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I. GENERAL CONSIDERATIONS

1. Introduction. For a long time I have thought I was a statistician, interested
in inferences from the particular to the general. But as I have watched mathe-
matical statistics evolve, I have had cause to wonder and to doubt. And when I
have pondered about why such techniques as the spectrum analysis of time
series have proved so useful, it has become clear that their ‘“dealing with fluc-
tuations” aspects are, in many circumstances, of lesser importance than the
aspects that would already have been required to deal effectively with the
simpler case of very extensive data, where fluctuations would no longer be a
problem. All in all, I have come to feel that my central interest is in data analy-
sts, which I take to include, among other things: procedures for analyzing data,
techniques for interpreting the results of such procedures, ways of planning the
gathering of data to make its analysis easier, more precise or more accurate, and
all the machinery and results of (mathematical) statistics which apply to analyz-
ing data.

Large parts of data analysis are inferential in the sample-to-population sense,
but these are only parts, not the whole. Large parts of data analysis are incisive,
laying bare indications which we could not perceive by simple and direct ex-
amination of the raw data, but these too are only parts, not the whole. Some
parts of data analysis, as the term is here stretched beyond its philology, are
allocation, in the sense that they guide us in the distribution of effort and other
valuable considerations in observation, experimentation, or analysis. Data
analysis is a larger and more varied field than inférence, or incisive procedures, or
allocation.

Statistics has contributed much to data analysis. In the future it can, and
in my view should, contribute much more. For such contributions to exist, and
be valuable, it is not necessary that they be direct. They need not provide new
techniques, or better tables for old techniques, in order to influence the practice
of data analysis. Consider three exzamples:

(1) The work of Mann and Wald (1942) on the asymptotic power of chi-
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square goodness-of-fit tests has influenced practice, even though the results
they obtained were for impractically large samples.

(2) The development, under Wald’s leadership, of a general theory of de-
cision functions has influenced, and will continue to influence data analysis in
many ways. (Little of this influence, in my judgment, will come from the use of
specific decision procedures; much will come from the forced recognition of the
necessity of considering ‘“complete classes” of procedures among which selec-
tion must be made by judgment, perhaps codified 4 la Bayes.)

(3) The development of a more effective procedure for determining proper-
ties of samples from non-normal distributions by experimental sampling is
likely, if the procedure be used wisely and widely, to contribute much to the
practice of data analysis.

To the extent that pieces of mathematical statistics fail to contribute, or are not
intended to contribute, even by a long and tortuous chain, to the practice of
data analysis, they must be judged as pieces of pure mathematics, and criticized
according to its purest standards. Individual parts of mathematical statistics
must look for their justification toward either data analysis or pure mathematics.
Work which obeys neither master, and there are those who deny the rule of both
for their own work, cannot fail to be transient, to be doomed to sink out of sight.
And we must be careful that, in its sinking, it does not take with it work of con-
tinuing value. Most present techniques of data analysis, statistical or not, have a
respectable antiquity. Least squares goes back more than a century and a half
(e.g., Gauss, 1803). The comparison of a sum of squares with the value other-
wise anticipated goes back more than 80 years (e.g., cp., Bortkiewicz, 1901).
The use of higher moments to describe observations and the use of chi-square to
assess goodness of fit are both more than 60 years old (Pearson, 1895, 1900).
While the last century has seen great developments of regression techniques,
and of the comparison of sums of squares, comparison with the development of
other sciences suggests that novelty has entered data analysis at a slow, plodding
pace.

By and large, the great innovations in statistics have not had correspondingly
great effects upon data analysis. The extensive calculation of “sums of squares”
is the outstanding exception. (Iterative maximum likelihood, as in the use of
working probits, probably comes next, but is not widely enough used to repre-
sent a great effect.)

Is it not time to seek out novelty in data analysis?

2. Special growth areas. Can we identify some of the areas of data analysis
which today offer unusual challenges, unusual possibilities of growth?

The treatment of ‘‘spotty data’ is an ancient problem, and one about which
there has been much discussion, but the development of organized techniques
of dealing with “‘outliers”, ‘“wild shots”, “blunders”, or “large deviations” has
lagged far behind both the needs, and the possibilities presently open to us for
meeting these needs.
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The analysis of multiple-response data has similarly been much discussed,
but, with the exception of psychological uses of factor analysis, we see few analy-
ses of multiple-response data today which make essential use of its multiple-
response character.

Data of the sort today thought of as generated by a stochastic process is a
current challenge which both deserves more attention, and different sorts of
attention, than it is now receiving.

Problems of selection often involve multi-stage operations, in which later-
stage actions are guided by earlier-stage results. The essential role of data
analysis, even when narrowly defined, is clear. (To many of us the whole process
is a part of data analysis.) Here we have learned a little, and have far to go.

We have sought out more and more subtle ways of assessing error. The half-
normal plot typifies the latest, which will have more extensive repercussions
than most of us have dreamed of.

Data which is heterogeneous in precision, or in character of variation, and
data that is very incomplete, offer challenges that we have just begun to meet.
Beyond this we need to stress flexibility of attack, willingness to iterate, and
willingness to study things as they are, rather than as they, hopefully, should be.

Again let me emphasize that these are only some of the growth areas, and
that their selection and relative emphasis has been affected by both personal
jdiosyncrasies and the importance of making certain general points.

3. How can new data analysis be initiated? How is novelty most likely to
begin and grow? Not through work on familiar problems, in terms of familiar
frameworks, and starting with the results of applying familiar processes to
the observations. Some or all of these familiar constraints must be given up in
each piece of work which may contribute novelty.

We should seek out wholly new questions to be answered. This is likely to require
a concern with more complexly organized data, though there will be exceptions,
as when we are insightful enough to ask new, useful kinds of questions about
familiar sorts of data.

We need to tackle old problems in more realistic frameworks. The study of data
analysis in the face of fluctuations whose distribution is rather reasonable, but
unlikely to be normal, provides many important instances of this. So-called
non-parametric methods, valuable though they are as first steps toward more
realistic frameworks, are neither typical or ideal examples of where to stop.
Their ultimate use in data analysis is likely to be concentrated (i) upon situations
where relative ranks are really all the data available, and (ii) upon situations
-where unusually quick or portable procedures are needed. In other situations it
will be possible, and often desirable, to analyze the data more thoroughly and
effectively by other methods. Thus while non-parametric analysis of two-way
tables leading to confidence statements for differences of typieal values for rows
and columns is quite possible, it is computationally difficult enough to keep
me from believing that such techniques will ever be widely used. (The situation



