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Let F(xy , x2) be a normal distribution with means m, , ms , variances o; , o5 and
correlation coefficient p. The transformation can then be written as
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ABSTRACTS OF PAPERS
(Abstracts of papers presented at the Eugene meeting of the Institute, June 19-21, 1962)

1. The Auditory Cortex—A Probability Model. Arcrie R. TunTURI, University
of Oregon Medical School.

The role played by the brain in communication is well known, but in what manner the
brain handles information is not understood. Some progress has been made in this direction
by studying the anatomy and physiology of the auditory cortex in the anesthetized dog
with controlled acoustic signals. Communication may be thought of as making a represen-
tation in a space of a representation in another space. In three of the four auditory areas
(on one side of the brain), the entire frequency spectrum from 100 to 12800 cps is repre-
sented literally spacewise by groups of cells that respond only to a narrow range of fre-
quencies. A special method increases the signal to noise ratio, by augmenting the electrical
response of the cells, thereby permitting exact measurements of the characteristic fre-
quency and intensity for each group of cells. This is similar to a narrow band filter, and
does not reveal the effect of other frequencies on the information. The information capacity
of the system can be inferred if it can be assumed that occurrence of the augmented re-
sponse for the group of cells follows some probability function. These probabilities for all
groups of cells can be assembled into a model representing the behavior of the system as a
communication device. If there are 70 groups of cells between 100 and 12800 cps, the proba-
bility of any particular combination would be 1/279, if the selections were equally probable.
The effect of noise on this system will be considered. (Research sponsored in part by the
Office of Naval Research.)

2. Testing Message Diffusion: The Utilization of Mathematical Models.
StuarT C. Dopp, Ricuarp J. Hiun, AND SusaN HurrakEer, University of
Washington.

In connection with the study of interpersonal verbal communication, the Washington
Public Opinion Laboratory designed an experimental procedure which yielded data on the
temporal diffusion of thirty-three different messages in a population of 184 individuals.
Data (including the recipient of each message, the initiator of communication, and the
time of communication) were obtained on 5,522 separate instances of communication. The
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experimental population was selected so that the assumption could reasonably be made
that it was homogeneous relative to the interacting (i.e., each individual had an equal
probability of interacting), and uninfluenced by the spatial factor in diffusion. In the
attempt to describe the temporal diffusion of the messages, three rational mathematical
models were compared with the empirical results. The models utilized were the logistic,
the normal ogive, and the binomial distribution, for which the mathematical conditions
are well identified. The experiment had been designed to match those social conditions
underlying the communication with the mathematical conditions underlying the logistic
model (namely, a constant probability of interacting in the population and through time).
The higher and lower degrees of descriptive closeness and goodness of fit for the three
models, and for ordinal and cardinal time units separately, are reported and discussed.

3. On the Method of Collective Marks. HermaN RuBiN, Stanford University.

In Collogues International du Centre National de la Recherche Scientifique, No. 18, D. van
Dantzig considered the application of the method of generating functions to run problems.
Let #,, -+ , Tn, *-- be a sequence of nonnegative integer-valued random variables of
which only a finite number are nonzero with probability one. Then E(II7_, {7 exists for
|t:| < 1.If 0 < ¢; < 1, then we can interpret ¢; as the probability that a coin when tossed
will come up heads. Let an experiment be performable independently an arbitrary number
of times with results a; with probability p; , and let us ask questions concerning the num-
bers of runs of various types obtained. One may compute the generating function of the
various quantities involved by performing the experiment n times with probability
A1 — A). If y; is the number of occurrences of a; and zj; is the number of runs of length
k of type j, then P = E(S»IT u¥ Il v;ii%) = 1 — X + Z;f;P; , where f; = Zu(\p;Su;)*vjx
and P is the probability that no tail occurs and P; is the probability that in addition a;
/is not the first outcome of the experiment. Then P; = P — f;P; and hence P = (1 — \)/
@ — Zifi/( + f7). Then such questions as to number and type of runs in » experiments
can be answered from the conditional generating function. Other types of questions can
be answered by letting A approachl.

4. On Asymptotic Properties of Estimates. LucteN LreCam, University of
California, Berkeley.

Let f(x, 6) be a probability density depending on a parameter 6. Under regularity con-
ditions on f(z, 8) it is shown that, for a broad class of loss functions and for positive con-
tinuous a priori densities: (1) The maximum liklihood (M. L.) estimate is asymptotically
equivalent to a Bayes estimate. Moreover all “regular” asymptotic Bayes estimates are
equivalent. (2) Given any estimate 7', there exists a randomized estimate T, asymptotically
equivalent to T, and depending on the sample point by means of the M. L. estimate only.
(3) If an estimate T, is super-efficient at a point 8, there exists a sequence 8, , 6, — 6o of
points at which T, is worse than the M. L. estimate, except maybe for a finite number of
values of n.

5. The lsrinciple of Invariance Applied to a Problem of Classification. RosEpiTH
SirerEAVES, Stanford University.

A problem of classification considered by Wald and Anderson is as follows: an individual
is to be classified on the basis of p measurements as coming froni one of two populations,
I0; or I, . The distribution of the measurements in each population is multivariate normal
with the same covariance matrix, but with different expected values. The parameters of
the distribution are unknown, but samples of N; observations from II; and N; observations
from II, are available. Both Wald and Anderson proposed classification procedures de-
termined by substituting sample estimates for unknown parameter values in the ap-
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propriate Bayes’ solution for the case when the parameters are known. Optimum properties
for these procedures are difficult to prove because the two alternatives are composite. If
the possible procedures are restricted by adopting the principle of invariance, there is
obtained a family of classification procedures depending on a single nuisance parameter
such that the class of procedures defingd for a fixed value of the nuisance parameter is a
complete class. In a single case, namely, when N; = N and the losses due to misclassifica-
tion are equal, the minimax procedure is independent of the nuisance parameter, and
depends upon classification statistics proposed by Wald and Anderson.

6. Optimum Selection Procedures. Epwarp PaursoN, University of Wash-

ington.
Let (Yy, Y2, -+ , Yz, X) be a (k + 1) dimensional random variable, with
Y:, Yz, -+, Y} denoting the admission scores of an individual on a series of & admission

tests and X the performance or achievement score of the same individual. Optimum pro-
cedures for selecting or rejecting an individual on the basis of his observed admission scores
have been investigated by Birnbaum, Chapman, and Cochran. By considering the X scores
as playing the role of a parameter with respect to the conditional distribution of
Y1, Y2, -+, Y when X is fixed, two additional procedures are derived, each optimum in
a certain well defined sense. The second of these procedures, which is analogous to a Bayes
solution and minimizes the average loss in classifying an individual, can easily be ex-
tended to the problem of classifying an individual on the basis of his admission scores into
one of 3 or more classes, providing that the appropriate loss functions and the conditional
probability distribution of X for fixed values of Y1, Y2, -+- , ¥; are known.

7. A Theorem on Convex Cones with Applications to Linear Inequalities.
JErrY W. GappuMm, Institute for Numerical Analysis.

I can summarize the results as follows: It is proved that if 4 is a convex cone in E, and
A* its polar cone, 4 and A* have a non-null vector in gommon unless 4 is an E, . This is
applied to obtain the result that Az = 0 has a solution if and only if A4’y = 0 has a non-
negative solution. Results due to Dines and to Motzkin are then applicable to obtain further
existence theorems. The theorem on convex cones also provides a method of solution of
systems of inequalities.

8. On the Prediction of Nonstationary Stochastic Processes. R. C. Davis,
Bureau of Ordnance.

During a finite time interval T the real valued function S() 4+ N(¢) is observed, in which
S(t) is a signal and N(f) is a linearly superimposed noise disturbance. The problem is to
predict the value of a given linear functional of S(¢), the predictor formula having certain
preassigned “optimum properties’” among a certain class of predictors. In the case in
which the mean value of S(¢) is known, the random components of S(¢) and N (t) are strictly
stationary, and the time interval T is infinite, a complete solution to this problem has been
given by N. Wiener. (In the case of discrete time series, the solution was given by A. Kol-
mogorov.) This theory has been extended by L. Zadeh and J. Ragazzini to the case in
which T is a finite time interval and the mean value of S(t) is unknown but is restricted
to be a polynomial in time. The above theory is extended to the case in which the random
components of both S(f) and N(f) are nonstationary in time and merely possess finite
continuous covariance and cross covariance functions. The analytical methods of proba-
bility theory used are those developed by M. Lo&ve and K. Karhunen in their studies of
stochastic processes of second order. These techniques are very powerful in the analysis of
ttansient random phenomena in linear systems. Finally an exposition is given of pre-
diction by the method of conditional probabilities, and this method is compared with the
least squares method.
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9. Power Efficiency Function for Normal Alternatives for Several Nonpara- ‘
metric Tests. W. J. Dixon, University of Oregon.

Power curves are computed for samples of size 3, 4, 5 for the maximum absolute devia-
tion, the rank-sum, and the median .tests for normal alternatives. These curves are com-
pared with the power curves for the ¢-test. (Research sponsored by the Office of Naval
Research.)

10. Bounds for Second Moments of the Sample Range. Sigertt MoRIGUTI,
University of North Carolina and University of Tokyo.

Let R be the range, that is the difference between the two extreme values, of a sample
of size n from a symmetrical population with variance o2. This paper deals with the least
upper bound for E(R?)/s?, the greatest lower bound for the coefficient of variation of R,
and the greatest lower bound for V(R)/o2. It is shown that these can be obtained as char-
acteristic values of certain integral equations. For n even, these equations can be reduced
to linear algebraic equations. Numerical results are given for small values of =.

11. Estimates, Tests, and Tolerance Intervals for Lump Data from a Normal
Distribution. HArrY M. HucHuzs, University of California, Berkeley.

If N independent samples from a normal distribution with unknown mean p and un-
known variance o2 are lumped into m subsamples of known size, and if the sums of the
subsample values are observed but not the individual values, then the variance of the
maximum likelihood estimate of p is unchanged but the variance of the maximum likeli-
hood estimate of 2 (modified to remove bias) is increased to that of a sample of size m.
The effect on confidence intervals and on standard tests such as the ¢-test and F-test follows
immediately.

The effect on tolerance intervals, not heretofore easily available, is presented in the
form of a table of factors, depending on m, N and the confidence coefficient v by which to
modify existing tables of the coefficient A in the expression # = As. The range covered is
m = 2 to 100, N = 3 to 1000 for N > m; confidence coefficients .75, .90 and .99; and all
tolerance coefficients (percentage of population to be covered) since table entries are
independent of the tolerance coefficient. The resulting increase in the expected length of
the tolerance interval is indicated.

12. A Computing Formula for the Power of the Two-Sided t-Test for Even
Degrees of Freedom. WesLEY L. NicuoLsoN, University of Oregon.

A general formula is exhibited for the power function of the ‘‘two-sided’ ¢-test for
even degrees of freedom. The form employed is particularly adapted to computation of
the power for various alternative means, given fixed arbitrary type I error and even degrees
of freedom. The power functions for 2, 4, 6, 8, and 10 degrees of freedom are written out
explicitly with an indication of their use for arbitrary type I error.

13. On the Analysis of Data Matched in Pairs. Frank J. MassEy, Jr., Uni-
versity of Oregon.

We suppose that groups of four observations are drawn under varying environmental
conditions for the different groups. In each group two of the individuals are subjected to
one treatment and the other two are subjected to a second treatment. This paper discusses
various parametric and nonparametric techniques of analyzing the data. Power curves are
given for the case where the two populations are normally distributed differing only in
mean value.
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14. The Power Function of the Haldane-Smith Test. B. M. BenNNETT, Uni-
versity of Washington.

Haldane and Smith (Annals of Eugenics, 1948) have devised a non-parametric test for
the existence of a birth order effect in families in which a certain number of sibs are affected
by a particular disease. The test consists of summing the ranks of all affected individuals.
The distribution has been worked out under the assumption that all ranks are equally
likely. It is shown that this test may be regarded more generally as a test for the constancy
of the probability of an event from trial to trial when it is known to occur a fixed number
of times out of a given number of trials. The power function of the test has been considered
with respect to several classes of alternatives concerning the successive probabilities of
the event.

15. Spectral Analysis of Stationary Time Series. (Preliminary Report.) ULr
GRENANDER AND MURRAY ROSENBLATT, University of Chicago.

Having observed a sample sequence (finite) of a vector-valued stationary time series,
one wishes to make inferential statements about the spectrum of the underlying process
on the basis of the sample. Assume that the process is a linear process and that the spectrum
satisfies certain regularity conditions. There are three aspects to the work being carried
out. 1. Obtaining curve-estimates of the spectral density and spectral distribution function.
These estimates have been chosen as different types of quadratic forms in the sample
values. 2. Obtaining confidence bands and confidence regions for both the spectral density
and spectral distribution function. Certain limit theorems nonparametric with respect to
the spectrum have been obtained in connection with this aspect of the problem. 3. These
limit theorems have also been used to construct one and two sample tests for time series.
We plan to set up a sampling program to test the approach to the limiting distributions.
Artificial time series will be generated and submitted to analytic techniques provided by
the theory. In this connection, schemes of computation are now being devised. Auxiliary
tables are under preparation. (This work is being done under the sponsorship of the Office
of Naval Research.)

16. Asymptotically Subminimax and Asymptotically Admissible Statistical
Decision Procedures. JAck LapERMAN, Columbia University.

A study is made of the asymptotic behavior of the minimax decision procedure when
the distribution space, @, consists of a finite number of absolutely continuous distribution
functions and the decision problem is to select the true distribution function when a sample
of size n is known. It is seen that “asymptotically subminimax’ procedures frequently
exist which are clearly more desirable than the minimax procedure when = is sufficiently
large. Let 7;(T,) denote the risk associated with the decision procedure 7', when the ¢-th
distribution is the true distribution. A sequence of decision procedures, {T'+}, is said to be
asymptotically admissible if there does not exist another sequence of decision procedures,
{T.}, such that ima—e 7:(T,) /r«(Ts) £ 1 for all values of ¢ and the strict inequality holds
for at least one value of ¢. A detailed study is made of the class of problems for which @
consists of &k univariate normal distributions all having the same variance but different
means. The minimax decision procedure is found to be asymptotically admissible only for
very special sets of values for the k means. For other sets of mean values, asymptotically
subminimax procedures are obtained which are also asymptotically admissible. For still
other sets of mean values, it is shown that no asymptotically subminimax procedure exists
which is also asymptotically admissible. (This research was sponsored by the Office of
Naval Research.)
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17. Note on the Problem of Combining Independent Tests of Significance.
AvrrAN BirnBAUM, Columbia University.

The ‘“‘problem of combining independent tests of significance” is stated and illustrated.
A distinction is made between two kinds of problems of combining tests. A definition of
admissibility of a method of combining tests is proposed. A simple characterization of a
minimal essentially complete class of methods of combining tests for a large class of prob-
lems is given (in terms of the proposed definition of admissibility). For a simple common
testing problem, the properties of several methods of combining tests which have been
recommended in the literature are examined and compared with properties of the optimal
test for this problem. It is shown that some of these methods correspond to inadmissible
test procedures for the original problem; other methods correspond to admissible pro-
cedures, and on the basis of their properties one may base a selection of a method of com-
bination of tests, for use in problems which seem similar to that under consideration.

18. On Judging all Contrasts in the Analysis of Variance. (Preliminary Report.)
Henry ScHEFFS, Columbia University.

Under the usual (general linear hypothesis) assumptions, if the conventional F-test of
the hypothesis H: 6, = 6; = --- = 6 at the « level of significance rejects H, what further
conclusions are valid about the contrasts among the 6; (beyond the conclusion that the
contrasts are not all zero)? Suppose the F-test has k¥ — 1 and » degrees of freedom. For
any ¢, -+ , cx with Z¥c;0; = 0 write ¥, for the contrast =%c:0;, and write y, and 52(}.) for
the usual estimates of ¥, and the variance of ¢ . Then for the totality of contrasts ., the
probability is 1 — « that they all satisfy (*) [ye — d. | < 86(3,), where S2is (k — 1) times
the upper « point of the F-distribution with ¥ — 1 and » degrees of freedom. Say that the
estimated contrast ¢, is ‘‘significantly different from zero’ if the interval (*) does not
cover the point ¥, = 0. Then the F-test rejects H if and only if some . are significantly
different from zero, and if it does, one can say just which ¢, . More generally, the inequali-
ties (*) can be employed for all the contrasts with the obvious frequency interpretation
about the proportion of experiments in which all statements are correct. Relations are
considered to an earlier method of Tukey using the Studentized range tables (‘‘Allowances
for various types of error rates,” invited address before IMS meeting at Blacksburg, Va.,
March 19, 1952; see also Proc. Fifth Annual Convention A.8.Q.C., 1951, pp. 189-197). (Work
sponsored by the Office of Naval Research.)

19. Further Moving Average Methods in the Estimation of LD-50. B. M.
BenNETT, University of Washington.

Further extensions of the moving average methods for estimating LD-50 proposed by
W. R. Thompson and the author (Jour. Hyg., 1952) have been developed in order to in-
clude minimum variance and minimum variance unbiassed estimates from any assumed
distribution of threshold. Numerical estimates of the efficiency of such procedures are
included.

20. Nonparametric Theory: Confidence Regions and Tests for Location and
Scale Parameters. (Preliminary Report.) D. A. S. Fraser, University of
Toronto.

All unbiased estimates of zero are characterized for the class of probability density
functions having the p percentile at the origin. As a consequence, results are obtained

for location parameters (percentiles), for scale parameters (interpercentile ranges), and
for combination location and scale parameters. All randomized 8 level confidence regions
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for a location parameter can be described in a simple functional form. All confidence bounds
for a location parameter are almost everywhere equal to the order statistics chosen with
fixed probabilities; all distribution-free upper tolerance limits are of the same form, the
Robbins condition, II(f(z1, --- , 2,) — z;) = 0 almost everywhere, being necessary but
not sufficient (unless f is continuous). Most powerful one-sided and most powerful (short-
est) unbiased confidence regions are obtained for the location parameters. Correspond-
ingly, most powerful and most powerful unbiased tests are obtained for the location param-
eter. For the scale parameter similar or exact confidence regions do not exist. Analogously,
similar tests do not exist for the scale parameter. For the scale and location parameter,
confidence regions can be obtained; most powerful intervals exist for specific purposes.
If the location parameter is known UMV unbiased estimates do not exist for any other
parameter.

21. Random Functions Satisfying Certain Linear Relations. I. S. G. GHURYE,
University of North Carolina. .

Let X (¢) be a random function of the real parameter ¢, and let there exist & continuous
functions ai(h), --- , ax(h), of h > 0, such that for any ¢ and any A > 0, the sequence
{Y(t, h;n),n =0,% 1, --- }, defined below, satisfies certain assumptions about independ-
ence. Here Y(¢,h;n) = X(t + (n + k)h) + ax(B)X(@E + (n +k— 1)h) + - -+ + ar(h) X ( +nhk).
In other words, it is postulated that any sequence of observations made at equidistant
t-points on the X-process satisfies a hypothesis of the type commonly expressed in terms
of linear stochastic difference equations. Certain consequences of this assumption are
studied in this paper. For instance, in all the cases considered, it is shown that the possible
forms of the «a;(h) are restricted by the property that the roots of the following equation
in z can be written in the form e¢*#*, the \; being independent of h: 2* — ay(h)2*1 — ---
— ai(h) = 0. It is also shown that, under certain conditions, the Y-sequence is (k — 1)-
dependent for all A, but can be independent for all & only if the X-process is deterministic.

22. Computational Experience in Solving Linear Programs. A. J. HorFrMaN,
National Bureau of Standards.

This is a report of the experience gained in solving linear programs on the SEAC (Na-
tional Bureau of Standards Eastern Automatic Computer) by the simplex method, relaxa-
tion, and fictitious play.

23. Duality of Multi-valued Means. Taeopore S. Motzkin, University of
California, Los Angeles.

In problems of statistical measurement and estimation, especially of angles and similar
geometric quantities, and in their application including data preparation for linear pro-
gramming, the question comes up how to define the mean for periodic variables. For these,
as the example of equidistant points on a circumference shows, a unique and rotationally
invariant mean'cannot be defined. A multivalued and invariant mean is obtained as follows.
For a set S on a smaller arc the arithmetic mean is ordinarily found by choosing a zero
point on the complementary arc A;. It is reasonable to invest this mean with a weight
proportional to the length of A, , and the means obtained from zeros on the arcs As, --- ,
A, with corresponding weights. One may try repeating the procedure with respect to the
set S’ of weighted means in view of possible convergence: however it turns out that §” = S.
More generally for every circular distribution S the analogous definition of a mean by a
Stieltjes-Lebesque integral leads to a dual or complementary distribution §’, and 8” = S.
Similar facts hold on the torus (two periodic variables). On a sphere, even local associ-
ativity cannot be upheld; obtaining the mean of a finite set from the means of its finite
subsets by iteration and passing to the limit, or as a minimum for the sum of the squares
of spherical distances, are two transcendental (essentially infinitely-valued) definitions.
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24. A Note on a Dynamic Leontief Model with Substitution. Georee B.
Danrzie, The Rand Corporation.

In an important class of discrete dynamic Leontief models with substitution, an optimal
program for the entire time span can he obtained by determining locally the optimal basis
for the first time period alone, followed by determining the optimal basis for the second
time period given the first, etc. It follows that the relative weights in the objective func-
tion of performing the various activities in any time period do not affect the choice of activi-
ties in earlier time periods although, of course, they may affect the levels of activities in
the early time periods. Thus, optimal bases for a sequence of periods are found in the
order: Period 1, Period 2, Period 3, - - - , after which activity levels are found by ordinary
back-solution for linear equations in the order Period n, Period n — 1, Period n — 2, «-- .

25. Confidence Intervals on the Slopes of Regression Lines when Both Variables
are Subject to Error. C. O. JUNGE, JR., University of Washington.

In the problem of linear regression when both variables are subject to error, Reiersol
has shown that if the errors and the ‘‘steady’ parts are normally distributed then the
slope of the desired regression line is not identifiable. If the errors in the two variables
are independent, however, a conservative confidence interval on the slope of the regres-
sion line can be determined even though the slope is not identifiable. If the ‘‘steady’’
parts are a set of fixed but unknown values, independent estimates of the rank of the steady
parts are sufficient to determine a meaningful confidence interval. In case an instrumental
variable as defined by Geary is available, a confidence interval can be determined.

26. Statistical Estimation from Time and Population Samples. JurLius A. JAHN,
Washington State College.

Given a population of individuals, I:1, --- , N;, and a variable V; defined over this
population, a random sampling procedure is to be designed to provide unbiased estimates
of the mean value of V; for the population with a minimum variance of the estimated
values for certain fixed sample sizes and other cost conditions. When the variable is de-
pendent upon time, the use of estimates from samples enumerated during one period of
time to apply to later periods of time can lead to large and increasing bias due to changes
with time. The solution proposed in this paper is to sub-divide the total period of time
into a series of conveniently short intervals, 7:1, -+ , N, and to define as the universe
to be sampled, the set of points (:t) formed by the combinations of the identification num-
bers for time intervals (f) and those for the individuals in the population (7). Correspond-
ingly, the variable is defined over these points (V) in such a way that the sum over the
time intervals for any one individual is equal to V; . A sample design incorporating the
use of weekly time intervals as ‘‘strata’ within which were selected a random sample of
points in each strata and a constant sampling rate for each strata was applied to derive
estimates of the mean value of the total expenditures of students at the University of
Washington during the Winter Quarter of 1951.

27. The Analysis of Samples from Mixed Populations. (Preliminary Report.)
D. G. CuaprmaN, University of Washington.

Samples from natural populations will frequently include a mixture of several races
or age groups. The analysis of such a sample into its component parts is useful for the
determination of growth rates, mortalities, or the characteristics of the mixed populations.
Several cases arise according to whether or not a simple age identifying factor is avail-

»able, or whether or not supplementary information is available from other samples. Ney-
man’s extended x? formulae can be applied to these problems to analyze the mixed samples
into their component parts, and to estimate characteristics of the mixed population. Aux-
iliary problems that arise in utilizing the supplementary information are considered.
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28. Some Applications of the Log-Normal Distribution to the Study of Survival
Times in Chronic Fatal Diseases, Particularly Leukemia. HaroLp TIvEY,
University of Oregon Medical School.

Illustrations of some of the types of disease processes in which a log-normal distribu-
tion will closely approximate the distribution of survival times will be presented. A sum-
mary of survival data on over 2600 cases of leukemia taken from the literature will be
briefly presented, with particular emphasis on the statistical problems arising from this
investigation. The application of the maximum likelihood method of Boag will be dis-
cussed,

29. Field Trial Problems. G. A. BAkER, University of California, Davis.

Theoretical and empirical examinations of the correspondence of certain field trials
to conventional mathematical models have been made. The correspondence may be quite
good but on the other hand serious defections do exist. It seems apparent that a careful
study of field plot design and methods of analysis are necessary in order to obtain more
accurate measures of plant performance on definite plots. The classical mathematical
models have led to marked advances in the theory and practice of field trials and no at-
tempt is being made here to belittle their importance. The point that is being made is
that when finer distinctions between varieties and treatments are attempted even minor
deviations from mathematical theory are important. Every effort must be made to im-
prove investigative tools. This can be done in two ways. One is to develop more realistic
models. This often fails because of lack of detailed knowledge of uniformity trials, in-
ability to predict the behavior of biological material in complex situations, and because
of mathematical difficulties. The other general method of improving field trials is to ar-
range the plots, select the plants, modify overall conditions, or transform the data so
that classical models will clearly indicate differences.

30. Population Forecasts, State of Washington, 1950-1960: Methodological
Summary. CALviN F. Scamip, ViNcENT A. MILLER AND WARREN E. KaL-
BACH, University of Washington.

The cohort-survival method was used to prepare the population forecasts for the State
of Washington, April 1, 1955 and April 1, 1960, based on detailed data covering: (1) an
age-sex breakdown of the population on which projections are to be based, (2) age-sex-
specific mortality trends, (3) age-specific fertility trends for females in child-bearing ages,
(4) age-sex-specific migration trends. Estimates are made of the age-sex distribution of
the population as of the forecast dates.

31. On the Addition of Chi-Squares. (Preliminary Report.) JAck BorsTiNG,
University of Oregon.

An example-is used to compare the power of three tests of a simple hypothesis specify-
ing the cell frequencies in discrete population. The tests are as follows; the chi-square
test based on a single sample, a chi-square test based on the addition of five independent
chi-squares from separate samples, and a test which rejects the hypothesis if any one of
the several chi-squares is significantly large. For the example considered the power of
the single sample test was considerably greater than the power of the other two tests.
For example, for one alternative the power of the single sample test is 0.41 and the power
of the test using the sum of chi-squares is 0.20. Curves are drawn comparing the powers
f(}r a set of alternatives.
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32. Decisions Based on Incomplete Information. NormaN Darkey, The Rand
Corporation.

It is shown that the usual requirements of consistency, continuity, and convexity in
choices made under incomplete inforination have the consequence that the decision maker
must be guided by a set of weights, analogous to probabilities, for the possible relevant
states of nature.

33. Method of Synthesizing an Autonomous Shipbuilding Industry for an Inter-
industry Input-Output Model. Caprain J. E. Hamiuron, George Washing-
ton University.

The paper presents a data-gathering and reduction program and methods of computa-
tion to construct a synthetic shipbuilding industry to provide a vector of inputs for a
portion of the national bill of goods. This bill of goods is treated as an autonomous industry
for application to a Leontief Input-Output matrix. The purpose of this is to test the Inter-
Industry technique as to its suitability for testing the feasibility of military programs.
The work consisted of assembling data sufficient to construct a suitable number of ‘“proto-
type” bills of material for complete ships; of establishing a program of shipbuilding with
sufficient breadth to embrace any industrial impact during the four year period under
construction; of classifying the units in the program by similarities; of computing multi-
pliers for material and manpower to pantograph the type to one of the prototypes; of
developing a formula for computing manpower requirements by time periods; of program-
ming computing machinery to compute material requirements by time periods; of calcu-
lating a vector of overhead inputs and a method of computation to include impacts of
overhead; and of aggregating material, labor, and overhead into a single time-phased
vector of total inputs from each of 192 industries.

34. A Mathematical Model of the Shipbuilding Industry. R. F. WiLLiAwMS,
George Washington University.

This paper is a model of task of data gathering involved in an analysis of the industry-
by-industry requirements in a ‘‘ship-building program.” Such a program, in general,
includes a variety of tasks other than actual building of ships, e.g. ship repair, ship con-
version, etc. The set of data required for a program, P, is a matrix of numbers, {X}, such
that each X;; is a measure of the material from the jth one of the n industrial segments
gerving the shipbuilding industry, required by the SBI during a certain (the 7th) time
segment for the program, P. First, as the raw data are necessarily found on a ship-task
to ship-task basis, these must be amalgamated to arrive at the matrix {X;}. Thus an
inquiry was made into the various possible means of amalgamation and a formalization
of these techniques is presented. Secondly, the only practical such measure has been found
to be the unit known as the “fixed dollar.”’” Therefore, as the cost of a ship-task includes
cost of material and cost of labor, a special inquiry is made into their respective records

_of data: bills of goods and wage scales, and a formal analysis of these is presented.

35. Distribution-free Tests of Fit for Continuous Distribution Functions. Z. W.
BirnBauM, University of Washington.

This expository address deals with distribution-free techniques for deciding whether
a sample ©, , %2, - - , &, of a one-dimensional random variable was obtained from a popula-
tion with a completely specified continuous cumulative distribution function H(x). A
number of such techniques are described and discussed. It is observed that all of them
are based on statistics of the form ¢[H(x:), --- , H(z,)] where ¢(u;, -+ , u,) is a sym-
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metric function. The concepts of a distribution-free statistic and of a strongly distribu-
tion-free statistic are introduced, and the theorem is stated that under fairly general
assumptions a strongly distribution-free statistic must be of the form ¢[H(z1), - -+ , H(z,)].
A program is outlined for introducing various metrics in the space of distribution fune-
tions and for investigating the power ofsdistribution-free tests with respect to these metrics.

36. Acceptance Inspection by Variables when the Measurements Are Subject
to Errors with Known Variance. EpwArp A. FAoy anp Joun E. WaLsH,
U. 8. Naval Ordnance Test Station, China Lake.

The situation considered is that where measurement of the characteristic of interest
is not exact but subject to noticeable error. The measurement error is assumed to be inde-
pendent of the true value of the characteristic measured and to be unbiased with known
variance. The variance of the true values of the characteristic measured is assumed to
have a known lower limit which is greater than zero. The probability distributions in-
volved are assumed to be normal while the true values and measurement errors each form
a random sample. For suitable specified acceptable and unacceptable fractions defective,
this paper presents one-sided acceptance inspection criteria which have the property
that the producer and consumer risks have specified upper bounds. Two-sided criteria
can be obtained by appropriate utilization of the one-sided results.

37. A Two-Sided Criterion for Acceptance Inspection by Variables. Epwin L.
Crow, U. 8. Naval Ordnance Test Station, China Lake.

It is desired to test whether a submitted lot has an acceptably small proportion de-
fective, where an item is considered defective if a measurable characteristic is either less
than a prescribed number or greater than another prescribed number. Two approximate
solutions making use of measurements on each item of a sample of fixed size have been
given by Wallis and Arnold (Selected Techniques of Statistical Analysis, Columbia Uni-
versity Press, 1947, pp. 52-57, 63-64). One of these simply combines two one-sided criteria
and yields a triangular acceptance region in the (Z, s) plane in the usual notation. The
other corresponds to an acceptance region within the above triangle. The OC curves (prob-
ability of acceptance vs. lot proportion defective) of these criteria for particular values
of the parameters are calculated by graphical integration. They depend on the lot mean.
By interpolation between bounding ones of these OC curves it is possible to find an ac-
ceptance region intermediate to the two mentioned above for which the OC curve varies
inappreciably with the lot mean. This two-sided criterion is generalized to the case in
which the measurements are subject to error.

38. Acceptance Inspection by Variables in the Presence of Measurement Error.
Epwarp A. Fay, U. 8. Naval Ordnance Test Station, China Lake.

The lot acceptance criterion Z + ks < U for sampling inspection by variables (where
U is the upper;limit to acceptable quality) is generalized to allow for measurement error.
If m measurements are made on each item of a sample of size N, the generalized criterion
if of the form Z + ksy = U, where s, is the standard deviation of the NV item means. Under
the assumption that the ratio r of standard deviation of measurement error to standard
deviation of produet variability is known, a straightforward generalization of the deriva-
tion of Wallis (Selected Techniques of Statistical Analysis, Columbia University Press,
1947, pp. 59-61) leads to the appropriate value of k for the case that m, N, and one point
on the OC curve are preassigned, and to the appropriate values of ¥ and N in the case
that m and two points on the OC curve are preassigned. It is shown that measurement
efror increases the sample size required to achieve the same OC curve in the ratio 1 +
2r2/[m(k? + 2)], where k is the value appropriate to the case of no measurement error.
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Consequences of departure from the assumption of known r are investigated by compar-
ing OC curves.

39. On Continuous Inspection Plans. (Preliminary Report.) GERALD J. LIEBER-
MAN, Stanford University.

This paper presents two extensions of the first continuous sampling plan devised by
H. F. Dodge (Annals of Math. Stat., Vol. 14 (1943), pp. 264-279). Dodge’s scheme pro-
vided for 100% inspection until 7 consecutive non-defective units were observed, at which
time partial inspection was instituted, namely, one out of 1/f units was inspected. As
soon as a defect was observed, 100% inspection was reinstated. It is proven in this paper
that whether the process is in a state of statistical control or not, an AOQL is assured.
In fact, it is shown that always AOQL = (1/f — 1)/(G 4+ 1/f). The second problem con-
sidered was that of obtaining a continuous sampling plan for the individual characteristics
constituting an item. This paper presents a continuous inspection scheme similar to
Dodge’s for r such characteristics, where r is any finite integer. It guarantees an overall
AOQL provided the process is in a state of statistical control. The procedure is as follows:
units are divided into segments of ¢ items as they are manufactured. The kt* characteristic
(k=1,2,---,7) is inspected 100% until the preceding full segment is found free of defects
in characteristic k, at which time partial inspection is instituted, namely, one out of 1/f
units is inspected for characteristic k. Full inspection is reinstated for any charactistic as
soon as a defect in that characteristic is observed.

40. An Acceptance Procedure with Two-Sided Specification Limits. GEorGE J.
ResnikorrF, Stanford University.

A two-sided acceptance test in sampling inspection by variables is devised. The test
is based on an estimate of the proportion defective which is optimum in the sense of mini-
mum variance among unbiased estimates. In the one-sided case this estimate leads to
the well-known test & + ks < U, where U is a single upper limit defining quality. Graph-
ically the test is a region in the (Z, s) plane. The probability of a sample point (£, s) fall-
ing in the region is a function of the lot mean as well as of thé proportion defective, but
the resulting band of OC curves is so narrow, for the cases investigated, as to enable it
to be considered a single curve insofar as industrial applications are concerned. Numerical
investigation indicates that this property is itself virtually independent of the sample
size. Since the acceptance region is inherently associated with the one-sided test, Z & ks,
the OC curve of this one-sided test may be used as an approximation to the OC band of
the two-sided test.
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