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Data on country and subfield distributions of the world publication output and on pational
citation records in physics are evaluated by the means of a new, gnostical theory. Substantive
and robust results suggest possible wider use of this approach in scientometrics and research
management.

METHOD

Gnostical theory [1— 3] derives from two simple axioms a mathematical model of data acquisi-
tion disturbed by uncertainty, statistical model of which is unknown or even unjustifiable. The
theory is based on laws governing the uncertainty of each individual datum such as variational
principles of virtual kinematics of real data and of their dynamics closely related to both entropy
and information of data. The knowledge of an ideal gnostical cycle for each real datum enables
to develop algorithms for optimal handling of data. Software based on gnostical theory maximizes
the information obtained and yields data characteristics robustness of which 15 optimal with
respect to outlying or inlying data. Applications include the robust estimation of both location
and scale parameters of small data samples and of their generalized correlations, cluster analysis,
estimation of probability and a nonpargmetric estimation of probability distribution, nonlinear
discrete fillering, prediction and smoothing, identification of systems under strong disturbances
and adaptive setting of alarm systems, robust identification of regression models, eic. The main
advantage are algorithms efficient in applications to small samples of bad data.

ANALYSIS

An i-th uncertain observation z; of an exact (“true’) quantity 2, will be supposed to have the
form

(1) z; = zgexp (s2))

being a member of a data sample Z:= {z,, ..., z,}. The quantities z; and s will be called the scale
parameter and the location parameter of the sample Z, respectively. The quantity £2; parametrizes
the influence of uncertainty on the datum z;. Only z; is known in (1), the other parameters are
to be estimated within the analysis. It can be shown [2] that the gnostical variance of the outlier-
robust type has the form

© o=1-—3f
ni
where the quantity £ (the “fidelity™ of the {-th datum) is
{3] Ji = 2Y((z/z0)*" + {zule)m] .
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Table 1

Assessment of international publication patierns by ratios between major physics subfields,
a) Statistical and gnostical characteristics of data samples (data are taken from [7, 5]).
b) Tolerance intervals of location parameters and typicality intervals.

ELEM — The physics of elementary particles and fields, NUCL — Muclear physics, CON6 — Condensed matter: structure, thermal and mech-
anical properties, COMT — Condensed matter: electronic structure, electrical magnetic, and optical properties, MATE — Materials science.

)
ratio of categ, numb, % i g ;

Mo phivsics af of characteristics tolerance interval of
subfields Gt R statistical gnostical interval typical values
z T 2 5 I I L Irp
1 ELEM -+ NUCL | 27 (449 025 (35 092 (-53 (+57 -39 78
CONG6 -+ CONT7 4+ MATE 11 23 =45 037 (36 -84 (34 038 026 (=50
- ELEM 1 2 0-52 (=44 -39 (i) 0-37 (40 028 (-53
i MNLUCL 11 18 1-00 R 0-74 I-24 (-4f 1-27 031 1-91
5 CONT I 26 1-30 0-43 1-36 (-61 1-26 1-32 I-04 1-62
COMA 11 21 205 3-40 1-52 1:27 1-45 1-549 005 2-41
4 COMNT I 26 (+85 (F35 (87 0-66 4 (-85 {6t 1-101
CON6 4 MATE 11 22 156 1-74 80 1-24 076 (-85 (51 1-27
5 CONa 1 26 205 1-1% 1-83 (+ED 177 1-88 1+36 244
MATE 11 21 207 248 (FH4 1-2% 077 093 (1501 1-42

* SRR JOHCIAIUT [ SIS JRINSOUD JAYA0) CF Aoy o




P. Kovanic, J. Viachy': Grostical analysis of imternational activities . . .

THE EFFECT OF ANGTHER PIECE

DATA DEMSITY FOR COUNTRY CROUPRNGS OF DATEA ON ESTIMATOR VALUES
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Fig. 1 Fig. 2

The gnostical variance characterizes the spread of the data of the sample Z but it plays also
another important role;: The mean square of fidelitics (equalling to 1 — ¢} is a good estimate of
the data density of the sample Z. It can be interpreted as a gnostical estimate of the probability
density of the unknown variable z,. For each z; (given a scale parameter 53 the data density d =
= 1 — p can be easily evaluated by (2) and (3). )

RESULTS

The procedure has been first tested on a distribution of 1983 international publication output
(50 countries) in physics [4, 5]. In fig. 1 the full line represents the data density for 5= 1-4.
This value has been gnostically estimated from an entropy conservation concept. By variating the
scale parameter a more detailed insight into clustering of individual countries is feasible. When
choosing x = (-4, minima on the dotted line reveal seven groups of countrics (when forgetting
about an “outlier” LUX). A remarkable gap at about 22-5 publications per millicn inhabitants
separates the key groups A and B from the less important C — H. All countrics A — Care highly
developed economically [6) and it 15 obviouws that they are also highly developed in physics when
assessed scientometrically (in fact, there is a sirong correlation between the measures of national
publication output and per capita GNP [4]). The separation into groups A and B corresponds
roughly to the division East— West (cf. disciplinary clusters [5]).

Each of the groups has two important parameters: the location of the maximum and the value
of the maximal density. The former quantity can be taken as an estimate 2 of the unknown quan-
tity zg. It will characterize the location of a particular cluster of the data and can be determined
analytically as
(4) %, = arg max (d)

Ia

which is given by a solution of the nonlinear equation
. [}
(5) 2o = YIER=DIER=)]
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where f is obtained from (3) by substituting 2 instead of z,. Thisequation hasa solution for each
of the clusters contained in the data sample Z. As scen from (5), such a location parameter is
highly robust with respect to the data lying out of the immediate neighbourhood of the Z;.
Incase of unimodal density of data and very weak uncertainties this location parameter approaches
the value of the arithmetic mean of the data but otherwise it principially differs from the mean by
robusiness and multiplicity. It is therefore better 1o characterize data clusters by this location
parameter than by the arithmetic mean.

To demonstrate this we take as another example relative weights of physics publication ourput
by subfields in the same 50 countries (data filed for [7] and presented graphically in [5] on p. 165,
left side of the figure). Countries belonging to groups A — C (more than 22-5 publ /10% inh.)
are considered as category 1, the less productive countries D — H fall in category II. Parameters
of location Eg together with arithmetic means T are given in tab. la for all ten data samples.
Standard deviations & and gnostical scale parameters & are given as well. Incases when the density
curve attains two maxima the location of the maximum of the main cluster has been included
in the table (second maxima appeared in the cases 3-T and 5-1 because of the extremal low values
for LUX).

The arithmetic mean would not be adequate here as the data are obviously very far from being
normally distributed and large amounts of negative publication rates would have to be expected.
Means in the table are strongly influenced by rare values of large ratio; in seven out of ten cases
they exceed the robust location parameters E,D. From fig. 2 it is apparent what happens when the

COUNTRY GROUPINGS BY CLASSES OF LOCATION PARAMETER
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sample 1-1 is extended by inclusion of another datum 2,5, The horizontal axis corresponds to
this datum, the vertical axis is wsed for the location parameter {En]'zs of the extended sample,
Both statistical measures (Tp)ag and (g)y4 grow without limits as the value of z,5 increases:
one bad datum can destroy them notwithstanding the 27 good data in the sample, The asymmetry
presents another problem — the statistical parameters react quite differently to small and large
values of Z, 5. But the studied ratio may have both extremal values and it is no reason why to
treat them differently. Usage of some robust statistical estimators (median, etc.) may not be
a universal remedy [B].

The behaviour of gnostical characteristics (Zg)sy and ¥ manifests high robusiness with respect
to changes of z;5. The curve for (25,4 provides two important points Py and Py with coordinates
{zqp. zp) and (zpy. zph respectively, Location parameter lies between two bounds z; and zy
for all =g, the interval (g, zyy) can thus be interpreted as a “tolerance interval” of the location
parameter. The quantities zq and zp; divide the interval (0,20) into three subintervals L, T
and . Forall z;4 from the interval T{"typical™ values) growing 2,4 increases the location para-
meter {Zp)ag while the other values z,5 <2 zqp (“low") and 235 = 3y (“high’) cause an op-
posite, “unnatural® effect (see tab, by

There of course exist many statistical methods of robust estimation of both the location and
scale parameters. Effectiveness of several ones has been compared on series of classical data
{Short 1763, Newcomb 1882, Michelson 1879) (8] but gnostical estimators have been shown to
be superior over all of them [9].

Results from tab. 1b may be wsed for further analvsis: First, in all five cases the differences
between categories T and 1T are significant in the sense that there exist no common points of their
toleration intervals of location parameters. Second, each datum on subfield proportions can

be adjoined to an interval L, T or H from two points of view using bounds determined Tor
category I or I The outcome of such a classification is summarized in fig. 3.

0ATA DEMNSITIES FOR COUNTRY GROUPINGS
tir 1 -
e nn ohsarved world rejative Europsnn r tme chonges mojar warid
;EE'_ citation rete countries  L0F | eitation rate 'Iq courtries __“_F' n fhe relative countrias
“2| per pubtication fdevelopad| 7| o journols / [ “[: cituban  index
17k 197E-184D 12} 1876 -850 | | gp TRBOITI
|

14 - L

N

I| \

{4

S AR P
ua;-: | II'-.II _— ME / \/\

| sl

T
ey
e

B

=
W5
i

4
i
a
SR
Ein

jﬂ.“;hnr
(R
E b "'

Er iz uf
i MR B 02 o8 o3 19 11 g 13
Er]
Fig. 4. Fig. 5 Fig, &

75



P. Kovanie, J. Viachy: Gnostical analysis of international activities . . .

Three other recent studies on physics communication patterns have been probed with the
same basic gnostical tool. Data density for a set of 32 developed countries (our category T) ranked
by mean observed citation rate per physics publication [10] is plowed in fig. 4. For scale parameter
5= 02, five groups of countries can be distinguished, providing a quality pattern fairly different
from the output pattern in fig. 1. The countrics are grouped around maxima located at the
values of MOCR = 4-6, 2:6, 16, 1-1 and 0-7. On the other hand, 25 European countries, charac-
terized by their relative citation rate in physics (relative contribution to the quality of journals
used, i.e. mean citation rate per article divided by mean citation rate of the journals used) [11]
concentrate in two or three groups when applying the same s = 0-2 in fig. 5 at RCR = 1-0
and 0-6, without much clue as to c.g their per capita national wealth. Finally, 1973— 1980
changes in the relative citation index (the ratio of percent of citations received by that country
to percent of publications from that country) as obtained from seven oustanding national physics
communities [12] can be pictured again more plastically in fig. 6 than by merely comparing the
growth rates. For 5 = 0-08, FRG and JAP indeed excell at RCI g5 /RCI g73 = 1-3, while the
actual core of countries of course surrounds the maximum at 1+00 (the world standard).

All three last cases would deserve a more substantive discussion on, e.g. how the quality {cita-
tion) image of international physics activities does or does not coincide with the output (publica-
tion) image [13]. or on what is specific in this approach against the former distribution [7], scatter
[4] and cluster [5] studies of world physics literature.

CONCLUSION

Evidence from several case studies have illustrated interesting p'u.sa.-i'nilil.ie:s of improving the
assessment of scientometric data by non-statistical methods derived from the gnostical theory.
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