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l. | NTRODUCTI ON
1. Statisticians today are working mainly in three settings: in

acadenia, in government, and in the private sector. For historical and
ot her reasons these three groups, on the whol e, have inadequate
interaction. G ow ng specialization and sub-specialization also fosters
the dispersal of statisticians. Therefore the intellectual and practica
gains promsed by nore integration in the statistical profession have
becone all the nore inportant.

2. The evol ution of the statistical profession is a conplex and
fascinating subject. Fortunately in the last 10-15 years a nunber of
val uabl e books and articles appeared which throw |ight on inportant
aspects of this history. Wile in these works the attention is first of

*/ Prepared by M. Zoltan Kenessey, Director. The views expressed are
t hose of the author.
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all to the history of probabilistic thinking, owing to the
interrel ati onshi ps between academ ¢ and governnental statistics such
studies are al so hel pful in understandi ng the evol uti on outsi de academ a.
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3. The fountains of statistical devel opnent appear to be located in a
nunber of areas. One was the interests of the state, which led to
Achenwal | 's "Statistik" in Gttingen in 1749. Thinking about probability
was anot her stream ever since Christiaan Huygens work was first published
in 1657 in Leiden, and that of Bernoulli (posthunously) in 1713 in Basel.
For annuity and other insurance cal cul ati ons probabilistic approaches were
used by Jan de Wtt (he was al so a fanous statesnan) in 1671 in The Hague
and by Johannes Hudde (he was al so a nmayor of Ansterdan) in 1653-4.
Annuity cal cul ations, of course, required sone know edge about the
nortality of the popul ation by age as anal yzed by John Graunt in 1662 in
London. The shortage of statistical information about the subject
pronpt ed Edmund Halley to obtain fromGottfried Leibnitz data fromthe
city of Breslau for his study (1693) - (perhaps the first ever
international statistical cooperation recorded in history). The nanes
Leibnitz and Halley point to two other fountains to which statistical

wi sdomwas very early related: nathematics and astronony. The role of
Leibnitz in mathematics and probability is too well known to need

el aboration. The role of Halley (the Royal Astronomer) in a statistical
endeavour is perhaps |ess evident for today's reader, even though the
connection between astronony and statistics continued into the 19th
century, in particular in the person of Adol phe Quetel et (1796-1874).
Quetelet canme to statistics via astronony (he organi zed and | ed the
observatory in Belgiumafter his 1823 trip to the Royal Cbservatory in
Paris). He decided to apply the probabilistic notions to the social field
as well (beyond the popul ation studies in which they were already
appl i ed) .

4. However, the fountains fromwhich various el enents of statistica

t hi nki ng enmerged, went beyond "Statistik" (and the interests of the
state), insurance, annuities, mathematics, probability, or astronony.
Inportant stimuli were received fromphil osophy as well. In the case of
Quetel et, who was undoubtedly the nost influential official statistician
of his age (and the initiator of international statistical cooperation
through the International Statistical Congresses which were hel d between
1853 and 1876), the influence of Victor Cousin (Paris) has been shown.

[ See Porter (1986), pp. 101-3]. And, last but not least, statistical
efforts have been pronpted by econom c and social tensions. An

out standi ng exanple is the nagisterial work of Sir Frederick Mrton Eden,
"The State of the Poor", which was published in 1796 in London, and which
in 3 great volumes chronicled its subject (since the Norman Conquest) with
the use of as nmuch quantitative information as he coul d gat her

5. The integration of the various streans of statistical effort energing
fromthese many sources renmai ned uneven. |n particular, "academc
statistics" and "official (governnent) statistics" have often renained
apart. Even Adol phe Quetelet, notwithstanding his fanmiliarity with
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probability, has rarely applied such nethods to social data. As Stigler
(1986) formulated: "Nor was Quetelet alone in his abstention fromthis use
of avail abl e nmethodol ogy. Wth a fewisolated and transitory exceptions,
the application of probability to the measurenent of uncertainty in the
soci al sciences was unknown before the 1870's, exceedingly rare before the
1890 s, and uncommon well into the twentieth century.” [p. 194].

6. It is alnost as if probability and mathematical statistics, on the
one hand, and official statistics, on the other have historically evol ved
separately. Admttedly, there have been national differences even within
t he devel opment of official statistics in various countries; in certain
countries descriptive statistics, in others materials nore amenabl e for
“political arithnetic” (or mathematical treatnent in general) may have
been devel oped earlier. Notwithstanding these historical differences (and
their decreasing relevance by our tines), interactions between

mat henati cal statisticians and official statisticians, even today, are
rather uneven. It nmay be argued, that nodern devel opnments in nathematica
statistics and probability have not penetrated official statistica
activities sufficiently. Conversely, it may be argued that probabilists
and nat hematical statisticians have paid i nadequate attention to the

probl ens encountered by official statisticians. e may al so suppose that
there is sone truth in both assunptions.

7. There is, apparently, a long history of this type of dichotony in
various countries as well as internationally. |ndeed, even the

hi stori ography of statistics has reflected this dichotony for a long tine.
Philip Kreager's penetrating review study (to which we cannot do justice
at this juncture), put this matter as follows: "...scant treatnment of
quantification [lack of attention to data gathering aspects] reflects a

di vision of labour that has long troubled the history of mathematica
ideas. n the one hand, a common procedure is to wite histories of
statistical subjects in which no mathematical fornmulae or quantitative
illustrations are used (e.g. Wstergaard, Loriner, and G eenwood)...(n the
other hand, the history of statistics until recently was dom nated by

anot her approach, largely the province of mathenatical specialist.”

[ Kreager, 1993] Kreager reviews, in particular, three new historical
studi es i ssued between 1975 and 1991 [Daston (1988), Hald (1990), and
Hacki ng (1975)]. Kreager suggests that Hald anong these 'qualifies as a
maj or new event' in the direction of integrating the history of the

rel evant intellectual nmovenents over the recent centuries [Kreager (1993),
p. 537].

8. Kreager cites conpl ex reasons why the history of statistica
activities and statistical nethods evol ved on different |ines, which
occasionally intersected, but typically renmained parallel. He suggests,

that the new type of historical studies by Hacking, Daston and Hal d "nakes
an i npressive case for the fundanmental role of early nodern popul ation



CES/SEM 35/SI11/2
Page 4

inquiry in the history of probability, and thereby in the rise of social
mat hemati cs. " [Kraeger (1993), p. 539]. W ether his suggestion will be as
fruitful as he hopes, remains to be seen. Yet the prospect of joining the
intellectual evolution of statistical activities, probability, population
studies, 'political arithnetic', and national statistical activities may

i ndeed open up the possibility for a nore integrated historical evaluation
of all the somewhat separate devel opnents. And a nore integrated

hi storical perspective may be very illunm nating for understanding the
special reasons for the "fragmentation' of statistical fields that stil
persists, and provi de sonme gui dance as to the integration needs and
possibilities of the statistical profession as we contenplate it today in
all its diversity.

9. In short, the history of statistical thought and activity points to
early interactions and historical influences conmng frommany inportant
streans originating in a nunber of areas. Yet the history of statistics
al so reveal s conplex and early reasons for a certain |lack of 'professiona
integration' in our discipline. New historical research explains sone of
the reasons for this; other causes still appear to be only partly
understood. Gven the intellectual and historical conplexity of this
matter, further research results will be needed (and encouraged) for a
nore conpl ete understandi ng of the problem |Indeed, it would be in the
best interest of statisticians active in all main areas if they asked the
hi storians of statistical thought and of statistical activity to further
exam ne the issue of integration (or the lack of it) in our profession

. OFFI Cl AL STATI STI CS W THI N STATI STI CAL SCI ENCE

10. As suggested earlier, it may be argued, that modern devel oprments in
mat hemati cal statistics and probability have not penetrated officia
statistical activities sufficiently and that probabilists and mat hemati cal
statisticians have paid i nadequate attention to the probl ens encountered
by official statisticians.

11. Thirty years ago | had the opportunity to publish a paper in the
Review of the International Statistical Institute with the title 'Sone
Questions of the Interpretation of Statistics as a Science with Specia

Regard to Oficial Statistics'. At the tine | suggested "...that officia
statistical devel opnment programmes to a greater than necessary extent are
based on intuition and traditional lines. There seemto emerge new

possibilities to apply a growing measure of scientific rigour for the
direction, organi zati on and devel opment of nodern statistical
services...". Notwithstanding the progress nade since the 1960's, there
is still some truth to that statement. At the sane time, one can al so
hear the concerns that acadenic statistics has noved too far towards

creating its own "ivory tower', which may be not only a loss to the users
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of new statistical approaches, the applied statisticians. After all,
during the history of statistics, 'real life' problens have stinmul ated
many inportant advances in statistical theory; the connections between
"theoretical' and 'applied statistics certainly do not nove along a
one-way street alone. Indeed, a hierarchial perception of the different
fields of know edge is counter-productive on both intellectual and
practical grounds.

12. According to the Kendall & Buckland Dictionary of Statistical Terns
the definition of statistics is as follows: "Nunerical data relating to an
aggregate of individuals; the science of collecting, analyzing and
interpreting such data". [Kendall and Buckland (1957), p. 279]. This
definition as corresponding to practical experience and as a theoretically
correct starting point yields help to the systenatization of statistical
science. | believe it is appropriate to recognize - or develop - as a
part of statistical science all those fields of know edge which fromthe
poi nt of view of the above cited definition of statistics can be taken
into consideration. Statistics seenms to be a group of sciences. It
enbraces statistical theory as well as the measurement, structura

i nvestigation, the study of relations of the nmonents characterizing the
factors and the operations of stochastic processes, cybernetical systens,
etc. which exist in the frame of real (concrete) popul ati ons.

13. According to ny view in the thinking about official statistics it is
not fully recognized that certain fields of know edge, related to the
experiences of official statistical activity should be al so considered and
devel oped as proper parts of the broader group of statistical sciences.
This is corresponding not only to the cited Kendal | - Buckl and definition on
statistics (...the science of collecting, analyzing and
interpreting...nunerical data relating to an aggregate of individuals...)
and to the nodern approach on science. It is also calling for grow ng
scientific rigour in the devel opment of the fields of know edge, regarding
applied statistical activities everywhere, both in governnent and in the
private sector.

14. The general point | amnaking is that an inclusive interpretation of
the scope of the statistical science is preferable to an excl usive
approach. [Kenessey (1966) and (1995)]. Al fields of application
including official and private sector statistical activities, should be
acknow edged - along the nmany statistical applications in all other
scientific disciplines - as actual or potential branches of statistica

sci ence.

15. Di spersion and cohesion in the statistical profession have inportant
and practical ranifications and therefore deserve attention and serious
study by statisticians. | suggest that dispersion is fostered and
cohesion is hindered if an exclusive interpretation of statistics as a
science reigns. In order to keep the potential intellectual and practica
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benefits of increased interaction and strengthened cohesion in the

prof essi on, the adherence to an inclusive interpretation of statistics as
a science is preferred. The research results in all relevant fields
shoul d be al so acknow edged as actual or potential areas of the inclusive
interpretation of statistical know edge.

V. SPECI ALI ZATI ON W THI N STATI STI CS

16. The growi ng specialization (and sub-specialization) within statistics
is a well docurented phenomenon. The nunber of publications, working
groups, task forces, etc. dedicated in official statistics to the many
different fields are too well known to be docunented here. For the
present audi ence, however, it nmay be of interest to cite the phenonena
growt h of acadenic journals dealing with mathenatical statistics,
stochastics and probability. An indication of specialization may be

gl eaned fromthe appendi x to this paper which shows the classification
schene used by the ISl journal "Statistical Theory and Method Abstracts".
17. Natural |y, specialization, and the evol ution of sub-specialties, is
about as characteristic of the statistical profession as of nedicine, |aw,
econonmi cs or the physical sciences. As know edge expands in a given area,
it has become difficult or inpossible for professionals to cover it
entirely. Thus, restricting efforts to certain fields within an area
becones advant ageous and even unavoi dable. This has to do, one can say,
with the fruitful ness of certain principles of econonics (such as the
division of labor) - however it is not the purpose of this piece to

el aborate on this natter.

18. The community of statisticians, within countries and internationally,
becane very nmuch aware of the needs to foster specialization in
statistics. The International Statistical Institute (1Sl), for exanple,
est abl i shed such special sections as the Bernoulli Society for

Mat hematical Statistics and Probability, the International Association for
Oficial Statistics, the International Association for Statistica
Conputing, the International Association for Statistical Education, and
the International Association of Survey Statisticians. Each of these
speci al i zed areas devel oped i nportant research prograns, exchanges of

i deas, and publications dedicated to their problens. |t seenms to be true
that many of the advances in nodern statistics were achieved in the
framewor k of increased and ever intensified specialization in the
statistical profession

19. Yet, it is generally recognized that the rel entless advancenent of
speci ali zati on al so produces undesirabl e side-effects. This has been
understood in nmany fields of know edge for some years. Most of the

i nportant problens are conplex in nature and can be sel dom sol ved by
relying on know edge fromonly one specialty or sub-specialty. Moreover,
researchers have found that very fruitful areas of investigations can
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enmerge on the boundaries of two (or nore) fields of know edge. There are
so many exanples for this process, that it is superfluous to list the
nuner ous successes such as seen by the evol ution of biochemstry,
astrophysi cs and nany ot her fields.

20. Recogni zi ng the additional value of integration for the statistica
prof essi on, which has so much benefitted fromspecialization, 1Sl also has
been fostering increased interaction anong the branches of statistics.
The biennial neetings of the I1SI, for exanple, provide opportunities for
specialists to neet statisticians outside their own areas, and try to
pronote the interaction anongst the various groups. Al so, each issue of
the 1Sl Newsletter - which is received by all nenbers of the ISl and the
Sections - covers the activities of all ISl Sections, and provide an
opportunity for specialists in one field to get news about activities not
only intheir own areas but in the others as well. The new editorial
policy of the International Statistical Review, which is the flagship
journal of the ISI, also ains at conplenenting the effects of ever
narrower specialization by providing reviews of statistical devel opnents
of a wider interest to readers.

21. It should be noted that over the years the international statistica
communi ty recogni zed probl ens regardi ng both specialization and
interaction in statistics. In respect of specialization the main problem

appears to be inadequate international attention to certain specialized
statistical activities. For exanple the currently operating associations
(five sections) of the I'SI do not necessarily provide a forumto certain
groups of statisticians. This may be related to the way the specialized
groups evolved within ISI: nmore or less by '"function' and less by 'field
of application. (It is interesting to conpare, in this context, the
sections of the ISl with the sections of the Royal Statistical Society,
which are the follow ng: Research; Business and | ndustry; Soci al
Statistics; Oficial Statistics; Statistical Conputing; Mdica
Statistics; and General Applications). Al so, the numerous sections of the
Anerican Statistical Association provide a nore thorough 'field coverage
than the ISl does. Wthin the | SI, the problens of 'coverage' have been
addressed, in part, by special committees for certain fields of
application, such as industry, environnent, agriculture, geographic
informati on systens. |n addition, explorations have been nmade about the
possibility of creating a 'general' section (somewhat simlar to the RSS
'general applications' section) even though there have been sonme doubts
about this endeavour.

22. Another lack in attention to specialized interests has been the
earlier neglect of the needs of statisticians working in the private
sector. Private sector statistical activities are historically speaking
relatively new pursuits. But today it is recognized the need to provide
nore 'space’ within ISl for statisticians active in the private sector
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In general, ISl traditionally focused nmore on academ c and of ficia
statisticians than on those enployed in the private sector. The nunbers
of the latter group have been grow ng; according to sonme estimates about
30% of ASA nenbers work in the private sector. Notwi thstanding the

i nadequaci es of coverage of certain specialized areas within the 1S, it
seens that the problens recogni zed regarding the relatively weak

i nteraction anong the specialized areas of statistics are equally, and
per haps nore, pressing than the issues cited regardi ng i nadequate
attention to specialization within statistics. The difficulties of
international statistics in this regard seemto be simlar to the probl ens
experi enced anong speci alized fields of know edge in general. The
Director General of UNESCO Federico Mayor in his article "The Role of the
Soci al Sciences in a Changi ng Europe" pointed out the following in this
regard: "Firstly, the interdisciplinary as well as conparative approaches
nust be pronoted decisively and extensively. Conversely, the

di sciplinary, paradigmatic, epistenol ogical and ontol ogi cal fragmentation
and debates, inportant as they are, nust be down-played... The aimis to
render the social sciences nore operational, nore relevant in ternms of
data and evidence and as a know edge base for policy-making...Secondly,
interdisciplinary and conparative research nmust be based on good quality
statistical data. This is absolutely crucial for the further advancenent
of the social sciences." [Myor (1992), p. 279]

23. Good as it is to read Mayor's suggestions about the use of statistics
in the social sciences, one has to think that the problenms he sees in the
social sciences exist in statistics as well: that story is al so about us
("de te fabula narratur...'). In order to be able to help all the other
fields effectively, the inter-disciplinary, and indeed the
intra-statistical affairs within our own increasingly sub-specialized

field also require thoughtful attention.

24, Qur discussion, of course, assumes that increased interaction anmong
speci ali zed fields of know edge in general, and anong the various areas of
statistics in particular, can have beneficial results which can usefully

augrment the know edge acquired in each specialty. It also assunes, that
the cost of such interaction - the efforts needed for increased
communi cation, etc. - are smaller than the benefits which may be derived.

It is not easy to prove that these assunptions are valid. However, the
success of many energing fields of know edge on the boundaries of
different disciplines makes such assunptions plausible for statistics as
well. Yet, if considerable net benefits are expected, what has been
preventing the existing specialties in statistics fromreaping the rewards
of more interaction? It seens that certain technical factors, which are
experienced in nany other fields of know edge are operative in the
statistical fields as well such as the circunstance that the chances of
prof essi onal recognition are much better within the specialties.



CES/SEM 35/ SI11/2

Page 9
V. CONCLUSI ONS
25. It is believed that studying the evolution of statistics provides
insights into the diversity and the communality of those working in the
many fields of statistics. |Indeed further historical research into the
subj ect shoul d be encour aged.
26. The know edge accunul ated regarding official statistics should be

recogni zed as part and parcel of statistical science. Those parts of this
know edge which even by the end of the 20th century are transnitted only
orally to the new generations shoul d become the subject of books and
articles and should find their way into the literature.

27. In addition to recognizing the value of grow ng specialization and
sub-specialization, the integration of the statistical profession should
be given enphasis as well. There are nunerous intellectual and practica

gai ns prom sed by such an approach.

28. Last but not least the inclusive interpretation of statistics as a
discipline requires not only nore interaction between academ ¢ and
official statisticians, but it also nandates organi zed interactions with
the ever growi ng nunber of statisticians active in the private sector.

Al so, there are many "statisticians" (some of themdo not think thensel ves

being in our group of professionals) who toil in fields other than
academ c, governnent or private sector "statistics". They may be active
in astronony, psychonetrics, literary studies, |aw, geography, physics,

etc. For the first time in 1997 the Istanbul Session of the ISl wll
provi de an organi zed opportunity for such persons to present their
research results to the w der statistical comunity. W hope that both
persons fromthe "regular" statistical circles and fromthese rel ated
areas will benefit fromthe interaction

29. Statistics is an inherently interdisciplinary activity. W need to
recogni ze this in the planning of our activities and in our attenpts to
foster the integration of statistics as a profession.
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CLASSIFICATION SCHEME
of Statistical Theory and Method Abstracts

MATHEMATICAL METHODS
General

Theory of sets, fuzzy sets

Algebraic structures

Combinatorial analysis; graph theory
Number theory

Linear algebra; matrices and vectors
Theory of functions, real analysis
Functional analysis, topological spaces
M easure theory

Potential theory

Fourier and harmonic analysis
Special functions and transforms
Functions of matrix arguments
Zonal polynomials

Functional equations

Calculus of finite differences
Optimisation

Numerical analysis

(Differential) geometry

Algorithms, computer programs and
computations

Other

PROBABILITY THEORY

General

Classical probability theory
Subjective probability

Bayesian approach

Geometric probability

Combinatorial problems

M easure theoretic approach
Probability on algebraic and topological
structures

Random variables, expectations and
parameters

Random vectors and matrices
Sufficiency, completeness, ancillarity
Independence

Exchangeability

Generating and characteristic functions
Transformations

Inequalities

Convergence in probability

Almost sure convergence
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theorems, invariance principles
Asymptotic expansions, rate of
convergence

Sums of independent random vectors
Large deviations and extreme values
Decision theory

Information theory

Algorithms, computer programs and
computations
Other

PROBABILITY DISTRIBUTIONS
General

Univariate discrete distributions
Univariate continuous distributions
Multivariate discrete distributions
Multivariate continuous distributions
Extreme value distributions
Exponential families

Infinitely divisible and stable
distributions

Limit distributions

Relations between distributions,
deconvolution

Truncated and mixed distributions
Approximations and asymptotic results
Lifetime distributions

Systems of distributions (Pearson,
Johnson, etc.)

Algorithms, computer programs and
computations

Other

SAMPLING DISTRIBUTIONS
General

Emepirical distributions and descriptive
measures

Correlation and regression coefficients,
residuals

Student's t; F, X2 distributions

Order statistics

Empirical moments and quantiles
Quadratic forms
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Distribution of estimators

Tables of percentage points
Non-central distributions

Non-normal populations

Multivariate distributions

Limit distributions

Approximations and asymptotic results
Truncated distributions

Algorithms, computer programs and
computations

Other

ESTIMATION

General

Method of maximum likelihood
Other parametric methods

Exact properties of estimators
Combining estimators

Asymptotic properties of estimators
Comparison of estimators
Simultaneous estimation

Estimation of distribution functions
Linear estimation

Confidence regions

Fiducial intervals

Statistical tolerance intervals, prediction
intervals

Bayesian estimation
Semi-parametric estimation
Non-parametric estimation
U-statistics and R-estimators
Estimating equations

Sequential and multistage estimation
Change-point model and signal
detection

Stochastic approximation

Robust and adaptive estimation

L- and M-estimators

Sampl e reuse techniques

Censoring

Outliers

Finite population parameter estimation
Estimation in multivariate problems
Shrinkage estimation

Estimation under constraints, isotonic
regression

Density estimation and related topics
Statistical information and inference
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Algorithms, computer programs and
computations
Other

HYPOTHESIS TESTING

General

Test construction: likelihood-based
approach

Test construction: other approaches
Exact properties of tests
Asymptotic properties of tests
Preliminary testing, testimators
Linear hypothesis and contrasts
Bayesian tests

Non-parametric tests, rank tests
Semi-parametric tests

Sequential and multistage tests
Robust and adaptive procedures
Outliers and slippage tests
Censoring

Goodness-of -fit tests
Multiparameter hypothesis testing
Ranking and selection, paired
comparisons
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05:990
06
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06:005
06:010

06:015
06:020

06:030

06:040

Comparing tests

Sampl e reuse techniques

Testing under constraints, isotonic
regression

Algorithms, computer programs and
computations

Other

ASSOCIATION AND DEPENDENCE
General

Exploratory data analysis, diagnostics
Association and dependence of
guantitative data

Rank correlation

Association and dependence of
gualitative data

Categorical data analysis, contingency
tables

Canonical analysis, canonical

correlation

06:050
06:070
06:080
06:085
06:090

Discriminant analysis
Principal component analysis
Factor analysis
Correspondence analysis
Scaling methods
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06:100
06:105
06:120
06:900

06:990

o7
07:000
07:010
07:012
07:020
07:021
07:030
07:040
07:050
07:060

07:069
07:070

07:071
07:075

07:080
07:085
07:090

07:095
07:100
07:110
07:111

07:120

Pattern recognition and scene analysis
Image processing and remote sensing
Cluster analysis and classification
Algorithms, computer programs and
computations

Other

REGRESSION ANALYSIS

General

Model building and selection

Analysis of residuals

L east squares methods

Maximum likelihood methods

L east absolute value methods

Orthogonal regression

Minimax regression

Ridge regression, regression over

constraints

Other methods

Selection of predictors (order and

number)

Prediction in regression

Influential observations, breakpoint

analysis

Calibration, optimal coding

Poisson regression, overdispersion

Logistic and loglinear model, quantal

response

Generalised linear models

Errorsin model input variables

Missing observations

Linear models with general error
distribution

Nonparametric methods,

cross-validation

07:130 Bayesian and related methods

07:140
07:142
07:143
07:146
07:148
07:150
07:160
07:165
07:180
07:190
07:900

07:990

08

Nonlinear regression
Transformed models
Proportional hazards models
Numerical methods, splines
Logit, probit and tobit analysis
Robustness, sensitivity
Smoothing procedures
Response curve estimation
Simultaneous equations
Seemingly unrelated regressions
Algorithms, computer programs and
computations

Other

ANALY SIS OF VARIANCE

08:000
08:010
08:020
08:030
08:040
08:050
08:060
08:070
08:080
08:090

08:100
08:110
08:112
08:120
08:130

08:900

08:990
09

09:000

09:010
09:020

General

Fixed effects models

Variance components models

Mixed and other models

Analysis of covariance

Non-parametric methods

Sequential and multistage methods
Robust and adaptive methods
Non-orthogonal data and missing values
Multiple comparisons; multiple decision
procedures

Non-linear models

Multivariate analysis of variance
Growth curve models

Asymptotic theory

Non-normality of errors or statistical
dependence

Algorithms, computer programs and
computations

Other

SAMPLING

General

Classical methodology

Use of auxiliary information in

estimation
09:025 Sampling on successive occasions

09:030
09:040
09:050

09:060
09:070

09:072
09:074
09:080
09:090
09:100
09:110
09:120
09:130
09:140

09:900

09:990
10
10:000
10:005
10:010

Unegual probability sampling strategies
Optimal sampling strategies
Super-population approach; robustness
studies

Bayesian inference

Natural (human, animal, environmental,
ecological and biological) populations
Capture-recapture methods

Areal sampling, line transect sampling
Asymptotic theory

Randomised response techniques
Non-sampling problems, non-response
Survey sampling

Market and opinion research

Quality and process control

Sampling of continuous populations;
bulk sampling

Algorithms, computer programs and
computations

Other

DESIGN OF EXPERIMENTS
General

Optimal designs

Block designs, group-divisible designs



10:015

Y ouden

10:020
10:022
10:024
10:030
10:040

10:050

10:060
10:070
10:080
10:090
10:900

10:990

11

11:000
11:010
11:012
11:015

11:020
11:030

11:035
11:040

11:050

11:060
11:070

11:080
11:085
11:090
11:100
11:110
11:115
11:120
11:130
11:140
11:150
11:155
11:160
11:170
11:180

Latin and Graeco-L atin squares,
designs

Factorial designs, orthogonal arrays

Cross-over designs

Split-plot, nested and weighing designs

Other designs

Response surface designs, rotatable

designs

Repeated measurements and sequential

designs

Clinical trials and bio-assays

Sensitivity analysis

Mixture designs

Screening tests

Algorithms, computer programs and

computations

Other

THEORY OF STOCHASTIC
PROCESSES

General

Stationary processes

Ergodic theory

Auto-regressive and moving average
processes

Gaussian and related processes
Generalised stochastic processes, e.g.
white noise, Hilbert-space valued
Stochastic geometry, stereology
Martingales, semi- and sub-martingales,
amarts

Stochastic analysis: differential
equations, integration

Stochastic control

Information theory: entropy,
information measures, capacity of
channels

Jump processes

Poisson processes

Markov chains

Markov processes in continuous time
Semi-Markov processes
Regenerative processes

Renewal theory and processes
Theory of queues

Random walks and applications
Brownian motion; Wiener processes
Processes related to Brownian motion
Diffusion and related processes
Birth-death processes

Branching and related processes

11:185
11:190

11:200
11:210
11:220

11:230

11:240

11:245
11:250
11:255
11:260
11:900

11:990

12

12:000
12:010
12:020
12:025
12:030
12:040

12:050
12:060
and

12:065

12:070
12:080
12:090
12:100
12:105
12:110
12:120
12:130
12:140
12:150
12:900

12:990

13
13:000
13:010
13:020
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Local times

Stopping times, optimal stopping
problems; gambling theory

Point processes

Random measures

Random fields and multiparameter
processes

Statistical mechanics type models,
percolation theory, Gibbs states
Infinitely divisible, stable, semi-stable,
Lévy and self-similar processes
Extremal processes

Convergence of processes
Empirical and quantile processes
Sample path properties

Algorithms, computer programs and
computations

Other

INFERENCE FOR STOCHASTIC
PROCESSES

General

Inference for Markov processes
Inference for diffusion processes
Inference for point processes
Inference for other univariate processes
Inference for other multivariate
processes

Inference for multiparameter processes
Univariate time series: classification
identification

Univariate time series; hypothesis
testing

Univariate time series. estimation
Inference for multivariate time series
Spectral analysis

Filtering

Seasonal adjustment

Smoothing

Prediction, forecasting

Sampling

Aliasing

Sensibility

Algorithms, computer programs and
computations

Other

OPERATIONS RESEARCH
General

Graph theory and combinatorics
Mathematical programming
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13:030
13:040
13:050
13:060
13:070

13:080
13:090
13:100
13:110
13:120
13:125
13:130
13:140
13:150

13:160
13:900

13:990

14
14:000
14:010
14:015
14:020
14:030
14:032
14:035
14:040

14:045
14:050
14:060
14:070
14:071
14:075
14:080
14:090
14:095
14:100
14:110
14:120
14:125
14:130
14:140
14:145
14:150
14:160
14:170
14:180

Dynamic programming

Control theory

Transportation problems
Scheduling

Theory of replacement; reliability; life
testing

Queues

Inventory, risk analysis, dams
Game theory

Utility theory

L earning theory

Searching methods, optimal search
Simulation; Monte Carlo methods
Mathematical models

E-M algorithms, nearest neighbour
methods

Expert systems

Algorithms, computer programs and
computations

Other

SPECIAL TOPICS: APPLICATIONS
General

Geostatistics, physics and chemistry
Astronomy and astrophysics

M eteorology

Biostatistics and biomathematics
Genetics, eugenics

Statisticsin agriculture

Medical and epidemiological statistics,
case control studies

Sports

Demography, population models
Ecology and environmental statistics
Economics

Index numbers

Finance and auditing

Actuarial mathematics

Psychometrics

Neural networks; artificial intelligence
Social sciences

Linguistics

Engineering

Marketing

Survival analysis

Data banks

Data collection

Computer science and automata
Politics and voting systems

Traffic

Education

14:190
14:200
14:900

14:990
15
15:010

15:020
15:030
15:040
15:050
15:060
15:070
15:080
15:090
15:100
15:110

15:900

15:990

Legal & Forensic Statistics
Management Science

Algorithms, computer programs and
computations

Other

GENERAL FEATURES

General methodology and philosophy of
statistics

Teaching and training methods
History and biographies
Bibliographies

Statistical tables

Graphical methods

Computer software

Construction of algorithms
Computers and operating systems
Random number generators
Congress proceedings and other
collective works

Algorithms, computer programs and
computations

Other



