reflection of a greater
increase in acquired vocabulary information from the period
of young to old adulthood for those individuals with the
fastest values of perceptual speed. That is, individuals with
faster speeds may be quicker at integrating a word with its
context to infer its meaning, faster at comprehending and
integrating information while reading, or simply more eff 'ec-
tive at assimilating new information. This perspective thus
suggests that the larger conelation between speed and
knowledge among older adults is a reflection of many de-
cades in which learning of word meanings was f 'acil i tated by
f'aster speed of processing. Rather than representing differ-
enlial decline across older adults with l inked abil it ies. there-
fbre, the higher correlation with increased age may represent
diff 'erentiaf accumulation of knowledge with speed having a
causal influence on the rate of information accumulation or
learning.

Unfortunately, both of these suggestions are merely spec-
ulations at the current time, and more research is needed to
determine whether the existence of larger conelations
among older adults fbr abil it ies that are unrelated in young
adults reflects a global deterioration, or a selective increase
in one abil ity that might be at least partially mediated by the
other abil ity. Regardless of the explanation for the larger
correlations between variables in older adults, however. the
results of the present studies appear unequivocal in suggest-
ing that speed and knowledge have the same importance as
predictors of performance in simple verbal tasks among
young and old adults. Age differences are reduced in tasks
with moderate to large knowledge involvement not because
of changes in the predictive value of different factors at
diff'erent ages, but because the average level of one perfor-
mance determinant (knowledge) tends to increase with age at
the same time that the average level of the other performance
determinant (speed) tends to decrease.
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