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THE NEUROPSYCHOLOGY OF AGING AND DEMENTIA

JELLEMER JOLLES AND RON HIJMAN

Psychiatric University Clinic, Nicolaas Beetsstraat 24; 3511 HG Utrecht;
The Netherlands.

INTRODUCTION

Although the term 'dementia’ was originally used to describe a change in
intellectual functioning, research into the cognitive deficits in aging and
dementia has focussed primarily on memory processes. Likewise, much biologically
oriented research has been directed towards the role of the hippocampal system
-known to be essential for memory formation- in dementia. However, many other
cognitive, emotional and behavioral changes can be noted in both aging and
dementia. It is the purpose of this chapter to evaluate the nature, extent and
pattern of these deficits in order to compare aging and senile dementia.
Modern neurapsychology which is, by definition, the science which relates
cognitive, emotional, and behavioral aspects with the underlying cerebral
substrate, may be able to provide information which is essential for a better
understanding of the biological processes underlying aging and dementia.
This chapter is concerned with a critical reevaluation of neuropsychological
research performed during the last 30 years. A description will be given of
the cognitive functions in 'normal’ aging, and in dementia, and the chapter ends
with a neuropsychological interpretation of the cerebral substrate involved. The
reader is referred to others for more extensive revieuws on the neuronsychology
of aging (1,2,3), memory (4,5), dementia (6), and the clinical signs of senile
dementia (7).

COGNITIVE FUNCTIONS IN NORMAL AGING

Intelligence.
The question whether intelligence decreases with age has been intensively
studied during the last decades. However, despite may studies, in which a
gradual decrease in intelligence testscores was found with age, the matter is
still regarded with controversy (1,2). Traditionally, research into intelligence
of aged (or demented) subjects has been performed according to the psychometric
tradition, which uses standardised testbatteries. An important parameter which
has often been studied with the Wechsler Adult Intelligence Scale (WAIS), is
the differential response on 'Verbal' versus 'Performal' subtests of this test
battery. It has been demonstrated many times that the Verbal IQ (VIQ) does not
decline to a significant degree until fairly old age in normal subjects whereas
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the Performal IQ (PIQ) decreases more rapidly with age. This differential
response gives rise to several possible interpretations. A suggestion which

has often been made refers to speedfactors: The inferior performance on perfor-
mal subtests of the WAIS might be due to a general slowness in the subjects
studied, as these tests tend to be timed whereas the verbal subtests are not
(1,6). However, slowing becomes Tess attractive as an explanation as scores

on other Intelligence tests (such as the Mill Hill Vocabulary Scale and
Progressive Matrices) are also depressed though these test are not timed (6).
According to another explanation, the VIQ/PIQ discrepancy reflects the fact
that the performance on visuo-constructive tasks determines the PIQ, indicating
that a selective loss of visuo-constructive or (visuo-integrative) ability
might underly the intellectual deterioration. The most probable interpretation
however refers to the fact that the verbal subtests measure well-practiced

and overlearned activities whereas the performal subtests measure the ability
to deal with new tasks and the acquisition of new information. (1,2,6). The
selective deficit of aging or dementing subjects on performal subtests of

the WAIS may thus have to do with impaired memory or learning ability more

than with anything else (6). In addition to speed, memory, verbal and percep-
tual factors, a factor called 'General Ability' is an important determinant
for the performance on intelligence tests. This indicates that educational
level is important for the IQ score found, and explains the finding that the
correlation between chronological age and intelligence 1is rarely as high as
.50, (2)

It is clear that studies on intellectual functioning in aged/demented subjects
has created more problems than it has solved. More relevant information has
been obtained in studies in which specific cognitive functions such as memory
are investigated.

Memory
As memory complaints are among the most frequently reported signs of decreasing
abilities in both normal aged and dementing subjects, an enormous amount of
research has been directed at establishing the nature of underlying memory
disorders. Generally, different kinds of memory and memory disorder have been
characterised (for a recent review on the neuropsychology of memory and the
terms in common use, see 5). Information which has been acquired many years

ago is described in the clinic by the term 'Remote Memory'. 'Recent Memory',

on the other hand, is used to describe information which has been acquired
some months, weeks, or only days ago. In the sixties, much research has been
centered around the concepts of 'Short Term Memory' or 'Long Term Memory',

whereas a newer trend in memory research asks the question 'How information
is processed and used’.

The essence of an information processing type of theory states that informa-
tion from the environment is sensed by the sensory registers (visual, auditory,
tactile, etc.) and passed onto a central processing unit. There is temporary
storage in shortterm memory (primary memory), and the information is then
transferred to longterm storage (secondary memory or longterm memory) by the
process of 'Memory Consolidation'. ‘Retrieval’ from Jongterm storage can make
the information available again. The most recent trends in memory research
refer to the importance of the strategies which subjects use to consolidate
and retrieve information (encoding processes, rehearsal, use of mnemonic aids,
active search, etcetera ). A1l these different aspects of memory have been
investigated in relation to aging and dementia (see 4):

Recall and recognition memory. The question whether normal aging is charac-

terised by a more or less specific deficit in consolidation and or retrieval
has been approached experimentally as follows: The subject is required either
to recall (actively) what he has learned in a learning trial, or he is asked
to recognise (passively) the memorised information among several alternatives.
The results obtained in this type of experiments is consistent, in that recall
memory tends to fall with age, whereas recognition memory does not decrease

to such a significant extent (e.g. 8). This has been interpretated in terms of
a retrieval deficit in aging.

Sensory Memory. The first stage in informationprocessing which eventually
gives rise to memory formation, is perceptual in nature. This first stage
lasts several hundreds of milliseconds in healthy young subjects, in both the
auditory modality ('echoic memory') and in the visual modality ('iconic memory').
According to Botwinnick (2) the studies reported until now suggest that
elderly subjects have an impaired sensory memory: When very short stimulus
durations were used (9) only 2 out of 10 aged subjects showed sensory memory
whereas 9 out of 9 young adults showed it. With somewhat longer exposure dura-
tion (100 msec; 10) sensory memory was found in older adults but the extent
was less than in younger adults.

Short term memory. (Primary memory). The second stage is also of a very
temporary nature; it lasts several seconds and is conceived by some as a kind
of 'working memory'. Short term memory is a temporary holding and organising
process more than a structured memory store (4). According to Botwinnick (2)
old and young are similar in short term memory as long as the number of items
to be recalled is not greater than about four or five. However, in view of
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the fact that some authors envisage short term memory to be a type of memory

that can retain seven items plus or minus two (11), older people may be some-
what impaired when compaired to younger subjects.

Long term memory. (secondary memory). An efficient consolidation into longterm
memory requires some kind of organisation of the stimuli to be stored. Thus,
the formation of new memories can be strengthened by rehearsal, mnemonic aids,
imagery and other coding strategies, and it is especially the use of strategies
which seems to be impaired in the aged (4). It is a general finding that elderly
people are inferior in tasks involving acquisition and retrieval of new infor-
mation. More specifically, some investigators found that aged subjects do
not use strategies spontaneously, even when the experimenter presents such
a strategy (3,4). It is only under some circumstances that the subjects can
be encouraged to do so (12). These findings indicate that old people may
be Tess able to (actively) manipulate and organise the content of short term
memory (4); there is an age-associated deficit in the use of cues which are
important for both encoding (consolidation) and retrieval processes. These
findings can also explain the fact that the aged are characterised by inferior
recall memory and relatively normal recognition memory, as the active use
of strategies is not essential for a normal performance on recognition memory,

An important parameter with respect to the formation of stable memories
refers to the speed with which the information is presented and/or reproduced.
When the rate at which words in a word learning test were presented is high,
old subjects performed less well than younger subjects, and this age-associated
deficit was also present when the time to respond was low. When the time limits
were not so strict, no age-associated deficits were found (13,14).

Another parameter which has been studied in relation to aging is the
susceptibitity to interference: Some studies claim that older people are
inferior to younger subjects, but others conclude that no such age differences
exist (4).

Problem solving.

As indicated above, memory and general ability are an important determinant
for performance on intelligence tests (1,2), and especially on those subtests
which measure aspects of problem solving ability. The inferior performance

of elderly people on these tasks has been interpreted in several ways. For
instance, several studies have attributed the difficulties to 'inflexibility'.
This was defined in terms of 'giving up a selection procedure that once was
effective but no longer is (15), or the 'inability to shift concepts' (16).
Others have shown that elderly people, generally, are less able to discern

relevant from irrelevant information: A redundancy of irrelevant information
was found to be disruptive to the problem solving behavior (13). In addition,
there was less efficient use of environmental cues for an optimal plan of
action. For instance, when asking for extra information regarding the problem
to be solved, old subjects performed in a more haphazard fashion. Likewise
there was a lack of order in their informationseeking (see 2, for references).
Characteristically, they did not have explicit knowledge of their goal until
very late (17). Interestingly, certain personality characteristics which are
often found in, and attributed to aged people, can be interpreted in terms
of inflexibility, decreased concept shift and impaired ability to use (new)
environmental information. This applies especially to trends towards intraver-
sion, conservatism and cautjousness, and to the reluctance in making decisions,
especially when the outcome is uncertain (2).

It will be clear that an inferior performance of elderly people on complex
test of memory, perception and other cognitive functions can be attributed
to difficulties in probiem solving ability,unless care is taken that test-
instructions and procedure are really understood by the subject. Neuropsycholo-
gically, the deficits described (inflexibility, difficulty with concept shifts,
deficient use of enviranmental information to guide one's own behavior) are
indicative of a primary deficit in the planning, control and evaluation of
the behavior, and thus of frontal cortex involvement (18,19). For, the frontal
neocortex monitors and programs activity of the whole cortex and creates the
necessary conditions for the integration of environmental information with
memories, to make an optimal action plan and to monitor its outcome (see later
paragraphs).

Perception.
As discussed under 'problem solving behavior', the aged seem characterised
by inflexibility and coutiousness, which may be interpreted in terms of a
relative importance of old information over new information. Interestingly,
perception in the aged seems characterised by a similar persistence of old
information. Several experimental paradigms have been used and the results,
generally, point in the same direction. The effect of a sensory stimulation
persists longer in the CNS of the old subject, which makes the old subject
more refractory or less able to respond to subsequent stimulation. This theory
evolved from experiments which started in the forties, with the socalled
‘Critical Flicker Fusion' technique: A brief (e.g. 20 milliseconds} Tight
stimulus is presented, followed by others which are separated by a similarly
brief time interval: When this time interval is progressively shortened, there




comes a moment that the viewer sees one steady light. The sequence of light
stimuli is then 'fused'. 01d people experience fusion with Tonger inter-
stimulus intervals. This indicates that the first stimuli are percetved for
a longer period of time after discontinuation of the physical stimulus (e.q.
20, see 2). Similar findings were done with sounds and tactile stimulus (see
2, for references).

Other studies in favor of the stimulus persistance theory either used the
technique of 'backward masking' or that of 'stimulus enhancement': Two (dif-
ferent) stimuli are presented, separated by a short time period. When the
second stimulus is a potentially masking stimulus, older people are inferior
in the recall of the first stimulus (e.g. 21). When the second stimulus is
a potentially ‘enhancing' stimulus (that is, when it adds information which
is missing in the first), the performance of old people was better than controls
(22). A1l the studies mentioned, are in line with the notion that the first
stimulus is perceived for a longer time in older people. Similarly, visual
aftereffects seem to be present for a longer time period in the old (23, and
others). Neuropsychologically, a lack of inhibition of irrelevant information
may underly this stimulus persistence.

Older subjects required more time to process visual input (24). Others found
that elderly people are inferior in tasks in which parts of a complex visual
figure have to be integrated to a meaningful whole. (25) In addition, figure-

background discrimination is harder for the elderly then for the young (26).
In conclusion, aged people are inferior in tasks of simple and complex per-
ception. This may partly be because stimuli, once perceived, are present for

a longer period of time, partly because an efficient perception takes more
time.

Motor performance.
The motor performance with which this section is concerned, does not depend
on motor factors alone but on activities of a complex functional system, any
part of which may 1imit performance in particular circumstances. In an
information processing model, the flow of information may be envisaged to go
via several discrete stages, such as 1. Sensation (level of the senses),
2. Perception (within CNS), 3. Translation from perception to action (CNS),
4. Effector control (CNS), 5. Motor output (level of peripheral nerves and
muscles). (7) Stages 3 and 4 refer to the integration of information from
the senses, the generation of plans to use this information for an act, and
the computation of the motor performance. This planning is a prerequisite
in order to perform the planned action in a sequential order (18,19).

Welford (27) in a review of literature data and own research over the past
30 years concluded that the main limitations in motor performance which elderly
people experience seem due to a combination of a reduced speed, and less
efficient informationprocessing in stages 3 and 4, He concluded that aged
subjects are considerably slower in performing relatively large movements
at maximum speed. This seems primarily due to peripheral (e.g. muscular)
1imitations. Most other movements are not Timited by muscular factors but
by the speed of the decisions that have to be made to guide movements. When
decisions can be made beforehand, such as in simple reactiontime tasks, and
in simple repetitive movements, the change with age is relatively small. The
performance on a new or complex task however, is much slower; the extra time
is needed for the pianning of the (stages of) the motoract. In addition,
elderly people pay more attention (and thus more time) to the signals presented,
before they act.'This is especially the case when the relation between signal
and response is not straightforward. The performance of older people becomes
slower and less accurate when the subject has to choose between alternatives
or when an extra judgement of spatial relations has to be made (see 27).
Clearly, such a complex motor task has the characteristics of a problem solving
task as discussed above.

Thus, the performance on simple tasks which do not require a complex ‘computa-
tion' of the motoract is relatively normal in aged people. The performance in
complex motor tasks and in tasks requiring complex sensorimotor integration,
is inferior because of more time needed for decisionmaking and planning of
the movement to be performed. This is, once again, an indication for a planning
deficit more than a deficit in motor performance per se.

Discussion.

In reviewing all the studies on cognitive changes in the elderly, it is
readily apparent that there is an age-associated decrease in performance in
virtually all the cognitive functions which are tested: The aged are character-
ised by a deterioration in intellectual functioning, memory, language functions,
problem solving and perception, and it seems that there are specific parameters
which are involved more than others. For instance, elderly people are not
inferior in tasks in which they can rely on well established skills and
knowledge, whereas they perform poorly in tasks involving new information,
especially in situations in which the planning of new activities or the active
use of coding strategies in recent memory is important. In addition, trends
towards inflexibility, cautiousness and conservatismare found, which are
paralleled by 'stimulus persistence'. The speed of informationprocessing































