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DISCUSSION

Samuel W. Greenhouse, Natlonal

| would first like to express my appreci-
ation to the three speakers for having their
papers ready at least three weeks prior to this
meeting. This is quite an unusual occurrence.

Dr. Morrison and | have been the statist -
cians involved In a multidisciplinary study of
aging at the National Institute of Mental Health
for the last five or six years, | am therefore
familar with the problems of design and execution
that have been raised in these papers, except
possibly for the paper by Dr. Wheeler on main-
taining a panel. For the most part these
problems in methodology are not simple nor easy
to solve.

At the outset, | must point out that | am
sympathetic to the compromises usually made in
solving these problems despite the fact that my
comments may sound critical. This presentation
is before a statistical group and it is neces-
sary to keep in mind the normative procedure no
matter how rigorous or impractical it may be to
the investigator.

The major issue raised by Dr. Maddox is that
of the selection of subjects. Anyone desiring to
study characteristics of normal, healthy individ-
uals aged 60 and over or the investigator inter-
ested in characterizing the process of normal
aging, as we were in the NIH study, is Immedi-
ately faced with the issue of how and where to
obtain the subjects. Everyone of course is
aware of what Is necessary, namely, a represent-
ative sample selected at random from a given pop-
ulation. However, the lack of a frame or popu-
lation listing of aged individuals living in the
community would necessitate some more elaborate
sampling procedure. Then the primary sample
would have to be physically examined in order to
obtain the sample of healthy i.e., free from
disease or having asymptomatic, sub-clinical
i11ness. Although many investigators feel re-
luctant about undertaking such a laborious and
costly sampling scheme, it should be pointed out
that it is possible and feasible. The alterna-
tive, of course, Is getting the subjects the
easiest way possible based on a publicity cam-
paign. This usually means volunteers.

The most important consequence of not having
a random sample is the uncertainty of the infer-
ences that can be made from the study. Dr.
Maddox discusses this very thoroughly. He refers
to two inferential aims of inference: estimation
of a characteristic or distribution of a variable
in the population, and determining whether a re-
lationship exists among a set of variables. He
points out that generallzations of the first type
require a sampling of the universe. He implies
that generalizations of the second type ''require,
as a minimum, control of variables presumed to be
relevant'. | interpret this as meaning that the
generalization of an observed relationship be-
tween variables in the sample can be made to the
population of all normal, healthy aged despite
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the lack of a random sample, given that the con-
dition of control on relevant variables is met.
We have also assumed this to hold with respect to
relationships among certain biological and phy-
siological variables in the NIMH study. However,
| should like to point out that this rests upon
an implicit assumption; namely, that a correla-
tion between two variables is unaffected by the
manner in which subjects have been selected. For
example, it would seem reasonable to assume that
the existence and magnitude of the association
between oxygen consumption in the brain and cho-
lesterol level, say, would be little Influenced
by psychological and other factors that lead
people to volunteer. On the other hand, it is
less reasonable to suppose an association in-
volving, say, blood pressure would be unaffected
and, obviously, dangerous to assume relationships
between psychological, psychiatric and social
traits are unbiased in selected samples particu-
larly volunteers. In short, all inferences ei-
ther to the population of all normally healthy
aged or to the aging process must be guarded and
marked with caution.

My next comment is not peculiar to the Duke
study but to most studies on aging which involve
follow-up for a 5 or 10 year period. Why do most
of these studies select subjects 60 or 65 and
over? Why do they not start with age 50 or 55
and over? It has occurred to me if the object is
to obtain information on the aging process, there
may be more information on aging between ages 50
and 60 or 55 and 65 than between 65 and 75. | am
aware, of course, of the additional difficulties
in obtaining such subjects. The person 50 or 55
is still employed, and there exist many more ob-
stacles in bringing him in for observation, for
psychological testing and for physical examina-
tion. Despite this, it is possible, as demon-
strated by the Kansas City study discussed by Dr.
Wheeler.

| had not intended to make any comments on
Dr. Wheeler's paper, primarily because | do not
have much to say on the panel question. Very
probably, this will be discussed fully by Dr.
Taves. However, while Dr. Wheeler was speaking |
was leafing through his manuscript again and came
upon the footnotes which | had completely over-
looked previously. In the footnotes, there is a
reference to a test procedure used in the analy-
sis of data which | belleve is incorrect. The
analysis Is a two way analysis of variance of
ranks In which | gather n columns are ranked from
1 to n in each of m rows. |f we denote the 'be-
tween column sum of squares'' by B and the 'within
column sum of squares' by E, the author formed
the ratio B E and enters the

n=1/ (m-1 n-1

tables of the F distribution with (n-1) and (m-1)
(n-1) degrees of freedom. Now | believe that the
denominator sum of squares is not distributed
like Chi-square and is not independent of the nu-
merator sum of squares. Therefore the ratio
should not be compared with the F-distribution.
The usual way in which the test is made is, for



large n and m, to compare the column sum of
squares with the Chi-square-distribution having
n-1 degrees of freedom. For small n (and/or m),
there do exist tables with the exact .05 and .0l
points, (see Siegel's Non-parametric Statistics.)

[Note added after the discussion. | should
like to clarify the above remark since it can be
interpreted as implying that a test statistic
based on the ratio of the between sum of squares
to the within sum of squares cannot or should
not be used. No such implication was intended.
The important point was that the above ratio
should not be tested in the F-distribution with
(n-1) and (m-1) (n-1) degrees of freedom. Such
a test will tend to give a lower probability than
the exact probability and thus lead to an actual
significance level above the nominal one of .05
or .01. Actually, the Chi-square test appears
to have a defect in the opposite direction. It
tends to give a higher probabllity than the per-
mutational probability and is therefore conserva-
tive, operating at a significance level below
the nominal one.

Kendall (The Advanced Theory of Statistics,
Vol. 1, First Edition, pp. 410-421) presents a
test which he claims to be more accurate than the
Chi-square test., This test is based on his co-
efficient, of concordance, W. The ratio
(m=1) W/ (1-W) is exactly equal to the ratio of
the betiween mean square to the within mean
square. However, the degrees of freedom with
which one enters the F-table is reduced to

(=1 29, (m-1) (a-1) - 2oL

Even this test gives lower probabilities than
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the actual probabilities. Kendall suggests a
continuity correction be applied to W. His rec-
ommended test is that the ratio (m-1) L (l-wc)

be entered into the F-distribution with the above
adjusted degrees of freedom.]

Dr. Kleemeier's paper is somewhat different
from the other two papers in that it presents a
substantive result. | have two questions. Dr.
Kleemeier started with 200 males, aged 65 and
over, tested one or more times. Yet the data in
support of the finding of intellectual deterior-
ation before death is based on only 13 of these
subjects. In order to protect himself against
the argument of a special selectivity factor or
other biased factor operating, he should present
test results even if it is only 2 or 3 tests per
subject and even if the subjects are still liv-
ing, for all or a portion of the remaining 187
subjects.

Secondly | ask why in these 13 cases does
deterioration come In every case with the third
test. What Is so unusual about test 37 Why
didn't deterioration sometimes come at the second
or fourth tests? The 13 individuals were first
tested at different ages and showed varying dur-
ations of life after the first test. One could
argue that it is taking the test a third time
that produces the decline. Somehow there is
needed a control testing procedure in which some
individuals receive three tests in 6-8 years,
others 2, others 4, others 5 and so on.

Again, as in my opening comment, | should
like to thank the speakers for three excellent
papers and for making them available long before
this meeting.



