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Authors contribute a wide variety of intellectual efforts to a research paper, ranging from ini-
tial conceptualization to final analysis and reporting, and many journals today publish the al-
located responsibilites and credits with the paper. An overarching yet unreported aspect of
these responsibilities is relevant expertise, that is, past experience and knowledge about the
phenomenon under study and the context/techniques used to study it. Here, we study author
contributions from the perspective of relevant and complementary expertise based on past au-
thorships "conceptual coverage" of the paper at hand. Using concepts from the the MeSH
hierarchy assigned to 10.2 million papers in MEDLINE published during 1980-2009, we find
that authors collectively cover the great majority of concepts, typically with one dominant
author (most often in last postion but frequently 2nd-to-last) and each additional author con-
tributing complementary expertise. For example, 2-author papers fail to cover about 20% of
the concepts (i.e, are new to the authors) while 5-author papers fail to cover about 10%, on
average. The relative expertise contributions on multi-author papers vary systematically by
career stage and author-position, and has changed over time. We also provide an online tool
that provides a temporal profile of expertise contributions for any author in the Author-ity 2009
dataset: http://abel.lis.illinois.edu/legolas

Introduction

Authorship credit allocation is a widely studied issue in
the field of bibliometric analysis (Merton, 1968; Rennie,
Yank, & Emanuel, 1997; Shen & Barabási, 2014; Yank
& Rennie, 1999; H. Zuckerman, 1987; H. A. Zuckerman,
1968). The International Committee of Medical Journal Ed-
itors (ICMJE) has a specific set of guidelines regarding au-
thorship and credit allocation on papers; indicating the im-
portance of this process (International Committee of Medical
Journal Editors, 2018). Bibliometric scholars usually employ
methods like self-reported author contributions on journals
(Bates, Anic, Marusic, & Marusic, 2004; Rennie et al., 1997;
Yank & Rennie, 1999), citation patterns of authors (Shen &
Barabási, 2014), or some other heuristic methods (Clement,
2014) for estimating or defining credit per author on a pa-
per. There is wide consensus in the academic community
that authorship implies responsibility and significant contri-
bution (International Committee of Medical Journal Editors,
2018; Rennie & Flanagin, 1994). Even though many jour-
nals have recently started to require authors to report their
contribution level on the article, the resulting data are usu-
ally sparse and subject to an author’s interpretation of what
is meant by “contribution”. Further issues with the reliability
of this kind of self-reported data (Bates et al., 2004; Rennie
& Flanagin, 1994; Yank & Rennie, 1999) are in transparency
over the type of contribution, e.g. intellectual, technical or

editorial.Assessing author contribution allows for the analy-
sis of mechanisms that drive scholarly collaborations, such
as incentive schema (Leimu & Koricheva, 2005). Work in
this area has shown that getting full instead of partial credit
for a publications may be perceived of greater value to schol-
ars (Katz & Martin, 1997). Other scholars have considered
author contribution as a measure of collaboration strength
(Newman, 2001, 2004).

Our work is focused on quantifying conceptual expertise
based on overlapping concepts of a paper and its author’s
prior papers. This approach helps quantify complementary
expertise added by each author on a given paper. It is related
to previous studies on identifying topics in scientific articles
and their association with authors (Blei, 2012; Rosen-Zvi,
Griffiths, Steyvers, & Smyth, 2004; Steyvers, Smyth, Rosen-
Zvi, & Griffiths, 2004).

Methods

Data: The Author-ity 2009 (Torvik & Smalheiser, 2009,
2018) dataset consists of disambiguated author names for
MEDLINE articles published through mid 2009. Each article
in MEDLINE has been tagged with at-least one Medical Sub-
ject Heading (MeSH) term. Between 1980-2009 the Author-
ity MEDLINE subset consists of 10.2M papers authored by
7M authors of which around 90% authors have their first pa-
per after 1980.
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Computing author expertise on a paper: For each au-
thor their temporal author concept profile is constructed.
This profile facilitates computing the number of prior papers
of an author on a given concept in every year of their schol-
arly career. The expertise of an author on a concept is based
on the number of prior articles by that author on that con-
cept (we denote this by x). The expertise scores are scaled
as y = log10(x + 1), to capture expertise difference based on
order of number of prior papers. The expertise of the author
for a concept on a given paper is then normalized by the max
expertise on that concept on the paper. This is called the
weighted expertise of that author. The conceptual expertise
by an author on an article is defined as the iterative cumula-
tive weighted measure of their expertise on each topic on an
article. The resulting ranking represents the order in which
each person has contributed their expertise to an article. The
resulting value of conceptual expertise for identifies each au-
thor’s complimentary expertise on an article after removing
all expertise contributed by all the other authors who have a
higher value of conceptual expertise. A demonstration of the
calculations at: http://abel.ischool.illinois.edu/
legolas/coverage?pmid=15922829.

Identifying author independence: As an author’s career
progresses, they change roles, venture into new areas of re-
search, and publish with different collaborators. All of these
factors affect the expertise of an author in their future arti-
cles. Collaborating with authors from different domains may
initially lead to lower expertise for an author on these publi-
cations, but also gives them the opportunity to broaden their
expertise profile. This evolution eventually leads to higher
complimentary or top expertise contributions by the author,
in their future papers. On the other hand, sustained collabora-
tions with partners who have higher expertise on an author’s
areas will keep the author’s contribution to a paper contin-
uously low. This can be considered an example of “living
under the shadow” of the senior author. The temporal change
in conceptual expertise of an author over their career can be
operationalized to study the when an author becomes an in-
dependent contributor. An author can be characterized by
two types of profiles: a) maximum expertise profile: the
proportion of their articles in which they have the maximum
expertise, i.e. they have a conceptual expertise > 0 and are a
top expert on that paper, b) significant expertise profile: the
proportion of their articles in which they have the significant
expertise, i.e. they have conceptual expertise > 0.

The career profile of an author is identified via a polyno-
mial logistic model that predicts the ratio of papers per the
two above mentioned type of expertise over the author’s pro-
fessional age in years (years since first publication).

Results

Figure 1 shows the collective contribution of all authors to
the conceptual coverage, on average. The great majority of

concepts are typically covered and the coverage has been go-
ing up over time. Also, each additional author adds comple-
mentary expertise by several percentage points. This might
help explain the widely known phenomenon that the number
of authors on papers has been steadily increasing over time.

Figure 2 shows the distribution of the position of the dom-
inant author (the author with the highest coverage). It is not
surprising that the last author is most often the one who con-
tributes the most expertise. However, the last author is the
dominant in less than 50% of the papers with four or more
authors. In other words, it cannot be taken for granted that
the last author contributes the most expertise. The second
to last author is dominant in more than 20% of the papers,
regardless of the number of authors. All the other authors
are equally likely to be dominant, today. It is also clear that
the role of the first author has dramatically reduced over the
short time period studied here.

Figure 3 shows the temporal profile of an author’s con-
tributing expertise. The author published their first paper in
1978 and had 77 papers by mid-2009 in MEDLINE. After
8 years, the author is dominant in the majority of their ar-
ticles, and after 11 years the author contributes significant
expertise (dominantly or in complement to another dominant
author) in more than 90% of their articles. These trends re-
flect a sense of independence. Similar profiles of other au-
thors in Author-ity dataset can also be viewed at: http://
abel.ischool.illinois.edu/legolas/profile
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Figure 1. Mean proportion of MeSH terms covered in Medline articles. Articles published between 1980 and 2009, with
given number of authors in the byline. Only articles with 2 or more authors are considered.
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Figure 2. Proportion of papers with maximum expertise by authors at various position in the bylines. Papers having 2,
3, 4, 5, 6 and 7 authors.
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Figure 3. Career profile of an author in PubMed using the Legolas interface. The scatter points represent the actual
proportion of articles in which the author had maximum expertise (blue) and significant expertise (black). For each type of
expertise, the fit of the model profile is shown. More details at: http://abel.ischool.illinois.edu/legolas/profile?auid=207390_1
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