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This chapter reviews empirical research on
adult age differences in reasoning. It is im-
portant to begin with three disclaimers,
however. First, although many types of rea-
soning have been identified (e.g., deductive,
inductive, analogical, and visuospatial; see
articles in this volume by Evans, Chap. 8;
Sloman & Lagnado, Chap. 5; Buehner &
Cheng, Chap. 7; Holyoak, Chap. 6; and
Tversky, Chap. 10), few age-comparative
studies have included more than two or
hree different reasoning variables and, as a
esult, there is little evidence for distinctions
mong various types of reasoning in stud-
es of aging. Different reasoning tasks there-
ore are considered together in this chap-
e, although it is recognized that cémbining
hem in this manner may be obscuring po-
entially important distinctions. Second, the
1Scussion is limited to reasoning tasks with
Minimal involvement of knowledge. Because
owledge is likely relevant in most every-
4y reasoning, the tasks discussed may refer
0 only a subset of real-life reasoning. The
hird disclaimer is that most of the discus-
on refers to research derived from my lab-
Tatory. This obviously represents only a por-

tion of the relevant literature, but limitations
of space preclude comprehensive coverage

. of all of the research related to the topic of

aging and reasoning. A more inclusive review
of the earlier literature on this topic can be -
found in Salthouse (19g2a).

Some of the most convincing data on
the relations between age and reasoning are
those derived from standardized tests be-
cause the variables were designed to opti-
mize psychometric properties such as sensi-

. tivity, reliability, and construct validity, and

the normative samples have typically been
moderately: large and selected to be rep-
resentative ‘of the general population (see
Sternberg, Chap. 31, for discussion of intelli-
gence tests). Three recent cognitive test bat-
teries have rach included at least two mea-
sures of reasoning. The tests included in the
Kaufman Adult Intelligence Test (Kaufman
& Kaufman, 1993) were described on page 6
of the test manual in the following manner:
Logical Steps — “Examinees attend to logical
premises présented both visually and aurally,
and then respond to a question making use of
the logical premises;” and Mystery Codes —
“Examinees’ study the identifying codes
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Figure 24.1. Relations of reasoning periormance to age in variables from

standardized tests. Sample sizes were 1,

350 for the Kaufman Adolescent and

Adult Intelligence Test (KAIT), 2,050 f()r the Wechsler Adult Intelligence Scale
(WAIS) 111, and 2,505 for the Woodcocl Johnson| (VVJ) 1L

associated with a set of pictorial stimuli
and then figure out the code for a novel
pictorial stimulus.” Two reasoning tests in-
cluded in the latest version of the Wechsler
test battery, the Wechsler Adult Intelligence
Scale 11T (Wechsler, 1997) were described in
Table 241 of the Administration and Scoring
Manual as follows: Similarities — “A series of
orally presented pairs for which the exam-
inee explains the similarity of the common
objects or concepts they represent;” and Ma-
trix Reasoning — “A series of incomplete grid-
~ded patterns that the examinee completes
by pointing to or saying the number of the
correct response from five possible choices.”
Finally, two reasoning tests included in
the Woodcock-Johnson IIT (Woodcock,
McGrew, & Mather, 2001) battery were de-
scribed in Table 4.2 of the Examiner’s Man-
ual as follows: Concept Formation — “Identi-
fying, categorizing, and determining rules;”
and Analysis-Synthesis — “Analyzing puzzles
(using symbolic formulations) to determine
missing cornponents.”
To allow across-variable comparisons, the
variables must be converted into the same

scale, and a convenient scale for this purpose
is standard deviation units. (These particu-
lar vatiables could have been expressed in
tinits of percentage correct, but that scale is
not asjwidely applicable because, for exam-
.ple, it fls not meaningful when the variables
are mdasured i in units of time.) The manuals

version of the scores to standard deviation
[ uhits é)f the total sample. However, it was
| possible to express the scores in standard de-
~viations of a young adult group, which has
the ad\i/antage that the magnitude of the age-
related effect can be expressed relative to the
‘peak level of performance achieved acrossall
‘ages. Age relations in the six reasoning tests
juist described therefore are portrayed in Fig-
ure 241 in standard deviation units of 2 ret-
efenceigroup of young adults.

16wer performance with increased age. In
Partlcular for miost of the variables, the &%
erage seventy-year-old is performing about

one standard deviation below the averagt
t |

i

§
!

E3
for these tests did not present the norma-
tive data in a form that would allow con-

+ Examination of the figure reveals that all
of the‘vanables exhibit the same trend of
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f the young adults. The age trends are not
completely uniform because the age effects
ppear to be later and smaller for some
riables (e.g., Similarities) than for other

rma-
con- ever, it is important to note that there is
ition so considerable across-sample variation be-

was
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cause the age gradients are shallower for
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1 has Matrix Reasoning) than for the subtests from
-age- the other batteries.
othe Relations between age and measures of
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Ieasoning can also be illustrated with four
feasoning tasks used in several studies in my
la_b'ora‘;ory Examples of problems in each
type of task are portrayed in Figure 24.2.
In Mmatrix reasoning tasks (such as Raven’s
Progressive Matrices, Raven, 1962), the ex-
Aminee attempts to select the best comple-
tion of the missing cell from the alternatives
Presented below the matrix. The goal in se-
S completion tasks (such as the Shipley
bstraction Test, Zachary, 1986) is to deter-

at all
d of
e In
e av-
\bout

arage

ariables (e.g., Analysis-Synthesis). How- g
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Analytical Reasoning

Jason and Jessica are plarining a dinner party and have

invited six guests: Mark and Meredith, Christopher and
Courtney, and Shawn and 3amantha. Their table seats

three people on each side and one at each end. In planning
the seating arrangements they need to: have Jason and
Jessica sit at opposite ends of the table; place Christopher

at a corner with no one on his left; not have Mark seated

next to Samantha; and haviz Courtney seated next to Meredith.

Which of the following is ad acceptable arrangement of
diners along one side of the table?
. Jason, Samantha, Mérk
Christopher, Jessica, Shawn
Mark, Courtney, Samantha
Meredith, Shawn Courtney
Shawn,Christopher,Meredith |
! ;

|

Integrative Reasoning
F and G do the SAM

E and F do the OPPOSITE
G and H do the OPPOSITE

If E increases will H :decrease?

gure 24.2. Examples of problems in four different reasoning tasks used in s‘ftudies by Salthouse and

|

mine the item that provides the best contin-
uation of the sequence of itemns. In analyt-
ical reasoning tasks, the examinee uses the
presented information to determine which
of several alternatives best satisfles the spec-
ified constraints. ;,,F'inalfly, examinees in inte-
grative reaso]{xing task:s use the informgtion
in the premises to answer a question about
the relation between two of the variables.
Although no, formal evidence is available,
it seems likely'that these four tests repre-
sent somewhat differént types of reasoning,
and they certhinly involve different require-
ments and types of méterial. '

Because the tasks wiere each administered
in two or more étudie?s from my laboratory,
the data have bﬁ‘e‘en C‘Pmbined across stud-
ies. The research! participants in the studies
were all similar in that they ranged from 18
to over 8o year$tof age, had an average of
between 14 and[i7 years of education, and
generally rep(f)rt&d themselves to be in good
to excellent Heéffc‘h. ‘
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Figurc 24.3. Means and standard errors of performance in four different reasoning tasks as a function

of age. Data from various studies by Salthouse and colleagués.

Age relations in these four tasks are por-
trayed in Figure 24.3 in the same format used
to display results of the tests from the psy-
chometric test batteries. It can be seen that
the pattern with these data closely resermibles
that from the normative samples in the stan-
dardized test batteries. In particular, there
is an approximately linear decline in perfor-
mance with increased age, such that the av-
erage at age seventy is about one standard
deviation below the average of the reference
group of young adults.

The age relations for three of the vari-
ables in Figure 24.3 were nearly identi-
cal, but the age function was shallower for
the series completion variable. This may be
because several items in the Shipley Ab-
straction series completion test (from which
these data were derived) have considerable
reliance on verbal knowledge, which tends
to be relatively well preserved across this
age range. For example, some of the items
in that test involve determining relations

i

Py H

among letters in reverse alphabetical se-
quence, or among words with particular
semantic telations. Additional support for
this dffferenﬁal—involvement-of-knowledge
interpretation of the different age trends is
providéd by the correlations of the reasoning
variables with ajcomposite vocabulary vari-
able, as the correlations were 0.37 for ma-
trix reasoning, 0’23 for analytical reasoning,
0.24 for integrative reasoning, and 0.66 for
series chmpletion.

Althbugh not apparent in Figures 24.1
and 24.3, other results indicate that the age
rela‘tion{s on varidbles assessing reasoning are
as largel’ Or; 1in sdme cases, even larger than
the age relations on other types of cogni-
tive variables. For example, Verhaeghen and
Salthouse (1997) reported a meta-analysis
in which the weighted correlation (based on
9,342 in‘ldiv;i“'duals‘X across thirty-eight studies)
between age and measures of reason-
ing was —igo, and the weighted corre-
lation (based on 5,871 individuals across
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wenty-nine studies) between age and mea-
* ares of episodic memory was —o.33. Far-
¢thermore, in analyses to be described later,
“the correlations between age and factor
scores were very similar for factors based
' on memory (r = —0.48) and reasoning (r =
" —0.49) variables.

_ Despite their similar magnitude, age dif-

ferences in reasoning are not as widely rec-
~ognized as age differences in memory. A
rpossible reason may be that considerable
knowledge is required in many cveryday sit-
- yations that involve reasoning, such that any
age effects might not be noticed either be-
- cause of a large positive relation between age
- and knowledge, or because any deficiencies
are attributed to lack of relevant knowledge
“instead of to problems of reasoning.
The primary question in light of age
differences such as those apparent in Fig-
“ures 24.1 and 24.3 is, “What is responsible
for the large negative relations between age
and performance on measures of reasoning?”
Much of the research that has been con-
ducted to address this question can be clas-
sified into one of two broad categories. One
category consists of investigations of the in-
fluence of factors such as comprehension,
speed, strategy, and working memory on
the age differences in the performance of a
particular reasoning task. The second cate-
gory of research has involved examining age-
related effects on measures of reasoning in
the context of age-related effects on other
cognitive abilities. In the remaining sections
of this chapter, the two approaches are illus-
trated with research from my laboratory.

Process-Oriented Research

The majority of the empirical research in the
area of cognitive aging has focused on a sin-
gle cognitive variable (with different stud-
ies concentrating on different variables), and
has attempted to determine the relative con-
tribution of different processes to the age dif-
ferences on that particular variable. Among
the potential determinants of age differences
in reasoning variables that have been inves-
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tigated in this manner are comprehension,
speed, strategy, .and working memory. Em-
pirical research relevant to each of these po-
tential determinants is briefly summarized in
this section. ‘

Comprehension

It is conceivable that at least some of the
age differences in ireasoning are simply
attributable to greater difficulties associated
with increased age in understanding exactly
what is reqiired to perform the task suc-
cessfully. This is an important possibility to
consider because age differences in reasoning
would probibly not be of much theoretical
interest if they merely reflected comprehen-
sion probleréns. i

The primary means by which the com-
prehension linterpretation has been inves-
tigated restticted comparisons to individu-
als for whofm there| is evidence that they
understood |the task| requirements. For ex-
ample, participants with accuracy less than
some criterjonvalue have been excluded
from the analyses in integrative reasoning
(Salthouse, 19g2b, 19g92c) and matrix rea-
soning (Salthouse & Skovronek, 1992) tasks,
and analyses-have been restricted to partici-
pants with ciorféct responses on the first two

~items in the matriX reasoning (Salthouse,

1993 ) task. fn each of these cases, strong neg-
ative age relations were evident among the
participants who understood the tasks well
enough to answer several problems correctly.
These results therefére suggest that age dif-
ferences in| simple fc:omprehension proba-
bly are not responsible for much, if any,
of the age differences observed in measures
of reasoning. !

Speed

i ¥

Another relatively Uninteresting possibility
is that age gdifferenc;es in measures of rea-
soning might therely reflect a slower rate
of reading or ‘of responding, without any
detrimental effects o?'n the quality of perfor-
marnce. Bec:{ause effects of age-related slow-
ing have been éxtensively documented (e.g.,
Salthouse, 19g6a), it is important to con-
sider whether ‘age differences in reasoning

E
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might be attributable to slower peripheral
processes associated with encoding or re-
sponding to the information.

One way in which the role of slower rates
of input or output has been investigated in-
volves examining age relations on reason-
ing tasks administered under untimed, or
self-paced, conditions. Most of the com-
parisons have revealed significant age dif-
ferences even when the participants are
allowed to control the duration of the stim-
ulus presentation, and take as long as they
want to respond. Age differences in deci-
sion accuracy under these conditions have
been found in geometric analogies (Salt-
house, 1987), series completion (Salthouse
& Prill, 1987), matrix reasoning (Salthouse,
1993; 1994; Salthouse & Skovronek, 1992),
and integrative reasoning (Salthouse, 1992¢;
Salthouse et al., 1989; 1990) tasks, and in
the Wisconsin Card Sorting Test (WCST:
Salthouse et al., 1996; Fristoe, Salthouse, &
Woodard, 1997; Salthouse et al., 2003).

The role of speed on age differences in
matrix reasoning was examined more closely
in two studies by Salthouse (1994) by ob-
taining separate measures of study time, dé-
cision time, and decision accuracy from each
participant. Not only were significant age
differences found on each measure, but anal-

'F TI-‘IINKING AND REASONINC

1994) tasks, and on the accuracy of .
items in matrix reasoning and analyﬁcal:_k
soning tests that were attempted by ev:‘!
one (Salthouse, 2000, 2001). Ty
Taken in combination, the resy]ts justd
scribed suggest that adult age dﬁfferenc;

slower rates of reading

2 factor in some of the
ences (see Salthouse, 1996a), but because
sizable age differences in accuracy are foypd
when there are no external time COTStraingg
the differences do not appear to be solely the
result of slower rates of input or output,

Strategy

age differences in cognitive functioning, gt
least in part because it implies that the age
differences might be amenable to interven.

ating this distinction: whether or not adults
of different ages actually do use different
strategies when performing the task and, if
50, what is responsible for those differences,

Information about the existence of pos-

yses revealed that some of the age-related ef-
fects on the decision accuracy measure were
statistically independent of the age-related
effects on the study time and decision time
measures. At least in this project, therefore,
older adults took longer than younger adults
to work on the problems and to communi-
cate their decisions, and their decisions were
less accurate.

A second method of investigating the role
of limited time on age differences in reason-
ing involves examining age differences in the
percentage of items answered correctly only
for attempted items, as inferred by the pres-
ence of an overt response. Strong negative
age relations have been found even when
only attempted items were considered in in-
tegrative reasoning (Salthouse, 1992b), ge-
ometric analogies (Salthouse, 199zb), and
matrix reasoning (Salthouse, 1 991; 1993;

sible strategy differences has been obtained

éxamining the distribution of study times
acrdss different parts of the reasoning prob-

lemit Forfexample, the research participant v

could belinstructed to press a key to view
¢ach element of the problem, and then the
timé between successive keystrokes could be
tecorded to determine the time devoted to
ifrisp”"ecting or studying each elément. Vari-
ants of this method have been used in a num-
ber of reasoning tasks with comparable out-
comibs. Specifically, the relative distribution

/ %pjectfion or study times has been found
0.beé similar in young and old adults in se-
ries cofnpietion (Salthouse & Prill, 1987), in-
t%zgrgi‘tiVe rteasoning (Salthouse et al., 1990),
aind [geometric analogies (Salthouse 1()8'7)-
To the extent that relative time allocation
a(‘:ro?éfs different elements of a problem can
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srategy, therefore, these results imply that
oung and old adults were using a similar
strategy.-

Additional evidence relevant to the strat-
egy interpretation of age-related differences
in reasoning is based on an examination of

£ Early %
cal rea. ”
every~

ust de.
3reme8

able tq - ossible age differences in the pattern of in-
g The correct alternatives selected when choosing
nay he s response. The rationale is that adults of dif-

ferent ages might be expected to differ in

differ.
the frequency of selecting particular incor-

€Cause -

found rect alternatives if they were relying on dif-
traints ferent rules or strategies to select their an-
, elythe‘ wers. However, no age differences in the
ut. relative percentages of different types of er-
“fors in a matrix reasoning task were found
by Salthouse (1993; also see Babcock, z002),
which suggests that adults of different ages
ons of were probably using the same strategies but
ing, at ‘that the effectiveness of the strategies was

1€ age lower with increased age.
rven- " Finally, a study by Fristoe, Salthouse, &
ferent Woodard (1997) was designed to investigate
isim- _the manner in which young and old adults
evalu- “performed the WCST. The WCST is a con-
adults _cept identification test in which the stim-
Tferent “uli consist of cards that vary in the number,
nd, if color, and shape of objects. An unusual fea-
ences. “ture of the test is that the rule (i.e., num-
f pos- ber, color, or shape) used to determine the
tained correct sorting of the cards changes after ev-
times ery 10 correct sorts without informing the
prob- participant. The participants in the Fristoe,
zipant Salthouse, & Woodard (1997) study were
view asked to indicate the dimension that they
:n the were using in making their decisions about

aldbe
ted to

Vari-
num-
= out-
ution
found
in se-
7), in-
990),
987)-
:ation
n can
icular

-how to sort stimulus cards. By combining
this information with the responses selected
“and the feedback received after each re-
sponse, it was possible to determine the per-
centage of times each participant maintained

feedback (i.e., “win-stay”), and the percent-
age of times he or she changed hypothe-
ses after receiving negative feedback (i.e,
“lose-shift”).

Optimal performance in this type of
feedback-based concept identification situ-
ation would be manifested in high percent-
ages of “win-stay” and “lose-shift” behavior.

the same hypothesis after receiving positive.

e
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Compared nith young adults, older adults
had lower percentages of both types of be-
havior, and [statistical control of a compos-
ite measure of feedback usage reduced the
age-related yariancelin a measure of WCST
performancz by 74%. These results clearly
indicate that the young and old adults in this
study performed the task in a somewhat dif-
ferent fashion and that the difference was
related to siccess in the task. However, be-
cause there was no evidence that the older
adults were as capable as the young adults of
performing in the same optimal manner, it
is questionable whether the differences ob-

served in the way the task was performed

should be |considered evidence for differ-
ences in stxf'ategy, which has a voluntary or
optional cdnnotatioh.

Although only a limited amount of rele-
vant eviderice is currently available, it does
not appear, that mixch, if any, of the age-
related diflerences in reasoning can be ex-
plained by differences in the strategies used
to perform the task. Furthermore, it is im-
portant to recognize that, even if evidence
of strategy|differences were available, inter-
pretations based on strategy differences are
likely to be somewhat ambiguous unless an
explanation is alsoi provided for why peo-
ple of different ages used different strate-
gies. That jis, if stra%cegy differences were to
be found, a critical question is whether the
most effective'or optimal strategy is still fea-
sible for older'adults but not used for some
reason, or whether|older adults are less able
to use the more powerful or optimal strategy
than young adults.|As a result, a difference
in strategy might b%e viewed merely as a dif-
ferent level of description, such that if age
differences were to be found, they would
still need to be explained, just as would
age differénces in imeasures of overall task
performarnce. ! - )

Working Z\Jen"iory

An interptetation that has generated consid-
erable interest, particularly since a provoca-
tive article by Kyllonen and Christal (1990)
that reported a very strong relation between

}
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measures of working memory (WM) and
measures of reasoning (see Morrison, Chap.
19), is that at least some of the age-
related differences in reasoning might be
attributable to age differences in WM.
Because WM has been defined as the abil-
ity to preserve information while processing
the same or other information, and because
many reasoning tasks require that informa-
tion be maintained in order for it to be oper-
ated upon, interpreting the age differences
in reasoning as a function of WM has con-
siderable intuitive plausibility. '

One method used to investigate the

role of WM.in reasoning involves manip-
ulation of the number of premises pre-
sented in integrative reasoning problems.
The rationale that increasing the number of
premises would increase the WM require-
ments, which might then be expected to
increase the magnitude of the age differ-
ences in reasoning performance if at least
some of those differences are attributable
to WM limitations. Support for this expec-
tation was provided in four independent
studies (Salthouse, 1992b, 199z¢; Salthouse
et al, 198¢; Salthouse et al., 1990). In each
study, reasoning accuracy decreased as the
number of premises increased, and the mag-
nitude of this decrease was greater for older
adults than for young adults.

Another manipulation incorporated in
several integrative reasoning studies in-
volved the presentation of trials in which
only one of the premises was relevant to the
decision. Consider the problem portrayed in
the lower right panel of Figure 24.2, for ex-
ample. In the version displayed, all of the
premises are relevant to the decision and
would need to be considered to reach a
valid conclusion. If 'instead of referring to
variables E and H, the question referred to
variables E and F, however, all of the infor-
mation relevant to the decision would have
been presented in a single premise. These
“one-relevant” trials are interesting because
NO across-premise integration of informia-
tion is required for a correct decision, and
the major determinant of quality of per-
formance therefore is presumably the abil-
ity to maintain the relevant information in
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ular studies, the task was administereq on

at g time.)

ies (i.e, Salthouse, 199zc; Salthouse et al

1989; Salthouse et al., 1990) was that the o
lation 6f accuracy to the number of premige
' i one premise
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i i
son why accuracy was lower when the prob.

lems contained more premises was relatedty

the availability of information and not to Jif.
ficulties in integrating relevant informatiop,
The fact thatthe pattern was similar in adylgs
of all ages further implies that the age dif-
ferences in this task are largely attributable
to differences in the availability of relevant
information. i

An additional expectation from the
infoymaﬁon—évailability interpretation s
that age differences should be evident in
the shape of| the serial position functions
relating : deci{sion accuracy to sequential
position ' of the relevant premise. In fact,
Salthouse et al. (1990) did find that young
adults exhibited a classical serial position
tunction; with higher accuracy for the more

older% adults was flat. However, for reasons
that are not yet clear, this pattern was not
replicated in 12 later study by Salthouse
(1992c).

Mznipulation of the number of problem
elements has also been examined in geomet-
ric anitlogy and matrix reasoning tasks, with
some\)ivhat different patterns of results. To
illustrate, ithree studies found that age dif-
ferenc;es in measures of decision time, de-
cision jaccuracy, or both, were larger when
there weré more relevant elements in geo-
metrici andlogy! problems (Salthcuse, 1987,
1988, 1992¢). In scveral studies reported by
Salthoise (1993) andin a study by Salthouse
(1994) ho%evér, age:differences in a matrix

reasoning ‘task were nearly constant across

increases m the number of relations among
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there 8 51gn1ﬁcant interaction between age
»d number of relations in the problem. Spe-
ific characteristics of the tasks may be re-
onsible for the different patterns of re-
lts across integrative reasoning, geometric
nalogy, and matrix reasoning tasks, but the
gact nature of those characteristics is not
et known.

Another method used to mvestlgate the
-role of WM in reasoning involves assess-
ng on-line availability of information dur-
ng the performance of the task. For ex-
ample, Salthouse (1993) and Salthouse and

Jartje.
On 3
Visible -

2 Stud.
&t al,
Thefe-
‘Miseg :
emise

rnises
N 'wag
€ re.

yrea. |
prob. :Skovronek (1992) presented a successive
edto .version of the matrix reasoning task in which

ach matrix cell was numbered. To view a

odif.

ition, scell in the matrix, the participant had to type
idults the corresponding number. In three sepa-
2 dif- rate studies, older adults were found to ex-

.amine the same cell more frequently than
young adults, as though the information in-
spected earlier was no longer functionally

table

2vant

the available to them. Furthermore, when pre-
1 s sented with probes of information examined
1t in earlier, older adults were less accurate than

tions - young adults in recognizing the contents of

ntial previously viewed cells (Salthouse, 1993).

fact, A final piece of evidence relevant to the
>ung WM interpretation of age differences in rea-
ition soning is that Salthouse {199z2¢) found a

nore - qualitatively similar pattern. of differences
1 for between young and old adults, and between
sons young adults with and without a concur-
not ~rent memory load (of five random digits).
yuse ‘To the extent that a concurrent mem-
ory load is viewed as simulating reduced
lem WM capacity, this finding is consistent with
net- the hypothesis that at least some of the
vith age differences in the integrative reason-
. To ing task are attributable to age differences
dif- in WM.
de- In summary, results from a number of dif-
hen ferent types of comparisons in a variety of
3e0- reasoning tasks lend credibility to the inter
187, pretation that the ability to maintain rele-
Iby vant information during the performance of
use reasoning tasks likely contributes to at least
trix some of the adult age differences in reason-
ross ing. Although the available evidence sug-
OH}SE gests that working memory is probably in-
wa

volved in the age differences in reasoning,

: 1
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the exact extent of that involvement, and
the role of|other factors in the age differ-
ences, remain to be determined.

Correlational Anajyses

The seconc. major épproach to investigat-
ing adult age differences in cognition has re-
lied upon correlatmnal data to attempt to
specify the! number[ and nature of statisti-
cally distinct age-related influences operat-
ing on different types of cognitive variables.
In this section; results relevant to under-
standing effects of aging on reasoning based
on mediational,. cotnponential, correlated-
factors, and ‘h1erarch1cal structure models are

described brleﬂy. t

Mediational Models

The goal of medlatwnal models is to exam-
ine the role of one|or more constructs as
potential med1ators£of the age differences
in measures of reasoning by means of sta-
tistical adjust rent. The rationale is that if
age-related ==ffects on variable Y are at least
partially attnbutable to age-related effects
on variable X, ‘then Istatistical control of X
should reduce: *the rtnagmtude of the age-
related effects on Y. I~0r the purpose of these
analyses, X uld bela measure of any factor
hypothe51zed to be important in the target
variable, Y. ~V[ost of %he mediational models
applied to r°ason1ng {have used measures of
WM in the fole’ }because of the assump-
tion that re }1sori1ng tasks frequently require
that earlier mfbrmatmn be preserved when
: nforgmatlon and individuals
who are bet‘ T able to do that, asreflected by
higher scores on WM tasks, therefore would
be expectec to perférm at higher levels on
rcasoning tas

Several studies in | my laboratory have re-
lied upon’ twohtasks to assess WM. Both
require participants ko remember informa-
tion while 51multanéously ‘processing other
information, Ingthe computation span task,
for example, arithmetic problems had to be
answered Whﬂe‘ remembering the last digit
in each problerh, and in the listening span
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Lo
task, questions about a sentence had to pe |
answered while remembering the last word !
in each sentence. Measures of performan}ce :
in these tasks have been found to exhi'ti)it
good reliability, and to be negatively corre-
lated with age. o
Three sets of results are. necessary 1o
establish the plausibility of a mediational
interpretation of age-related differences n |
reasoning. The first is the demonstration of |
age-related differences in the expected di-
rection in measures of the hypothesized me-
diator, because a construct cannot mediate
age differences in other variables or con-~
structs if it is not related to age. The second
necessary result is the existence of a moder-
ate relation between the hypothesized medi-
ator and the target variable it is presumed to
explain, because no mediation is possible if
the suspected mediator and the target vari-
able aré not related to one another. Third,
age-related differences in the target variable
should be reduced after statistical control of
the mediator, with the magnitude of the re-
duction serving as an approximate index of
the degree of mediation. This last result is

i

] ot ot

| soning task (Salthouse, 1993).
. relation of WM on two-premi
u prefnise integrative reasoni

U of o

i tion|needed in more co
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ance after statistica] control of
reductions of 57% (Salth
88% (Salthouse, 1992b;
1991), and 48% (Saltho
grative reasoning tasks,
ric analogies task (Salthouse, 1992b)
43% to 84% in matrix reasoning tagke iszl}ld
house, 1993). Similar findings haye b &
reported by other researchers with maee.g
reasoning (Babcock, 1994) and syllogi:x
reasoning (Fisk & Sharp, 200, ; Gilinsky y
- Judd, 1994) tasks. Sizable reductions i, the
- age-related differences after contro] of WN;

have been found even with Percentage cop.
rect measures (Salthouse, 1 992b) and op the
accuracy of individual items in a matrix rea

A significant
se and three.
ng problems alsy
ol of the influence
(Salthouse, 1992b,.
at WM specifically -
enance of informa.
mplex problems,
ts clearly is consistent

ouse et o]
also see g,
Use, 1992¢) iy l:::'
65% in a geOm&:

198
lthoy

| has been found after contr
‘ he-premise problems
199§b], which implies th
contributes to the maijnt

This pattern of resul

critical because mediation is not plausible
if the relations of age to the target variable
are not at least moderately attenuated when|
the variability in the hypothesized mediator
is eliminated. :

A variety of procedures can be used to
statistically control the hypothesized medi-
ator, such as partial correlation, semipartial -
correlation (available from hierarchical re-
gression), analysis of covariance, and so on.
In each case, the goal is to eliminate the
variance in the target variable that is re- !
lated to the mediator such that relations be- |
tween age and the target varigble can be .f
examined when differences in the level of |
the mediator no longer influence the target -
variable,

The most relevant comparisons from me-
diational analyses of WM on reasoning are
those between the initial age relation on the
reasoning variable and the age-reasoning re- |
lation after statistical control of the WM
measure. A consistent finding across several
different types of reasoning tasks has been a

substantial reduction in the age-related vari-

199

i ficienti cvidence for the validity of media-

| withE the hypothesized influence of WMon"
‘age-related differences in reasoning. How- .
ver,| it is important to recognize that com-
‘ arable, and sometimes even larger, reduc:
itions'in the age-related effects in reasoning
ave/been found after statistical contro] of
ther theorctical constructs, such as percep-
tualspeed (e.g., Salthouse, 19g1, 1993,1994,
19962). Because most cognitive variables are
ositively correlated with one another, some
attemilation of the age-related effects on one
iéogni;tivé variable likely would be expected
ﬁfter Statistical control of almost any other
Cognitive variable. A discovery of attenuated
age-related variance after statistical control

i
fa hypothesized mediator therefore should
be considered only necessary, but not suf-

o=

hypotheses.

onential Models

(ﬁompbnential models are more complex
than mediational models because they pos-
tiilate that nearly every cognitive task in-

multiple processes or components,




that performance of the task is in-
ﬂuenced by the efficiency or effectiveness
‘each component. Componential models
have been investigated by relying upon the
pattern of correlations among measures of
the components and a measure of perfor-
mance on the target reasoning task to de-
srmine the relative contribution of each
hypothesrzed component. For example, are-
.earcher might postulate that components
AB and C are required to perform a partic-
ilar task administer tasks to obtain variables
thatreflect A, B, and C as directly as possible,

ind then examine correlations among the
ariables based on the reasoning tasks and
the component tasks. Componential models
an be applied to research on aging by deter-
nining the degree to which age-related ef-
“fects on the target reasoning task are altered
hen variability in measures of the compo-
nents is statistically controlled.

- Componential models of the matrix rea-
soning and analytical reasoning tasks were
investigated by Salthouse (2001), and a
somewhat different componential analysis
of age differences in matrix reasoning was
reported by Babcock (1994). Salthouse hy-
pothesized three components were involved
in each of the tasks: rule identification,
rule application, and information integra-
tion in the matrix reasoning task; and sim-
ple comprehension, information integration,
and condition verification in the analytical
reasoning task. Primarily on the basis of in-
tuition and judgments of face validity, two
variables were selected to represent each
hypothesized component. To illustrate, the
rule identification component was assessed
by a Figure Classification test, in which ex-
aminecs determine the basis by which differ-
ent figures are related to one another, and by
a Location test, in which examinees deter-
mine the rule governing the position of a set
of Xs in each row of a matrix. The rule ap-
plication component was assessed with two
tasks (i.e., Pattern Transformation and Geo-
metric Transformation) in which the exami-
nee views an initial line pattern or geometric
figure, carries out a specified transformation
(such as rotation, subtraction, or addition),
and then decides whether the transforma-
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tion appliec to the initial figure would match
a comparison ﬁgure

A critical prerequisite for a componen-
tial analysis is that the pattern of correlations
and, specifically, the results from a confirma-
tory factor znalysis, should provide evidence
for distinct constructs That is, only if there
is evidence that the variables represent sep-
arate constructs is 1tgmean1ngful to examine
their relative contributions to the age dif-
ferences in the performance of the criterion
reasoning tésk. The results of the two stud-
ies reportec by Salthouse (2001) were not
consistent writh the existence of three sepa-
rate factors because all of the variables had
similar correlations with one another. To il-
lustrate, the correlation between the two-
rule identification variables was o. 50, and
their correlations w1th variables hypothe-
sized to reflect the rule application compo-
nent ranged from .48 t0 0.62. Because there
was no evidence that'the hypothesized com-
ponents represented distinct dimensions of
individual clrfferences (i-e., exhibited con-
struct validity), it was 1rnpossrble in these
studies to chompose the age differences in
the target tesks into discrete components.

There arg at least three possible inter-
pretations of resultsr such as those just de-
scribed. Firgt, the theoretical models may
not have been valid because the designated
components are not actually required to per-
form the tasks. Second the models could
have been valid and 'the components might
have been relevant to performance on the
target task, but the \components were not
accurately assessed w1th the selected tasks.
And third, the imodtls may not have been
valid because the hypothesrzed components
do not actuelly existlas distinct entities. Un-
fortunately, the available data do not allow
these alternatives to be distinguished. How-
ever, it is worthﬁconsrdermg whether a simi-
lar situation ;may exist in componential mod-
els of other cognitive tasks but has not been
recognized because there have seldom been
any attempts to finvesftigate the-construct va-
lidity of the hy}:fotheéized Processes or com-
ponents. Results of the Salthouse (z001)
project there fore suggest that it is important
to obtain emprrlcal evrdence of the construct

}
|
r
]
Fﬁ
|
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validity of hypothesized components before
investigating their role in cognitive tasks.

Correlated Factor Models

The variables included in mediational and
componential models typically have been se-
lected because of their presumed relevance
to the target variable one is trying to ex-
plain. An alternative approach based on cor-
relational data would be to consider the
interrelations among a broad variety of cog-
nitive variables in terms of some organiza-
tional structure and then examine relations
of age to the target variable within the con-
text of that structure,

The simplest organizational structure is
one in which the variables are grouped into
several first-order factors or abilities; with
the factors allowed to correlate with one an-
other. Age-related effects on specific reason-
ing variables can be investigated in this type
of correlated-factors structure by determin-
ing the degree to which the age-related ef-
fects on the target reasoning variable are di-
rect or are indirect and operate through one
Or more cognitive abjlities.

The ideal data sct for analyses involving
cognitive abilities would involve a wide va.
riety of cognitive variables, and as large and
diverse a sample of participants as possible.
No single study is likely to possess all of
these characteristics, but an approximation
to this ideal can be obtained by aggregating
- data across different studies involving differ-
ent combinations of variables, Aggregation
of the data in this way essentially treats the
individuals as though they were participants
in a single large study but with missing val-
ues for the variables that were not collected
in the particular study in which an individ-
ual participated. Although data with a large
* proportion of missing values can be compli-
cated to analyze, meaningful analyses can he
conducted by relying on an algorithm such
as the full information maximum likelihood
procedure (e.g., Enders & Bandalos, 2001) to
take advantage of all available information.

A combined data set of this type was cre-
ated by aggregating data across 33 separate
studies from my laboratory involving a to-

OF THINKING AND REASONING

tajl of 6,828 individuals, The maj

included in the aggregate data

in Table 24.1 together with the respect;y
e

Or Variah]
et are |;

sample| sizes and age correlationg, Entgio.

- in'the right-most columns ip Table 241 Tieg

- the factor loadings from a conﬁrmator}-, i:Zl'e

- tor analysis in which factors Corres;)()ndi:
to reasoning, spatial Visuah'zation, episodj
memor}‘f, perceptual speed, and vocaby]y ‘
 abilities ‘were postulated. Ag eXpected, th, -
loadings: of the variables on the factors all
were high, with only four below 0.7, and
‘the factars were moderately Correlated’wnh
one another. A second model €xamined re.
lations between age and each of the ability
factors. These (standardized) relations were
—0.49 for reasoning, —0-41 for space, ~0.48
for episodic memory, 0.63 for speed, ang
.25 for \;ocabulary.

Inspection of the coefficients in the res.
¢oning column reveals that the matrix rea-
soning azf1d analytical reasoning variables
both had high loadings on the reasoning fac-
tor and therefore can be considered proto-
typical reasoning tasks. The contributions of
tae five abilities to these two variables there- -
fore were iexamined by modifying the anal-
y5is to specify relations of each of the five
abilities tof these variables. In effect, these
ahaly‘ses are asking what abilities contribute,
and by hof/v much, to the individual differ-
ences in performance of these tests, The top
panel of Table 24.2 summarizes results of

these! analyses, where it can be seen that,
as expected, the strongest relation of each -

ower lett

categori
Diagrammr
Locations
Spatial rel

- Paired asso
Free recall

Logical me
Free recall
Digit symt
Letter com
Pattern cos
Cross out

variable was with the reasoning factor. How- Dltg_lt symb
ever, it is important to note that each vari- Wﬁﬁrﬂlev oce
able also h%xd significant relations with fac- Wy I;icture
tofs representing other cognitive abilities. Antonym
Both the matrix reasoning and the analytical Syrionym
rezsoning V:ariablés were positively related Shipley vo.

to spatial visualization ability and negatively
rel:fated to vocabulary ability. This latter re-
lation is rather puzzling because it suggests . B
that, when other rdlations are taken into con- i
sideration, ﬁeople with higher levels of vo- i
cabulaty tend to perform somewhat worse

Factor corr

on these reasoning tasks thap people with Notes: N =
| : .
lower levels of vocabulary, PMA = Prir
: Scale, WJ =

This'simple structure can be used to esti-
mate the indirect effects of age on reasoning

i

e e e
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Table 24.1. Results of a Confirmatory Factor Analysis on Data Aggregﬁted ac¢ross Multiple Studies
Factor Loading |
Variable N Ager Rea Spc EMem Spd Voc
1 are Matrix reasoning 1976 —.50 87 Lo
fac. Ana]ytical reasoning 1160 —.46 76 P
dl?fg Shipley abstraction 1283 —.29 87 o
odie Integrative reasoning - 985 —.35 .62 S ;
lary Figure classification 458 —6o 74 o
. the Cattell matrices 420 —.48 82 '
s all - Letter sets 1179 —.26 8o
and " Geometric analogies 756 —.36 78
with PMA reasoning 305 —.41 .86
J " Grammatical reasoning 229 —.35 8o
e " Series completion 150 —37 8o :
ility Analysis synthesis 204 -.36 79 P
vere ‘Power letter series 150 —.47 93 Lo
>-48 “WCST number of 711 —.28 56
and categories
Diagramming relations 449 —.40 76
rea- Locations - 449 —.41 .60
rea- Spatial relations 1154 —.34 .91
bles . Paper folding 994 —.43 Brooy
fac- Form boards 847 —.38 Bo o
oto- Surface development 639 —.32 gz N
sof PMA space 305 —.39 76 Lo
Block design 463 -39 89 |
ere- Object assembly 259 —.41 RN
nal- Cube assembly 1272 —17 bo
five Paired associates 1769 —.38 X 172
1es¢ : Free recall 1764 —.42 L8y
ute, . Logical memory 793 —.24 Doz
fer- Free recall of transfer list = 1054 —.35 . e
top- Digit symbol 2041 —.57 Co .78
; of Letter comparison 6082 —.43 L 79
1at, Pattern comparison 6082 —.52 i 82
wch’ Cross out 204 —.71 | 92
W~ Digit symbol reaction 2417 —.56 Eon sy
Jri- time ; :‘i
2c- WAIS vocabulary 795 13 Lo .86
o5 WIJ picture vocabulary 795 30 P 8o
Y Antonym vocabulary 3509 a8 Loy 9o
cal Synonym vocabulary 3511 27 j 89
ed Shipley vocabulary 259 22 93
ely Factor correlations .
re- Reasoning (Rea) = .88 79 47
sts Space (Spc) - .67 46
m- Memory (Mem) .70 42
70- Speed (Spd) - 28
rse Vocabulary (Voc) ; -
ith Notes: N = number, Age r = , Rea = reasoning, Spc = space, Mem = men 'Spd =r speed, Voc = vocabulary,

PMA = Primary Mental Abilities, WCST = Wisconsin Card Sorting Test,

IS = Wechsler Adult Intelligence
Scale, WJ = Woodcock-Johnson. , | :
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Table 24.2. Loadings of Matrix Reasoning and Analytjcal ?Reasc‘)m’ng Variables on Five

Cognitive Abilities
Rea Spc ' Mem Spd Voe

All L

Matrix reasoning 86* 257 . —.06 —.07 -0

Analytical reasoning 76% 25t —.04 —.13 —ar
Matrix reasoning :

Under age 5o .97* a8 ‘ i—.11 ~.08 ~ 208

Age 50 and over ’ 79* 307 j—.02 —.02 —2yt
Analytical reasoning

Under age 5o .91* .01 ‘ I—.04 ~.04 -10

Age 50 and over .50* .46*:) ‘ E—.o4 —.09 ~17
*p < .01 |

Py }
Note: None of the coefficients for the under-age-fifty grour and the age-fifty-

different from one another.

Rea = reasoning, Spc = space, Mem = memory, Spd = speed, Vol = voéabulary.
P ;

variables by incorporating information about
the relations between age and each ability.
To illustrate, because the standardized coef-
ficient for the relation from age to the rea-
soning ability factor was —0.49, and that
for the relation between the reasoning fac-
tor and the matrix reasoning variable was
©.87, it can be inferred that —0.43 (i.e,
—0.49 x 0.87) of the total —0.50 age effect
on matrix reasoning (cf. Table 24.1) is asso-
ciated with influences through the reasoning
ability factor. '
The correlated-factors structure can also
be used to investigate whether the variables
represent the same constructs to the same
degree at different ages (i.e., the issue of
measurement equivalence). The preceding
analyses therefore were repeated in samples
of adults under and over the age of 50, with
the results summarized in the bottom panels
of Table 24 2. Inspection of the entries jndi-
cates that the pattern of ability relations for
the matrix reasoning variable was very simi-
lar in the two age groups, consisting of a large
positive relation with the reasoning factor, a

small positive relation with the spatial visu- -

alization factor, and a small negative relation
with the vocabulary factor. Although the
pattern appears somewhat different across
the two age groups for the analytical rea-
soning variable, a direct test in which the
parameters were constrained to be equal in
the two samples to determine if there was

and-over group wag signiﬁcant]y

'

: ,
ad 'gnLiﬁCanft IQSS of fit to the data indicated
that the group differences were not Statis-

sults that the two reasoning variables
represSent r]iearly the same combination of
abilities at iﬂdifferent ages. These particylay
results should be replicated before reaching

any strong &onclusions, but they serve to il-

L b ! . .
lustrate how correlational results can be in-
formative about the possibility of qualitative
differences in performance at different ages.
|

Hie¢ a%chicail Structure Models

Thé cérrelated-factors model can be con-
sidered rela)‘cively simple because, although

there is no attempt to explaid the
those correlations in the context
odel. A somewhat more compli-
cated model involves a hierarchical structure
in whith one or more higher-order factors
ilated to be responsible for the rela-
ong the first-order factors (Carrol],
. An advantage of hierarchical models
for the ﬁnvestigation of age-related effects is
thatithgy allow broad (on the higher-order
com| o"fE fac}tor) and narrow (on the first-
order ability factors) age-related influences
Xamined simultaneously.

1§rarcbical analysis was conducted
EIH combined data summarized in
4"1 by examining the relations of age

i

y Signiﬂcant. It therefore appears from -

the factors are allowed to correlate with one

t0 a seconc
ance comm

to each first
all relations

gregation o
ent combin
very high r
most variab
are not read
type of dat
factor corre
those predic
model, and
bottom of F
dicted age c
observed ag
model is ple

The coet
erarchical s
are portraye
be seen tha
age-related ;
was a large .




T
By
Mol
7*
o
l*
7
T—
ificantly’
icated -
statis- Predicted: .25 -.43
from Observed .25 -.41
iables
on of
icular ~
ching
to il-
oein- !
tative ‘to a second-order factor representing vari-
- ages. - ance common to the first-order factors and
- to each first-order factor, and then deleting
all relations from age that were not signifi-
“cantly different from zero. Because the ag-
con- gregation of data from samples with differ-
ough ent combinations of variables results in a
10ne very high proportion of missing values for
1 the most variables, conventional measures of fit
atext are not readily available in analyses with this
npli- type of data. However, the observed age-
cture factor correlations can be compared with
.ctors those predicted from the parameters of the
rela- model, and inspection of the entries at the
eroll, bottom of Figure 24.4 indicates that the pre-
)dds dicted age corrclations were very closc to the
ctsis observed age correlations, implying that the
rrder model] is plausible.
first- The coefficients provided from the hi-
nees erarchical structure analysis on these data
are portrayed in Figure 24.4, where it can
'-Cte_d be seen that four statistically independent
1 in age-related influences were identified. There -
fage was a large negative influence of age on the
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Age

-49 =49
-49 - 48 }
Figure 24.4. Hierarchical structural model of age relat1ons on different cognitive
abilities based on the data summarized in Table 24.1. Niumbers adjacent to the
arrows are standardized regression coefficients, and numbers in the bottom two
rows are correlations between age and the latent construct d1rect1y above.

-.63
-.63

hlghest—order factor la » moderate positive in-
fluence on the vocabulary factor, and small
to moderate negatwe influences on factors
corresponding to speed and memory abil-
ities. A very similar pattern recently was
found by Salthouse and Ferrer-Caja (2003)
in analyses of three separate data sets, so
these results apparently are robust.

The hierarchical | structure represented
in Figure 24.4, together with the factor
loadings pri‘=sented in Table 24.1, can be
used to estimate age-related 1nﬂuences on
individual Varlables Because the product
of the standard1zed' path coefficients pro-
vides an estimate of the expected correla-
tion bctween the var1ab1es the product of
the age-common, common-reasoning, and
reasomng—wnable coefﬁaents can be com-
pared with the observed age-variable cor-
relation to determine how accurately the
model and its éstimated parameters repro-
duce the a&tﬂal relations in the data. The
predicted age correlauon for the matrix rea-
soning varmble was —o.42, the observed
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correlation was —0.50, and corresponding
predicted and observed values for the an-
alytical reasoning variable were —0.37 and
—0.46, respectively. With these particular
variables, therefore, the age relations are un-
derestimated by the model, which implies
that additional paths, such as a direct neg-
ative relation from age to the variable, may
be necessary to provide more accurate esti-
mates of the true covariations in the data,

One of the most interesting results in Fig-
ure 24.4, which was also apparent in the
analyses reported by Salthouse and Ferrer-
Caja (2003), is that the reasoning factor was
the first-order factor with the strongest re-
lation to what is common to all variables.
In fact, the standardized coefficient of 0.97
in Figure 24.4 indicates that there was al-
most complete overlap of the individual dif-
ferences in the reasoning factor with the in-
dividual differences in what is comnmon to
several different cognitive abilities. This find-
ing is intriguing because it suggests that an
explanation of the age differences in reason-
ing likely also will explain much of the age-
related influences on other cognitive abili-
ties, and vice versa.

functioning, future research likely v be
efit frem a broader, more multivarjae. en-
spective than that typically employed i CPer- e e T A G
temporary research and by considerjp, on< ; aL hor in,age e
effects|of aging on what is common to 1,

different types of cognitive variableg instenév :
of focusing exclusively on the detemﬁnar?ts
of age—related differences in one Particuly,
task. ‘ P
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ing memory and
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