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Abstract: Credit-assignment schemas are widely applied by providing fixed or flexible credit distribution formulas to evaluate
the contributions of coauthors of a scientific publication. In this paper, we propose an approach named First and Others (F&O)
counting. By introducing a tuning parameter o and a weight /3, two new properties are obtained: (1) flexible assignment of credits
by modifying the formula (with the change of a) and applying preference to the individual author by adjusting the weights (with
the change of f), and (2) calculation of the credits by separating the formula for the first author from others. With formula sepa-
ration, the credit of the second author shows an inflection point according to the change of a. The developed theorems and proofs
concerning the modification of & and S reveal new properties and complement the base theory for informetrics. The F&O schema
is also adapted when considering the policy of ‘first-corresponding-author-emphasis’. Through a comparative analysis using a set
of empirical data from the fields of chemistry, medicine, psychology, and the Harvard survey data, the performance of the F&O
approach is compared with those of other methods to demonstrate its benefits by the criteria of lack of fit and coefficient of

determination.
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1 Introduction

Since the H-index was proposed by Hirsch (2005)
with a clear concept and simple expression, it has
become a basic metric to evaluate an individual’s
scientific research output. Bibliometric counting
methods, together with the H-index, play an im-
portant role in academia, as they are used to determine
the level of contribution of researchers by their pub-
lications. Major citation databases such as Google
Scholar, Microsoft Academic Search, Scopus, Web of
Science, and even some academic social networks
(e.g., ResearchGate) are using the H-index and related
metrics to evaluate the academic impact of a scientist.

Normally, when a published article is referenced
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by other researchers, it earns a new citation. Each
author of this article will then receive a score of 1 as
credit under the equal contribution (EC) norm (Boas,
1964; Endersby, 1996; Maciejovsky et al., 2009).
This statistical method is named whole counting
(WC), which is referred to as the N/N evaluation
model in this paper. Although many scientists and
researchers have accepted this simple and effective
model, it fails to take into account the difference in
contribution from coauthors and may encourage new
articles to list more authors without restriction. Be-
cause the H-index is based on the assumption that
each author has contributed equally to the project, it is
difficult to accurately reflect an individual’s actual
academic level and contribution by using the N/N
model. Additionally, government administrations and
commercial institutions frequently use this scoring
system to review applications for promotions or re-
search funding. Inaccurate scoring systems may then
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lead to an inefficient allocation of resources based on
over (or under) estimation of the academics’
contributions.

The Nature Index 2015 Global is calculated us-
ing the weighted-scoring method, and also follows the
EC norm. For a paper with N authors, if it earns a new
citation, the system will assign each author a score of
1/N (May and Brody, 2015) using the fractional
counting (FC) (Narin, 1976; Lindsey, 1980; Gauffriau
et al.,2007), which is referred to as the 1/N evaluation
model in this paper. When compared to the N/N model,
the 1/N model generates a more reasonable repre-
sentation of the contributions of the authors and their
institutions for the development of global science and
technology. Other researchers (He ef al., 2012; Lin et
al.,2013) also studied the patterns of author orders for
the evaluation of the influence at the institution level.

It is difficult to evaluate the contribution of co-
authors because of various subjective and objective
factors (Price, 1981; Larsen, 2008). There are many
possibilities of each author’s level of contribution
toward a published article. For example: (1) the co-
authors delineate their contributions in the acknowl-
edgement section or in another section of the article;
(2) the coauthors implicitly indicate their contribu-
tions by listing themselves in alphabetical order
(equal contribution, Waltman (2012)); (3) no coauthor
indicates equal or unequal contribution, and the cor-
responding author is mentioned. Due to the large
variation in author contribution, N/N and 1/N models
are not sufficient for analyzing all scenarios, or de-
termining accurate contribution levels in all cases.
This serves as the motivation for this study.

In general, sequence-determines-credit (SDC)
approaches (Tscharntke et al., 2007; Yang et al., 2014)
can be effectively used to analyze most of the above-
mentioned scenarios. In this paper, all SDC ap-
proaches are classified in the S/N evaluation model.
Cole and Cole (1973) argued that contribution from
the first author should be emphasized, and in certain
research fields, the straight counting for the first au-
thor is applied when evaluating contribution. They
proposed Coles counting to attribute first author with
score 1 and others with 0. As this method is very
simple, it makes the data collection and analysis
process much easier.

Vinkler (1993; 2000) analyzed the contribution,
authorship, and team cooperativeness with Central

Research Institute for Chemistry (CRIC) counting.
Egghe et al. (2000) presented the geometric index as a
method for accrediting publications to authors or
countries. Kalyane and Vidyasagar Rao (1995), van
Hooydonk (1997), Zhang (2009), and Abbas (2011)
applied arithmetic counting or its variants to calculate
weighted citations. Harmonic counting was proposed
by Hodge and Greenberg (1981) and applied by Ha-
gen (2010; 2013). Assimakis and Adam (2010) de-
veloped the p-index as a new author’s productivity
index. Stallings et al. (2013) used an axiomatic ap-
proach with a collaboration index to assign relative
credits to the coauthors. All of these schemas support
the hypothesis of decreasing the contribution index
from the first author, but they lack the flexibility of
adjusting the weights for different authors.

On the other hand, the contribution of the cor-
responding author should also be considered (Wren et
al., 2007). Huang et al. (2011) developed a straight
counting method to focus on the corresponding author.
However, it is difficult to determine appropriate
weights to apply for a given field, discipline, or even a
single article. The first-last-author-emphasis (FLAE)
method was investigated by Trueba and Guerrero
(2004) and Tscharntke et al. (2007). FLAE and other
corresponding author emphasis methods are classified
as the U/N model, which will be defined in this paper.

Due to the large quantity of scientific publication
data in the Web (Dong et al., 2015), developing effi-
cient evaluation methods is an emergent area of study.
As the objective of this study, a new credit-
assignment schema is proposed under the S/N model
group, hereinafter referred to as ‘First and Others’
(F&O) counting. A tuning parameter o is introduced
to change the formula for flexibility consideration,
and the weight f (or the weight vector BETA=[f,,
b, ..., Bn]) 1s designed to assign the preference to any
individual author if necessary. Two main properties of
this schema are: (1) flexible assignment credits by
modifying the formula (with changing «) and apply-
ing the preference to an individual author by adjusting
the weight (with changing f); (2) calculation of the
credits by separating the formula for the first author
from others. With this separation, the credit of the
second author shows an inflection point according to
the change of a. This adjustment defines the ratio of
credits, p;, between authors, especially between the
first and second authors, to analyze the property of the
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counting and make F&O counting more applicable.
With the incorporation of o and f, the F&O approach
generalizes some existing credit assignment ap-
proaches such as straight and harmonic counting. The
theorems and proofs related to the F&O and associ-
ated parameters provide the base theory for studying
the distribution of credits in the informatics field.
Considering the special contributions of the first au-
thor and corresponding author, we also modify F&O
counting to improve upon the first-corresponding-
author-emphasis solution (FCAE).

2 Flexible formula and weight preference of
credit-assignment schemas

The main contribution of a scientific paper is in
sharing new academic ideas and technology devel-
opments. Scientific research is a collaborative en-
deavor, and the participants are normally listed as the
coauthors of the publication. During the past decade,
a very large number of citation impact indicators have
been introduced (Waltman, 2015).

For better conducting the discussion, some se-
lected credit-assignment schemas and their formulas
are listed in Table 1. The last column shows the ratio
between the credits of the ith and (i+1)th authors,
which is defined as Credit(7)/Credit(i+1). This ratio is
a useful parameter to present an important feature of
the credit distribution.

As mentioned by Xu et al. (2016) after analyzing
15 counting approaches, author-credit allocation
schemas have been studied and categorized by Abbas

(2011), Liu and Fang (2012), and Du and Tang (2013).

In Xu et al. (2016), these approaches were classified
into three types: linear, curve, and other credit-
assignment schemes. Kim and Kim (2015) catego-
rized the schemas of unequal coauthorship credit
allocation into fixed and flexible ones. According to
this criterion, the first four approaches in Table 1
(Egs. (1)—(4)) are the formulas with fixed parameters.
If i and N (author number and the total number of
authors,  respectively) are  defined, then
Credit(7)/Credit(i+1) is unchanged. In a special case
of geometric counting, this ratio is always 2. The last
five approaches in Table 1 (Egs. (5)—(9)) are flexible
to obtain the variant assignment credits depending on
the additional parameters. There are still two basic

classes: flexible formula with changeable parameters
and flexible weight to address the preference for the
individual coauthor.

2.1 Flexible formula with changeable parameters

In case of the corrected contribution scores (CCS)
model (Lukovits and Vinkler, 1995), the credit of the
first author is separated from others. The ratio,
Credit(i)/Credit(i+1), depends on the value of T,
which is a percentage of the coauthor contribution
threshold. For a paper with fewer than 10 coauthors
(N<10), T=10%; for N<20, 7=5%. As in most cases, N
is less than 10, T is fixed at 10%, and when N=5,
Credit(1)/Credit(2)=2.

The approach proposed by Liu and Fang (2012)
can be presented in various forms with the variant of
tuning parameter g. When ¢=0, Eq. (6) is identical to
the fractional credit 1/N; when g=1, it is identical to
harmonic counting. This method is flexible: changing
q from 0 to 1 to meet the needs of the application.
When ¢ is determined, the credit formula is fixed.
Credit(7)/Credit(i+1) depends only on g.

Kim and Diesner (2014) introduced a novel
network-based approach (NBA) as a robust and
flexible framework for coauthorship credit allocation
(Eq. (7)). This model generates a different set of
credits depending on the distribution factor d. In Kim
and Kim (2015) the parameters can be tuned for
model flexibility (including arithmetic, geometric,
and harmonic models) and for better performance
against empirical data. All these approaches belong to
the category listed in Section 2.1 because when i, N,
and d are determined, Credit(7)/Credit(i+1) is fixed.

2.2 Flexible weight for individual coauthor

preference

Trueba and Guerrero (2004) tried to eliminate
the undesirable property of a fixed formula. They
developed a schema with the capability to modify the
weights to assign preference to the individual coau-
thors. They used a basic formula for credit-
assignment first, and then assigned arbitrarily a fixed
fraction of total credit, f (0<f<1), to a few favored
coauthors. The sum of the credits according to the
basic formula is not 1 but 1—f. In the case where these
favored authors are the first, second, and last, the first
will obtain additional credit as c,f, the second c,f, and
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Table 1 Selected credit-assignment schemas and their formulas
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the last c;f (¢ +catc;=1). With the introduction of the
new weights, Credit(1)/Credit(2) depends on both f

and c;.

Abbas (2010) modified arithmetic counting by
introducing a weight o as a preference for the indi-
vidual coauthor (a<2/(N(N—1)), N>2). For example,

when o=1/6 and N=3, it is the common arithmetic
counting. The intention of Abbas was to use a weight

to give preference to the individual. As a is fixed for

obtaining the credit for every coauthor, this approach
has limited applications.
From the reviews of Waltman (2015), Xu et al.
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(2016), etc., there is no credit-assignment schema
using both approaches of flexible formula with flexi-
ble parameter(s) and flexible weight preference for an
individual coauthor. Developing a new schema with
these two mechanisms is the main purpose of this
study. In this paper, we will introduce F&O counting
and its application by comparing it with the existing
indicators.

3 First and Others counting for evaluating
credits of coauthors

This section presents the basic definitions, the-
orems, and properties of F&O counting to show the
new profiles and advantages compared to others.

3.1 Definitions of F&O and parameters

In the studies concerning Google Scholar and
other large academic databases, to describe the het-
erogeneous network consisting of literature, authors,
and all relationships between them, an effective cal-
culation method should be applied for the quantitative
analysis of coauthor contributions. When analyzing
the relationship between the patent and coinventor,
Du et al. (2015) used the 1/N model to calculate the
coinventor’s rank. Weigang et al. (2015) proposed a
concept of micro scholar social networks (MSSNs) to
establish smaller groups within a related field for
evaluating the impact of academic literature and
scholars. A simple formula was defined to calculate
the contribution credits of the coauthors in MSSN.
Based on these studies, F&O counting is given by the
following definitions.

Definition 1 First and Others counting, F&O(, N),
is defined to estimate the contributions of the ith (i=1,
2, ..., N) coauthor of a publication:

F&O(i, N)
N
1-N F&O(j.N), i=1,
,2;‘ (j,N) (10)

_ P 23 N.asn,
i+(N-a)

where 0<F&O(i, N)<1 (i=1, 2, ..., N) and a and f are
the selected values (see details in Definitions 2 and 3).
Similar to harmonic counting and A-index, Eq. (10)

presents a formula of the SDC approach, notated as
F&O or S/N F&O counting. To better understand
Eq. (10), Table 2 illustrates the normative credit con-
tributions by F&O for up to six authors when a=1.5
and =1, and Fig. 1 shows the credit distributions for
N=2,3, ..., 10 with 0=2 and f=1.

Table 2 Credits by F&O for up to six authors (a=1.5, f=1)

Number of F&O(i, N)

authors (V) =1 i=2 i=3 i=4 =5 i=6
1 1.000
2 0.600 0.400
3 0.492 0.286 0.222
4 0.442 0.222 0.182 0.154
5 0413 0.182 0.154 0.133 0.118
6 0.394 0.154 0.133 0.118 0.105 0.095
0.6 2 authors
0.5 | —— 3 authors

—+— 4 authors
—e— 5 authors
=#= & authors
=»= T authors
== § authors
=&~ 9 authors
—+— 10 authors

12 3 456 7 8 910
Author number
Fig. 1 Distribution of credits for authors by F&O (a=2
and f=1) (References to color refer to the online version of
this figure)

Definition 2« is defined as a tuning parameter in
F&O counting, which makes the F&O formula flexi-
ble and adjusts the linear distribution of the credits of
the coauthors.

The value of a is used to adjust F&O counting to
present the percentage of the credit of the first author
over others. Theoretically speaking, o can be less than
or equal to V. It is suggested a<(N+2)/2: for 3<N<4,
o<(N+1)/2; for 5<N<8, o<N/2; for 9<N<I14,
a<(N-1)/2; and so on. When a decreases, the per-
centage of the credit of the first author over others
increases. For a=2, =1, and N>2, the credits obtained
by using Eq. (10) from the second to the last authors
are 1/N, 1/(N+1), ..., 1/(2N-2). These patterns are
important for understanding the credit distribution.
Definition 3 p is defined as a weight of F&O
counting and used to adjust the preference credit for
an individual author i (=2, 3, ..., N, N>2). To identify
the different contributions of some special coauthors,
a weight vector is defined as BETA=[f,, S, ..., fn].
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Usually, f is a constant with a constraint f=1. In
a special case, different §;’s give different preferences
to coauthor i in credit calculation. Considering the
importance of a corresponding author in the ith posi-
tion, f; can be used in scenarios of straight counting
for the corresponding author to adjust the credit of the
ith author in Eq. (10). The philosophy of the counting
method is to use the simple formula with a few pa-
rameters, and the weight vector BETA should be
applied for special cases only, to give preference for
the common first or corresponding authors.

3.2 Basic theorems related to F&O counting

Theorem 1 Considering the sequence-determines-
credit (SDC) situation and that no coauthors claim
preference contribution, F&O counting follows
ranking preference and credit normalization.

Proof If no coauthor claims the preference contri-
bution, f=1 will be selected as a suitable value such
that the credits of coauthors are distributed following
a decreasing sequence. By Definition 1, considering
N>2 and <N, we have the following:

for i=2,

1 1

F&O(2,N) = s = <—;
i+N-a 2+N-a N

for i=3,

F&O@3,N) = B = !
i+N-a 3+N-«a
S;:F&O(LN)SL;
2+N-«o N

for i=N—1,

F&O(N -1,N) = s = !
i+N—-a 2N-a-1

£;:F&O(N—2,N)£i;
2N —-a -2 N
and for =N,
F&O(N,N) = s = !
i+N-a N+N-«a
1 1
<

= < —F&O(N ~1,N) <.
IN-a 2N-a-1 N

As X" F&O(i,N)<(N —1)/N, F&O(1, N)=1-

> F&O(i,N) 21/ N and F&O(1, N)>F&O(2, N)

>--->F&O(N, N)>0. It is proved that F&O counting
follows ranking preference and credit normalization.

Theorem 1 shows that F&O counting follows the
first two axioms of Stallings et al. (2013). The rank-
ing preference axiom notes that if no coauthors claim
equal contribution, the contribution credits of coau-
thors are ranked according to the order of the authors.
The credit normalization axiom states that the sum of
the contribution credits of all coauthors should be
100%. The maximum entropy axiom emphasizes that
the credit vector of the coauthors for a publication is
uniformly distributed in the domain defined by the
first two axioms (see details in Stallings ez al. (2013)).

Most existing credit-assignment schemas are
presented as a unique formula. Some schemas have
separate equations, such as those of Lukovits and
Vinkler (1995), Trueba and Guerrero (2004), Abbas
(2010), and Kim and Diesner (2014), but there are a
few in-depth discussions of the inflection point in the
credit distribution to separate the formula into two or
more parts. With this separation, before the inflection
point, the schema follows a formula (a function of
credit distribution); after and including this point, the
schema follows another formula (another function of
the distribution). Theorem 2 and its proof are
constituted.
Theorem 2  If no coauthors claim preference con-
tribution, the credit of the second author by F&O
counting acts as an inflection point in the credit dis-
tribution according to the change of a. Specifically,
when a=2, there is F&O(2, N)=1/N for this point.
Proof Fori=2,3, ..., N(N>2)and =1, according to
Eq. (10), let 4;=F&O(1, N)-F&O(2, N). Then F&O(1,
N=F&O(2, Ny+4;;

4,=F&0O(2, N)-F&O(2, N)=0;

A35=F&0O(2, N)-F&O(3, N), and then F&O(3, N)
=F&O(2, N)-45;

A=F&O(Q2, N)-F&O(N, N), and then F&O(N,
N)=F&O(2, N)—Ay.

As F&O(1, N)=1-F&O(2, N)-F&OQ@3, N)——
F&O(N, N), there is 1-(N—-1)F&O(2, N)+A43+:-+A4y=
F&O(2, N)t4,, and 4,=1-N-F&O(2, N)+A5+-+Ay.
With the change of o, there are three possible results:

1. When a<2, the following is then true:
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F&O(2, N)<I/N, A>Ast+dy, ie., F&O(I, N)-
F&O(2, N)>Y." (F&O(2,N) - F&Q(i, N)). It means

that the credit difference between the first and second
authors is larger than the sum of the credit differences
between the second and others (Fig. 2a).

2. When a=2, the following is then true:
F&O(2, N)=1/N, A=Ast---+dy, ie., F&O(1, N)-
F&O(2,N)=Z;i2 (F&O(2,N)-F&Q(i, N)). The cred-
it difference between the first and second authors
equals the sum of the credit differences between the
second and others (Fig. 2b). There are also
A1>A3>A4>A5>' e

3. When o>2, the following is then true:
F&O(2, Ny>1/N, A1<d3t---+4y, ie., F&O(, N)y-
F&O(2, N)<Z:i2 (F&O(2,N)—F&Q(i, N)). The credit
difference between the first and second authors is less

than the sum of the credit differences between the
second and others (Fig. 2c¢).

A (a)

F&O(i, N)
-

__—'—'——_._ﬂ-i___._ﬂﬁ___ﬂs

1 2 3 4 5 6
Author number

F&O(i, N)
o o
M w
/
> |

0.1 Dl s e TR -
0
1 2 . ! ’ :
Author number
05
(c)
0.4
Z 03
$ 02 d‘// (e - dﬁ :
0.1 |
0
1 2 8 . ’ i

Author number

Fig. 2 F&O counting with a=0 (a), a=2 (b), and a=4 (c)
(#=1 and N=6)

3.3 Ratio between credits of coauthors

The importance of distinguishing between the
credits of the first author and those of others was
discussed by Boxenbaum et al. (1987) and Ellwein et
al. (1989). To study this relationship and property in
depth, Definition 4 is proposed.

Definition 4 p; is defined as the ratio between the
contribution credits of authors i and i+1:

_ F&O(i, N) (11)
" F&O(i+1,N)’
where i=1, 2, ..., N-1.

According to Eq. (11), p; is not a constant but
depends on i, N, a, f;, and S;+1. This shows the flexible
property of F&O counting. In a special case, the ratio
of credits between the first and second authors p; can
be used to present an important feature of F&O
counting. The credit of the second author becomes an
inflection point (see Fig. 2 in cases where N>4). This
is the basic difference between the proposed counting
and existing schemas. In case of the ratio of credits
between the first and second authors, there is

_ F&O(I,N) F&O(2,N)+ 4,

P TF&O(R.N)  F&O(Q.N) W)
Al
4
F&O(2,N)
4 =F&O(1, N) — F&O(2, N) W)

=1-N-F&OQ2,N)+ 4, +4,+---+ 4,,

where 4=F&O(2, N)-F&O(, N) (i=2, 3, ..., N).

p1 is sensitive to o and f. In the case N=2, there is
p1=(4—o—p)/p. Consider the following:

1. If o=(N-1)/2=1/2 and p=1, then p;=5/2 and
F&O(2, N)=0.2857 for the second author and F&O(1,
N)=1-F&O(2, N)=0.7143 for the first author.

2. If 0=2.5 and p=1, then p;=0.5<1, F&O(2,
N)=0.6667 for the second author, and F&O(1, N)=
1-F&O(2, N)=0.3333 for the first author. The credit
of the first author is less than the credit of the second
author. In this sense, observing Fig. 2 (N=6), in
Fig. 2a, a=0, p;=3.9168; in Fig. 2b, 0=2, p1=2.1262;
in Fig. 2¢, o=4, p;=0.4620. It indicates that a can be
used to adjust p;, and then F&O counting is more
flexible and robust in applications.
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3.4 Generalization of Coles and harmonic

countings

The Coles counting (Cole and Cole, 1973) and

harmonic counting have been widely applied in the
study of credit distribution for coauthors (Vinkler,
2000; Tscharntke et al., 2007). Remarks 1 and 2 show
that these two schemas can be obtained by the modi-
fication of o and S in F&O counting defined by
Eq. (10).
Remark 1 If no coauthors claim preference con-
tribution, i.e., f=0, F&O counting behaves as Coles
counting and implements straight counting for the
first author.

As in Coles counting, F&O(1, N)=1 and F&O(,
N=0 (i=2,3, ..., N).

Remark 2  If no coauthors claim preference con-
tribution, =N and p=1/(1+1/2+1/3+:--+1/N), F&O
counting yields credit distribution in the same form as
harmonic counting: F&O(i, N)=6/i (i=2, 3, ..., N) and

F(1,N=1->." F&O(i,N).

Even though there are many formulas that esti-
mate the contribution credits of coauthors, they are a
fixed data series. F&O counting defined by Eq. (10) is
a formula that illustrates the variation of the credits
based on a and f.

4 UIN model for evaluating the contribution
of coauthors

The author rank is evident in the byline of a
publication and can be used to imply the contribution
of each author. To facilitate the communication be-
tween authors and journal editors, the role of corre-
sponding author was created (Buehring et al., 2007,
Hu, 2009; Hagen, 2010; Abramo et al., 2012). The
basic idea of weighted mean is normally used in the
contribution evaluation for authors with different
academic roles. This section proposes a U/N model
with two methods, which were adapted from the
original FCAE investigated by Trueba and Guerrero
(2004), Tscharntke et al. (2007), and others.

4.1 Multiplication of p; to the credit of the cor-
responding author

If a publication has only one corresponding au-
thor and other coauthors are arranged in order, F&O

counting can be modified into the U/N model by the
multiplication of p; (Eq. (12)) to the original credit of
the corresponding author.

UF&O(i,N) = p, - F&O(i, N), (14)
where the corresponding author is in the ith position
(i=2, 3, ..., N), and p is the ratio between the credits
of the first and second authors. Notation of UF&O is

used to make a difference to F&O. The credit of the
first author will also be modified by Eq. (10), and

there is UF&O(1, N)=1-Y_ " UF&O(, N).

Taking an example of N=5 and the last author as
the corresponding author, the distribution of the
credits for the authors is: UF&O(2, 5)=F&O(2, 5),
UF&O(Q3, 5)=F&0Q3, 5), UF&0O(4, 5)=F&0(4, 5),
UF&O(5, 5)=p"F&O(5, 5), and UF&O(1, 5)=1-

z;UF&O(i,S) (Table 3). In the case where the

credits decrease very quickly in some schemas,
Eq. (14) needs to be modified with a larger p;.

4.2 Mean credits of first and corresponding
authors

Eq. (15) is proposed to obtain the adjusted cred-
its UF&O(1, N) for the first author and UF&O(, N)
for the corresponding author i (1<i<N) (Hagen, 2013):

UF&O(1,N) = UF&O(i, N)
_ F&O(1,N) +F&O(2,N) (15)
> .

It can be proved further that UF&O(1, N)=
UF&O(i, N>F&O(j, N) (i#, 1<j<N). That is to say,
the adjusted index for the first author or for the cor-
responding author is greater than that for any other
author.

Take an example of N=5 and the last author as
the corresponding author for a better understanding.
Table 3 lists the distribution of the credits of the U/N
model: UF&O(1, 5)=UF&O(5, 5)=(F&O(1, 5)+
F&O(2, 5))2, UF&O(2, 5)=F&O0O(3, 5), UF&O(3,
5)=F&O0O(4, 5), and UF&O(4, 5)=F&O(5, 5). Fig. 3
shows the distribution of the UF&O model for up to
10 authors with o=2.
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Table 3 Modification of F&O counting to UF&O"

Author UF&O

number F&O Eq. (14) Eq. (15)
1 0.5672 0.3034 0.3521
2 0.1370 0.1370 0.1145
3 0.1145 0.1145 0.0973
4 0.0973 0.0973 0.0840
5 0.0840 0.3478 0.3521

" N=5 and the last author as the corresponding author

0.6 —— 2 authors
a— hi
05 4 - 3 authors
s e 4 authors
= 04 1 =8— 5 authors
o]
== 6 authors
& 0.3 4 o
2 == 7 authors
0.2 |
=i~ 8 authors
0.1 4 =@~ 9 authors
0 g 10 authors

1 2 3 4 5 6 7 8 9 10
Author number

Fig. 3 Credit distribution of UF&O for 2-10 authors
(a=2) (References to color refer to the online version of
this figure)

5 Comparative analysis based on experi-
mental data

This section presents the analysis of the devel-
oped models using experimental data. Lack of fit
(lack_of fit) and the coefficient of determination (R?)
are used as the evaluation criteria as in Hagen (2010;
2013).

5.1 Description of Harvard survey data

Caruso et al. (2006) completed a study on the
contribution evaluation of the members in collabora-
tive groups at Harvard University and the University
of Chicago. The original intention of this research
was to investigate the phenomenon of over claiming
contribution when the group members identified their
individual achievements, as well as the conflict be-
tween their self-evaluations and the evaluations made
by others.

Because of added difficulties for collecting data
from papers with five or more authors, Caruso et al.
(2006) carried out a random survey based on papers
with five authors. This survey received answers from
197 respondents, of which only 1 was from a fifth

author and was removed from the study due to its
relative sample size. Table 4 lists the distribution of
196 respondents. The total percentage of their self-
focused evaluation is 149.54%, in which under the
self-focused condition the contribution percentage for
the first author is normalized as 39.95%, and for the
second author 25.52%. As for the investigation under
the other-focused condition, the total contribution
percentage is 131.42%. The contribution percentage
for the first author is normalized as 42.70% and for
the second 24.77%. Vinkler (1993) also discussed the
self-evaluation of the contribution of coauthors.

Another aspect of this present study was to ask
the first author to provide a general contribution dis-
tribution for all four authors, denominated as the
‘higher view’, and the results were 40%, 25%, 20%,
and 15%, respectively. Then the fourth author was
also required to complete a general assessment, re-
ferred to as lower view, and the results were 35%,
30%, 20%, and 15%, respectively.

Table 4 Harvard survey data for coauthors

Contribution evaluation
Author Number of

Self- Other- Higher Lower
number authors . .
focused focused  view view
1 66 0.3995  0.4270 0.40 0.35
2 68 0.2552  0.2477 0.25 0.30
3 47 0.2303  0.1927 0.20 0.20
4 15 0.1459  0.1327 0.15 0.15

Table 5 summarizes the distribution of indexes
(N=4) for coauthors assuming no statement about
author contribution. Several approaches are included,
e.g., A-index, geometric, and harmonic. In Table 5,
the indexes of the F&O model are calculated from
Eq. (10) with a=1, 2 and p=1.

Table 5 Credits of coauthors from different indexes (V=4)

Author Credit
number A-index Geometric Harmonic F&O F&O
(e=1) (0=2)
1 0.521 0.533 0.480 0493 0.383
2 0.271 0.267 0.240 0.200  0.250
3 0.146 0.133 0.160 0.167  0.200
4 0.063 0.067 0.120 0.143  0.167

5.2 Criterion and results of evaluation

To evaluate the proposed F&O counting and re-
lated schemas, lack of fit (Browne and Cudeck,
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1992; Hagen, 2010; Kim and Diesner, 2014) was used
as the criterion:

lack of fit=

1 0’ -E?
n—1 Z E (16)
where 7 is the total number of empirical observations,
and O and FE are the values of empirical observation
(Caruso et al, 2006) and model prediction,
respectively.

Table 6 details the lack of fits on the contribu-
tion indexes for coauthors (Table 5) based on the
Harvard survey data (Table 4).

Table 6 Lack of fit between observation and prediction

lack of fit
Model Self Other  Higher  Lower
focused focused view view
Geometric 0.0532  0.0381  0.0573  0.0682
A index 0.0520  0.0370  0.0566  0.0664
F&O (e=1,p=1) 0.0130  0.0081 0.0121  0.0324
Harmonic 0.0099  0.0047 0.0104  0.0226
Arithmetic 0.0089 0.0073 0.0111 0.0104
F&O (a=2, p=1) 0.0012 0.0041 0.0008 0.0049

When compared with the self-focused data, the
results of lack of fit from geometric, A-index, and
harmonic are 0.0532, 0.0520, and 0.0099, respec-
tively, and F&O (a=2, f=1) obtains the best result at
0.0012. Compared with the other-focused data, the
lack of fit from geometric, A-index, and harmonic is
0.0381, 0.0370, and 0.0047, respectively, while for
F&O (0=2, p=1), it is 0.0041. In both self- and other-
focused views, the lack of fit results from harmonic
and arithmetic countings are better compared to ge-
ometric and A-index, but F&O (0=2, p=1) yields the
best result in both cases. These scenarios are also
observed in both higher and lower views in Table 5.

In terms of correlation analysis (Hagen, 2013),
R? of self-focused with A-index and F&O (0=2, f=1)
is 0.9972 and 0.9978, respectively, indicating that
both A-index and F&O (a=2, pf=1) have high corre-
lations with the Harvard survey data.

5.3 Comparison with other schemas

Using the data from the research fields of
chemistry (Vinkler, 2000), medicine (Wren et al.,
2007), and psychology (Maciejovsky et al., 2009), the

comparison of the coauthor credits among empirical
data and the prediction models is obtained (Table 7).
The empirical data is the same as applied in Hagen
(2013) and Kim and Diesner (2014). To save space,
Table 7 lists only the case of N=5 in both fields of
chemistry and medicine and N=4 in the field of psy-
chology. To compare medicine data, all predicted
credits are modified in the U/N model using Eq. (15).

The prediction models include two kinds of
counting: (1) flexible formula with changing param-
eters, such as the models in Lukovits and Vinkler
(1995) and Liu and Fang (2012), and (2) flexible
weight as preference for the individual coauthor, such
as the schemas of Trueba and Guerrero (2004) and
F&O counting. The results of other schemas such as
arithmetic, geometric counting, A-index, and NBA
are also reported in Section 7.

For the model of Liu and Fang (2012), when
q=0.89, it is the case of the better performance men-
tioned by Hagen (2013); when g=1, the credits are the
same as in the harmonic model. For medicine data,
the credits of the authors are distributed following
Eq. (15). In both cases of g=0.89 and ¢=1.0, R*>0.94
was obtained for the data from three fields. From the
results of lack of fit, it is observed that Liu and
Fang’s model (¢g=0.89) fits the data of chemistry
(0.0018) and psychology (0.0024) better than fits the
data of medicine (0.0109).

As the formula of Lukovits and Vinkler (1995)
has only one variable parameter H, the results of
lack of fit for cases H=10 and 21 show the same
tendency as those for the other schemas. For medicine
data, the credits of the authors are distributed fol-
lowing Eq. (15).

The approach of Trueba and Guerrero (2004)
belongs to the U/N model category and uses f, c1, ¢z,
and c; as weights to give the preference for the first
(c1), second (c,), and last (c3) authors. In Table 7, as
proposed in the original research, /~=1/3 was used. In
the case where the credits of the first and second au-
thors are with preferences, the model takes ¢;=0.5,
¢>=0.5, and ¢;=0. For medicine data, the credits are
distributed as UT&G(1, 5)=T&G(1, 5), UT&G(2, 5)=
T&G(3, 5), UT&G(3, 5)=T&G(4, 5), UT&G(4, 5)=
T&G(5, 5), UT&G(S5, 5)=T&G(2, 5). In the case
where the credits of the first, second, and third authors
are with preferences, the model takes ¢;=0.7, ¢,=0.15,
and ¢;=0.15. In both cases, there is R*>0.91 with the
data from three fields. From the results of lack_of fit,
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Table 7 Comparison of the coauthor credits between the empirical data and prediction models

Credit
Subficld Author ) Liu and Fang (2012) Lukov1zs1 ;g;l)mGler Trueba(a;r(l)c(i) guerrero F&O
number Empirical
=089  g=1.0  m=lo H=1 L3 SR els el
=0.5 =0.7 il p flexible

1 0.40 0.4089 0.4380 0.4162 0.4488 0.3296 0.3963 0.4134 0.4183

2 0.25 0.2206 0.2190 0.2081 0.2048 0.3148 0.1982 0.1818 0.2500

Chemistry 3 0.15 0.1538 0.1460 0.1503 0.1425 0.1333 0.1537 0.1538 0.1429
4 0.10 0.1191 0.1095 0.1214 0.1113 0.1185 0.1333 0.1333 0.1000

5 0.10 0.0976 0.0876 0.1040 0.0926 0.1037 0.1185 0.1176 0.0889

lack_of fit 0.0018 0.0026 0.0032 0.0044 0.0084 0.0062 0.0093 0.0006
1 0.34 0.3148 0.3285 0.3122 0.3268 0.3296 0.2972 0.2976 0.3341

2 0.12 0.1538 0.1460 0.1503 0.1425 0.1333 0.1537 0.1538 0.1429

Medicine 3 0.08 0.1191 0.1095 0.1214 0.1113 0.1185 0.1333 0.1333 0.1000
4 0.07 0.0976 0.0876 0.1040 0.0926 0.1037 0.1185 0.1176 0.0889

5 0.38 0.3148 0.3285 0.3122 0.3268 0.3148 0.2972 0.2976 0.3341

lack of fit 0.0109 0.0061 0.0121 0.0068 0.0097 0.0195 0.0192 0.0045
1 0.42 0.4531 0.4800 0.4747 0.5048 0.4000 0.4333 0.4421 0.4195

Psychology 2 0.24 0.2445 0.2400 0.2278 0.2212 0.2444 0.2278 0.2222 0.2400
3 0.19 0.1704 0.1600 0.1646 0.1538 0.1556 0.1556 0.1818 0.1833

4 0.15 0.1319 0.1200 0.1329 0.1202 0.2000 0.1833 0.1538 0.1571

lack of fit 0.0024 0.0069 0.0044 0.0106 0.0071 0.0049 0.0010 0.0002
R? 0.9457 0.9431 0.9232 0.9197 0.9123 0.9109 0.9011 0.9817

it is observed that Trueba and Guerrero’s model with
¢1=0.5, ¢,=0.5, and c3=0 fits the data of medicine
(0.0097) better than that with ¢;=0.7, ¢,=0.5, and
0320.15.

In Table 7, the performance of F&O counting is
presented in two cases by changing the flexible pa-
rameters: (1) flexible formula with o=1.5 and =1; (2)
flexible weight for an individual coauthor with pref-
erence: for N=5, BETA=[p,, £, fs, f5]=[1.5, 1.0, 0.8,
0.8]; for N=4, BETA=[f,, f5, fa]=[1.2, 1.1, 1.1]. In
both cases, a was set to 1. In both cases, R>>0.90 was
obtained with the data from three fields, but with
flexible weights, R2=O.9817, which is the best result
over all schemas in Table 7. The results of lack of fit
also show better results for the data of chemistry
(0.0006), medicine (0.0045), and psychology
(0.0002).

6 Comprehensive credit-

assignment schemas

analysis of

When compared with nine existing credit-
assignment schemas (Table 1), F&O counting

proposed in this paper presents some unique features
and better performance (Tables 6 and 7). Detailed
analyses are given as follows:

1. In the case of no statement about author con-
tributions, all the formulas in Table 1 can be used as a
simple and effective way to estimate the distribution
of coauthor contribution. When compared against the
Harvard survey data, which considers the intention of
authors, and based on the analyses through
lack of fit and R%, harmonic and F&O (a=2 and f=1)
yielded the results with better performance (Table 6).
By R, the A-index also shows better performance.

2. In the case where a simple statement about
author contributions is provided, for example, de-
claring the corresponding author and the author order,
F&O can be weighted and appropriately adjusted so
that the formula can be changed to the U/N model (see
the comparison of the coauthor credits between em-
pirical data and prediction models in Table 7).

3. The theoretical formulas of arithmetic,
A-index, geometric, harmonic, and others relate only
to the number of authors N and an author’s order. For
example, in some cases, the first author is considered
to contribute more than all other coauthors; in other
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scenarios, however, all authors make the same aca-
demic contribution. Even though the schemas of
Lukovits and Vinkler (1995), Abbas (2010), Liu and
Fang (2012), and Kim and Diesner (2014) provide
flexible parameters to modify their formulas, they are
still limited without preference for individual authors.
The approach of Trueba and Guerrero (2004) includes
weight preference, but the performance needs to be
improved. F&O with tuning parameter o and weight f
can be adjusted according to specific application
requirements.

Fig. 4 shows the analyses of relationship be-
tween F&O distribution and the adjustment coeffi-
cient (using N=6 as an example), which indicates that
F&O distribution is very sensitive to the adjustment
coefficient. The range of the adjustment coefficient a
in Fig. 4 is [-100, 2], and the corresponding F&O
credits are in [0.0097, 0.354]. When a is within [-2,
2], the contribution index of the other coauthors does
not vary significantly. In an extreme case, o=—100,
the contribution of the first author is approximately
95.5%, while the contribution of all other authors
combined is less than 5%. It is near Coles straight
counting. This fact shows that F&O has an extensive
applicability because of its flexibility of adjustment of
the tuning parameters.

1.0

0.9 4

0.8 \

0.7 \ == a=-100
é“ 0.6 4 ‘\\ == g=-2
=05 —— g=—1
2 04\ a0

0.3 — \\\ —

0.2 \\ — =2

01— \p——— -

0 A ————————
1 2 3 4 5 6
Author number

Fig. 4 Credits of F&O for coauthors and varying turning
parameter (N=6) (References to color refer to the online
version of this figure)

4. The importance of the formulas of SDC is to
highlight the contribution of the first author and in-
troduce decreasing contribution values for other co-
authors. However, in the formulas for arithmetic,
A-index, geometric, harmonic, and others, the ratio of
credits between the first author and other authors is
fixed or semi-fixed, which is inconsistent with the

reality of many publications. Therefore, F&O along
with the adjustment coefficients a and # can be used
to more accurately describe the relationship between
the first author and the coauthors.

5. The results of F&O show that the credit of the
second author is an inflection point of the distribution
function (Figs. 2 and 4). Table 8 lists the change of p;,
the credit ratio between the first and second authors,
for publication with two or more authors (N=2—6) and
varying o.

Table 8 Changing trends of p; by F&O with a=[-100, 2]
and N from 2 to 6

P1
* N=2 N3 N=4 N=5 _ N=6

~100 103.00  103.01  103.03 103.05 103.09
=) 500 513 531 553 577
-1 400 414 435 458 484
0 300 317 339 365 392

1 200 220 245 273 301

2 100 125 153 18 213

From Table 8, three noteworthy trends are ob-
served: (1) When a is increased, there is a decreasing
trend for p;. Taking a paper with two authors as an
example, the ratio changes from 103.00 (¢=—100) to
1.0 (¢=2). (2) With the increase in the number of
coauthors in a publication, the ratio p; increases for all
values of a. (3) In the extreme case of a=—100, the
credit of the first author is 103 times that of the second.
The ratio becomes insensitive to change in the num-
ber of authors, because the contribution of the first
author is calculated to be almost 95% according to the
approach of F&O. This special case is similar to the
application of Coles counting (Cole and Cole, 1973).

In the discussion of the variation of py, it is
useful to apply Eq. (14) to modify the credit of the
corresponding author. Abbas (2010) gave more at-
tention to the credit ratio between the first and last
authors. These two studies are valuable and com-
plementary in the research of credit-assignment
schemas.

7 Conclusions
In studying relevant credit-assignment schemas

(e.g., arithmetic, A-index, geometric, harmonic, and
others), we cited four models (i.e., N/N, 1/N, S/N, and
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U/N) for evaluating coauthor contribution. We pro-
posed a First and Others (F&O) schema and intro-
duced the tuning parameter o and weight £ to make
the evaluation model more attuned to actual contri-
bution levels. By changing o, the ratio of credits be-
tween the first author and others can be adjusted in the
F&O approach. By the separation of the calculation in
F&O, the credit of the second individual shows an
inflection point in the distribution. Additionally, this
paper applies nine existing theoretical schemas to-
gether with F&O to completely analyze the survey
data provided by Caruso et al. (2006) and a set of
empirical data form chemistry (Vinkler, 2000), med-
icine (Wren et al, 2007), and psychology
(Maciejovsky et al., 2009). The analyses demon-
strated the practicality and utility of the proposed new
schema. Table 9 summarizes and compares credit-
assignment schemas.

Currently, Google Scholar, Scopus, and other
major citation databases are using H-index based on
the N/N model to evaluate the contribution of coau-
thors and their academic footprint. The Nature Index
uses the 1/N model. These methods require further
adjustment and improvement for an accurate and
general evaluation function, which has an important
impact on the global scientific and technical research
community.

The main SDC approaches (S/N models, in-
cluding arithmetic, A-index, geometric, harmonic,
and others proposed in the literature and F&O
counting proposed in this paper) take into account the
contribution index based on the author rank.

As for FCAE approaches (U/N model), they
focus on the special contributions of the first author
and the corresponding author. The proposed F&O and
UF&O schemas can serve as references for citation
databases, as they present improved properties and
applicability (Table 9). The main results of the
lack of fit and coefficient of determination (Rz) in
Table 9 are selected from the comparison results with
a set of empirical data in Table 7. The results of
UF&O are listed in Table 3.

As Waltman (2015) argued, any new citation
impact indicator should have a clear added value
relative to existing schemas. As is shown in Table 9,
F&O counting presents new properties in five aspects:
(1) generalization of two existing schemas including
straight and harmonic counting, (2) flexibility of the
application by introducing both flexible formula and
weight preference, (3) innovation by revealing the
inflection point of the credit distribution, (4) perfor-
mance improvement to reduce the over-fitting prob-
lem in the study of credit-assignment schemas, and (5)
a simple F&O formula applicable for big data from
the scholar information database.

Last, as Caruso et al. (2006) mentioned, it is
difficult to evaluate the cooperation intention and
contribution distribution of the team members. Dif-
ferent situations will result in different answers. In the
case of big data, there is statistical significance when
discussing different models for evaluating the coau-
thor contribution. As such, readers should not limit
their focus to a specific method or index, and should
select various methods by the reasoning of the overall
evaluation instead.

Table 9 Summary and comparison of bibliometric counting

Model  Counting Distribution method lack_of fit/R* Flexible Fl§x1ble
formula  weight(s)
N/IN Whole One score for each No fitting - -
1/N Fractional 1/N for each 0.1121/0.0363 - -
Arithmetic 0.0200/0.8440 Yes (a) -
Geometric 0.0136/0.9595 - -
A index 0.0087/0.9346 - -
SIN L&V Sequence-determines-credit (SDC) 0.0068/0.9197 Yes (7) -
Harmonic 0.0061/0.9431 - -
NBA 0.0058/0.9102 Yes (d) -
F&O 0.0045/0.9817 Yes (@)  Yes ()
UIN T&G  First-corresponding-author-emphasis 0.0097/~ - Yes (f; ¢)
UF&O (FCAE) 0.0069/— Yes (@)  Yes (B)
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To advance this research, the adaptive determi-
nation of the values of the tuning parameter o and
weight £ needs to be studied to establish a reasonable
mechanism for using the F&O approach. In the case
where an article is developed with several ‘first au-
thors’ and several ‘corresponding authors’ and other
authors might not be strictly ordered (Hu, 2009), the
contributions of the coauthors can be specified by the
weight vector BETA=[f,, fs, ..., fn]. It may be a
topic for further research to balance the counting
approach and weight preference for F&O
applications.

The connection of F&O as a basic formula to
more advanced scientific publication mining tech-
nologies will be studied to improve its applicability
and reception among the scientific community.
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