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Abstract

One aim of science evaluation studies is to determine quantitatively the contribution
of different players (authors, departments, countries) to the whole system. This
information is then used to study the evolution of the system, for instance to gauge
the influence of special national or international programs. Taking articles as our
basic data, we want to determine the exact relative contribution of each co-author or
each country. These numbers are then brought together to obtain country scores, or
department scores, etc. It turns out, as we will show in this article, that different
scoring methods can yield totally different rankings. In addition to this, a relative
increase according to one method can go hand in hand with a relative decrease
according to another counting method. Indeed, we present examples in which
country (or author) ¢ has a smaller relative score in the total counting system than in
the fractional counting one, yet this smaller score has a higher importance than the
larger one (fractional counting). Similar anomalies were constructed for total versus
proportional counts and for total versus straight counts. Consequently, a ranking
between countries, universities, research groups or authors, based on 6ne particular
accrediting method does not contain an absolute truth about the'ir relative
importance. Different counting methods should be used and compared. Differences
are illustrated with a real-life example. Finally, it is shown that some of these

anomalies can be avoided by using geometric instead of arithmetic averages.



l. Introduction

One aim of science evaluation studies is to determine quantitatively the contribution
of different players (authors, departments, countries) to the whole system. This
information is then used to study the evolution of the system, for instance to gauge
the influence of special national or international (e.g. the European Union) programs.
Taking articles as our basic data, we want to determine the exact relative contribution
of each co-author or each country. These numbers are then brought together to
obtain country scores, or department scores, etc. Making evaluations would be easier
if any method of scoring would yield the same rank. It turns out, however, as we will
show in this article, that different scoring methods can yield totally different rankings.
In addition to this, a relative increase according to one method can go hand in hand
with a relative decrease according to another counting method. This is one aspect of

the 'multiple-author-problem’ as reviewed by Harsanyi (1993).

What is the idea behind the use of one particular method of counting? Probably, a
certain method is used because the evaluator thinks that this specific method
reflects best the contribution of each collaborator to the article. Note that we assume
that co-authors have not explicitly stated their exact contribution (as is the practice
nowadays), but that the order in which the co-authors are mentioned gives an
indication about their relative impact on the whole study. This also implies that pure
alphabetical ordering (as used for this article) is not considered heré. indeed,
alphabetical ordering is ambiguous as it can mean two things: it is either a custom,
implying nothing about the relative contribution of each co-author, or it is an

indication that all contributions are equal.



Anyway, a counting procedure can be seen as an estimation method to determine

the real, but unknown, relative contribution of each co-author.

Using different accrediting methods is no longer a purely academic or mathematical
problem: academic careers get more and more dependent on bibliometric
evaluations of the quality of research (de Bruin et al., 1893, Reed, 1985; Rousseau,

1998; Toutkoushian, 1994; Van Hooydonk, 1998).

We will now recali the most used methods of counting (Lindsey, 1980; Egghe &

Rousseau, 1990).

(1) First-author counting (Cole & Cole, 1973)

Only the first of the A authors of a paper receives a credit equal to one. The other
authors do not receive any credit. This method is also known as straight counting. It
should be seen as an easy-to-use sampling method. One hopes that, e.g., an author
who has written n papers with on average 2 co-authors, is first author in one third of
the cases. This method is popular mainly because the Science Citation Index used to
present citation data (not publication data) by first author only (this has been

improved in the Web of Science).

(2) Total author counting

Here, each of the A authors receives one credit. This counting method is also called

normal, or standard counting.



(3) Fractional counting (Price, 1981}
Here, each of the A authors receives a score equal to 1/A. This counting method is
sometimes calied adjusted counting. Fractional counting has been studied e.g. in

(Burrell and Rousseau, 1995; Egghe, 1996; Van Hooydonk, 1997).

To these well-known counting methods we will add a few lesser-used or new ways of

counting relative contributions.

(4) Proportional counting (Van Hooydonk, 1997)
If an author has rank R in the author list of an article with A collaborators (R = 1, ...,

A), then she/he receives a score of
2 R
S 1-—= 1
A ( A+1] @

Note that equation (1) is determined in such a way that the sum of all scores is equal

to 1. Before this normalization the score of the collaborator at rank R was A+1-R.

(5) Pure geometric count (a new suggestion)

If an author has rank R in an article with A co-authors (R = 1,... A) then she/he

receives a credit of:

(2)

This counting method too is normalized so that the sum of all relative contributions is

1. Before normalization the score for the author at rank R was 2*R.



(6) Noblesse oblige, cf. (Zuckerman, 1968}
Here the most important author closes the list. She/he receives a credit of 0.5, while
the other A-1 authors receive a credit of 1/(2(A-1)} each (this is but one suggestion,

among many more that are possible here).

(7) A variation of total counting could be termed 'absoiute country counting' (our
terminology). Using this method, a country receives at most one credit (depending
on whether or not one of the authors works in this country). In (Nederhof & Moed,

1993) this method was called the on-line fractionation approach.

For counting methods (2), (3) and (7) rankings play no role. For the other ones it

does, fully (4),(5) or partially (1),(6).

In this article we will study several problems. First, we-want to know how the relative
score of an author or country is affected by the counting procedure used. Note that
when making comparisons only relative scores are important. Absolute scores are
incomparable as the total sum of weights differs between methods that use
normalization (i.e. the total weight is equal to the number of articles in the system)
and methods that do not. This means that we are interested in the total score of each
author (country, etc.) within a certain counting method, divided by the total sum of
scores given in this counting method. Counting methods (5) and (6) are just given as
suggestions. In this article they will not be studied further. Also, absolute country
counting (7) will not be studied here (although it was used e.g. in (Nederhof & Moed,
1993; Ojasoo, 1996). In Ojasoo's article it was stated that this method led to an

increase of 9% with respect to a method that uses normalization (each article weights



one unit). Anderson et al. (1988) also discussed absolute country counting, where an
increase of 7.3% has been reported. The difference between these two values can
easily be explained by an increased worldwide collaboration tendency over the last

decades.

Section |l illustrates the problems with different counting methods on a real-life
problem. In Section Il we will develop formulae for relative scores. We will show
theoretically (presenting exact formulae) and by examples, that it is possible to have
a larger score for author (or country) a than for author (or country) b for one counting
method, while the opposite is true for another one. As a consequence of this,
changing the counting procedure reverses the relative importance, expressed by the

obtained ranks.

In Section IV we, moreover, illustrate the following paradox. It is possible to have an
increase (between methods) of the relative score of an author while at the same time
this author occurs lower in the ranked list (an increase of the rank of this author).
Stated otherwise, this author becomes more important according to herfhis relative
score and less important according to her/his rank, and this using the same two

counting methods! Examples of this behavior are presented.

In Section V we search for possible solutions for these anomalies. It is first noted that
the results obtained with the total, fractional and proportional counting method are
close to each other in case we are dealing with systems in which collaboration
(number of co-authors, denoted as A} is high. Furthermore, if one replaces arithmetic

averages by geometric ones, anomalies disappear. This has already been remarked



in (Egghe & Rousseau, 1996b). Indeed, by using geometric averages fractional
counting is the same as total counting, in the sense that relative scores become

equal. Hence, there cannot be any change of rank between these methods.

. A real-life example

In this section we illustrate the problems associated with different counting methods.
The data refer to citations of a sample of multi-authored papers, published by a
biotechnology research group at the University of Ghent. The senior researcher, M.
Van Montagu is a well-reputed scientist in his field, who generally applies the
'noblesse oblige' principle. We note that e.g. AF.J. Van Raan (CWTS, Leiden, The
Netherlands) practices the same principle in the field of scientometrics-informetrics.
This analysis answers some of the questions raised by Oppenheimer (1998),
concerning citation counts for senior scientists and illustrates the differences between

accrediting methods.

In this sample of 36 multi-authored articles by Van Montagu's group, 4 were
published in 1993 and 32 in 1984. Citation counts were collected in October 1897.
The impact is defined as C/P (citations per publication). We have always used the

same counting method for both citations and publications.

Insert Figs 1 and 2 about here

Fig. 1 represents the overall view with respect to impact and counting procedures.

Data on the senior author are given first. Sometimes the term 'senior author' is used

for 'first author'. We do not agree with this terminology and do not follow it. Although




the trends in the three impact values are similar, the deviations are larger for
proportional counting than for fractional counting. Reversals in impact are observed
for almost every author. More detail becomes visible in Fig. 2, where the impact
obtained by fractional and proportional counting has been scaled by the impact as
calculated by total counting (the de facto standard method used for scientometric.

evaluations).

For the three cases (d, g and h) where the deviations from total count are large, the
total count impact is nearly the same and almost equals that of the senior scienfist
(about 11), cf. Fig. 1. Authors d and h in Figs. 1 and 2 rank invariantly first and
second on highly cited papers. Author g ranks second on less cited papers and only
fifth on a highly cited paper. Author j, the one with the lowest over-all impact (see Fig.
1), sees his proportional impact increase (relatively), which is due to the fact that he

is the last author in the three papers.

We conclude that counting methods may have important practical consequences for
career opportunities. Proportional counting adds additional detail into the processing
of citation data. We notice, for instance, that first authors on highly cited papers
invariantly get a higher proportional impact than their co-authors. A conditio sine gua
non is that the rank of an author on a multi-authored paper is a reflection of histher
real contribution, the general validity of which remains a problem. The impact of the
senior author seems aimost. always independent of the used counting method, at
least in this sample. This result could have been anticipated intuitively, and answers,

in part, some of Oppenheimer's remarks on this question (Oppenheimer, 1998).
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lil. Formulae for counting procedures

In this section we will first introduce notation and terminology. Then we derive
formulae for the relative contribution of countries, debending on the used counting
method. The term 'country' must be interbreted in a general way: it can be a real
country or a university, a department or even an author. Finally we give an

interpretation of some of these results.

l1l.1 Notation

We will consider a system of N articles, the total number of authors of article i is
denoted as a > 0 (excluding anonymous articles). Each author of an article is
assumed to work in exactly one country. Let the total number of entries be denoted

as E, see further (6).

If country ¢ has an occurrence on rank r in article i, di. = 1, otherwise dic is 0. Then

the following relations hold:

;dm = a,(c) denotes the number of occurrences of country ¢ in article i (3)

Zd : the total number of occurrences of country ¢ ' (4)
rc

iy

Zdw =q, - the number of authors of article i (5)

> 4, = E:total number of entries in the system (6)

i.r,c
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Y d, =N : total number of articles (7)
Z rd. = a,(a; +1) : sum of all ranks of articie i (8)
— irc 2
i rd. = R(i,c) ‘@ sum of all ranks occupied by country ¢ in article i (9)
irc »

r=]

We note that the sum of all ranks occupied by any country (c) in any article (i) is
always smaller than the sum of all ranks in this article. Mathematically, this is:

a(a, +1)

1< R@,c) < (10)

If ¢ is interpreted as an author ai(c) = 0 or 1. In this way the important 'author case'

follows from the 'country case' as studied here.

With the three-dimensional matrix D = (di.)irc We will associate new three-dimensional
matrices, depending on the counting method we want to study. These matrices are
called the characteristic matrices of the counting method. Use of this notion allows us
to define other (weighting) variables such as W, W(c) and Q(c) (see further for their

definition) in the same way.

For straight or first-author counting we will use the matrix S{D} = (Sirc)ire, With

5,.=0,,d, 11

ire  “1,r Wire
where & denotes the Kronecker delta, defined as: &)= 1ifk=tand &, =0ifk « .

For total counting we use T(D) = D, with

t,.=d

irc ire

(12)
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For fractional counting we need F(D) = (firc)irc, With
d.
fre= =2 (13)
a

Finally, for proportional counting, we use P(D) = (Pirc)ire, with

2d. a +1-~r
= irc i 14
P a, a, +1 (14)

I

1l.2 Total weight of a scoring system
The total weight of & scoring system is denoted as W, and is defined as the sum of all
elements of its characteristic matrix. For the four scoring systems under study the

total weights are as follows.

Straight (or first~author) counting:
WS :Z Sl'rc ::Z dr’]c =N (15)
where we have used equations (11) and (7).

Total counting:

WT=Zfim=deﬁzai=E (16)

where we have used (12), (5) and (6).
Fractional counting:
dirc = ai
WF=ZJ:R=Z-;“=Z;"=N (17)
ire irc i i=] “*;

where we have used (13) and (5).
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Proportional counting:

d, Zrd.
d. S Z ire ire ¥ 1
Wy~ T =Y st 00y -2 =IN-2)o=N (Y

e af{a; +]) T a,(a; +1) izl

as it, of course, should be. Here we have used (14), (5) and (8).

lil.3 Total score of country ¢
The total score of country ¢ in a certain scoring system is denoted as W(c), and is
defined as the sum of all elements of row c of its characteristic matrix. This gives the

following formulae.
Straight (or first-author) counting:

Wo(@)= s, =3 d, 19)

Total counting:

(=Yt =N d.=Yak)  (0)

where we have used (3).

Fractional counting:

We@)=Y fo=R dmoy 2O g

i

where, again, we have used (3) .
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Proportional counting:

i 2 ( R(z+c)) @

a. (a +1) T a, a,

Y R D Yt Yot

ir ai (a:' + 1)

where we have used equations (3) and (9).

lil.4 Relative contribution of a country

Finally, we determine, for the four counting methods, the relative contribution of

country c. Relative contribution is denoted as Q(c), and is obtained as:

osQ(c)=WH£c)51 (23)

For the four counting methods this yields:

N

ile

S(C) = i=1N (24)

This is the relative number of occurrences. of country ¢ on rank one.

For total counts we obtain:

a,(c) Z a,(c)
Qr(c)="5 = 2= z (25)
2 a

i=1

M-

For fractional counts this becomes:

_1 &a,()
0r@=1-3 (26)

= 4,
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and finally, for proportional counting:

1 &2 RG, X 2R(i,c)
Qp(c)=Fz;—f—(a.-<c)—Tf’{l—’)=2QF(c)— 3 2RE2) (g

i=1 i=1 (a + 1)

The second term in (27) can be interpreted as the sum of all relative shares of

country ¢ in all ranks of article i.

IIl.5 Interpretation and discussion of these formulae

1.5.1 Qrversus Qf

The difference between Qr(c) versus Qg(c) has been studied e.g. in (Egghe and

Rousseau, 1996a,b), where the following result was proved:
Theorem. Qr(c) > (resp. <) Qg(c) if and only if the slope of the regression line of

40 over a; (i=1,..., N) is strictly positive (resp negative).
4

This result makes it clear that there must exist countries ¢ and ¢' for which
Qr(c) > Qe(c) and Qr{c) < Qr(c)
within one group of countries of which the publication output is investigated. In fact, it

is extremely simple to construct such an example.
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Example 1

Let c and ¢ denote two countries with a co-authorship distribution as indicated in the

following table:

c ¢
article 1 X
article 2 X X

Here Qr(c) = 2/3, Qr{(c') = 1/3, while Qr(c) = % and Qr(c') = . Hence

Qr(c) < Qe(c) while Qr(c) > Qe(c').
These differences in behavior can be considered as 'normal’ or 'expected’ since we
deal here with different methods of measuring relative scores. In the next section,
however, we will construct examples, showing undesirable (or at least unexpected)
properties of the comparison of both counting methods. Since these examples are

non-trivial we have reserved a special section for it (see Section IV).

l11.5.2 Qf versus Qp
Considering (27) we may expect to find countries ¢ and ¢' for which Qp(c) < Qg(c) and
Qe(c) > Qr(c). Indeed, take a country ¢ for which R(i,c) = a; > 1 foralli=1,... N (this

country ocecurs exactly once in each article, namely at the last rank). Then, by (27):

1 & 2 1 &1
QP(C)=2QF(C)-~A7§;T<2QF(0)——A7§— (28)

i

As ai(c) = 1, we see from (28) that Qp(c) < 2Q¢(c) - Qr(c) = Qr(c).

Now take a country ¢' for which, for all i = 1,...,N, R(i,c') = 1 (hence, this country

always occupies the first place and has no author at other places). Then:

2 1 &1
+

1 N
0r(€)=205 (€)= X = =220, () -r X - (9)

¥
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Hence, (29) implies that (since again a(c'} = 1), Qp(c") > Qf(c) .

Note
If, in a certain article, every country occurs exactly once, i.e. a(c) = 1 (with i fixed and

for & countries ¢) then the average relative proportional score of all these countries

o A 2f, g ) 120 alg+)) 1_
0r=—3 (I ] [a,- 2(a,.+1)) =@ 60

for all c.
This value can even been reached by a concrete country. Indeed, take a odd and

consider the country ¢ occupying rank (ai+1)/2 . Then:

Qp(c)=3[1—-—fi‘—]=i=gp(c) (31)

a, 2(a,+1)} a,

H

These elementary ideas lead to the following theorem,

Theorem

For any system of collaboration between countries (institutions, authors,...), denoted
as system |, we can construct another one, denoted as system [, such that the
proportional counting result in system Il equals the fractional counting result in
systam |, as well as in system 0. Furthermore, also total counting and straight
counting results are the same in both systems. In symbols:

Qr'(c) = Qr'(c) = Qp'(c), (32)
Qr'(c) = ar'(e) (33)
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and Qs'(c) = Qs"(c) (34)

Proof.

Take any system of N articles. Consider the i-th article. In this article country c
appears ajc) times. The ranks of the authors (each working in a certain, not
necessarily different, country) are 1,2,...,a. Now mirror this situation so that we
obtain an article with 2a; authors, where, if country ¢ has an author at rank r in system

i, it also has an author at rank 2a; - r + 1. Fig.3 illustrates this construction.
Insert Fig. 3 about here

Do this for every article. For each country ¢ the number of occurrences in the i-th
article is now 2a(c). We will denote by Qx'(c) and Qx'(c), the relative scores —
counted according to X = §,T,F or P - of country ¢ in the original system (system I}
and in the system where all articles have the double number of authors {system II,

obtained by the mirroring operation).
We will now prove that for every country: Qr'(c) = QF'(c) = Q&'(c).

For every c we have, by definition and construction:

y 1 & 2 R (i,c)
=N (2a ()= E_U.C)
p () N,};,za.( S

i

where R'(i,c) denotes the sum of the ranks occupied by ¢ in article i in the system |l.

By construction, this is always equal to (2a; + 1)aj(c). Hence,
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Hey=Ly 2 [za,.(c)..@awl)a,-(c)]

N o 2a,; 2a,+1
1 & a.(e) I 1 & 2a,(c) i
= 1 = Cy= ! = (C)
N ; a, QF( ) N ; zai F
Finally, we also note that, clearly
3 24,(c)
Qf (¢)=H——=01(c)

Z 2a,

i=]

and, because of the number of times a country occurs first has not changed,

5 (¢) = 05(c)

This proves the theorem.

This result will enable us to construct anomalous examples for Qr versus Qp,
whenever we find anomalous examples for Qr versus Qf. This will be done in the

next section.

We finally note that it is easy to obtain anomalies involving first-author count. Some
examples are presented in the appendix. In the extreme case, an author who always
applies alphabetical name ordering, or an important author who generally let junior
collaborators be first author will not even show up in straight order rankings. A case

in point is Van Raan's absence on the White-McCain co-citation map (White &

McCain, 1998).
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IV Non-trivial examples of anomalies between scores of total and fractional

scores, and between scores of total and proportional scores

In this section we will explore whether it is possible to have systems such that
Qr(c) > Qr(c) (35)
and at the same time

Qr(c) <Qe(c)  (36)

This implies that e.g. publication rankings between countries depend on the used

counting method. We will, moreover, extend inequalities (35) and (36) such that:

Qr(c) < Qr(c) < Qe(c) < Qe(c)  (37)

Inequality (37) indicates that country (or author) c has a smaller relative score in the
total counting system than in the fractional counting one, yet this smaller score has a
higher importance (as compared to ¢, using total counting) than the larger one
(fractional counting). We will develop examples and counterexamples in a
svstematic way. Further, denoting the rank of a country by rk, one might expect from

(37) that

rkr(c) > rky(c) > rke(c) > rke{c")  (38)

but even this is not true in general.
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Because of the theorem shown in the previous section, the ‘anomaly’ also holds for
total versus proportional counting. The validity of, say publication, rankings between
countries, universities, research groups or authors, is not only restricted because of
the used reference set (often only articles published in journals covered by ISl), but
also because of the used author-counting method. So, such rankings do not contain
an absolute truth, but are a mere indication to be corroborated by other methods. It

seems that many people are not aware of the implications of (37).

We will now begin the construction of examples satisfying inequality {37). Sometimes
we will need relatively complex systems (a high number of articles), but it will suffice

to consider only three authors (or, equivalently countries such that ai(c) = 1, for each i

Let us consider the general situation of three authors a, b and ¢ in a system with
x+y+z single-author articles, namely x with a as single author, y with b as single
author and z with ¢ as single author; x'+y'+z' articles with two authors, namely x' with
b and ¢ as authors, y' with a and ¢ as authors and z' with a and b as authors:; and
finally o articles with &, b and ¢ as authors. So, for this system N = x+y+z+x'+y'+Z'+q.
We will try to determine the seven unknowns xy,z,x'y',z' and o such that (37)

becomes valid. For this system we have:

_ X+ z2'+y+a
Or(a)= x+y+z+2x'+2y+2z'+3a 39)
+z'+ X'+
0, (b)= 2 (40)

X+ y+z+2x'+2y'+2z2'43a
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and

z+x'+y'+ta (41)
X+y+z+2x42y'+2z'+3a

Qr(c)=

For the fractional counts we obtain:

x+z/2+y'12+a/3
- 42
Qr(a) X+ y+z+x'+y+z'ta (42)
Qp(b)=y+z'/2+x/2+a/3 (43)

X+ y+z+x'+y'+z'ta

and,

QF(C)=z+x'/2+y'/2+a/3 (44)

x+y+z+x+y'+z'+a

Condition (37) can be expressed as:

x+y'>y+x' (45)

y X
X+—<y+— 4
A (46)

(y+z—x)(z+y)+a(2y+22—4x+x—z 12-3y'12) <xx

5 3 (47

;Fhis can be sclved for positive integer values, as we will show in the following

examples.

Example 2

We take x = z = X' = 0, in order to construct a 'minimal' example. Then, with some

elementary algebra we see that y=2, y'=3, a = z' = 13 is one possible solution. This
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leads to the following table of coliaborations (rankings are not indicated, and play no

role here).

article a b c
1 X

2 X

3 X X

4 X X

X X

15 X X

16 X X
17 X X
18 X X
19 X X X
X X X
31 X X X

This results in the following ranked values for Qr and Qr.

Qr Qr

Qr(a) = 0.3973 Qe(b) = 0.4140
Qr(b) = 0.3836 Qe{a) = 0.3978
Qr(c) = 0.2192 Qr(c) = 0.1882
Note that Qr(b)< Q+{a) < Qr(a) < Qp(b) , as required. Moreover a ranks first using

total counts and is only second using fractional counts.

Example 3. We will now construct an example in which a, b and ¢ never collaborate
all together, i.e. o = 0. Asolutionis givenasx=x'=5y=7,y'=8,z=1,2 =2 This

gives the foliowing collaboration table.
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article a b c

P A D

OCO~NOO0 LN

® XX XK X XX

Y
-~

b G A
XX oM oM X M X XX MK MK

N
n
Mo O X X X X

This leads to the following Q-values:

Qr Qr

Qr(a) = 0.3488 Qe(b) = 0.3750
Qq(b) = 0.3256 Qs(a) = 0.3571
Qr(c) = 0.3256 Qr(c) = 0.2679
Note again that Qr(b) < Qi(a) < Qr(a) < Qr(b). Also, a ranks first according to total

counts, and only second according to fractional counts.

Note 1. By the theorem in the previous section these examples yield also examples
such that Qr(b) < Qr(a) < Qp{a) < Qp(b). This shows that these 'paradoxical

examples also exist between the total counting system and the proportional system.
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Mcte 2. If there are, altogether, only two authors, such anomalies are not present. It is
indeed trivial that, if there are only two authors that, if Q(a) > Qr{b), then Qf(a) <
Qr(b) can only occur if Q(a) < Qr(a) since Qr(a) + Qr(b) = Qe(a) + Qr(b) =1. Of
course, the case of two countries represented in more than two co-authorship

situations can again lead to such anomalies. This is left as an exercise.

V.Solutions to these anomalies
it is conceivable that scientists doing evaluations do not want to get involved in the
problems and anomalies sketched in the previous sections. So, how can one exclude

or at least diminish their influence?

We will show that Qr, Qf and Qe are close to each other if the number of
collaborators is high. This gives a partial solution to the problems encountered in the
previous section, although we are not convinced that one should rely on it for a
complete solution. In the last subsection we will show, based on earlier findings
(Egghe and Rousseau, 1996b) that a complete solution exists if one replaces the

arithmetic average by the geometric mean.

V.1. Partial solutions

The fact that Qr(c) and Qr(c) can be close to each other is shown in the unpublished
note of Kranakis and Kranakis (1988) (the result can also be found in (Egghe and

Rousseau, 1990)). We will repeat the easy result for the sake of completeness.

Theorem (Kranakis and Kranakis, 1988)

For any country c,
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where m = min{a,...,an}, M = max{a,...,an}.

Proof. Since, for every ¢, equation (26) applies

1 & a,(c)
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Since, further for very c,
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Qr(c)=+=5 ; (25)
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(48)

(49)

(49) also holds for Qr(c) replaced by Qr(c). This proves inequality (48).

Inequality (48) shows that if m = M, i.e. if the number of co-authors is the same in all

papers, then Qg(c) = Qy(c). Further, if m and M are approximately equal, or if m (and

hence M) is very large, then also Qf(¢) = Qr(c). As to Qr(c) versus Qp(c) we have the

following result.

Theorem

For any ¢, such that ai(c) = 1, for every i = 1,...,N, the following inequality holds:
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Proof. If ai(c) = 1, forevery i =1, ...,N, we have
1 & 1
Q}?(C)“]V ?; a,
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where R(i,c) € {1,...,a}, since afc) =1, foreveryi=1, ...,N. So,
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Qrc) Q*”(C"N(;,a,- > o (a, + 1)
can be bounded as follows:
1 & 1-a, 1 & a, -1
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Consequently, since aj>1:

0r()-0r @Y~

i=1 ai(ai + 1)

This proves this theorem.

Corollary 1

Under the assumptions of the above theorem we also have:

1 1
}

+1 a, +1

0F ()= Q, ()< average of b

(51)
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Coroliary 2

Let m = min{a,...,an} as befare. Then

1
m+1

127 ()~ Q5 ()< (52)

Hence, Qr ~ Qp if m is high. Together with the earlier found result, we hence have:
if m is high: Qr~ Qr~ Qp (53)
V. 2. A complete solution to the encountered anomalies

In this section we will show that, using geometric instead of arithmetic averages,
eliminates the occurrence of these anomalies. Recall that the use of geometric
means was already suggested in (Egghe and Rousseau, 1896b). Let us first define

these geometric versions (denoted with a g as superscript).

By (27)

arithmetic average of {a,(c),...,a,(c)}

Or ()=

arithmetic average of {a,,...,a,}

hence, we define:

(a,(c)a,(c)..a, ()"

(@ )™

Or (o)= (54)

By (28), Q¢ is:

QOr (c)=arithmetic average of { a,(c) . ay(c )}
a, a,



29

hence, we define:

a,(c)_az(c)__.aN(c)]”” 55)

Ay

o]

1 a2

It is clear that

Of () =0rlc)  (56)

for any system and any c. Furthermore, by (56) all rankings based on the total
counting method are the same as those based on the fractional counting method.

Consequently, all ambiguities are gonel

We leave it as an open problem to study the behavior of the proportional counting
system when arithmetic averages are replaced by geometric ones. In other words:

what is the relation between Qf(c) and QE(c)?

Note. In the theoretical sections of this article we have restricted ourselves to
publication scores. In case we want to deal with citation scores (e.g. impacts) the
 situation becomes even more complicated as publication as well as citations scores
can be counted in different ways. This leads even easier to all kind of anomalies (Van

Hooydonk, 1997), as shown in Figs. 1 and 2.

We conclude this section by referring to the data sample presented in Section Il Fig.
4 represents the data for the 14 co-operating authors in this group, having as one
common element the co-authorship with the same senior scientist (author 1 in Fig.4).
The number of authors on these 36 papers varies from three to nine. A log-scale has

been used to obtain a more explicit picture of the observed trends in, and reversals
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caused by, the different counting procedures. We see that the fractional counting
method roughly follows the total count results. The proportional method leads to
reversals in the number of accredited publications, which, expressed as percentages
can be rather large. It appears that in this sample the output of the senior author, who
is an author on ali 36 publications, but is never first author, is almost invariant to the
counting method. This is in line with the trends observed in Figs. 1 and 2. Since Fig.4
gives an idea of the consequences of applying different accrediting methods in the
real world, it is an interesting illustration of the theoretical matters dealt with in the

previous sections.

insert Fig.4 about here

A similar illustration can be found in (Rousseau and Rousseau, 1998, p. 80) for
efficiency scores of countries, based on the DEA (data envelopment analysis)

method.

VI. Conclusion

We have presented a review of different accrediting or scoring methods for countries,
institutes, research groups or authors, based on their publication or citation output. It
is shown that different methods give not only different relative numerical results, but
that unexpected (paradoxical) results may occur. indeed, we have presented
examples in which country (or author) ¢ has a smaller relative score in the total
counting system than in the fractional counting one, yet this smaller score has a
higher importance than the larger one (fractional counting). Similar anomalies were
constructed for total versus proportional counts and for total versus straight counts.

Consequently, a ranking between countries, universities, research groups or authors,
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based on one particular accrediting method does not contain an absolute truth about
the relative importance of the players in the system. Different counting methods
should be used and compared. Differences are illustrated with a real-life example.
Finally, it is shown that some of these anomalies can be avoided by using geometric

instead of arithmetic averages.
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Appendix
Anomalies involving straight (or first-author) and total (or normal) counts. As in the

main text, the symbol cidenotes a country.

Example 4

article first author second third fourth
1 Cy Cs3 Ca Ca

2 Cz Cq Cy Cs

3 Cz Ca C3 Ca
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This yields the following scores

Qs QT
C 1/3 3/M12
(o) 213 2112
Ca 0 7M2

Note that country 3 does not score according to the straight counting method, but is

first according to total counts. Moreover:

Qr(c2) < Qr(c1) < Qs(c1) < Qsfc2) (57)

Equation (57) is an analogue of equation (37). Yet, country ¢, always ranks second.

We will next give an example where also ranks change.

Example 5

article first author second third fourth fifth
1 Cy C3 C3 Cs C3
2 Cz C1 C1 Cs C3

3 Cz C3 Ca ¢4 Cs

4 Cs Cs Cs Ca Cs
5 Ca C3 Ca Ca -

B8 Cq Cs Ca Cs -

This yields the following scores

Qs Qr
C1 1/6 4/28
Cz 2/6 2128
Cs 0 19/28
Caq 3/6 3/28

Note that country 3 does not score according to the straight counting method, but is

(again) first according to total counts. Moreover, also here

Qr(cz) < Qr(cr) < Qs(cr) < Qs(c2)  (57)

Now, denoting the rank of a country by rk, one might expect from (57) that
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rkr{cz) > rikr(ct) > rks(C1) > rke(C2)
but even this is not true: indeed rkr(cz) = 4 > rkr(cy) = 2, and rke(c1) = 3 > rks(c2) = 2,

yet rkr{c1) = 2 2 rks(cq) = 3.

it is not difficult to write down a result similar to the theorem relating fractional and

proportional counting. Indeed we have the following (trivial) result.

Proposition on straight and normal counting

For any system of collaboration between countries (institutions, authors,...), denoted
as system 1, we can construct another one, denoted as system Il, such that the
straight counting result in system |} equals the total counting result in system I, as
well as in system 1. Moreover, in system I the four counting methods studied in this
article coincide. In symbols:

Qr'(c) = Q'(c) = Qs"(c) = QF'(c) = Qp'(e).
Proof. It suffices to define system Il as the system consisting of only single-author

articles, namely each author of system |.

An example

System [ consists of three articles with the following (ranked) authors

aaa

a a al al all

System Il consists of eight articles with the following authors

a all al

1]
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Fig. 3  Article correlation between systems I and II
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Article count (log scale)

Fig. 4 Publication counts according to three methods (Tot, Fract, Prop) for 14 cooperating authors
(senior author first, log scale, same authors as in Fig. 1 and 2)

100,0 - - ~

0,1 —t - 4 + — -+ t : — . — -
Senior a b c d € f g h i ] k ] m
Author

Author

—a— P-Total - - o - -P-Fract —a— P-Prop




