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ABSTRACT

A perennial problem in bibliometrics is the appropriate distribution of authorship credit for
coauthored publications. Several credit allocation methods and formulas have been
introduced, but there has been little empirical validation as to which method best reflects the
typical contributions of coauthors. This paper presents a validation of credit allocation
methods using a new data set of author-provided percentage contribution figures obtained
from the coauthored publications in cumulative PhD theses by authors from three countries
that contain contribution statements. The comparison of allocation schemes shows that
harmonic counting performs best and arithmetic and geometric counting also perform well,
while fractional counting and first author counting perform relatively poorly.

1. INTRODUCTION

The social creation of knowledge and its dissemination as publications is of critical importance
to the modern science system. The publications under a researchers’ name attest to their ac-
complishments and form the basis of the reward system in science by having a major influence
on recognition by colleagues and career advancement. The fair sharing of authorship credit of
coauthored publications, especially in the context of research evaluation, is therefore a signif-
icant topic of research in itself (Egghe, Rousseau, & van Hooydonk, 2000; Gauffriau, Larsen,
et al., 2008).

Coauthorship credit is a theoretical concept that refers to the idea that one may conceive of
a publication as being associated with a mathematical object with unity value (1.0), on which
mathematical operations can be performed. By this transformation the publication’s authors
can be credited with relative shares of the whole unit. These shares can be referred to as their
respective credits or partial publication equivalents. A paper’s credit is an abstraction, useful
for analytical and especially evaluative purposes, but it does not exist as such in reality. A real
paper can of course not be arbitrarily divided between coauthors. To give an example, a two-
author paper may be accompanied by a statement indicating that both authors contributed
equally to the work. Here, each author made a 50% contribution and claims 50% of the pa-
per’s credit. Because only a few publications state contributions explicitly and numerically, it
is crucial in bibliometric practice to use a credit allocation method that is on average in close
agreement with typical contributions.
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In this connection the number of authors and the position in the author order can be valu-
able clues to individual contributions, because in many fields, by convention, author ordering
is based on relative contribution. In general, the first author made the greatest contribution,
with successive authors having made successively smaller or equal contributions.

For any specific publication, the combination of author order and author count (and cor-
responding authorship as a further clue) can never be an accurate indicator of authors’ con-
tributions, as these vary between papers for the same combinations of byline position and
number of coauthors. However, author credit models that show high agreement with empirical
data can be very valuable for improving credit calculation on the level of aggregated publi-
cation sets, where such case-to-case variation can be expected to cancel out with large enough
numbers of observations. It has been demonstrated a number of times that the choice of author-
ship credit allocation method (also called counting method) has a substantial influence on the
results of bibliometric studies, not only on the level of authors, but even on the levels of in-
stitutions and countries (Gauffriau et al., 2008; Gauffriau & Olesen Larsen, 2005; Huang, Lin,
& Chen, 2011; Lin, Huang, & Chen, 2013). Furthermore, the values of the credit allocation
method are often also constituent parts of advanced citation indicators. They are used as
weights for the citation indicators of specific publications for the units (i.e., authors, organiza-
tions, countries) that contributed. The question of the most appropriate coauthor credit alloca-
tion method therefore deserves comprehensive investigation.

In this paper we only consider methods which split the total publication credit in some way
across the coauthors and add up to 1.0, as only these methods avoid artificially inflating pub-
lication counts. Furthermore, flexible credit allocation schemes modified by parameters are
not considered, as these would need tuning based on extensive empirical data appropriate
to an anticipated application (i.e., a discipline), which could lead to overfitting in the general
case. An overview of various author credit assignment methods is given in Waltman (2016).
The “whole counting” scheme, in which every coauthor gets a full publication credit regard-
less of the number of coauthors, leads to distortions of paper counts, a phenomenon also re-
ferred to as authorship inflation. Lindsey (1980) argued against the use of whole counting and
first author counting, which was then prevalent in the social studies of science literature.
While whole counting causes multiplication of authorship credit, first author counting also
leads to distortions, as it is not a viable sampling strategy to consider authors’ first-authored
papers as representative of their entire work because the order of authors in coauthored papers
is not random. He proposed to divide the unit authorship credit by the number of authors and
called this “adjusted counts.” De Solla Price (1981) also suggested—“in the absence of evi-
dence to the contrary”—to divide one whole unit of publication credit equally by the number
of authors to counteract authorship inflation. Their method, now mostly referred to as “frac-
tional counting,” is nowadays commonly used (Waltman, 2016) but apart from Lindsey (1980)
there are no studies that contain empirical data on how prevalent the different methods are in
bibliometric studies.

To briefly review the methods investigated here, the fractional counting method assumes
the contribution of each author of multiauthored papers to be equal and assigns each author 1

N

of the total credit (which is 1.0), where N is the number of authors. As other methods also
assign fractions of a whole publication to authors, it might be better to refer to this method
as equal fractional counting. In the first author counting method, the first author receives
all of the credit and all further coauthors nothing, under the assumption that the first author
is the most important contributor (cf. Cole & Cole, 1974), who called it straight count). One
can consider these two methods as the extremes of total equality and total inequality.
Geometric counting (Egghe et al., 2000), arithmetic counting (also called proportional or
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positionwise counting) (Kalyane & Vidyasagar Rao, 1995; van Hooydonk, 1997) and harmonic
counting (Hagen, 2008; Hodge & Greenberg, 1981), on the other hand, assign different credit
shares based on the number of authors N and on the authors’ positions i of a publication, using
the formulas given below.

cgeometric ¼ 2N− i

2N − 1

carithmetic ¼ Nþ 1 − i
1þ 2þ…þN

charmonic ¼
1
i

1þ 1
2 þ…þ 1

N

Details can be found in the respective cited sources. In many of these publications, the respec-
tive methods have merely been proposed, with no attempts made to validate them.

We mention in passing that there are plenty further suggestions of even more elaborate
credit allocation schemes, based more or less on the whim of their proponents rather than
any empirical data. By all logic the empirical investigation of which authors contributed
how much to publications should be conducted first. Only after that is it reasonable that
models be proposed that approximate the reality as much as possible.

Hagen (2010), being the exception to that observation, validated (perceived) coauthor credit
shares from prior studies in chemistry, psychology, and medicine. It was found that harmonic
counting fits the data better than arithmetic, geometric, or fractional counting. It should be
noted that the mean values of credit values were used, such that there is only one value for
each possible combination of author position and author count. In contrast, for the present
study we are able to make use of observations on the level of individual credit statements
of authors of particular publications. The disadvantage of the former is that some of the aggre-
gate data points could be computed from more primary data points than others, thus distorting
the influence of these data points, which could be avoided by appropriate weighting.
Furthermore, information on variability within the observed values is lost.

A further conceptual difference is that in the present study we do not utilize perceptions of
typical author credit of readers of multiauthored papers but public statements by authors
themselves. In Hagen’s (2010) study, the data for psychology, obtained from Maciejovsky,
Budescu, and Ariely (2009) and medicine, obtained from Wren et al. (2007), was not based
on authors’ judgments about their own contributions, but on the perceptions of researchers
facing typical publications with specific numbers of authors and corresponding authorship
statements. In order for this type of data to be applicable for the purpose of validating author
credit assignment methods, it would first need to be corroborated by comparison with data of
judgments by authors themselves. It goes without saying that for the determination of author-
ship credit, the authors’ statements of contribution are more relevant than the impressions (or
guesses) of readers.

For the chemistry data, Hagen (2010) uses figures from Vinkler (2000, Table 4, p. 608).
However, these data are not the empirical data but a simplified derived scheme devised by
Vinkler for use in his institute’s internal evaluation practice based on the research reported in
Vinkler (1993). In this latter paper, Vinkler was concerned about the unreflected use of first
author counting prevalent in scientometric research at the time. He surveyed authors from his
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chemistry research institute on their activities for specific publications on seven types of ac-
tivities, such as experimental work, analysis and evaluation of experimental data, and writing
the text. For each publication and activity, participants judged how much they contributed on
a scale of five levels (100%, >50%, ~50%, <50%, ~10%). But it seems for later calculations
that these were transformed to the integers 1 to 5 in descending order (Vinkler, 1993, note to
Table 5). This means that the ratio across the range of values of originally 10:1 (100%:~10%)
has been compressed to 5:1. For each of the activities, the author derived importance weight-
ing factors by averaging the responses of researchers as to how important those activities are in
producing chemistry papers, which were given in percentages. These weights range from 1.0
to 3.0. The data that come closest to empirical credit distribution are what Vinkler calls
Percentage Total Contribution Factors and are derived from the empirical activity data and
weights, which were summed and averaged across authorship positions and author counts.
The exact calculation is difficult to reconstruct from the original publication. The important
part is that the equivalent to credit shares are the rows labeled “TCF%” in Table 5 of
Vinkler (1993). Summarizing these, we present the relevant figures in Table 1. We have also
added the numbers of observations for each row as extracted from the text of Vinkler (1993,
p. 217).

If one compares the figures in Table 1 with those in Table 4 of Vinkler (2000), which are the
same as in Hagen (2010), one can see that Hagen did not use Vinkler’s empirical data. Rather,
he used a weighting scheme employed by the evaluation committee of Vinkler’s institute at the
time. Kim and Kim (2015) use both the 1993 and 2000 data, assuming both to be empirical
data. But even using the more correct data from Vinkler (1993), we would object that these are
not contribution statements from authors regarding the amount of work they contributed to a
paper but elaborate attempts at reconstructions based on very roughly quantified statements to
various activities.

There is also an issue with the usage of the Wren et al. (2007) data. In this study, perceived
contributions in three pre specified categories, initial conception, work performed, and super-
vision, were collected, but overall contribution was not. Instead, the figures for the three cat-
egories are averaged and these are the numbers used by Hagen (2010). This simple averaging
implicitly assumes that the three contribution categories are equally important, but this as-
sumption is not substantiated in the paper at all.

1.1. Contribution-Based Authorship Order

The ordering of coauthor names on publications by contribution is widespread. It is conven-
tional, for example, in management, according to journal editors (von Glinow & Novelli Jr.,

Table 1. Percentage total contribution factors, extracted from Vinkler (1993, Table 5)

Author count
(observations) 1st author 2nd author 3rd author 4th author 5th author
2 (6) 71 29

3 (12) 61 26 13

4 (13) 54 31 9 6

5 (11) 34 14 11 17 24
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1982), in nursing, according to nurses expected to publish (Butler & Ginn, 1998), in library
science, according to authors (Hart, 2000), medicine, according to Cochrane reviews authors
(Mowatt, Shirran, et al., 2002), editorial board members (Bhandari, Einhorn, et al., 2003), and
promotion committee members (Wren et al., 2007) and educational science, according to
authors (Moore & Griffin, 2006).

1.2. Authorship Status Signals Not Based on Contribution

1.2.1. Alphabetical authorship

In disciplines in which alphabetical authorship order is the accepted convention, it would
obviously be unreasonable to apply credit allocation methods that apply weights based on
author position. However, the problem arises of how to handle publications in these “alpha-
betized” disciplines that manifestly deviate from the norm of alphabetical order. In those
cases it can be reasoned that the authors were either not aware of the norm or they inten-
tionally refrained from submitting to it. In either case, the assumption of equal contributions
ought to be rejected. The next difficulty is that in many cases it is simply not possible to
determine whether a group of authors followed the alphabetical ordering convention or if
their deliberately chosen author order just happened to be alphabetical, even though it
was intended to reflect relative contribution. For example, the prevalence of alphabetical
order for two authors by chance alone is 50%. But as the number of coauthors increases,
the chance of coincidental alphabetical ordering quickly tends to zero. From the perspective
of authors who would like to express their relative contributions by authorship order, alpha-
betical ordering convention can be an impediment. In cases when the contribution order
coincides with alphabetical order, the alphabetical norm would inadvertently lead to dis-
torted perceptions of contributions.

Waltman (2012) has conducted a large-scale empirical study on the prevalence of inten-
tionally alphabetical authorship in coauthored publications; that is, alphabetical coauthorship
corrected for the probability of incidental alphabetical ordering. The share of intentionally al-
phabetically ordered coauthored publications has decreased from about 9% in 1981 to about
4% in 2011. On the level of disciplines, as approximated by Web of Science subject catego-
ries, there are stark differences in the use of intentional alphabetical authorship order. It is
common in “Mathematics,” “Business, finance,” “Economics,” and “Physics, particles &
fields.” However, also in these disciplines, alphabetical order is far from universal in the stud-
ied period (2007–2011). The percentages of alphabetical order range from 73% to 57%. The
rates seem to be declining lately in “Mathematics” and “Economics” while alphabetical au-
thorship has increased over time in “Business, finance.” It is important to keep in mind that the
rates may appear higher to researchers from these fields because of incidental alphabetical
ordering.

1.2.2. Last authorship and corresponding authorship

There is as of yet no conclusive empirical evidence from prior studies about the specific signal
of corresponding authorship and last authorship with respect to contribution to publications
across different disciplines. While there are conventions in disciplines by which group leaders
are indicated by last authorship, (a) this does not allow the conclusion that all last authors are
group leaders and (b) neither last authorship nor corresponding authorship in themselves tell
anything about how much these authors have, on average, contributed.
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Laudel (2002), p. 11, based on interviews and publication data, reports on authorship po-
sition conventions in highly collaborative work in interdisciplinary research at the intersection
of biology, physics, and chemistry:

Nearly all coauthors were ordered in the following way. The first author is the scientist
who conducted the experimental work; that is, a doctoral student or a postdoctoral fel-
low. […] The seven publications with the permuted order are of special interest. In these
cases the group leader was first author, while another experimenter was listed last. In
two cases the group leader did not change from the experimental role to the conceptual
role but assumed both. This seems due to the group’s specific content of work (development
of research techniques and instruments). […] In the case of a DOL [division of labor], usually
the scientist who conducted the larger part of the experimental work is the first author,
followed by the experimenter of the collaborating group. Both group leaders are last au-
thors on the coauthorship list.

In this case, the conventions of listing research group leaders last and of authorship order by
decreasing overall contribution to the work were used. The mentioned exceptions to the last
position rule suggest that the contribution-based ordering convention overrides the group-
leaders-last convention for the studied community of researchers.

Wren et al. (2007) report on a survey of the perceived authorship credit and influence of
last author position and corresponding authorship in medicine. They elicited perceptions of
North American promotion committee members on the perceived credit percentages of hypo-
thetical three- and five-author papers in three specified contribution categories: initial concep-
tion, work performed, and supervision. The results indicate that last authors are perceived as
having made important contributions to initial conception and supervision (about 50%), but
far smaller contributions to work performed. The two different conditions for indicated corre-
sponding author in five-author papers suggest that a corresponding author is perceived to have
contributed substantially to initial conception and supervision, but far less so if the author is
listed as the middle author rather than the last author. To a lesser degree, the perception of
contribution to the category of work performed also increases if the middle author is the cor-
responding author. From the data no conclusions to overall contribution can be drawn, be-
cause it is unknown how the three work categories would combine to an overall contribution.

Sauermann and Haeussler (2017) study the number of listed contribution categories in the
multidisciplinary journal PLOS ONE per author position. They point out that such statements
are not informative about how much a given author contributed to the category and how im-
portant the category was for the given paper. Corresponding authors contributed on average to
more categories than other authors, and this effect can be found across all authorship positions.

It must be concluded that extant studies give an inconclusive picture of the interaction of
contribution, corresponding authorship, and last author position. More empirical studies are
needed before discipline-specific adjustments to authorship credit assignment methods based
on last or corresponding authorship can be considered. We therefore restrict our study to the
information contained in author count and position and refrain from making adjustments to the
studied credit methods, as it would be premature to do so at the current state of knowledge.

1.3. The Contribution of This Paper

In the remainder of the paper we comparatively validate the quality of several coauthor credit
assignment methods using a novel empirical data set. We collected explicit numerical
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contribution statements on the micro level of authors and papers from German, Australian, and
New Zealand cumulative dissertation theses. This is the first study of this specific kind, as prior
comparable research did not use author contribution statements and only used aggregate data.
Hence, we are able to conduct a validation study for coauthorship credit allocation methods
that uses the most reliable and fine-grained micro level data available to date.

2. METHODS AND DATA

The empirical data used in this study is derived from contribution statements of PhD candi-
dates for coauthored publications used in cumulative dissertation theses. Cumulative disserta-
tion theses are theses that consist entirely or partially of published material, such as journal
papers, book chapters, or conference papers.

PhD theses of German graduates were searched on Google Scholar, which indexes the full
texts of theses archived in many university repositories. Searches were made by the German
and English keywords “Eigenanteil”, “eigener Anteil”, “Eigenbeitrag”, “Anteilserklärung”1, and
“self-contribution” in combination with keywords for PhD theses (“dissertation”, “PhD thesis”,
and “doctoral thesis”).

Furthermore, we searched for universities with English language guidelines for coauthor-
ship contribution statements in cumulative PhD theses on Google with the keyword “theses”
in combination with “contribution statement” or “coauthorship statement”, which yielded a
number of universities with such policies in Australia and New Zealand. For each identified
university, we searched the university’s institutional repository by a full text search for such
statements and inspected the found hits.

All found dissertations were checked and statements of contribution to coauthored pub-
lished articles, proceedings papers, and edited book chapters given in percentages were man-
ually extracted. If equally shared first authorships were declared, the same percentage was
used for the indicated authors, as typically only that of the dissertation author was specified
explicitly. For two-author publications for which the contribution percentage for one author is
given explicitly we also recorded the remaining proportion to 100% for the other author as this
can be inferred directly in these cases. We also used percentage figures for article coauthors
other than the thesis author, where these were given. Verbal narrative declarations of contri-
bution were not considered. Declarations giving separate percentage contribution shares for
multiple work tasks but no overall estimate were also not considered. Contributions to unpub-
lished conference talks, news items, and working papers (unless also published in a journal)
were discarded. Publications that were not published at the time of thesis publications were
searched and verified and only retained if they were eventually published and the final ver-
sions had the same authors and authorship order as in the contribution statement. Percentage
contribution statements to single-authored publications were not collected, as these in all cases
were given as 100%, if they were mentioned at all.

While this sample is by no means representative, it does have the advantage that the con-
tribution statements are made publicly and are checked and approved by the supervisors and
coauthors, which is required by the graduation regulations, and should therefore be relatively
accurate and reliable. It should be stressed that all used credit figures are documented in the
final published theses. Nevertheless, the data cannot be claimed to be objective, as the figures
may be shaped by team-internal negotiation processes. As the sample is restricted to a specific

1 The German terms mean “own share” (twice), “own contribution,” and “declaration of contribution.”
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author group, namely PhD researchers, working and publishing under their specific condi-
tions, these conditions inevitably influence the data. In particular, PhD researchers are com-
monly expected to provide major contributions to coauthored publications in order for them to
count towards their cumulative theses, as a demonstration of independent research ability is a
regular requirement for graduation. For this reason, the authorship positions in a sample of PhDs’
publications will not be distributed randomly but be concentrated toward the position indicat-
ing most contribution relatively more often; that is, first author position. Nevertheless, for the
purpose of validating generally applicable authorship credit models, the specific nature of the
sample is of little consequence, as the methods should be valid regardless of the specifics of
the publications and authors. In other words, the nature of the data does not cause any inherent
systematic distortions that would be biased towards any of the validated methods.

Table 2. Number of observations by author count and author position

Author count
Author position

Row percentage1 2 3 4 5 6 7 8 9 10 11 12 17
2 51 45 0 0 0 0 0 0 0 0 0 0 0 12.3

3 77 34 31 0 0 0 0 0 0 0 0 0 0 18.3

4 62 27 27 23 0 0 0 0 0 0 0 0 0 17.9

5 46 19 16 15 15 0 0 0 0 0 0 0 0 14.3

6 54 11 10 11 8 8 0 0 0 0 0 0 0 13.1

7 28 10 8 6 5 4 5 0 0 0 0 0 0 8.5

8 19 4 3 1 2 1 0 1 0 0 0 0 0 4.0

9 14 1 2 2 2 1 1 1 1 0 0 0 0 3.2

10 8 2 0 0 0 1 1 0 0 0 0 0 0 1.5

11 7 1 0 0 0 2 0 0 0 0 0 0 0 1.3

12 2 2 2 1 1 2 1 1 1 1 1 1 0 2.1

13 1 2 2 1 0 0 0 0 0 1 0 0 0 0.9

14 1 1 0 0 0 0 0 0 0 0 0 0 0 0.3

15 4 0 1 0 1 0 0 0 0 0 0 0 0 0.8

16 2 0 0 0 0 0 0 0 0 0 0 0 0 0.3

17 1 1 0 2 0 0 0 0 0 0 0 0 1 0.6

18 2 0 0 0 0 0 0 0 0 0 0 0 0 0.3

21 0 0 0 1 0 0 0 0 0 0 0 0 0 0.1

28 0 1 0 0 0 0 0 0 0 0 0 0 0 0.1

48 0 0 1 0 0 0 0 0 0 0 0 0 0 0.1

74 0 1 0 0 0 0 0 0 0 0 0 0 0 0.1

Column percentage 48.7 20.8 13.2 8.1 4.4 2.4 1.0 0.4 0.3 0.3 0.1 0.1 0.1
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As there seems to be considerable disagreement about the relative contributions of corre-
sponding authors who are not first authors (Du & Tang, 2013) and heterogeneity in the mean-
ing of the corresponding authorship signal between disciplines, we do not study credit
allocation schemes modified to accommodate for corresponding authorship. Because statements
about equal contributions or shared first authorship are not readily available in machine-readable
form at the moment and hence impractical to use at scale, we do not take modifications
for shared first authorships of credit allocation schemes into account either. The data set is
published at https://doi.org/10.5281/zenodo.3755227.

3. RESULTS

One hundred twenty-five PhD theses completed between 2005 and 2019 at 22 different uni-
versities, fulfilling the above stated criteria, were found. Of these dissertations, 53 originated in
Germany, 52 in Australia, and 20 in New Zealand. These included 465 combinations of thesis

Table 3. Number of dissertations and publications by subjects

Subject Dissertations Publications
Biology 25 104

Medicine 19 71

Chemistry 19 68

Engineering 16 62

Economics and business 9 23

Psychology 7 23

Pharmaceutics 4 27

Nursing 4 18

Sport science 4 18

Nutrition 3 7

Geology 3 6

Astronomy 2 5

Agricultural science 2 4

Environmental science 2 2

Mathematics 1 4

Political science 1 3

Arts 1 1

Educational science 1 1

Sociology 1 1

Tourism studies 1 1

Veterinary medicine 1 1
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and article, from 382 unique articles. Considering all stated contribution figures (i.e., combi-
nations of article and author), there were 778 data points, which were spread across author
counts and author positions as shown in Table 2. In this table, the rows refer to the number of
coauthors of papers while the columns refer to the specific positions in the author byline that
an author can occupy. For example, the cell of author count 4 and author position 2 refers to
data about the second listed author in papers with four authors, and there are 27 observations
of this combination in the data. It can be seen that the observed cases are concentrated on the
first author position across most author counts. Overall, almost half of all observations are of
first author positions, confirming the expected skew due to the nature of the data. As men-
tioned above, PhD researchers are expected to make major contributions and major contribu-
tions are more likely to result in first authorship. We classified theses by subject, based on the
title and degree-conferring department. The distribution of theses and articles across subjects is
shown in Table 3. Most theses and publications are from the natural sciences, engineering,
psychology, and the health sciences, whereas the social sciences, mathematics, and arts
and humanities are hardly represented.

In Figure 1 we show that there is considerable variability in the claimed credit for the same
position/author count combinations. Displayed are distribution summary boxplots for the
credit of first authors of papers by two to eight authors, as there are reasonable numbers of
observations only for these cases. For example, while the average contribution of first authors

Figure 1. Boxplot of distributions of claimed credit for first authors of authors with two to eight
authors. Horizontal bar indicates the group median, circle the group mean. N (from two to eight
authors): 51, 77, 62, 46, 54, 28, 19.

Table 4. Lack-of-fit scores of authors’ credit attributions and predicted values of counting methods
(N = 778 and 777)

Lack-of-fit index Lack-of-fit, one outlier removed
Harmonic 0.174 0.168

First 1.926 1.917

Fractional 0.852 0.852

Geometric 15.503 0.323

Proportional 0.381 0.365
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Figure 2. Scatterplots of predictions of authorship credit allocation methods against authors’ claimed contributions. N = 778.
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for two-author papers is 76%, the observed values range from 30% to 100%, with a standard
deviation of 20%. As can be verified in the accompanying data set, there are statements claim-
ing 100% authorship credit for first author positions of papers with multiple authors.

We follow the earlier literature by evaluating the validity of the studied credit allocation
methods for our data using a lack-of-fit index. This measure is a sum of squared deviations
of predictions from data, scaled by the size of the data set according to the formula

Lack-of-f it ¼ 1
n − 1

X O − Eð Þ2
E

:

where n is the total number of observations, O the observed value, and E the expected value
(that is, the value predicted by the model). The values of the lack-of-fit measure, following
Hagen (2010), are presented in Table 4. For this calculation, percentage values of the reported
credit were divided by 100 in order to make the values comparable to the cited prior literature.
For the first author count method, we changed the credit of nonfirst authors with a value of
0.0% to 0.1% to avoid division by zero. It is important to note that in contrast to the prior
literature, such as Hagen (2010) and Kim and Kim (2015), we did not use the average values
of contribution per combination of author count and author position. Instead we used the full
data on the level of individual observations. When using the whole sample (second column),
the lack-of-fit of the geometric counting method is extremely influenced by a single observa-
tion. In this observation, the claimed credit is 30% for the 17th author (who is not a corre-
sponding author) of a paper with 17 authors. Geometric counting assigns this position only
0.0008% credit, while harmonic counting, for example, assigns 1.7%. For this reason, the third
column in Table 4 shows the lack-of-fit values for all methods without this particular observa-
tion. The results are in line with the prior validation studies of Hagen (2010) and Kim and Kim
(2015), the latter of which uses a similar but extended data set to the former and eliminates
some inconsistencies. Harmonic credit most closely approximates the empirical data, followed
by arithmetic and geometric credit. The data for the comparisons is visualized in Figure 2.

4. DISCUSSION

Collaborative research published in multiauthored works is pervasive in science, as is eval-
uation based on published outputs. The choice of coauthorship counting method is decisive
for the results of bibliometric research and evaluation studies (Gauffriau & Olesen Larsen,
2005). Therefore, in this study we have validated various proposed authorship credit allocation
methods for multiauthored scientific publications by their model fit to empirical data of au-
thorship credit statements of PhD graduates from three countries in cumulative dissertation
theses. It was found that the harmonic credit method shows the highest agreement with the
data with a lack-of-fit index of 0.174. Arithmetic and geometric credit performed slightly worse
(lack-of-fit: 0.381; 15.503 or with outlier removed 0.323) while fractional credit and first
author-only credit are clearly inferior methods (0.852 and 1.926, respectively). The results
are in agreement with those of Hagen (2010) and strengthen the case for replacing fractional
counting with harmonic counting in scientometric research and evaluation. However, the re-
sults presented here should be interpreted with due caution, as the data set is not represen-
tative. Most of the sampled authorship statements are from the natural sciences, the health
sciences, and engineering and the data set is skewed towards first authorship position.

4.1. A Research Agenda for Quantitative Author Contribution Studies

Despite being a topic of discussion since at least the 1980s, author credit attribution has made
little progress. The reason is a lack of empirical studies that provide solid quantitative
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evidence. Future studies should complement the results presented here by surveying all au-
thors of coauthored publications independently and asking them to assign percentage ranges
of approximate authorship credit to all authors. Ranges, and not scalars, are necessary in order
to capture the uncertainty inherent in such judgments. Such studies should also take into ac-
count the different meaning of corresponding and last authorship across disciplines.
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