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ABSTRACT

Mathematical errors in Manfred Kochen ’s book ,

Principles of Information Retrieval, give the

reader the erroneous impression that the log—normal

dis tri bution is a better fi t than Yule ’s Beta—function

distribution for predicting frequency distributions

of scien tific pro ductivity of econom etricians and

mathematicians. Correction of these errors suggests

that the Beta function gives a better fit.
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COMMENTS ON: PRINCIPLES OF INFORMATION RETRIEVAL

by Man fre d Kochen

Kochen ’s~
1
~ book , Principles of Information Retrieval, was

recently reviewed in the Journal of Documentation by Vickery~
2
~ .

The review was conclu ded with the statement , “All who are

concerned with the future development of information science

will have something to learn from this book.” Indeed, I learned

a great deal whil e tryin g to sif t out mis information from

information in the section called “Authorship.” In view of the

kind endorsement by a distin guishe d reviewer , I hesitate to

sound a discor dant note, but, in an effor t to assis t other

readers who might have become confuse d by this sec tion , may I

point out some of the errors ?

On page 85 of this book, Koch en makes the followin g

sta tement :

“It is asserted (Learnes, 1953) for example,

that the number of authors who published exactly

r papers in Econometrica over a 20-year period

is approxima tely ar_k

Firs t, the name wà~s Dickson H. Leavens~
3
~ , not Learnes. Second,

he did not asser t any formula. He did present a table of data

giving the cumulative frequency distribution of contributors

to Econometrica and a fi gure showing this cumulative number of

contributors plotted versus the number of contributions on log—

log graph paper. Leavens commented that the slope of the
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straight line that he had drawn in freehand with what he termed

“a fair fit for all but the las t three poin ts ” was approxima tely

—1.5, as he expected in accordance with Pareto theory.

Third , if he had presented a formula , it woul d certainly

not have been ~~~~ but would probably have been ar~~ . By

curious coincidence , Sawyer~
4
~ gives an example of a mistake

remarka bly similar to this one in his discussion of the detection

of mathematical misprints. As a matter of interest , an expression

based on all but the last three points is 868r~~~
56 . Fourth,

this expression wi th Leavens ’ exponent of approximately —1.5 is

for the cumulative number of authors who have contributed “at

leas t r “ papers in the Pareto sense, and the factors are not

those for Kochen ’s “exac tly r “ papers in the Lotka~
5
~ sense.

For “exactly r “ papers, we woul d have 389r~~~
94 

, based on all

but the last three data points.

On page 86, Table 4.1 purports to give the number of authors

contributing r papers to Econometrica over a 20—year period.

Firs t, the column headin g for r , which reads “11,” is wrong.

This should be “11 or more” or “greater than 10,” but not simply

“11.” Second, all the numbers given , i.e., 824, 217, 94 , 50, etc.,

are wrong. The correct numbers, as obtained from Leavens’

Table I, are given in a proposal for a revised Table 4.1 for

Econometricians at the end of this letter. Third, as a matter of

interest to Sherlock Holmes fans, the numbers 824 , 217, 94 , 50, etc.,
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are not for econometricians but are estimates of the number of

physicis ts making impor tant contribu tions in physics throughout

history up to the year 1900. These estimates for physicists

are to be foun d in a paper by Simon~
6
~ . In Simon’s paper, a

column for “estimate” of physicists is adjacent to a column for

“actual” econome tricians , and was apparently copied by mistake.

Four th, as fur ther evi dence of the source of these erroneous

numbers (824 , 217, etc.), Simon ’s table only goes up to “1 1 or

more ” contribu tion s, while Leavens ’ table goes right on up to

46 contributions.

On page 85, there is a statement:

“Some data has been compiled (Davis, 1941)

to show that the number of authors, in a sample

of authors who have wri tten r papers , f its a

Yule—type distribution.”

Firs t, Davis~
7
~ never mentioned Yule or the Yule—type distribution.

Harold T. Davis, a research associate of the Cowles Commission

for Research in Economics, examine d previously published data on

scientific productivity of mathematicians, chemis ts , and physicis ts

in an effort to find statistical support for his Pareto—type law

of distribution of special abilities. Davis studied the data on

scientific productivity of mathematicians published by

Arnold Dresden~
8
~ . Davis grouped Dresden’s data into intervals

of 7 centering on the central value, accumulated the number of

authors , and fitted a parabolic curve to the accumulation obtaining:

3
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log y = 3.74877 — 2.11012 log x

where y is the number of persons making at least x contributions.

It should be noted that the slope Davis obtained of 2.11 was much

larger than the normal 1.5 usually associated with the Pareto

law.

Second , G. Udny Yule~
9
~ develo ped a probabili ty model in 1924

in connection with analysis of the distribution of biological genera

by number of species. Herbert A. Simon studied this Beta—function

• model and proposed its possi ble applica tion as a distribu tion

function for scientific publications, callin g it the “Yule” distri-

bution. This was in 1955, some years after Davis ’ book was

published in 1941.

Third, since Kochen neither descri bed the “Yule” distribution

nor referenced Simo n’s application of it to scientific productivity ,

it might be desirable for someone to explain what it is. Simon ’s

“Yule” distribution is a Beta—function probability model,

f(i) = A B(i,p + 1)

where f(i) is the number of authors contributing a
given number, i, of papers to journals

A and p are constants and

B(i,p + 1) is the Beta—function of i,p + 1

In Simon ’s nota tion ,
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= 
~~.

—where a — 
F.

is total authors

k is total papers

B(i,p + 1) _ J A 1—1 (1 X P) dA = 
r(i) r(p + 1) (0 < i, 0 < p <

0 r (i + p + l )

Simon derived the estimated frequencies from his equations (2.11)

and (2.21) which are

— (1 — a)  (j  1) 
= 

f * (j )  
(2 11)1 1. + (3. — a)i f*(j~~~1)

(i 2, ..., k)

f*(l) = 
~~~~ a 

= r-~
--- — • ( 2. 2 1 )

Fourth, Simon tested his Yule distribution on four sets of

scientific productivity data which he had found published earlier

by Davis and Leavens. This included Davis’ collection of Dresden’s

data on mathematicians and Lotka’s data on chemists and physicists

as well as Leavens’ data on econometricians. In Simon’s paper,

the seventh column of his Table 3 contained the Yule estimates of

physicists which was adjacent to the eighth column which contained

the actual numbers of econometricians, as was mentioned earlier.
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On page 86, there is a statement,

“The log-normal distribution , on the other

hand, gives a better fit than the Yule distri-

bution to the data shown in Table 4.1.”

First, Table 4.1 does not give estimates for mathematicians

and econometricians calculated by either the log—normal

distribution or the Yule distribution. It is impossible,

therefore, to compare either estimates with the actual numbers

• of authors given. Second, there are no goodness—of-fit

calculations given to support the opinion that the log-normal

distribution is better than the Yule distribution. Third,

Simon, in discussing qualitatively his Yule distribution,

stated,

“The fit is reasonably good, when it is

remembered that only one parameter is available

for adjustment. However, it should be noted

• that the estimated frequencies tend to be too

high for i = 1,2 and too low for i = 3, ..., 10

In three of the four cases, they are again too

high for the tails of the distributions. A

further refinement of the model is apparently

needed to remove these discrepancies.”

Fourth, a proposed revision of Table 4.1, which includes

the estimated Yule distribution for mathematicians, is given

6
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below. Since Simon, for some unknown reason, did not provide

a Yule estimate of the number of mathematicians making one

contribution, a computer-generated Yule distribution is given

as well as Simon’s incomplete Yule distribution. A chi—square

goodness-of-fit calculation has therefore been made using

the computer’s Yule distribution, which has a value of 31.5.

For 7 degrees of freedom, the 0.05 level is 14.1, which shows

that the Yule distribution is a poor fit, as Simon predicted.

However, estimates of the log—normal distribution with x 2

of 93.1 show it to be a terrible fit in contrast to Kochen’s

opinion that the log-normal was better than the Yule. Finally,

a proposed revision of Table 4.1, to include the estimated

Yule distribution for econometricians, is also given below.

The computer ’s Yule estimates differ slightly from Simon’s

estimates. Again, the Yule fit is poor but better than the

terrible fit of the log—normal estimates.

7
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REVISED TABLE 4.1 FOR MATHEMATICIANS

Number of authors
contributing r
papers to the

Chicago Section
of American Math Simon’s Computer ’s Log—
Society over 25- Yule Yule normal

r year period estimate estimate estimate

1 133 — 158.6 66.6

2 43 46 47.7 27.7

3 24 23 22.0 15.8

4 12 14 12.4 10.4

5 11 10 7.8 7.3

6 14 7 5.4
9.7

7 5 5 3.9

8 3 4 2.9

9 9 3 2.2 8.4

10 1 3 1.8

11 or more 23 30 13.4 19.4

X231.5 X293.1

for d of f = 7

.05 level R: X
2 > 14.1

8
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REVISED TABLE 4.1 FOR ECONOMETRICIANS

Number of authors
contribu ting r

papers to Simon ’s Computer ’s Log—
Econome trica over Yule Yule norma l

r 20-year period estimate estimate estimate

1 436 453 453.4 195.2

2 107 119 122.7 74.9

3 61 51 52.3 39.8

4 40 27 27.5 24.5

5 14 16 16.5 16.5

6 23 11 10.7
20.5

7 6 7 7.4

8 11 5 5.3

9 1 4 4.0 16.2

10 0 3 3.1

11 or more 22 25 18.1 27.5

X
223.9 X

225.4 X
2338.0

for d of f = 8

.05 level R: X
2 > 15.5
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Mission” of the Soviet Navy,” 36 pp., Apr 1976 Displaced from Manufactuflng Industries.” 38 pp.,
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under task order N000l4-68.A-0091-0023 for ONR) New Gorshkov Book and Their Relation to Policy,” Oct 1976)
AD AO2S 389 93 pp., Ju l 1976 (To be peinted Ins SoWer Navel 
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at the UnIversity of Rochester Labor Woshnisop on 16Soviet Navy 1st War and Peace.” 62 pp., Dec 197 5 No 1976)(Published In Soviet Oceans Development Study of PP 160
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PP 176 PhysIct) IEEE Transactions out Electron Devices. Vol.

Felix , Wendi. “Correlates of Retention and Pro- 
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invasion for USNA Graduates ,” 38 pp., Mar 1971 PP 18 7
ColIc . Russell C., “Nomography for Operations Re. PP 197

PP Ill search ,” 35 pp., April 1917, (Prese nted at the j oint Wells, Anthony R., ‘“The Cetsete for Naval AssaI-

Lockinsirs , Robert F. and Warner, Joh n T., “Pre - National Mortin g of the Operations Research ysea, 14 pp., Dec 1977

dicting Attrition ; A Test of Alternative Ap- Society of America and The Institute for Manage.
prcanches.” 33 pp. Mar 1977. (Presented as the fir st Services , San Francisco . California . 9 May PP 199

OSD/ONR Conference ut Enlisted Altn hion Xerox 1917) Durds , William J. , “Revolution Front A FAR. —

International Training Center , Leesburg, Vir sinin , 
The Cuban Aimed Forces In Af rica aid the Middle

4-7 April 1977) PP 188 ~~~~ ‘
“ Sep 1977, l6pp.

Dusrc h, William I.. “In for m ation Procesamg and
F? 178 Outcome Forecasting for Multilateral Negotia tions: F? 200

Kirinman, Samuel D,, “An Evaluation of Navy Un’ Testing One Approach ,” 53 pp., May 1911 (Pm. Powers , Bruce F., “The LJnfted States Nany.” 40

restr icted Line Officer Accession Ptogranss,” 23 pp. pared for prese ntation to the 18th Annual Conven . ~i9~ Dec 1971. (To be published lii American NIB.

AprIl 1977 . (To be presented at the NATO Con. lion of the International Studie s Asso ciation . WY Machine)

ference on Manpower Planning and Organization Chase.Psrk Plaza Hotel , St. Louis , MissourI March
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Dutch, William J., “The Cuban MilItary Iii Africa

F? 179 PP 189 and The Middle East: Proust Algetla to Asipsha,”

Ssoloff . Peter H. and Balut , Stephen J. , “Vacate: A Coils, Rumell C., “Error Detection In Cosnpnsterized SnIn 1971, 67 pp.

Model for Personnel fsnemnrory Planning Under Jnfoi’mation Retrieval Data Bases,” July, 1977. 13
Changing Management Policy,” 14 pp. April 1977 . pp. Presented at the Sixth Crasshield Intetnsatlousal PP 202

(To be presented at the NATO Conference out Man- Conference on Mechanized Information Steeage and Feldnnin, Paul, “Why Regulation Doean’t Woek,”
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Horowitz, Stanley A. and Sherman, Allan, “The PP 190
Characteristics of Naval Person nel and Personnel Maho ney. Robert B., Jr., “ Europ ean Perceptions PP 203

Performance ,” 16 pp. AprIl 1977, (To be presented and Ear n-West Comp etition .” 96 pp., Jul y 1977 Feldman, Pa il, “ EffIciency, Distribution , and the
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Role of Government In a Market Ecossosny,” (Re-
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Vol. 79, No.3, May/June 1971.) Sep 1977, 19 pp.
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Belut , Stephen J. and Stoloff , Peter , “ An Invento ry Sawyer . Ronald . “The Indepen dent Field Assign- 
Wells , Anthony R., “The 1967 irate War: Soviet

Planning Model for Navy Enlisted Personnel ,” 35 merit: One Mnn ’i View ,” Aag r ist 19 77 , 25 pp. 
Naval DIIrIomacY and The Sixth Fleet — A Re.

pp., May 1977, (Prepared for presentation at the 
appra isal.” Oct 1911, 36 pp.

Joist s National Meeting of the Operations Research PP 192
Society of AmerIca and The Institute for Manage- Holen , Arlene . “Effects of Unemployme nt In’ 

PP 205

ment Science. 9 May 1977, Sun Francisco, Call’ nurance Entitlement on Durntlon snd Job Search Code, Russell C., “A Bibliometrlc Examinations of
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the Square Root Th eory of ScientifIc Publicatlast

Industrial and Labor Relati rias Review , Vol. 30. 
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PP 182 No. 4 , j ul 1977) 
the Airserlcan Society for In formatIon Science,

Murray, Russell, 2nd, “'The Quest for the Perfect 
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AprIl 1977 Horowitz . Stanley A. , “A Model of Unemploy- PP 206
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F? 183 7 pp. (Reprinted from Industria l and Labor Re- 
UcConn,ll, Asinine U., “Strategy and Ulofons of the

KaaaIng. David. “Changes in Soviet Naval Forces ,” lat lons Review , Vol. 30, No. 40, Jul 1977) 
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Snrste pc Information Center) Clasnen, Kathleen P.. “The Effects of Unemploy- 
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39th NOES Working Group on Manpower ansd
Personnel Phennlng, Annapolis, Md., 28-30 June
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Devmelop.ieant Expenditures In the Auto , Steel and
Food IndustrIes,” 36 pp., Oct 1977, (Presented at
Soustlsem Economic AssocIatIon Meetings beginnIng
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29S-301 • December 1975)

PP 216
Ccl., Riseasil C., “Ltntka’s Fn,quasscy Ontelbutlous
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