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ABSTRACT o : ‘ : .

Mandatory retirement because of chromological age is A
coming under increasing attack and, at least in the United States,, it
is-likely that there may soon be -legislative probibitions against.
forcing individuals to retire because of age. As a consequence there
is reneved interest in redefining retirement criteria in teras of a-
functional age concept which would give due attention to individual -
variability in the maintenance and gevelopsment of -hehavioral -
conpetence. This paper calls attenfion to a number of probleas with
the. undifferentiated usé of the functional age concept and indicates

a number of possihle alternative approachés, zcme of which may be -
‘more appropriate for application to retirement issues than others. .
distinction is made betweep functignal age as a general index
;applicable to basic psychophysiological mechanisas and a matrix of
functional agds referring to specific social or environsental '
situations. (Author) '
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» Mandatory retirement because of'chronological age is coming under '

.

increasing attack -and, at least in the Un1ted States of America, it is

. ‘not unlikely that there may soon be, legislative prohibitions to retiring

<«

.' | //}Adividuals for reasons of age.’ As a consequence there 1s much fenewed
" + interegt in redefining retirement criteria 1Q»terms of a functional age
concept which would give due’ attention to 1ndividual variability in the
maintenance and development of behavioral comqetence. The. purpose of this
paper is to call attention to a number of prob ms with the undifferen- v
tiated use of the functional age concept and. té indicate a number Sf. .
ipossrble alternative approaches, some of which may be more appropriate
. ggfor application to retirement issues than others. In this context it.,
will be necessary to dlstlnguish between functional age as a general

tndex applicable to baslc psych0physiologlcal.mechanisms (for example .

timing mechanisms involved' in the feedback loop between card1ac and cortical
functions-governing behavior or efflciency af contical functipning such

as measured by the ChV), and a matrix of fu onal ages referring to ‘ .
specific socjal or environmental s1tuatibnli?b;n the first instance we . \ '
woyld, of course, be concerned with‘ANS and NS ingégrity as’ they affect
behavior, in the latter instance our concern is with the mEasurement of
behavioral competence 1n=specific situations in individuals having

- specfied characterfstics. 1 " '-> . o \

= . A ’ * .,
. . .

.
— LY Y [

. .
1 A more compréhegsive yeview of some of the methodoloqical 1sqpes . v
related to functional age may be found in. Schaie anq-Sghaie (1977)
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1 will now try to 1dent1fy what seem to be the major alternatives
for defining fUnctional age. First we may note a straightforward longe-
vity model, that is one based on functions which bear linear ‘relations ~
in individual differences in ;;jgfezggétangx,
particular point of the life span.-
_residual life expectancy.

relations of variables to individual differences in residual 1life

as measured at any
Second, we have a model based an

Such a model requires sets of linear

expectancy, possibly with differ'ential functions depending upon the life

stage and generational menbership (functionally defined!) from which

residual life expectancy is to be estimated The first two models seem

) to differ primarily in that the first probably invoives identification of

predominantly genetic parameters, while the sécond, when taken from a
base past adolescence would largely entail differehtial impact of '
(For a formal d

for the segregation of genetic and environmental .variance in developmental

- . »
environmental parameters. scussion of ‘possible models

N

problems, see Schaie, 1975). ‘ .

’
»

A third model seeks to define the linear relation of a se¥ of benavs
_gzgl functions which covary 1nversqu with chronological ‘age.,The’ para-
meter to be fitted‘here is the individual's standing on such function- as
indicating that he is parallel}iretarded or advanced on .such function as
compared to his chraofiological age peers. , A fourth model defines a fung-.

“tional p
cerned in determining whether a,given ihdividual falls below or exceeds a

dle thought to be of maximal behavioral consequence, and is con-

profile characteristic of his .or her chronological age by some critigal
value; A fifth model defines ﬂunctions in relation to a criterion variable
of adaptation or behavioral ‘competencea (see Schaie,,1976), and then places

individuals in relation to either normative values or as. proportions of ¢

cnmgllml

-of the "individual to acquire . or reacquire skills regardless of present

Finally, a sixth model is concerned ‘with the~capability

perfornance level. Here the parameter to be estimated is the degree of

]
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.- » Implications of Alterriate Models for Retirement Issues
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pla;ticity of tlle human organism in relation again to some vptimal
_blasticity level presumably attained in.young adulthood It should -,
be noted here that models three and four assume an irreversible decre-

* ment model of aging, that model - five expllcates an adult stability
model and that model s1x involves the concept of decrement with compen-
sation (Schaie, 19735 1977) : .

>

Life gngb&angy'ggggl. This model assumes that there is a set of

parameters which are linearly related to longevity (e.é. Jalavisto et al..

» 1964). To find the best fit we would simply need to estimate the regression‘

¢f such parameters upon chronologidhl age at death. In principle a single-
‘cohort longitudinal. study would*suffice,’from that ppint in life ats which --
all ‘parameters thought® to haye‘predictive value tould be assessed until that
point where all members of the panel had died. However, such a process,.
““time-consuming as’it would be, would not provide generalizable data -
without making the strong assumption that neither cohort- differences nor -
secular trends were opnrating over the period for which data were obtained
The cohort- sequential (longitudinal sequence) approach would therefore be
more desirable. Having obtained the appropriate regression equaﬁibrs we
could then estimate functlonal life expectancy for a given individual ang
report hiq or her functional age in relation to the population average.
Suoh an index would be: quite useful for insurance schemés in that it would
yield a alue which would place all individuals in the same re}gtive
positio with regard to their individual life expectancy This index, of
) coqrse would tell us nothing about the functional capacity of the 1ndividqal
and thub would not be helpful for issues of retirement.
. . ) .‘ ./ ’e
E&sigﬁg; Life Expectancy. In oontraSt to- the\simple life expec-
.tancy model samples’ at many ages would need to be followed each to their .
gemise. Here is, of course, a natural illustration where several cohoits

would have to be observed simultaneously over time. Regression equations,
- ~ \ . .
v 4 AY

v -\
\
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+ H ,
- 5 \ -
‘ * ’ '




.

¢

- . i,
u in’ this case, - wou!dfbe specifiq to each ﬁge-level at which prediction

Vg -

’pf residual life-expectancy is- made.

. . . «
* [ . - . . “~ -

‘The secjﬁd model may be more powerful in that it would be more real-
‘ “istic to fit ‘measurements of an 1nd1v1dual s state at a given chroriolo-
N B gical'age to residual life expectaney, rather than to absolute life é&pec- -
tancy regardless of*the age at which predictors are measured (Tamplin, '
: 1959) Also, econonic forecasters developing manpower plans disregarding K
mandatroy retirement may well wish to have-estimates of residual life. - ;
. N expectancy for the staff of a particular industrial organization in
obrder to estimate future labor turnover. .

’ ' . ’ ‘ *

4 4

Behagigral Functions. 'The most commonly used model is represented

\ in work such as that of Dirken (1972)" and the Boston Normative “kging study

- i (Bell Rose & Damon, 1972) Although quite appealing, it. isa most

-, T insidious approach since 1t requires acceptance 4&f the 1rrevers1ble
. ' ,decrement model of huflan aging, and requires tHe search for age
functions that decline uhile ignoring those which show different

_;_'- patterns. When hased upon cross-sectional data it most likely will ’

-

result in the definition of.cohort rather than age functions. The age
‘ capacity and performance, with. subsequent factor or. cluster analyses ' ;
(e.g. Clark, 1960) to discover those variagles which have 81milar age
y functions.' Longitudinal sequences'would be“required to assure ue that
i ) we are re ally talking “abolt age functions (slopes) rather than «

s between cohorts (levels) We would expec\ that while there T

of all, accounting for most of the individual differences in performance »
s ‘ahd capacity, is likely to be non-linear in nature, and’ would thus aate - \
1_ B the model . . ' S ) '

function approach requires a cataloguing of the entire domain of human H
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-~ If a rEpresentative set of functions could be found then ﬂunc-

‘ !

tional age would be defined as the regression of thezr linear combina-

- tion’ upoy chxonological age. . The resulting index %olld be most Peavily

- . weighted for those components which show decrement and would ﬂhve the same

‘questionable’ ahus as the mental age (MA)-concept in thé measurement of e
intelligence ;hat is, it would be an elegant exercise in fitting numbers '
to persons, w1th no pretense of external validity (Schaie & Gribbin, 1975,‘
Schaie, 1976) o . . . 2 ' g

.
2
I .

‘ ' Ty
ctional gzgfigg_ A*much more reasonable approach is esented
, By the cdncept of a functional profile, advocated by Keron and Rhown (1969l‘_'
.-Some'basic fIaws FEmain, however. The functional profile is a
. handicapped hy the- fact that age functions can be defined only where there
is significant decrement. The fpnctlonal profile’ will yield
a series of indices, for each: of.whlch one coyld specify g&nima required

‘for adequate performance in certain life sxtuations.

- ’ 4

', - 8 .«
Qg_;gg; Level. A somewhat different approach to functional age

- would be the: definltion of optimal levels-for a given function Such levels
might well differ depending upon the life stage of the 1ndiv1duals as well °
as the soc1etal requirements for performance on a glven variable at a
particular historical point in time (e.g. Schaie & Strother, 1968).
Individuals® function could then.be described as a proportlon of optimal _
level. ‘Such proportions could be.regressed upon‘chronological age or birth
cohortlto determine linear functions. Ideally, however, assessments- of ;
’ proportionvof optimal level could be related directly to eriterion situations.
JIf we assume that much of the variability in complex adult function. is liRely
to be détermined by inter-generationai differencee'and socio-cultural secular

trends, we night well be better off to swié%h from the concept of functional

age to that of functio ai'level; - o

¢
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Functidnal level in thls model would be described as the ratio of
<Observed performance to that proportion of optimal performance whlch
would empirically be determined to be of average adequgcy with respect to
the criterion !ariable. Any normative data collected by age would be ~
purely cohort-speclfic, and while they would characterize age differences

}h functional perfonmance at a particular point in tige, would have no °

‘. relevance for the determmation of age. changes wg.thin individuals. ; . -‘

LY

Plasticity Level. 1If-one were to consider ap age decrement with
" compensation model, it will not sufézce to provide an estimate of the
ind1v1dual s functional level of performance, but. one must further
consider to what extent that level can be mod1f1ed by suitable 1ntervention. -
We are here considering the degree of plast1c1ty of adult behavior which

. bgcomes quite critical when-we assume that many of the,disadvantages of the

—~

elderly may not be'accountable‘by physiological® deterioration, but rather

must be attributed to the lack of use, failure to acquire critical skills,

vor opportunities for performance. Young adults are presumed to be at an o
advantage in many situations of vocational and social consequggce,becaﬁ—e
of their greater learnlng efficieneg and moter performanée‘(Arenberg &
Robertson, 1977; Welford 1977) It would seem quite reasonable there~ -

~ fore to define functional agd in terms of learning ability as well as

performance functions. If decremental age changes-are fairly limited o .
and differences in performance between young and old often'predomii'ntly
a function of obsoIescence rather than decrement on critfeal behavior . A
it.may then be modre important to(know the capability of individuals
to learn new or relearn old'skills,‘than to worry about a particular

performance level. o ) . ,
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Mﬁnﬂlﬂ*w be Measured by -Age _.__Flin\C{L'ions
. . \\J' . ' R B
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. . When age functidhs are to-be applied to retirement isstes we must

”

then ask whether we wish to construct meagurement batteiies which M1l e
provide general estimates of the relati¢e state of the individual or ' -

whether we wish to. predict his relative performance under specific

k]
¢ N

\
vocational or "other life-role circumstances. The first question is . s

%oncerned with.the issue that a minimal relative level of certain basic
psycho-physiological functions may be‘required in any situation of .
"social sig ficance before adequate perfoymance may'be possible. L .
But such ﬂecessary .level ‘of function may not be sufficient to predict‘ .
adequate performance in specific situations. We will therefbre
consider some reannable appﬁoaches to defining classes of variables
that might yield "necessary“ funotions and then describe a possible
approach toezpe.determination of variables which are "sufficient" to - . ‘ i
deal with specifie classes of situations. . E ' ' “ .

E 2 : .
.
,

Classes of Variables Suitable for Generalized Fumetions. ©+ .

PHysiological or, more specifically,- nervous system integrity is
assumed to be relété& to behavioral'competence and some.data to that
effect are available. But numerot s older persons are found to maintain <.
considerable behavioral competenqe in Spite of serious physiological J ‘ 4
stress (e.g., a CVA), while oth s show substantial behaviora} deterior-

afion with little identifiable physiological pathology E _ v

>
7 N
4, . .

Blood pressure provides an illustration of a pRysiological
" measure which is thought to be important/éor functional capacity. '1
; It may, hovever, be Important for a variety of rgasons depending on ‘
th\\nodel of functional age held by the:examiner. It would be a rele- ‘
vant measure.fqr persons. interested in life expectancy (models 1.% 2). A
rise Ain blood pressure with_age‘has been reported (model 3) though o
* the cofitributions of age perise-and the in!reased.incidence of cardio-
vascuiar pathology in a‘dvanc%age havg not been fully sorted 'out.'

' 1y 'ﬂn( -




- to behaviot (see Table 1 for examples) and similar ef%lorations of pos- ' -

- PN

N t
Inclusion in a profile towpe compared with a peer or iﬂeal young age - ‘

(mddel 4) woald bé useful, however, only as profilg character1stics “ 3'
are related to behaviors of 1ntereqt. Oply models 5 and 6 which re-

to

|

|

speztively proposo'a profile or a description of a person' s ability " . ] i
earn or adapt compared with an optimal or necessary.functional : * « ' i

' ' |

level would seem;to encourage an exploration of basic physiology-

behavior.-mechanisms. . *

! . ) . .
4 L
.

Correlational studies have suggested the relevance of blapd pres-

sure to behavioral competence (Birren & Spieth 1962). A history of

- hypertension has been correlated with reduced scores on tests of cog- —

nitive function (Spieth, 1964). Further, ,increased scores on th‘
Categories test have been reportéd with'reduction in blood pregsure ~.
‘v1a biofeedback qf. persOns suffering from hypertension- (Goldman et al., o

1975) On the other hand, slightly elevated blood pressure in elderly ‘

persons has been correlated with ‘better perfarmance on cognitive tasks

('W11kie & Elsdorfer,. 1971) . . ‘

.

’ E ' . ;. ' 4 s
Blood pressure is simply one example of a physiological measure, the
explication of whose importance po behavior would clarify its relevance
as a measufe of functional efficiency. Correlatiobal ktudies are avail<

able which suggest the importance of many other physiological measures - , '

1
[

sible mechanisms should be valuable. \ . -

We would suggest then, four classes of processes whose relevance to

effective functidping are immediately recognizable and for which at least

some central and autonomic measures are now available, The four classes

of fundtions are.‘orienting processes,'control processes, adaptability,»and

speed. ' Central and autonomic measures which have been correlated with per-

formance on tasks which can be includ?ﬁ'in each of thHese categories !re

li’ted in Table 1. .There is not sufficient time to discuss the relative _ ©
mefits of iach measure in this context. It will be noted, however that
v ' .- ; . ~
- * g ~ . N




‘the central measures are ‘all ekaed potential measures' that 1s, ﬁhey

!.f‘ record brain activity time-related to stimulus or response occurrance - R
rather than utllizing the spontaneously occurring EEG ‘(cf. Marsh & Thompson,—,.(
1977)/' And, it is generally accepted that evoked -potential’ measures reflect °
teohnlques of processing gg or making decisions on the basis oFA - f

-~ . 3

infor tion rather than cdhteﬁt of the 1nformatlon belng handled ‘.
(Schwartz, 1976) The goal«o; evoked potential meaSurement wguld be to 0
assess the relative intactnéss of persons' abilitles to- deal w1th and re- ’ "g‘

~

» L AT - S

CL - /.
\ vglas_es\_ﬁlauhm&i_ablg_gzﬁmﬁcutmt ns. Wwhen we,
. \ »
‘turn to functions which may be of. more direct concern in industrial -

spond to stimulation from the_environment.

(McFarland, 1973) or gther competency-requiring situations we are .7

faced with the general issues of external validity (see Schaie, 1976, he

for a/broader discussion of‘ external validlty u*:he development & T L]
context) First of all, we must have a befter understanding of fhe : r- .

classes of situations within which older people are expected to display- - : .

competence. A first attempt in this dir!ction has recently been reported 'F
‘ by Sche1dt’(1976) who develpped a taxonomy of competence relevantisltua-
tions in- older 1nd1v1duals This.taxonomy clasdifies 81tuations in terms’ .
. of four fairly 1ndep°ndent dimensions: social chardcter (social or non- ’ ' ¥
social), activi’ty level (high or 1ow), commonality (common or uncommon), -
and supportlveness (supportive or depriving). A Q—sort containing five et
N prototypic situatlons~for each of thb-sixteen possible classes of situa- . ‘
tions is avallable to help define the characteristi!s of a partioular cri-,

n

ﬂerion st:;ag;pn Tor the individual whose competence we are interested in, :

Assuminé the availability of a method of identifying the character-
istics of-the situation to ﬁhich’We wish to predict, ‘we must then select

measurementJvariables which are appropriatﬁ’to the developmental level of “ X
the individuals to be sted That is, we should not expett tasks which . _ .
- have constfuct validity

middle-aged or‘elderly Persons. And, we must be*suq.'tha52§hr tasks
’ ' * ’

&_young adults to retain such validity for ° -




' J~measun§'thp~constructs of 1nterest raﬁher than 81mply being measures of .
l test-taking ability The latter_problem, 1nc1dentally will lead us to. .
-substanﬁial increases in tesezconstruction activity (for example df new
approaches see Krauss & Sﬁhaiq7‘197§,»slnptt 1975). But we must not ig-‘
nore’ either the aarge va\‘ety bf measures which have shown p ev1ous promise
T '1n functional’ agﬁmstﬁgies‘in‘%nduStnial contexts (see'KélleJZr"& Quirk

. 1973). .What'is at 1ssut*here 1s that'such measupes must be related to . -

Ce classes of criterion s1tuations, and we must know much more. than we .now

' ,do- én the task-byLsituation 1nterrace ?efore applications of. functional

e \ age to societal concerns such as retirement becomes practicable. we will
o then be in a p051tion to provide she student of flnctional age with &

. catalog of psychometrically valid procedures, from which'ch01ce can be-

r made*'of those variah}es wh1Ch are optimal and thus "sufficientr For the‘ ’
~ ) 2 .
. : determination of age functions w1th,respect to discf‘ete criterjon situa-

- tions. | - J <
- - - * A . ﬁ‘ - : ) -
o % . T
&6fe Concluding Remarks » . S
. , . - . . .
™ -. . * (8 i “‘" '.~ ~ ¢

. I have attempted to summarize some different concepts~of funttional * 3

.

age and to note the methodological problems in applying thESe different .
concepts. In my Judgment 1t is now necessary to move from functional age “oe
notions which remind suspiciously of the early work on mental age to a, . '

:more sophisticated level wh1ch/will emphasize adult plasticity, individual, :

differences in patterns of abilities, and will lead to the development of

=,
’ . non-chronological estunates'qr unction that will improve our"capability
.. of assessing whether or not a g ven older person can maintain ‘societal am" -
functions for their own and SOOiety s benefit. ‘
" \ « . ) - .
e - ~ - :
’ ’ . [ ¢
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: ) ) Table 1. Classes of Genelalizable Function$

ok
*

Ce
-
.

’
N . .
N -~ 3

}‘ ’

-
. -

. - [
'y ’ . . K -
. . .
- ., .
. ' .

- . " 4 . >
. . El’i'é aof unctiogﬁ . s _ .

-

. * Possible Measures . T
, . . (' / Lt et . B
). Orienting functions, including:' . - *1; Early components of evaked potentials,
. .simple ardhsal, differential " " 'Including .augmenting-reducingy;
: ro : ’ : . R ¢ . .
-7 ‘sensitivity to stimulus . . . contingent negative variation (CNV)
e . . . . ~ . ’ .
LR ‘chagacteristics such as / n conductance responses,
ay & ] / B
e . .- -, . ’ . * A ” .
. - different intensity 1eveff.s. , . u s anges.‘.\ o
i, ' -~ N e . . ? . .- . ‘ /
. . . ! T . > - . " ’ ' . -
2. - Control functions, including: “ 2. later components of evoked potentials,.
. attentional, inhibitional T - including PBOO; CNV-E waves; heart
2 A . St : > : ! . R
’ . - ! . . 5 . . f . . h
“(dealing with distraction), . ~ rate changes; ANS/CNS synchrony.
.2 - . . - . . - ’ . toe ) . * » ’
expectancies,. decision-making. . : '

1 Y 2
. 3.. ,Adaptabiliﬂ', including: - N ' 3. Classiical co:ic’htl.on’mg, habituation,
learning and memory. ’ S and biofeedback using autonomic . .
S, . Y N «
. L . W ‘ ~ s i . '
C ¢ SN - . and cortical measures. - . . .
: - v Ca ’ ) . - . .- A .
. . - . . . . . ! - - -
- .4. Speed, including reactipn time.: ’ 4. Eyoked potential latency and re-
= 3 4 [ : (.’ ! f . ) . ” .. - ‘
J » . ) . covery ma‘as;ugs, timing comoonents
\ . . ® . :
P N » ' * . - . ‘. . - 0‘ ‘] -
.o . : : J of ANS/GS s¥mchrony.™ g -
. ) < ) . ;
l“ ) . ) e \ N - .
f 2 . ? .
- * ‘ . - Y - « -
. ‘. 4 . -
N . ~ ' LI ¢
. 8 g . ) o
A [N \ . »
L] // -~ . - -
~ IN 1 r M
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