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In their recent article, Chari

several limitations of the pre;

phenomenon to be more-than merely an empirical generalization. researchers
for both supraproportional and subproportion:

to, and attempt to accoum
phenomenon.

The Charness and Campbell (1988) article
of important contributions to the literature on
of human skill and to that concerning aduli
in cognitive functioning. At the risk of being ac

ess and Campbell (1988) described analvses of t
what has come to be known|as the Age x Complexity phenomenon. After briefly reviewing some
of the history of this phenomenon and mentioning a potentially important i plication, I discuss
ious analvses, Finally. I argue that in order for thi ‘

made a number

the acquisition
age differences
cused of raising

a minor objection about one course in an otherwise magnifi-
cent banquet, however, I would like to express my reservations

concerning their treatment of what is referred
Complexity effect. 1 first briefly review a litt
ground of this age—complexity phenomenon,

\to as the 4ge X

le of the back-
then discuss an

important but often overlooked methodological implication,

and finally describe what I perceive to be the

current analyses of the phenomenon.

Background

Many authors have commented on the té
absolute magnitude of adult age differences

weaknesses of

ndency for the
in a variety of

perceptual-motor and cognitive tasks to mcrease as the hy-
pothesized processing demands. or apparem complexity, of
the task increased (e.g.. Birren. 1956 Clay, ‘1957 Crowder,
1980; Welford, 1958). This Age X Complexuv phenomenon
was first expressed in the form of plots of the ‘performance of
older adults as a function of the performance ‘of young adults
by Brinley (1963). There are now numerous reports in which
analyses of this tvpe have been conducted oh data of older

adults (tvpically with average ages in the 60

s) and data of

young adults (generally with average ages in the early 20s). In

both meta-analyses based on data collapsed

across studies
s, 1980. Hale,

(e.g., Cerella. 1985: Cerella. Poon. & Williar
Myerson, & Wagstaff. 1987) and in analyses
from the same individuals (e.g.. Brinley, 1
1978, 1985a, 1987, 1988), it has consistently t
there is a systematic relationship between the

based on data
965; Salthouse,
seen found that
e reaction time

performadnces of voung and old adults. Mq‘st investigators
have reported that the relanonsmp is adequately described by

a linear equation (ie.. the r* values gencrz%lly exceed .9),

although as Charness and Campbell (1988) pointed out, alter-
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native relationships (e.g.

sonable fits to much oi
When comparisons
20s and adults in thei

)

eir data supporting

Age X Complexity
rsimust be sensitive

al exceptions to the

power functions) also provide rea-
the available data.

re made between adults in their early

mid 60s. the majority of the linear

equations have yielded intercepts that are either slightly neg-
ative or very close to zéaro and slopes that typicaily range
between about 1.2 and 2.0. Cerella and his colleagues (e.g..

Cerella. 1983: Cerella

{Fozard. 1984: Cerella et al., 1980)

]
have suggested that the slopes are shallower for measures from
tasks emphasizing sensory and motor processes than for mea-
sures reflecting central jor cognitive processes. The lack of an

objective operattonal

i . .. . .
asis for this distinction, however, in

combination with the absence of staustical evaluations of the

hypothesized slope diffe

probably be considered

rences. suggests that this claim should
speculative at the present time.

Charness and Campb

1(1988) provided an example of this

Age X Complexity phenomenon with several novel character-

istics. The basic data for

their analvses are 13 measures of

different aspects of speeded performance from each of 48
adults. One unique feature of the Charness and Campbell

approach is that reliab
of the measures. thus
stability or consistenc)
analyses. A second inn
Campbell is that task

the average performance

lity information is available for each
making it possible to evaluate the
of each variable entering into the
ovation introduced by Charness and

complexity is defiried with respect to

of all research participants rather

than the performance of young individuals only. This proce-

dure has the advantage

f allowing complexity-performance -

equations to be computed for each research participant.
thereby permitting the Age x Complexity phenomenon to be

examined at the level of|

individual subjects. The major finding

from their analyses was

complexity functions W

logical age (i.e.. r = .54)

that the slopes of the individual
ere positively correlated with chrono-
indicating that with increased age

successive increments in task complexity resulted in progres-

stvely larger increments

The fact thatin the |
considerable support fi

in response time.

o]

mplications

1idecade manyv analvses have revealed
he Age x Complexity phenomenon

has a number of intriguing implications. One of the most
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important of these is that information-processing paradigms
designed to isolate specific and independent stages or com-
ponents of information processing may result in misleading
inferences concerning the localization of age-related perform-
ance differences. The problem arises becatise what appear to
be specific deficits, inferred on the basis of Age x Treatment
interactions, may actually be reflections of a more general
Age X Complexity phenomenon in which {he absolute differ-
ences between adults of different ages mcrejase whenever there
Is an increase in the overall complexity of the task (cf. Salt-
house. 1978, 1985a). !

As the evidence supporting the etlsteﬁce of the Age X
Complexity phenomenon accumulates. } therefore. there
should also be an increase in reservations about the usefulness
of “localization™ procedures based on pattems of absolute age
differences. Many of the analvtical technquies of information-
processing paradigms are still useful. parti?u}arly if the anal-
yses reveal similar results in both absolute|and relative mea-
sures {e.g., ratios. log-transformed values). but the ‘Age X
Complexity phenomenon clearly raises qx#cstions about the
meaning of interactions previously assumé‘(i to be diagnostic
of specific deficits.

Although most of the recent analvses have focused on
measures of reaction time, a similar pattéern of greater age
differences at higher levels of task comple)‘uty has aisoc been
reported with measures of quality or accuracy of performance.
The phenomenon may not be as easily detected with accuracy
variables reflecting quality of performance because of re-
stricted ranges of measurement (owing to tncasurement ceil-
ings) and lack of comparability of accuracy units across
different tasks. Nevertheless. several examples of Age x Com-
plexity effects with accuracy measures arelreviewed in Salt-
house (1985b. pp. 183-190). and Brinley (1965) actually
included accuracy measures in his original plots of the per-
formance of older adults as a function of the performance of
young adults.

To the extent that the Age x Complexity phenomenon
occurs with both measures of time and accuracy it may reflect
a general tendency for differences in the efficiency (speed) or
effectiveness (probability of success) of elemnentary processes
to accumulate as the number of repetitions of those processes
increases with greater task complexity. Researchers might
therefore be weli-advised to consider as a n” 1l hypothesis the
possibility that what appears to be evidence for a specific
localized deficit may simply be a conseqhence of greater
complexity of the overall task providing more opportunities
for existing differences in eléementary processes to be ex-
pressed. .

Theoretical Interpretation

Although the Age X Complexity phenomepon with speeded
measures appears to be fairly robust. and indeed might even
be considered to represent one of the few empirical laws of
human aging currently available. there 1s sull little consensus
concerning the reasons for this phenomenon However. this
is not to say that there are nc hypotheses as to the faciors
contnbuting to this phenomenon. For example several vears
ago I (1978) proposed a rather simple mterpretanon of the

parameters of young-old complexity functions. My sugges-
tion was that if the function had a slope of approximatelv 1.0
but an intercept greatér than zero. then this would be consist-
ent with a constant age difference that might be attributed to
an age-related slowing in processes Or cornponents common
to -all tasks being compared. On the other hand. I reasoned
that if the function|had an intercept near zero and a slope
gréater than 1.0, then this would indicate that the absolute
difference between the times of the voung and old adults
increased with the time of the young adults, a result that
would be expected if ﬁcarly €Very process Or COmponent was'
subject to approxim ately the same proportional slowing. I
also pointed out that this latter outcome would be consistent
with a view espbusediby Birren (e.g., 1956, 1965, 1974) in
which he hypothesized that a major factor responsible for
many age-related differences in cognition is a widespread. or
generalized. slowing pf information-processing operations.

The existence of numerous analyses confirming the finding
that older adults are o ftfen slower than young adults by roughly
the same proportion | éross a wide range of activities is clearly
consistent with the m'en (1956, 1963, 1974) hypothesis, but
there are at least tw lmportam deficiencies of the previous
analyses. One weak ess is that most of the earlier analyses
have relied on an empirical, norm-referenced. assessment of
complexity (i.e., indexed by the average response time of
voung adults or, as in the Charness & Campbell, 1988, article.
of the entire sample participants). Charness and Campbell
pointed out that a meer of theoretical. assumptions are
necessary in order to mploy a theoretically derived compiex-
ity continuum, but hfe problem with the norm-referenced
measures is that respanse time variations can occur for reasons
unrelated to cognitive jcompleéxity {e.g., peripheral sensor -
motor factors. discriminability, differential reliance on stored
information, etc.). Only if complexity can be unambiguousiv
related to the number bf mental operations (e.g.. by varying
the number of repetitipns of hypothesized processing com-
ponents, as in Salthouse, 1988) can the Age X Complexity
phenomenon be co ‘lldered truly consistent' with Birren’s
{e.g., 1974) generalized slowmg proposal.

A second limitatio L)f most previous analyses of the Age
x Complexity pheno enon including those of Charness and
Campbell (1988), is that exceptions to this phenomenon havs
often been ignored. That is. whereas previous researchers have
quite naturally emphasized the range of results consistent with
the Age X Compiexity. function, there appear to be 2 number
of deviations from the proportionality pheromenon. To the
extent that these exceplion patterns are systematic and rep-
licable, they provide a basis for determining where. and how,
interpretations of the| proportional-slowing phenomenon
must be refined. It i§ therefore desirable that exceptions to
the phenomenon should receive at least as much attention as
the evidence consistent with the phenomenon.

Two classes of exceptions to the Age x Complexity phe-
nomenon can be identified: supraproportional and subpro-
portional. Both are conveniently evident, although not explic-
itly recognized as such, in the Charmess and Campbell (1988)
data.

Supraproportional

eviations are those in which the ob-
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proportional slowing factor. Because results of this type are
truly disproportional, one could presumably infer that the
measures reflect processes that are differentially or selectively
affected by increased age. In other words, even if a general
slowing factor was operating, the fact that the slowingevident
in these measures was more than what would be expected
from a proportional slowing suggests that ‘ia separate expla-
nation is required 10 account for the age-related etfects evident

. o 1
in these measures. (It is important 1o note. however. that even

though one might conclude that a speciﬁé: deficit exists, it
does not necessarily follow that the deficit is unrelated to the
slower processing associated-with increased ;E&g& It is possible,
for example, that specific memory deficits s}merge because of
disparities between the time course of the loss of information
and the speed of critical operations such asisearch. rehearsal.
or retrieval; cf. Salthouse, 1985b.) i
Supraproportional aging effects are evident in the Charness
and Campbell (1988) data in the form C;Jf significant age
differences in the ratios of the sum of the component dura-
tions to the squaring time. That is. exprJ:ssmg a contrast
between two measures as ratios rather than as differences is
in effect a proportional comparison. and thé fact that greater
age was associated with significantly lower r;;nos suggests that
the relative discrepancy between the sum of the component
durations and the duration of the imegraféd procedure in-
creased with increased age. It therefore see‘ms reasgnable 10
infer that the processes represented by thcse”rauos are dispro-
portionately affected by increased age. The‘ authors claimed
that these ratios reflect the relative efficiency ‘of subgoal access
and memory management. but whatever the ratios represent.
they appear to exhibit a sensitivity to age- relazed factors above
and bevond any proportional factor. Anou‘:er example of a
supraproportional effect in the cognitive aging literature is the
finding that older adults often have larger ﬁatios of dual- to
single-task reaction times in secondary task divided-attention
paradigms (e.g.. Madden. 1986: Salthouse &\ Saults. 1987).

Subproportional deviations from proportionality are those

in which the observed age differences are srha!ler than those

expected by the proportional slowing factor. Unhke suprapro-
portional results, which appear to provide bnequivocal evi-
dence for the existence of a process that 15 impaired with
increased age. subproportional age-related effects are subject
to at least two quite different mterpretano s. That is. one
interpretation of a finding that the difference between the
times of older adults and those of voung aduits is less than

proportional is that at least some perceptual-motor or cog-

nitive processes are not susceptible to the proportional slow-
ing. An alternative interpretation. however. is that the pro-
portional slowing phenomenon still hoids but that increased
age is. for possibly unreiated reasons. associated with superior
levels of coding or communication in the rel‘evam processing
structures. A fundamental ambiguity may the refore exist with
subproportional results in that without additional information
it is impossible to determine whether there are true exceptions
to the proportional slowing, or whether proportional slowing
always operates but that in certain circumstances increased
age is associated with more redundant. or Better optimized.
processing structures that serve to compensate for the slower
processing. Careful examination of subproportional resulis
would likely prove quite rewarding because understanding
|

why certain processes jare apparently exempt from the pro-
portional slowing, or how a proportional slowing might be
masked by experience- or knowledge-based structural altera-
tions, would undoub edlv help in explaining the Age X Com-
plexity phenomenon| and perhaps also other aspects of cog-
nitive aging. |

Although not contained in the present version of their 1988
article, in an earlier |draft Charness and Campbeil reported
that the functions relating decision time to the magnitude of
the multiplicand in the multiplication task were remarkably
paralle! for the three age groups. Because parallel functions
indicate that the age 1fferences remain constant in absolute.
rather than proporti nal, terms. this finding is an example of
a subproportional effect. A similar type of subproportionatiry
has been reported in studies of semantic priming and lexical
decision in which yolng and old adults have been found to
exhibit similar primi gibcneﬁts (e.g., Cerella & Fozard, 1984:
Howard. Heisey, & Shaw, 1986; Rabinowitz, 1986). As noted
already, however, without additional information it appears
impossible to dete irfue whether these resulis represent a
genuine exception to|the proportional slowing phenomenon
or simply reflect the advantages of processing within highly
overlearned or redundant structures.

Summary

To summarize. the basic message I would like to convey in
this comment is that Age X Complexity functions are complex
and by ne means constitute in and of themselves an expla-
nation for the age-related differences observed in measures of
the speed or quality of performance. The consistency with
which the times of older adults have been found to be pro-
portional to those of youing adults suggests that this is a robust
phenomenon. and it may well lead to improved understand-
ing of the nature of age-related differences in cognition.
However, it seems unlikely that greater understanding will be
achieved through reliance on theoretically ambiguous surro-
gate ‘measures of complexity and selective reporting of only
the results found to |be consistent with the phenomenon,
without examination|of and attempts to account for the
exceptions to that phenomenon.
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