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Abstract

Big science is on the rise. Recent endeavors, such as the Large Hadron Collider and the Human Genome Project, illustrate the

rise in large-scale scientific inquiries. To assess whether big science is part of a general trend towards increased authorship, we

queried the publicly available database Pubmed and measured the trend in number of authors per paper over the last century.

Here we show that authorship has increased five-fold since 1913 and predict that by 2034, publications will boast an average of

8 authors.
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THE LANDSCAPE OF AUTHORSHIP

To study the evolution of authorship over the last century, we obtained metadata for all ~24 million
papers listed in Pubmed as published between 1913 and 2013 (Methods Section). Figure 1 shows the
exponential trend in number of papers published over the last century. Starting in 2011, Pubmed
indexed >1 million papers each year.

Figure 1: The number of papers published has increased exponentially over the last century
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We next turn to studying authorship over time. As shown in Figure 2, the average number of authors
per paper has increased more than 5-fold over the last 100 years, going from ~1 author per paper in
1913 to ~5.4 authors per paper in 2013 (see Figure 3 for the shift in authorship distribution between
1953 and 2013). Interestingly, the only significant drop in the average number of authors per paper
occurs between 1945 and 1949. Although this dip occurs at the end of World War II, it is unclear
whether there exists a causal link.

Figure 2: The average number of authors per paper has increased 5-fold over the last century
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Figure 3: The distribution of authorship between 1953 and 2013

In Figure 4, we plot, for each year, the number of authors found in the paper with the largest author list.
Two turning points are observed: In 1998, we see the first sign of papers with >500 authors, and in
2010, we observe papers with >2000 authors. Interestingly, the Large Hadron Collider project accounts
for many of the papers with large author lists.

Figure 4: Many of the papers with over 1000 authors are from the Large Hadron Collider project

OUTLOOK ON THE FUTURE

We now turn to predicting the trend in authorship over the next 20 years. To validate our approach, we
first predict the trends observed between 1994 and 2013 using only the data from 1913 to 1993. By
fitting the data to a polynomial function (degree 5, R2=0.9968), we accurately predict the trend seen
between 1994 and 2013. Next, we apply the same analysis to predict the authorship trend in the next
20 years. As shown in Figure 5, we predict that papers written in 2034 will feature 8 authors on
average.
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Figure 5: We predict that by 2034, the average paper will list ~8 authors

EFFECT OF JOURNAL POLICIES

The trend in number of authors is also influenced by a journal's authorship policies. In November of
1991, the New England Journal of Medicine (NEJM) wrote an editorial announcing a new policy that
limits the number of authors to 12 (Kassirer and Angell 1991). As a result, we observe a significant
decrease in the average number of authors in NEJM papers starting in 1992 (Figure 6). In 2002,
however, the NEJM editorial board reverted their decision (Drazen and Curfman 2002) and, although
not immediately, the average number of authors per paper increased significantly a few years later.
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Figure 6: The New England Journal of Medicine saw a large decrease in authorship when it
implemented a policy limiting the number of authors to 12 in 1992. Once the policy was lifted in 2002,
authorship increased a few years later.

CONCLUSION

Here we demonstrate that authorship per paper has increased over 5-fold over the last century, and will
reach, on average, 8 authors per paper by 2034.

Two major explanations can be cited for this increase in authorship. First, it is possible that modern
scientific inquiries have become so complex that answering them requires large teams of scientists
from different fields, thereby driving up the number of authors per paper. Alternatively, it is conceivable
that in a climate of scarce funding, granting authorship to minor contributors-also known as honorary
authorship-is on the rise.

To combat the latter, many journals are now requiring papers to specify each author's contribution to
the study. If, however, the increase in authorship can be traced to scientific inquiry becoming more
complex, there is nothing inherently objectionable about this trend.

METHODS

To query the Pubmed database programmatically, we made use of the Pubmed API. Using Pubmed
"esearch', we first retrieved the unique IDs of all papers published between 1913 and 2013. Using
Pubmed "efetch', we then retrieved the records of all papers, which included paper title, journal, and
author list. Next, we parsed the authors from all downloaded records and, for each year, measured the
distribution of the number of authors per paper. The software developed to perform the analysis
outlined here is available open-source at github.com/robertaboukhalil/pubmed.
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