
Patriek Rabbitt 

Some Issues in Cognitive Gerontology and 
Their Implications for Social Policy 

Abstract 

Whether we wish to describe the effects of 
ageing on mental ability in society or in the 
individual, the main research goals are 
deceptively simpie. For both we may ask: at 
what ages do changes in mental ability first 
appear and how rapidly do they then 
proceed? What variation there is in the 
moments of onset and in the progress of such 
changes? Whether all ageing has "global" 
effects, so that all mental skills (and so, 
perhaps, the neurophysiological structures 
that support them) change at the same rate, 
or, whether the ageing of the brain and 
cognitive system can be "local", so that some 
skilIs are affected before others and there are 
a variety of distinct pattems of mental ageing, 
each with its characteristic time course and 
etiology? For both societies and individuals, 
the most pressing question of all is whether, 
and how, we can retard or abolish cognitive 
ageing. A review of the CUITent state of the 
field can be structured ÎI1 these terms. 

When do cognitive changes first appear? 

Although psychologists have very intensively 
studied children and undergraduates, and 
cognitive gerontologists have begun to study 
people aged from 50 to 100, the 
idiosyncrasies of individuals aged between 25 
and 50 remain almost completely 
uninvestigated. Thus we have little 
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information about the point of earliest onset 
of age changes. However Lehman's (1953, 
1954) biographical analyses of the most 
striking lifetime achievements of scientists, 
men of letters, and other professionals 
suggest that in all occupations in which 
notabie achievements can be precisely 
documented, a peak of maximum productivity 
and originality is attained in the late twenties 
and thirties and a subsequent plateau of 
acbievement, held for varying times by 
members of different professions, is 
eventually followed by a marked decline in 
quantity and quality of output. Lehman noted 
that practioners of disciplines which are 
recognised to be exceptionally demanding of 
intellectual power and originality, such as 
mathematics, physics and chemistry, (Lehman 
1953, 1954) or Grandmaster skill at chess 
(Elo 1965) show peaks of brilliance and 
productivity in the mid-, to late twenties, 
which may begin to wane by the late thirties. 
In contrast, historians and novelists, who 
arguably require time to amass a vast data
base of information and experience in order 
to produce their best work, may continue to 
do so af ter the age of 50. There seems to be 
no age-boundary for the best productions of 
graphic artists, composers and musicians. 
Lehman concluded that there the ability to 
solve novel and complex problems may begin 
to decline very early, but that in many very 
complicated and demanding creative activities 
tbis can be amply compensated by a growing 
repertoire of leamed skills and information. 
This maps well on to the distinction between 
"fluid" and "crystallised" intellectual abilities 
which has been developed by 
psychometricians such as Hom (1982), and 
which is further discussed below. 

Lehman's analyses have been contested. 
Stem (1978), analysing citation indices, 
concludes that in mathematics "no c1ear cut 
relationsbip exists between age and 
productivity or age and quality of work" and 
attributes any declines in the quantity and 
quality of mathematical output after the age 
of 45 to increasing distraction by 
administrative responsibilities. This point is 



obviously weIl taken, because apart from 
changes in intrinsic abilities, individual 
differences in life span productivity must 
certainly be strongly affected by idiosyncratic 
life-pattems, by changing domestic and 
economic demands, by changes in motivation 
and extemallyimposed .. careerstructures ... In 
this connection, it is noteworthy that 
investigators have of ten reached markedly 
different conclusions because the biographies 
they have analysed data from very different 
historical periods, between which radical 
social changes occurred and during which 
many contemporary career structures did not 
exist (e.g. the conclusions from Dennis' 1956, 
1958 and 1966 analyses of 738 careers 
between 1600 and 1820 are only dubiously 
applicable to 20th century life pattems). The 
effect of changing pattems of care er 
structures and role expectations on lifetime 
productivity of men and women is evidently a 
rich and open field of enquiry. A 
comprehensive review by Fox (1983) debates 
these issues to not very clear conclusion. 

Evidence from laboratory studies is, as 
usual, much less rich or ambiguous. There is 
evidence that the middle-aged begin to have 
increasing difficulty with laboratory problem
solving tasks (Rabbitt 1974). From the 
beginnings of psychometrics, it was 
recognised that test scores change sharply 
during the life span. Early standardisations of 
intelligence tests took this into consideration 
by "age-weighting" scores of older individuals 
in order to estimate equivalents for their 
young adult "Intelligence Quotients". Such 
excellent and systematic applied work forced 
early recognition of slight declines in 
unadjusted IQ test scores and in scores on 
tests of flexibility and creativity between the 
ages of 30 and 45 (e.g. J ones and Conrad 
1933; Wechsler-Bellevue Standardisation 
1955; Willoughby 1927). Recent laboratory 
studies of complex paced tasks tend to 
confmn, but also strongly to qualify, these 
signs of very early change. For example, 
Rabbitt, Banerji and Szemanski (1989) gave 
individuals aged from 18 to 36 years 5 hours 
of training on a complicated interactive 
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video-game and found that average 
performance feIl with chronological age even 
when effects of variance associated with IQ 
test scores and with previous experience at 
games had been partialled out. Similarly, 
Rabbitt, Banerji & Szemanski (1990, in press) 
have found that, within the same age range, 
although older individuals take longer to 
reach equivalent levels of task performance 
than their juniors, both old and young retain 
skilIs equally weIl over long periods of time. 
Such results demonstrate unexpectedly early 
"age effects" on cognitive ability, but are even 
more interesting because of the changes that 
they did not find: there was no evidence that 
age between 18 and 36 either slows the rate 
at which individuals improve with training, or 
speeds the rate at which they forget what 
they have leamed. Because older individuals 
performed less weIl during their very fust 
sessions of practice, and thereafter leamed 
the game po faster than their juniors, they 
lagged behind throughout practice until they 
were given extra training sessions to catch up. 
This simple point is methodologically 
important because it shows that age may 
effect the levels of performance which people 
can attain at any point during an unusually 
prolonged experiment, without also aItering 
the rate at which they Ieam a complex skilI. 
This highlights a crucial methodological 
weakness in nearly all the comparisons 
between age groups which have yet been 
published. 

Age groups have nearly always been 
compared only on their initial performance 
on novel tasks. However we know rates at 
which they improve, we do not know whether 
differences between age groups represent 
initial problems of accommodation to novel 
tasks, differences in rates of acquisition of 
new skilIs, or, (as has usually tacitly and 
iIIogically been assumed) differences in the 
maximum levels of performance which are 
allainable at different ages. Without this 
information we cannot address the crucial 
practical questions as to how far cognitive 
decline in old age represents the effects of 
disuse of systems which can perhaps be 



rehabilitated with practice, and how far it 
represents an irremediable change in 
functional capacity. Until this is resolved, our 
theoretical models will also remain 
inadequate because we do not know whether 
changes in learning and memory and changes 
in maximum rates of information processing 
represent changes in functionally and logically 
separable "modular" systems which may "age" 
at different speeds, or whether learning rates 
and information processing rates are merely 
highly inter-correlated indices of the progress 
of a "globaI" change which simultaneously 
affects all cognitive systems. 

Once cognitive changes begin, how rapidly do 
they proceed? 

Because of the obvious logistic difficulties in 
undertaking longitudinal studies, most data 
on rates of cognitive ageing have been 
derived from "cross-sectional" comparisons 
between members of two or more age 
cohorts. Such comparisons suggest that a 
rapid rise to peak performance in the third 
and the fourth decades of life is followed by 
a "continuous decline" which is slight over the 
fifth and sixth decades and then rapidly 
accelerates. This pattern is characteristic of 
nearly all functions, from visual and auditory 
scores on most IQ-tests as it is, indeed, of 
mortality statistics and the increasing 
incidence of pathologies (see the "continuous 
decline" model illustrated in Fig la). 

An obvious difficulty with cross-sectional 
data is that they track average levels of 
performance across successive age groups 
which, as group mean age rises, must include 
increasing numhers of individuals who are 
suffering from a variety of known or 
unsuspected pathologies and who may indeed 
be closely approaching their deaths. This 
raises two related, but separable, possibilities: 
first, that, if we could obtain them, functions 
describing changes in performance over time 
for individuals would prove to he different 
from functions illustrating changes in average 
performance across successive age groups. 
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Fig. 1: 
The hypothetical "continuous" decline and 
"terminal drop" performance functions, their 
mutual relationships and implications for 
possible improvements in performance of in
dividuals and social groups. 
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For example, any given individual may reach 
a performance peak in the early 20s wbich he 
or she can maintain, good health permitting, 
even to age 70 or beyond, but which will 
show a sharp decline when pathologies 
inevitably occur (the "terminal drop model" 
illustrated in Fig lb). On tbis model, because 
pathologies likely to affect central nervous 
system (CNS) function become more 
common with age, successive age groups will 
contain diminishing numbers of healthy 
individuals who still hold their performance 
plateaux, and increasing numbers of ill 
individuals who have begun to decline. Thus, 
average performance will decline with group
age in spite of the fact that the true "age 
performance function" for each individual 
may be rectangular (Fig 1c). A second 
possibility is that every individual does indeed 
experience a continuous decline of 
performance with age, perhaps because 
accretions of minor pathologies at fust do 
little to impair performance, but escalate in 
their cumulative effects as age advances. This 
suggests that better health care, nutrition, 
economic improvements and occupational 
and preventative medicine may alter the 
lifetime performance curves of individuals, 
and groups may increasingly be shifted from 
continuously accelerated decline towards an 
ideal rectangularity. On tbis cheerful model, 
the gap between "continuo us declines" in 
currently obtainable average age/performance 
functions and in the ideally rectangular 
functions shown in Fig Ic represents valuable 
territory to be gained by social and economic 
improvements. 

It might seem that these questions can be 
simply, if laboriously and expensively, 
answered by protracted longitudinal studies 
on very large samples. However, 
interpretations of longitudinal studies also 
present severe methodological difficulties 
(Glenn 1977; Schaie 1973 and Strother 1968). 
One is that, at least in fortunate countries, 
standards of nutrition, education, hygiene and 
health care have steadily improved over the 
last 100 years so that each successive 
generation has grown up under more 
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favourable conditions than the last. In short, 
from Fig Ic, we would expect that successive 
generations should attain different average 
performance peaks and, because in groups 
more recently bom, individuals will stay fit 
for longer, longitudinal studies will show 
progressively slower ageing in successive 
cohorts. A classical study by Schaie & 
Labouvie-Vief (1974), illustrates just such an 
apparent reduction in rates of change with age 
for scores on a spatial IQ test. Unfortunately, 
recent studies raise the possibility that the 
measures wbich we use to assess cognitive 
change with age, particularly IQ tests, may 
have altered in their validity in that the 
norms against which they were standardised 
are now quite inappropriate (Flynn, paper at 
International Congress of Psychology, Sydney, 
August 1988; Raven, paper at Annual 
General Meeting of British Psychological 
Society, St. Andrews, April 1989). It is likely 
that this is partly due to increasing 
sopbistication and practice within and across 
cultures and educational systems with 
problems similar to those on wbich older IQ 
tests have been based. If tbis is so, in 
addition to all the other methodological 
difficulties with longitudinal comparisons, we 
must accept that the instruments we use to 
measure differences between the populations 
we study may have become steadily less 
reliable at detecting the changes that we 
hope to examine. In short, their original 
validity as instruments for assessing individual 
differences within populations has been 
gradually lost. 

The practical reality of an obvious 
methodological problem wbich has always 
been a theoretical source of uncertainty in 
longitudinal studies is illustrated by data 
collected by Rabbitt, Abson and Bent on 
2100 residents of Newcastle on Tyne aged 
between 50 and 86 years. Even after a 3-year 
interval, and even for the oldest groups 
within tbis sample, improvements due to 
initial experience with a test battery 
outweighed any changes associated with age 
(for illustrative data see Fig 2). It is certainly 
true that these data usefully focus interest on 



Fig. 2: 
Improvements in AH 4 (part 1) scores in a population of 2100 individuals aged 
50 to 86 years on retesting af ter a three-year interval. 
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those individuals whose performance 
deteriorated between testings, allowing them 
to be intensively investigated. However, the 
results concretely establish that even when 
identical tests are not repeated, increasing 
relaxation in initially intimidating laboratory 
contexts markedly improves performance. 
Even the oldest cohorts in longitudinal 
studies can become "test sophisticates" to an 
extent that blurrs effects of ageing and, 
indeed, sharply raises the question as to how 
far practice may reduce or abolish "age 
changes" in cognitive skills. 

Are the etTects or age on cognition "global" or 
"Iocal"? 

One important category of age changes 
certainly occurs in functional sub-systems 
which are unambiguously "local" and 
"modular" rather than "global": the sense 
organs. Like reduced performance on IQ test 
scores, gradual loss of visual and auditory 
sensitivity accompanies ageing, but, within 
individuals, there is no necessary correlation 
or causal relationship between the time 
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course, or the amount of sensory and of 
cognitive decline. However, it is crucial to 
recognise that this lack of necessary causal 
relation does not mean that because sense 
organs are "merely peripheral" to "higher 
cognitive functions" sensory changes should 
be dismissed as uninteresting to cognitive 
scientists. Sensory losses pervade most 
aspects of everyday living. They constitute 
obvious hazards. They require marked 
changes in life-management which can 
radically affect possibilities for social 
interaction, employment, the learning of new 
skilIs and cognitive engagement in, and 
enjoyment of, life. It has only recently been 
realised that they mayalso have marked, 
secondary "knock-on" effects on memory and 
comprehension in everyday living. 

A tractable instantiation of the genera] 
question as to how older people cope with all 
of the many changes which they must 
experience is the problem of how they adapt 
to sensory and cognitive changes. Such 
studies have made the crucial point that, in 
order to adapt to a sensory or a cognitive 
change, a person must first be aware that it 
has occurred. Gradual loss of vision and 



hearing may be insidious and, to a surprising 
extent, pass unnoticed. Holland and Rabbitt 
(1989) have recently found that while 
individuals aged from 50 to 80 years show the 
marked deteriorations on objective tests of 
visual function which are expected with age, 
all decade-cohorts in this range give identical 
estimates of their subjectively perceived 
visual losses. Unawareness of increasing 
visual and hearing handicaps may constitute a 
dangerous hazard in everyday life - for 
example, for elderly motorists and 
pedestrians. Failure to notice changes in the 
efficiency of other, less dominant, senses may 
also have effects which range from mild 
social handicaps to life-threatening hazards -
for example, loss of tactual sensitivity 
combined with visual impairment may lead to 
inefficient grooming and impair self
presentation in everyday life, but 
unawareness of loss of thermal sensitivity 
puts elderly people at risk through 
hypothermia and anosmia makes them 
vulnerable to dangerous gas leakages. 

This remarkable subjective oblivion, even 
to considerable change, is also found when 
people are asked subjectively to estimate 
their current competence, or their 
experienced loss of competence, in complex 
everyday tasks. Rabbitt and Abson (1990, in 
press) have found that individuals in their 50s 
give much lower estimates of their current 
memory efficiency, and higher estimates of 
their decline in efficiency and commission of 
errors in everyday tasks than do individuals in 
their 60s and 70s. These subjective 
impressions are contradicted by IQ test 
scores, which are highest for the 50-year-olds, 
and steadily decline with age. The 
explanation seems to be that humans have no 
way of making absolute judgements of their 
own abilities, whether these may appear to 
be simply and directly apprehended, such as 
sensory acuity, or more complex and difficult 
to evaluate, such as efficiency of memory and 
planning. People can only compare their 
performance against that of others, such as 
spouses or colleagues, whom they can closely 
observe, or evaluate themselves against the 
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demands which their environments make on 
them. These environments markedly change 
with age. People in their fifties are still much 
engaged in the world and must frequently 
face challenges against which some failures 
are inevitabIe. They are probably also very 
conscious of their own ageing and anxiously 
alert for signs of change. In contrast, 
individuals in their 60s and 70s have gradually 
moved into more lenient environments in 
which even their reduced abilities may sustain 
them without frequent lapses. Thus a central 
issue in applied cognitive gerontology is that 
individuals must asses their own ageing in 
terms of their interactions with changing 
environments and with the changing 
composition, demands and standards of the 
social groups in which they live. In short, 
individuals' subjective feelings aboU/ their own 
ageing will depend on the social structures 
which they must inhabit, as much as on the 
biological changes that they must experience. 

There are other, important reasons why 
sensory changes cannot be regarded as 
"merely peripheral" to "higher cognitive 
functions". Even in terms of theoretical 
models for human information processing, 
changes in sensory efficiency cannot be 
dissociated from more "central" changes in 
cognitive function. Rabbitt (1989) found that 
mild hearing loss can have more direct 
"knock on" effects on cognitive efficiency than 
through its secondary impact on individuals' 
social competence and self-regard. Elderly 
people with 35 to 50 db hearing losses may 
flawlessly repeat aloud all of the words in a 
list read aloud to them, but then have 
difficulty in recalling them. They have no 
such problem if the list is printed so that they 
read it themselves at the same rate. Control 
groups with good hearing who were precisely 
matched with the mildly deaf in Age and IQ 
tests scored, and, in their recall of printed 
words lists, performed much better than the 
mildly deaf when lists of words were read 
aloud, but only equally weIl with printed lists. 
This finding parallels earlier demonstrations 
by Rabbitt (1968), that when young adults 
with no hearing loss are required to repeat 



aloud words or prose passages which are 
presented to them through low levels of 
white noise they remember them poorly. The 
additional effort they have to make to 
recognise each word through noise borrows 
information processing resources which they 
might otherwise deploy to rehearse the words 
read to them, to increase the elaborative 
depth of processing by rapidly generating 
associations to target words (Craik and 
Lockhart 1972), or to make inferences rapidly 
enough to comprehend difficult text correctly. 
Memory for words presented through noise, 
albeit they have been correctly recognised 
and repeated is, accordingly, poorer than for 
words heard clearly. For age comparisons, a 
crucial additional point is that when age
groups were matched for amount of hearing 
loss, 70-year-olds showed much more marked 
"knock on" effects of hearing loss on memory 
and comprehension than did individuals in 
their SOS or 6Os. In all age groups, individuals 
with high IQ test scores showed few or no 
effects of mild hearing loss on memory or 
comprehension of spoken prose. In contrast, 
individuals with precisely the same degrees of 
hearing loss, but with low IQ test scores, 
showed a significantly greater discrepancy 
between memory for auditorially and visually 
presented material. It is known that 
unadjusted IQ test scores piek up individual 
differences in rates of information processing 
among groups of elderly people (Goward 
1987; Rabbitt & Goward 1990a in press). 
Evidently, high rates of information 
processing increase the margin of "spare 
channel capacity" and allow gifted individuals, 
in effect, to simultaneously carry out two 
separate tasks without loss of efficiency in 
either: that is, to rapidly identify speech in 
spite of their deafness, and simultaneously to 
rehearse, elaboratively encode, and correctly 
make inferences about what they hear. 

This ability to deploy "spare resources" in 
the central cognitive system to mitigate the 
effe cts of peripheral sensory losses or 
distortions illustrates some logical and 
methodological issues which are central to 
the debate as to whether ageing "globally" 
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affects all cognitive systems or has greater 
specific and local effects on some "cognitive 
modules" than on others. 

One specific implication of Rabbitt's 
(1989) results is that IQ test scores may he 
reasonable indices of levels of information 
processing capacity (in Navon's (1984) terms 
"a high level of resource" or a high "system 
operating characteristic"). The possession of 
high levels of resource may allow fortunate 
older individuals to compensate for deficits in 
neural sub-systems which are unambiguously 
"modular" and, indeed, very tightly 
localisabie, both anatomically and functionally 
(e.g. for basilar membrane damage). The 
corollary that hearing deficits in individuals 
with high IQs may not easily be detectable 
from their performance at correctly and 
rapidly repeating aloud what they hear, but 
may be obvious from audiometry, is trivial 
only at first sight. It illustrates that deficits in 
a particular sub-system may be concealed 
when tasks can be devised to test it in 
isolation, but may not be concealed when the 
tasks used involve it as one or a pair, or 
series, of mutually interactive "coupled" 
systems. Compensation between members of 
pairs of such coupled systems may elude 
detection unless subjects are assessed on a 
wide range of experimental tasks which load 
the "damaged" and the "supportive" system 
both in isolation and together. However, if 
impairment of performance occurs when both 
of a pair of coupled systems are jointly 
loaded, this is only a necessary, and not a 
sufficient, indicator that one of them has 
broken down under overload. The simplest 
explanation for such a finding must always be 
that the joint operation of two or more 
systems has been impaired by loss of a single, 
"global" resource (e.g. information-processing 
capacity), on which both depend. In order to 
he certain that we are, indeed, dealing with a 
decrement in one system but not in another, 
we have to demonstrate clear dissociations of 
function between them by discovering specific 
tasks which affect each without affecting the 
other (see Baddeley 1986). This is easy to do 
when we are dealing with functions so 



disparate as peripheral hearing acuity and 
memory efficiency, because we can use entirely 
different measures to assess both: i.e. 
evaluation of pure-tone threshold in decibels, 
in the case of memory. The logic of the 
technique breaks down when we have to use 
the same index of functional efficiency in order 
to assess the integrity of each of /Wo or more 
putatively independent systems. 

This possibility of logic error in mistaking 
measurable changes in a particular, very 
general, index of system operating efficiency 
(information processing rate) for evidence of 
global, functional change affecting the entire 
cognitive system unfortunately weakens an 
otherwise very elegant and comprehensive 
theory of cognitive ageing (Salthouse, 1986). 
It is easier to recognise this logical confusion 
in attempts by Eysenck (1986), Jensen (1982, 
1985), Vernon & Kantor (1986) and others to 
revive a "single factor" theory of intelligence 
originally proposed by Spearman (1904). 
Here the argument is that when factor 
analyses are used to interpret patterns of 
mutual relationships between performance 
indices across a wide range of cognitive tasks, 
the most successful mode Is for distribution of 
variance yield a single key factor, 
"Spearman's g", which can be identified with 
indices of information-processing rate. The 
argument then shifts from a description of 
shared variance in individual performance 
between tasks to an assumption of functional 
causality. Salthouse (1986) proposes that 
functional changes in cognitive ageing are 
best understood by treating loss in maximum 
information processing rate with increasing 
age as a causal determinant of simultaneous 
and equivalent declines in all cognitive 
systems. Similarly Eysenck (1986) and Jensen 
(1985), point to ubiquitous scores on IQ tests 
and their Choice Reaction Times (CRTs), or 
their tachistoscopic recognition thresholds 
(lTs), as evidence that Spearman's single 
factor-analytic construct ''g', on which all IQ 
tests have a heavy loading, may be 
operationally reified as "information
processing rate" in functional models of 
intelligence. Sin ce Rabbitt & Goward (l990a) 

Cognitive Gerontology and Social Policy 136 

have found that declines in unadjusted IQ 
test scores account for nearly all of the 
observed age-slowing in CRT, these two 
models are mutually congenial. 

However Rabbitt's (1989) studies cao be 
used to illustrate some logical difficulties with 
this satisfyingly simple story. An 
unobjectionable, though obviously 
incomplete, description of the effects of mild 
deafness is, that it markedly slows the rate at 
which people can process information from 
complex auditory signais. This peripherally 
imposed reduction in information processing 
rate may affect comprehension of, and 
memory for, spoken material. Thus, deaf 
people may appear more distracted, absent
minded and slow on the uptake (in common 
parlance, stupid) than they actually are. It is 
very probable that, as Salthouse (1986) 
suggests, age-related neuro-anatomical and 
neurophysiological changes in the CNS may 
also reduce maximum central processing 
rates for all types of information input -
including continuous speech. This will 
certainly affect efficiency of memory as weIl 
as other cognitive functions. Thus Waugh and 
Barr (1980) have suggested that elderly 
individuals may be able to learn and 
remember word lists as weIl as do the young 
if they are given sufficient extra time to study 
the items which they have subsequently to 
recognise or recall so as to compensate for 
the reduced rate at which they can process 
new information. Thus, a reduced 
information processing rate, whether it is due 
to peripheral deafness or to central neuro
anatomical change, can indeed reduce 
performance on laboratory memory tasks. 

It is certainly true that amounts of 
slowing associated with peripheral deafness 
and with loss of central efficiency can both, 
alike, be quantified in terms of bits per 
second. Indeed it mayalso be true that the 
combined effects of deafness, old age, and IQ 
test score can conveniently be expressed in 
terms of changes in position on a common 
"resource plane" (Navon 1984) for which ''bits 
of information transmitted per second" may 
serve as very convenient, and empirically 



plausible units of measurement. However, the 
logical point raised by Rabbitt's (1989) 
studies is that the identity and serviceability of 
this common metric can distract us from the 
fact that we use it to evaluate the relative 
degrees of integrity of systems in which the 
functional nature, and the etiology, of deficits 
are totally distinct and, further, may be 
exacerbated or improved by quile different 
changes, or resources of differences, between 
individuals . 

Thus, if we are unwary we may mistake 
changes in the numerical values of an 
extremely general and serviceable empirical 
index for evidence of common functional 
etiology. This danger would be less pervasive 
if models and paradigms in cognitive 
psychology were sufficiently precise to specify 
independent performance operating 
characteristics for different hypothetical 
cognitive sub-systems. Unfortunately, in 
empirical practice, the only performance 
indices which we can actually measure are 
either the speed with which individuals make 
decisions or the errors they commit; i.e. our 
indices either directly assess information 
processing speed or trade-offs between speed 
and accuracy. Unhappily, all our models for 
hypothetical cognitive sub-systems and our 
comparisons between the relative efficiency 
of these putative systems are, ultimately, 
based on these two indices and the 
relationships between them. Because all 
systems are, in effect, evaluated in terms of 
variants of the same basic indices, it is 
inevitabie that factor analytic models of 
variations in performance across tasks and 
individuals should yield "a single common 
factor" which can be very misleading; to 
assume that because older individuals, or 
individuals with lower IQ test scores, show 
slower speed and poorer accuracy of 
performance (i.e. reduced information 
processing rate) can be modelled as a single 
causal factor that underlies global changes in 
all cognitive functions with age, or all 
individual differences in cognitive ability. 

This argument can be made more 
concrete by considering tasks in which we 
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actually can measure individuals' efficiency in 
terms of two or more truly independent 
performance parameters. Goward (1978) and 
Rabbitt and Goward (1990b) attempted this 
in memory tasks in which they could 
simultaneously measure the speed with which 
individuals could make decisions and the 
rates at which they both learned and forgot 
new information. Because individuals, ages 
and scores on a well-validated performance 
IQ test (the AH 4, Heim 1968) were also 
known, this allowed investigation of the 
extent to which differences in age and IQ 
were reflected in differences in information 
processing speed, and whether learning and 
forgetting functions were partially or entirely 
predicted by all these other measures. 

The summary conclusion of a number of 
different experiments was that one system 
performance characteristic, information
processing rate, was found to partially 
account for individual differences in efficiency 
of learning words, and to vary with Age and 
with IQ test scores. In contrast, a second 
system performance characteristic, the rate at 
which information once learned is 
subsequently forgotten - which also, 
obviously, crucially determines everyday 
memory efficiency - appeared to be 
independent of information-processing rate, 
of age and of IQ. Like all other system 
performance characteristics, forgetting rates 
do markedly vary between individuals. 
However, these variations between 
individuals are not predicted by their ages, by 
their performances on IQ tests or by their 
decision times. 

As we have noted, within the explanatory 
frameworks proposed by Salthouse (1986) for 
Cognitive Changes with Age and by Eysenck 
(1986), Jensen (1982, 1985) and others for 
individual differences in IQ test scores, 
individual differences in information
processing rate are seen as causes of 
differences in functional efficiency. Within 
these frameworks we might interpret 
Goward's results as evidence that Josses of 
information processing rate affect some 
"modular" cognitive sub-systems (e.g. rate of 



Fig. 3: 
A hypothetical linear independent "modular" information-processing system, 
af ter Broadbent (1958). 

Perce ptuel 
inpu t 

information encoding and elaboration, rate of 
rehearsal and speed of information retrieval) 
but not others (e.g. persistence of stored 
information). This would imply a framework 
of description in which each of these 
functions might be illustrated as a separate, 
independent module in an entrained sub
system such as that adapted from Broadbent 
(1958) and illustrated in Fig. 3. 

Recent theory now suggests more tenable 
and useful frameworks of description - for 
example, in terms of network models (Hinton 
1989; Rumelhart & Mc Clelland 1987). These 
propose that a main biological advantage of 
processing and storing information in terms 
of systems of connections between units in a 
neural network is, that this allows parallel 
rather than serial processing, so achieving fast 
information-processing times even with very 
sluggish biological components (i.e. neurons). 
As a thought experiment we may consider 
th at young adults' simple reaction times may 
average 130 msec. or less. We know th at at 
least 40 msec. are required for transmission 
through the retina and visual pathway and 
that muscle potentials occur some 50 msec 
before any overt movement begins. We also 
know individual neurons cannot fire faster 
than 100 times per second. It follows that 
identification of a critical signal from among 
all other concurrent visual events, plus the 
programming an initiation of a specified 
response to it, must be achieved by a neural 
pathway which cannot include a linear 
sequence of more than 40 neurons and 
synaptic connections. At first sight this would 
seem to be a very implausible conclusion. 
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However, as Crossman (1959) presciently 
foresaw, the more richly interconnected an 
information processing network is, the 
greater the number of different, parallel 
pathways within it will be, each of which can 
allow any given decision to be implemented. 
In Crossman's model, parallel activation of 
such a "sheaf' of equivalent decision 
pathways will allow whichever terminates 
most rapidly to initiate the necessary 
response. Thus the average decision time 
(information-processing rate) possible for a 
network will decrease with its density of 
interconnectedness and so with the number 
of alternative pathways it provides. 

An advantage of modelling decision 
processes in this way is that it makes it 
obvious that information-processing rate is by 
no means the sole performance characteristic 
in terms of which the efficiency of a network 
can be evaluated. The maximum complexity 
of any pattern of input which a network may 
"Iearn", re ta in and access will not be 
determined solely or directly by the maximum 
speed with which its component units can 
communicate with each other. To th is extent, 
the information-processing rate of a network 
and the efficiency with which it can learn to 
represent new patterns of input may be 
independent indices of its efficiency. 
However, the efficiency with which a network 
can learn to differentiate between critical and 
incidental elements in recurrent patterns of 
input will partly depend on the number of 
different units that it contains and on the 
density of connections between them. Since 
the information-transmission efficiency of a 



network will also correlate with the number 
of its components and with the density of 
their interconnections, we would expect to 
find weak correlations between individuals' 
maximum information-transmission rates and 
the efficiency with which they can learn new 
materiaI. This is indeed the case. Further, we 
might expect that as a network degrades, 
(e.g. "ages") sa that units and connections 
between units are increasingly lost, bath its 
maximum information-processing rate and its 
learning efficiency will correspondingly 
reduce. This also is what is generally found. 
However, within this framework of 
explanation it would be misleading to discuss 
slowing of information-processing rate as the 
underlying cause of loss of learning 
efficiency - as, for example, Waugh & Barr 
(1980) concIude from their important 
observation that increased study time allows 
slower older people to master new material 
as efficiently as do the young. For the same 
reasans, it would also be misleading to 
discuss slowing of information-processing rate 
as a single causal factor in the general loss of 
efficiency across all cognitive systems which 
occurs in aId age (Salthouse 1986), or to 
propose that individual differences in 
information-transmission rate are the 
functional causes of individual differences in 
intelligence and, consequently, provide a 
functional reification of Spearman's single 
psychometric factor, ''g'', which accounts for 
the high degree of common variance shared 
by most IQ tests score and Age and are 
accompanied by correlated changes in 
learning efficiency. However, within the 
explanatory framework of network, 
information-processing rate and rate of 
acquisition of new material would not have 
status as components of functional models of 
cognition but would rather be seen only as 
operationally measurable system performance 
characteristics which may co-vary because the 
same changes in the neural substrate affect 
them both, but for quite distinct functional 
reasans. Similarly, Spearmen's ''g'' would 
merely be a measure of the amount of shared 
variance between scores on a range of 
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different complex tasks which the network 
carried out. The modest correlations which 
are typically obtained between individual 
difference measures such as ''g'', or 
chronological age, and performance indices 
such as information-processing rate or the 
signal detection stat is tics of system efficiency 
d', would reflect the fact that they determine, 
or are determined by, the richness and 
connectivity of availabIe neural networks. 

Do different brain structures age at different 
rates? 

Current frameworks of description in 
cognitive neuropsychology suggest a different, 
and more direct, way of posing the question 
whether the ageing of cognitive systems is 
"global" or "Iocal". Thus we may consider 
whether particular skilIs, for which studies of 
brain lesions in young adults have determined 
distinct anatomic loci, may "age" at different 
rates. This is neuro-anatomically plausible 
because the global loss of brain tissue which 
occurs in aId age is more pronounced in 
same areas than in others (Petit 1982), and it 
is also likely that characteristic patterns of 
changes in brain-blood circulation may have 
local as weIl as general effects. 

The best evidence for such hypotheses 
cam es from comparisons of the relative rates 
of age-related decline between skilIs which 
are known to have left and right hemispheric 
localisation. For example, Rabbit, Bent and 
Abson (in preparation) screened a 
population of 6000 individuals aged from 50 
to 96 years on two IQ tests devised by Heim 
(168) and found that when scores we re 
standardised to allow comparability of 
performance between tests, scores on a test 
of spatial reasoning (the AH 4 Part 2) 
declined markedly faster across successive 
age groups than did scores on a parallel test 
of logical and verbal reading; (the AH 4 Part 
1). Lapidot (1987) ably summarises a body of 
studies giving strong evidence of "hemi
ageing"; ie that "right hemisphere" skiIls 
decline with age faster than "left hemisphere" 



skills. While many of the studies that 
Lapidort discusses are methodologically 
flawed, a more recent, and convincing, large
scale study by Albert, Duffy & Naeser (1987), 
which incorporates evidence from brain scans 
to support correlations between local tissue 
changes and specific skill loss, leaves th is 
intriguing possibility open. 

How rar does praetice proteet eognitive skilIs 
against ageing? 

This idea that anatomically localisabIe neural 
modules, each of which supports a different 
cognitive function, may "age" at different 
rates can easily be assimilated into current 
neuropsychological theories. However, 
neuropsychologists might profitably leam 
from cognitive gerontologists to consider a 
quite different explanation for the relative 
resistance of different cognitive skills to 
changes in neural function. This is that 
cognitive skills are radically different in kind, 
depending on whether they are based on 
bodies of information acquired over long 
periods of time, or whether they require the 
momentary input and analysis of new 
information for which no existing 
organisational framework is available. There 
has long been evidence that while learned 
skills such as vocabulary and use of language 
may be retained unimpaired until very late in 
life, skills which depend on rapid information 
processing, on speed and accuracy of logical 
and arithmetical reasoning or on spatial 
ability are, in contrast, markedly affected by 
increasing age. For example, among the 6000 
volunteers tested by Rabbitt, Bent and 
Abson, marked age-decrements in AH 4 part 
1 and part 2 scores contrast with no 
observabIe changes in Mill Hill vocabulary 
scores for groups aged between 50 and 80 
years. Within a psychometric framework of 
description th is general picture has been 
described by Hom (1982) as a loss of "fluid" 
intelligence with concurrent retention of 
"crystallised intelligence". Hom's (1982) 
factor analyses of data from a variety of 
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performance measures given to large groups 
of subjects of different ages show common 
clustering for IQ test scores with measures of 
information processing speed and leaming 
rate distinct from clustering for tests of 
vocabulary, verbal ability and general 
knowIedge. As Hom has argued, while it is a 
credible assumption that left-hemisphere 
neural structures which support verbal skills 
age less rapidly than right-hemisphere 
structures which support spatial, musical and 
other skills, this does not explain the 
available data nearly so well as the 
assumption that cognitive skills built up by 
practice are more resistant to age than those 
which depend on "raw" information
processing ability alone. 

It is now possible to derive from recent 
theoretical work by Schneider (1986) an 
interesting new explanatory framework for 
qualitative differences between "fluid" and 
"crystallised" abilities and for their differential 
resistance to ageing. Shiffrin and Schneider's 
(1977) and Schneider and Shiffrin's (1977) 
studies of prolonged training of young adults 
have shown qualitative as weIl as quantitative 
differences between practised and 
unpractised skiIls. When a skiIl is first 
attempted it has to be "controlled" by higher 
order cognitive programs. This process is 
slowand demanding of information 
processing capacity, so th at the speed with 
which subjects can carry out a new task 
varies sharply with the amount of information 
which it requires them to process. At this 
level of practice, as task information demands 
are increased, subjects' efficiency is 
correspondingly markedly reduced. This is 
most obvious if they are required 
concurrently to perform secondary tasks. 
Once a skill has been weIl practised it is not 
merely carried out much more rapidly and 
accurately, but becomes unaffected by large 
variations in task information-processing load 
and invulnerable to distract ion from 
concurrent secondary tasks. Schneider (1986) 
has elegantly modelled this transition from 
"controlled" to "automatic" performance in 
terms of the ways in which a hypothetical 



decision network might "learn" new skilIs. 
Early in practice, a novel task will require the 
use of a wide range of different pathways 
within a neural net, th us making heavy 
demands on the information handling 
resources (i.e. in effect, the information
transmission capacity) of the entire structure. 
Under these conditions, the network will find 
it impossible to process other information in 
parallel. However, with prolonged practice 
the network will progressively adapt sa that 
the task is carried out in an increasingly 
efficient way by the fewest and shortest 
pathways which are sufficient for this 
purpose. Thus, besides increasing the speed 
and accuracy with which a skill can be carried 
out, practice steadily reduces the demand 
which the skill makes on the total available 
information-processing capacity of the 
network which supports it. This frees 
increasing numbers of alternative pathways 
within the network (increasing amounts of 
"spare information-handling capacity") which 
may be deployed to absorb increased 
demands, either from increases in 
information load of the main task, or from a 
concurrent secondary task. 

It is easy to see how progressive losses of 
component units or connectivity 
(degradation) would correspondingly limit a 
network's capability to provide, and to select 
between, the large number of alternative 
pathways which are optimal for initial 
learning of a novel task. In contrast, the 
lesser demands of highly practised (in Shiffrin 
and Schneider's terms "automated") skilIs 
would leave them much Ie ss affected by 
networks degradation. In this metaphor the 
"fluid" capabilities of a network would 
corresponded to its total available resources 
for providing the maximum number of 
alternative pathways and information 
processing con trol during learning of navel 
tasks. The "crystallised" properties of the 
network would corresponded to its acquired 
stock of special purpose pathways, each 
developed by practice to carry out a 
particular task with maximum efficiency, and 
with minima I demands on the information-
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processing resources of the network as a 
whoIe. These "fluid" and "crystallised" 
properties would, consequently, have 
different degrees of resistance to network 
degradation. 

If we adopt this, admittedly as yet crude 
and untested, framework of explanation, we 
may extrapolate some important practical 
advice for the elderly: the maintenance of 
skilIs acquired throughout a lifetime's 
practice will probably require ever-increasing 
effort, since progressive lost of components 
and connectivity will affect even well
established optimum pathways and will be 
increasingly difficult to repair by new training. 
However it may still be more cost-effective 
and rewarding to maintain existing skilIs at a 
high level than to spend time laboriously 
attaining mediocrity at entirely navel tasks. 
Elderly people may weIl find it more cost
effective, in terms of the time and effort 
involved, to adapt existing skilIs to new needs 
than to attempt to learn radically new ways 
of doing things. 

Do individuals show different trajectories 
and patterns of cognitive ageing? 

Many distinct sourees of evidence suggest 
that the complex of physiological changes 
which constitute "ageing" do, indeed, occur at 
different rates in different individuals. An 
illustrative limiting case is the genetic 
abnormalities which result in conditions such 
as Hutchinson-Guildford syndrome and 
Werner's syndrome (Hayflick 1977), in which 
many of the physiological concomitants of 
ageing may appear in early childhood. The 
heritability of longevity has long been 
recognised, as is its interactions with health 
habits (Rockstein and Sussman 1979). The 
effect of diet during maturity on fish and 
mammalian longevity has been intensively 
studied. There is good evidence for 
genetically determined predispositions to 
cardiovascular, circulatory and respiratory 
diseases which, apart from affecting duration 
of life, may reduce efficiency of brain blood 



Fig. 4 
Changes in AH (part 1) scores with increasing age in a population of 2100 
individuals stratified in terms of their membership of H.M. Registrar-General's 
occupational categories. 
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supply and so affect CNS efficiency in later 
life. 

In geopolitieal terms there is also cIear 
evidence that survival rates differ as aresuIt 
of marked variations in socio-economie 
conditions. These, of course, entail factors as 
diverse as adequacy and salubriousness of 
housing, of diet, of education in hygiene and 
preventative medieine, of understanding and 
avoidance of occupational health risks such 
as in dus trial toxicity, of adequacy of infant 
care and of access to medical treatment. It is 
certain that any conditions that accelerate 
physiologieal ageing, increase incidence of 
pathology and shorten life will also accelerate 
cognitive decIine. As an illustration of how 
such data can be assembIed and analyzed, 
Fig. 4 below presents data on IQ test scores 
obtained from successive age cohorts of a 
population of 2100 residents of Newcastle 
aged between 50 and 86 years, broken down 
to illustrate difference between individuals 
classifiabIe in the UK Registrar general's 
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occupational categories A through D. 
The finding that, across all age groups, 

average IQ test scores differ between socio
economie categories is unremarkable. The 
more interesting point is that, within this 
partieular self-selected sample, the rate of 
change in cognitive function does not differ 
between occupational categories. It is 
important to note that these volunteers 
selected themselves by answering media 
advertisements to partieipate in a longitudinal 
study of age-changes. Thus, these data cannot 
be held as general evidence of a lack of 
effect of socio-economie categories on rate of 
cognitive ageing and are presented only to 
illustrate the methodology by means of whieh 
such differences may be sought. An 
alternative, and less cheerful, picture is 
presented by Fig. 5 whieh illustrates 
differences in the distribution of AH 4 (part 
1) IQ test scores obtained from a group of 
168 individuals who suffer from diabetes and 
from their controls, who were very precisely 



matched in terms of age, gender and current 
scores on the Mill Hili Vocabulary test (and 
so implicitly in terms of their young adult AH 
4 part 1 scores). The diabeties performed 
significantly worse than their weIl controls, 
making the point that, besides affecting life
duration, particular pathologies can effect the 
ra te of decline in performance IQ with age -
while leaving verbal IQ comparatively 
unaffected. It follows that socio-economic 
con di ti ons th at increase the prevalence of 
pathologies that affect CNS efficiency, or 
reduce the possibilities for their efficient 
treatment, will accelerate cognitive ageing in 
individuals and in communities. 

As we have seen, evidence accumulates 
that, over the last century, improvements in 
socio-economie conditions have not merely 
resulted in a great increase in ave rage life 
expectancy, but apparently also slowed the 
average rate of cognitive decline across 
successive generations so that individuals 
barn during the 1930s appear to maintain 

Fig. 5 

ability longer than their predecessors barn 
between 1910 and 1929. Through same of the 
data supporting these impressions have been 
drawn from small longitudinal studies (e.g. 
Schaie and Labouvie-Vief, 1974), most are 
from cross-sectional camparisons and all 
represent only ave rage trends. Ideal studies 
would track cognitive change in large 
numbers of individuals over long periods of 
time and attempt to correlate differences in 
rates of change between individu als with data 
on heredity, socio-economic conditions and 
adequacy of lifetime care and medieal history. 
Such information will be extremely laborious 
to acquire, but until we can obtain it, our 
conclusions on these crucial issues must 
remain tentative. At the moment, the best we 
can do is to develop methodologies whieh 
may allow us to estimate from a single testing 
the relative amounts of cognitive decline 
whieh different individuals have suffered. If 
this is possible, it will be much easier to 
make preliminary estimates of the relative 

Distributions of AH 4(1) scores on a population of 168 diabetics and controls 
individually matched in terms of age, sex, socio-economic background and Mill 
Hili vocabulary test scores. 
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impact of factors which we suspect may affect 
the course of cognitive ageing, and we can 
begin pilot work which will allow laborious 
longitudinal studies to be more accurately 
targeted. 

One promising technique for estimating 
amounts of lifetime change from a single 
testing derives from Rabbitt's (1986) finding 
that while scores on performance IQ tests 
such as the AH 4 parts 1 and 2 steadily 
declined with group age in contrast, on 
vocabulary test such as the Mill Hill, very 
large 50, 60 and 70 years old cohorts not only 
had identical means scores, but identical 
distribution of scores. Early in life, Mill Hill 
scores strongly predict AH 4 test scores. This 
fact allows us to use elderly individuals' 
current Mill Hill scores to estimate their 
young adult AH 4 scores. The discrepancy 
between current observed and estimated 
young adult AH 4 test scores thus gives an 
index of the decrement in AH 4 test 
performance since youth. When individual 
cases within the groups evaluated by Rabbitt 
(1986) were examined, substantial numbers 
of volunteers aged between 70 and 79 years 
showed no discrepancy at all between their 
current observed and youthful estimated IQ 
test scores. In marked contrast, among the 
remainder, the absolute sizes of discrepancies 
in scores va ried in terms of a factor of 5 or 
more. As we have seen, elderly diabetics who 
were precisely matched with controls in terms 
of Mill Hill vocabulary scores, and so in 
terms of young adult performance IQ scores, 
showed a greater disparity between verbal 
and performance IQ test scores than did 
their individually matched controls. The use 
of atypically large verbal/performance IQ 
score disparities to identify individuals who 
have experienced significant changes in 
cognitive competence allows follow-up studies 
on much more tractable numbers which may 
more clearly identify the particular social or 
physiological factors which may have brought 
these changes about. 

In spi te of the obvious margins of error 
inherent in th is technique our data at least 
show that the universally observed trends of 
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declining unadjusted IQ test scores between 
50 and 80 years show wide variations in rates 
of cognitive change between individuals, and 
that part of the variation in these rates of 
change may be accounted for by the 
pathologies from which unfortunate 
individuals may suffer. Looked at in another 
way, these data do indeed confirm that not 
merely the overall rate, but the pattern, of 
cognitive ageing may vary markedly between 
individuals as a result of the differential 
resistance to age of "crystallised" in contrast 
to "fluid" abilities. Some individuals perform 
very weIl on tests of vocabulary but very 
poorly on tests of logical reasoning and of 
rapid information processing. Others may 
show no change in either - or equal changes 
in both. It seems that, in some individuals, 
highly practised skills may remain as islands 
of competence in an ebbing sea of general 
decline. 

Another, more direct, check on whether 
individuals vary in their rates of cognitive 
ageing is to consider the statistical 
implications of a situation in which some 
individu als show little or na change with age 
while others markedly decline. In this case 
means of scores on performance test will, of 
course, decline across successive age groups 
but these reductions in group means will be 
accompanied by correlated increases in 
variance between individuals as increasing 
age spreads the group across a wider 
spectrum of performance. Figures 6 a, band 
c give data for performance on digit span. In 
tests of th is kind it is crucial to alloweven 
the least able individuals to attain non-zero 
scores and so to avoid "floor" effects. 
Accordingly individuals were first given lists 
of three, then of four th en of five digits, and 
so on, until their span was reached. Scores 
are total numbers of lists correctly reported. 
Given th is expansion of the scale over which 
subjects are scored we see that standard 
deviations of scores between subjects steadily 
increase while, in contrast, mean scores 
steadily re duce with cohort age. 

On ce again this picture of increasing 
diversity in ability against a trend of average 



Fig. 6 
Decline in means and increase in variance of scores on a digit-span for 
successive groups aged between 50 and 79 years. 
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dec1ine in competence suggests that 
individuals do, indeed, markedly vary in their 
rates of cognitive ageing. This is a very 
optimistic fin ding since it provides the first 
step towards identifying factors that promote 
cognitive longevity. The knowledge that 
fortunate individuals who age unusually 
slowly do actually exist motivates us to 
identify them and, by post hoc research on 
their biological and social histories, to 
recognise which factors promote and which 
interfere with cognitive integrity in later Iife. 

Is there anything we can do to mitigate 
cognitive ageing? 

The basis of cognitive change with age must 
Iie in changes in the central nervous system 
which are, as yet, very poorly described and 
Iittle understood. However the data we have 
discussed at least confirm that there is 
enormous variance in rates of cognitive 
ageing, and that this variance is partly 
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accounted for by vectors which we can 
contro\. At present our best guess is that 
when all other factors are kept constant 
massive hereditary differences will emerge. 
At the moment we can foresee that even 
hereditary differences may be controlIabIe by 
genetic engineering, but this is a distant 
prospect which we must not allow to distract 
us from the many other factors which we can 
already profitably attack. Cognitive change 
will be slower, the old will live richer, socially 
more useful and longer lives if we come to 
grips with the simple evils that have always 
devastated human existence: iIIness, 
ignorance, poverty, hunger and lack of social 
compassion for the weak. 

Social implications of research by cognitive 
gerontologists. 

Economists and social scientists are rightly 
interested in broad trends which affect entire 
populations, or at least large groups. For 



these specialists, descriptions of the minutiae 
of the experimental paradigms used by 
cognitive gerontologists, and the functional 
models for cognitive change whkh derive 
from thein can only be of peripheral interest. 
However, if the intellectual style, and aims of 
cognitive gerontology are better understood, 
and the extent and limitations of its potential 
contributions are appreciated, it becomes 
possible to judge the broader implications of 
what the discipline can teil us. 

For architects of social policy, data from 
cognitive screenings of very large numbers of 
individuals offer important messages. The 
first is th at factors th at promote longevity 
also promo te increasing duration of cognitive 
competence. Our data increasingly suggest 
that a major determinant of variability in 
Iifespan is genetic. Other things being equal, 
longevity and the maintance of mental skilIs 
that goes with it, seem to be strongly 
heritable. However other things are not 
equal, and good fortune in avoiding accident 
or pathology, in maintaining a healthy Iife 
regimen, in access to and use of information 
about diet, health and exercise, in es ca ping 
occupational hazards all contribute at least as 
much as the prudent choke of parents to 
capable and useful, as weil as lengthy, old 
age. The crucial point is that it is not merely 
mortality and demographic statistics which 
are affected. Factors which allow people to 
live longer by the same token allow them to 
remain weil in later life and so do not merely 
extend the duration of their demands on the 
societies in which they live. They also very 
greatly enhance the time-span over which 
they are capable of sustaining their maximum 
intellectual, social and economic 
contributions. Thus deliberate, active 
investment, by any society, in factors which 
tend towards the prolongation of the Iives of 
its members is not at all a suicidal escalation 
of the demands which are Iikely to be made 
by an unproductive sector of the population. 
It is rather an extremely prudent conservation 
of unique intellectual resources. 

It is crucial for individuals and for 
societies to understand that improvements in 
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the rectangularity of the "continuo us decline" 
functions currentlY obtained (see Fig ld) do 
not merely reflect improvements in the 
duration, but in the quality of life. 

In considering how social policy may be 
adapted to capitalise upon the resources of 
ageing populations a second message from 
cognitive screenings is helpfuI. For the first 
time we begin to have objective evidence of 
an extreme increase in variability between 
individuals with advancing population age. 
On any particular skilI, differences in 
attainment between the most and least able 
70-years-olds are very much greater than 
those between the most and least able 50 
years olds. This demonstration has obvious 
and important social consequences when we 
consider the ages at which individuals may 
retire from active participation. It is evident 
that any fIXed retirement age must be 
Procrustian - too late for some, and far toa 
early for. others. As the demography of 
Western Societies rapidly changes this waste 
of human resources will become increasingly 
intolerabIe. 

A related, but distinct, social implication 
can be drawn fror.l accumulating evidence 
that, within any individual, the variance in 
ability across diffe{ènt skilIs will markedly 
increase with age. For each of us, the gap 
between our best and our worst cognitive 
performance will steadily increase as we age. 
Some skilIs which we practice continually into 
later Iife, Iike vocabulary and the use of 
language, will remain with us to a very high 
degree. This will contrast with marked 
decline in other ski lis, apparently especially in 
those concerned with solution of spatial 
problems. Growing evidence suggests that 
older members of our societies may maintain 
to a formidable degree "crystallised" skilIs 
which they have spent a Iifetime acquitting, 
and which they maintain by continued use. 
Thus it is the pattems, rather than the levels 
of their competence and their potential social 
contributions which changes as they grow aId. 

These two distinct kinds of variability -
variability in overall rates of ageing between 
individuals, and increasing variability in the 



levels of performance at individual skilIs 
within particular individuals - urgently 
de mand new ideas and structures in framing 
social policy. To obtain maximum benefits 
from an ageing population we must abandon 
unrealistic rigid frameworks which prevent us 
from capitalising both on unique skilIs, 
individuals, and on the unique skilIs which 
particular individuals retain. Flexibility, both 
in terms of decisions about ages of retirement 
and in terms for career options moulded to 
changing patterns of abilities is an urgent 
necessity for Western society. We can no 
longer afford traditional rigid care er 
trajectories in which an individuals are 
supposed to reach their maximum 
contributions shortly before we require them 
to give up work altogether. There certainly 
exist societies which have developed roles for 
the elderly which allow them to maintain 
their young adult patterns of contributions as 
long as they can, and then radically to alter 
these patterns so as to continue to maximise 
their value to the community. This seems an 
enlightened use of a considerabIe resource in 
contrast to "developed" societies which have 
not yet been able to imagine a better way to 
cope with their older members than 
compulsory leisure. 

A further implication of the distinction 
between "crystalIised" and "fluid" intelIigence 
must be taken with caution. We have 
remarked that older individuals may find it 
more profitable and satisfying to devote their 
energies to maintaining skilIs at which they 
have attained high proficiency than 
laboriously to train themselves in radically 
new achievements. While this may be 
accepted as a truism, accumulating data 
make it very clear that it should not be taken 
as a rigid guideline. It is not only the case 
th at some fortunate individuals appear to 
gain considerable resources of "crystalIised" 
skilIs while losing littJe or nothing in the way 
of "fluid" capabilities as they age. Such 
deficits in learning and memory as have 
unambiguously been demonstrated are also 
now known to be complex. While most older 
individuals may take longer to learn new 

Patriek Rabbitt 147 

skilIs, and while it is likely that their 
maximum attainments at these new skilIs will 
never be as great as they might have been 
had they mastered them in youth, the 
benefits of training are nevertheless very reaI. 
Individual differences in skilled performance 
produced by training are, in absolute terms, 
many times greater as those which van be 
attributed to age alone (Schneider & Shiffrin 
1977; Shiffrin & Schneider 1977). The levels 
of new attainment which may be gained by 
the elderly are now seen to be much greater 
than has been supposed. More importantly it 
is increasingly cIear that while older 
individuals may take longer to master a skilI, 
they do not forget it faster than they did 
when they were young. For older individuals 
to educate themselves in new skilIs is by no 
means laboriously to "write on the water", 
acquiring expertise which is as transitory as it 
is mediocre. Investments in new skilIs can be 
as valid, and as rewarding in old age as in 
youth. 

A final issue is th at of the importance, in 
old age, of self-awareness and of self
monitoring. it must be borne in mind that 
accurate self-monitoring is necessary not only 
to detect failing competence but to explode 
the iIIusion of early cognitive decline. Holland 
& Rabbitt's (1990) investigations show that 
older people may rate themselves as being 
better th en they actually are, thus suggesting 
that they can be dangerously unaware of 
insidious, but gross, perceptual decline. It is 
necessary to put this in the context of Abson 
& Rabbitt's (1990) findings that on self
ratings of cognitive competence individuals in 
their 50s, and older individuals with higher 
IQs, tend to rate themselves as worse than 
they actually are. In older populations both 
iIIusions of competence and iIIusions of 
incompetence exist, and are equally 
undesirable. Enhanced objective feedback on 
actual levels of competence is as vital to 
prevent individuals from unnecessary 
capitulations to iIIusions of cognitive ageing 
as to inhibit them from undertaking activities 
that they should no longer safely attempt. 
Like societies, individuals must learn to make 



regular, and objective, appraisals of their 
cognitive resources, and gladly accept the 
vitality of a rich variety in patterns of living 
and of contributions to life. 
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