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Foreword
"Our tools for
collaboration
evolve with our
research, to enable
more seamless
collaboration."

Dr Laurel L. Haak, Executive Director, ORCID

Research is by its very nature a collaborative effort. It requires us to
think, to dream, to test, and to share our ideas with others to gain a better
understanding of the world around us. We share in datasets, pictures, words,
and sound. Our tools for collaboration evolve with our research, to enable
more seamless collaboration. We started by creating physical spaces in which
to collaborate, then created tools to enable joint expression, and now are
merging the two in virtual spaces.
We always want to know more. How do we collaborate? How can we do it
better? Where we once looked only at papers produced, we can now look
deeper. We can look at the process of collaboration, the people involved, the
places that support research. With this we are starting to get at the essential
question: how is the knowledge generated helping us to live better lives?
Answering this question requires that we be intentional in our infrastructure,
and use standard ontologies, unique identifiers for noun objects (people, places
and things), and APIs, all the while respecting individual agency and privacy.
In this report, we see how one collaborative tool with intentional
infrastructure, can provide the framework to help us dig deeper into how
collaboration works. Does one person write while others edit? Does
the time writing a paper depend on the number of co-authors? Is there a
difference in collaborative writing in the same location vs. between locations
and when people in different countries are involved?

"A longstanding issue
in any collaboration
is who gets credit
for what."

Compelling as these sociological questions are, beyond them are questions
of contributorship and credit. A longstanding issue in any collaboration is
who gets credit for what. When the coin of the realm is a paper, authorship
is a critical metric. Can we start to use collaboration tools to support
conversations about who does what and who gets credit at the start of the
collaboration? Embedding role classifications into the writing tool, so that
each author openly articulates their contribution, may finally get us to a place
where individuals are recognized as driving innovation and not papers. Where
many kinds of contributions, not just papers, are recognized as important
components of innovation. And where we can start to see how knowledge
flows and contributes to making our lives better, collectively.

Introduction: Understanding
Existing and Emerging
Trends in Global Research
Collaboration as it Happens
Dr John Hammersley, Co-founder and CEO, Overleaf

It is important to understand the driving characteristics of the collaborations
that form an increasingly important part of the world’s scientific research.
Traditional measures of research collaboration, such as collaborative grant
funding award data and published manuscript author lists are both lagging
in time and lacking wider context. Who made what contribution to the
collaboration? How did the collaboration take place? Does the nature of
collaboration change with the type of research involved? In this report we
explore how new, real-time information on collaboration from tools such as
Overleaf could help with answering these questions.
As humans, we are naturally drawn to form communities and social groups,
building up our wider ‘family’ of friends and co-workers. Indeed, this need is
so ingrained that the effects of isolation on the human psyche have shown
that we humans are “dramatically affected by perceived social isolation”1, and
that it “is a risk factor for, and may contribute to, poorer overall cognitive
performance, faster cognitive decline” and many other negative traits. In other
words, it’s important not to be isolated.
One might imagine that in a world where isolation is hard to achieve and
where vast numbers of the population are connected through both social
media channels and the widespread adoption of mobile phones to replace
traditional communications infrastructure, this wouldn’t be a problem.
However, studies have shown an increase in social isolation corresponding to
this increased connectedness2, and the precise details of the relationship are
still under much active research3.
As researchers, we form lasting mentor-apprentice relationships throughout
our early career; beginning as the apprentice and moving on to mentoring as
we develop our skills and experience. I expect many of us name our early
mentors and our first apprentices. But how do our wider collaborations –
especially the larger projects that span national and international boundaries
– fit into this community picture? This is not a simple question to answer,
and is beyond the scope of this initial report, but one that is important
as global collaborations continue to grow and our research connections
correspondingly move to the international stage.
In her piece, Liz Allen explores how science values collaboration, and how
this relates to the increasingly global, large-scale, and inter-disciplinary nature
of such collaborations. As Liz discusses, collaborations – which involve
scientists each performing a variety of tasks and each providing a unique set of
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"How do our wider
collaborations –
especially the larger
projects that span
national and international
boundaries – fit into this
community picture?"
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"EU-28 countries are
highly collaborative."
3

"The growth of open
access to research
is a facilitator
for increasing
collaboration."


years, open access outputs have increased by 16%, and the systems used to
create, deliver and disseminate scholarly works has seen some significant new
innovations4. The continued development in these areas will encourage and
continue to facilitate new and deeper collaborations than ever before, building
a platform for the next generation of researchers in an international world.
To finish on a personal note: when writing this introduction, I realized that this
is my first contribution to a research paper for over four years; my first since
Overleaf (then called writeLaTeX) was conceived and I left the world of
driverless cars to build a scientific start-up. Since then, collaboration has been
at the heart of how Overleaf has grown, both organically, through authors
creating documents on Overleaf and sharing them with their friends and peers,
and deliberately, through the early partnerships we formed within the LaTeX
community and the publishing industry.

contributions – are increasingly considered crucial to address global challenges
and complex scientific problems. Yet, the current incentivization structure
focuses heavily on the author list of the publication describing the results
of the research. Should we be moving instead to recognize the different
contributions made by authors, and if so, what next steps can we take?
Daniel Hook and Ian Calvert report on their analysis of the Overleaf
collaboration data which forms the heart of this study. In this initial analysis,
the focus is on the network properties of the Overleaf data, to provide insight
in collaboration patterns on national, state and institution-level scales. Whilst
the US perhaps unsurprisingly emerges as the largest collaboration hub, it is
noteworthy that the EU-28 countries are highly collaborative, and that the
US and the EU are broadly similar sized in terms of number of institutions.
Interestingly, the level of collaboration between the EU and the US is not as
large as might be expected and while the US is highly collaborative overall, the
long tail of collaborative relationships in the EU is impressive.

"Collaboration has
been at the heart
of how Overleaf
has grown."
4

Hence I’m delighted that my first research contribution in four years is a
report on collaboration, featuring both an analysis of the data from the
platform we built, and with contributions from four of our early supporters
and partners: Faculty of 1000, whose innovative publishing platform
F1000Research was the first to accept submissions from Overleaf; Digital
Science, a pioneer in the industry and our lead investor as Overleaf has grown
into the company it is today; Sam Burridge who was Managing Director of
Open Research at Nature Publishing Group when we first launched our link
with Scientific Reports; and Stanford University, our first full institutional
partner who adopted Overleaf in January 2015.

1 P erceived social isolation and cognition
Cacioppo, John T. et al.Trends in Cognitive
Sciences ,Volume 13 , Issue 10 , 447 – 454
http://dx.doi.org/10.1016/j.tics.2009.06.005
2 Social Isolation in America: Changes
in Core Discussion Networks over Two
Decades Miller McPherson, Lynn SmithLovin, Matthew E. Brashears American
Sociological Review Vol 71, Issue 3, pp.
353 - 375 First published date: June-01200610.1177/000312240607100301
3C
 ore networks, social isolation, and new
media: How Internet and mobile phone
use is related to network size and diversity.
Hampton, Keith N., Lauren F. Sessions, and
Eun Ja Her.Information, Communication &
Society 14.1 (2011): 130-155.
4 S ee e.g:101 Innovations in Scholarly
Communication - the Changing Research
Workflow Kramer, Bianca; Bosman, Jeroen
(2015): https://dx.doi.org/10.6084/
m9.figshare.1286826.v1

I hope you enjoy reading the analysis and articles on the following pages; they
represent the first glimpse at how we can now start to understand research
collaboration as it happens, in real-time – an exciting step forward that I’m
proud to be part of.

At the institutional level, one university which features highly in the
collaboration analysis is Stanford, and this leads onto an article later in this
report, where we hear from Helen Josephine of Stanford University Libraries.
Helen describes the changing nature of the university library, and the shift
to providing expertise in tools, services and best practices in research and
research communication. At Stanford, Helen organizes their annual “Gear Up
for Research” event, an extension of their outreach programme to staff and
students, which helps promote and encourage adoption of new collaboration
tools on campus. Helen notes that the early adoption of new tools tends to be
organic and bottom-up, with staff and student use of such tools helping to guide
the library in determining which ones are providing real added-value on campus.
In our closing article, Sam Burridge looks at how the growth of open access
to research is a facilitator for increasing collaboration. In the past three
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"Research collaborations
are considered by
policymakers and
funding agencies to
be a crucial ingredient
to address global
challenges and
complex scientific
problems."

What Value Collaboration?
Recognizing, Understanding
& Incentivizing Collaboration
Liz Allen, Director of Strategic Initiatives at F1000 & Visiting
Senior Research Fellow, King’s College London

Science is increasingly a global enterprise. While collaboration among
scientists is historically commonplace, the extent and size of collaborations
have noticeably increased over the last decade. Research collaborations are
considered by policymakers and funding agencies to be a crucial ingredient to
address global challenges and complex scientific problems.
Research funding is frequently channeled to support large scale collaborations
and multi-disciplinary and multi-sector hubs – such as the recently announced
UK Dementia Research Institute1; the international collaboration formed
to deliver the human genome sequence; the EU’s multi-sector Innovative
Medicines Initiative; the international data-sharing consortia formed to conduct
genome wide association studies (such as the Wellcome Case-Control
Consortia); and the demands for disciplinary expertise from across a wide
range of fields to deliver large scale cohort and epidemiological studies, such as
UK Biobank. Team science is also becoming more commonplace on a smallerscale 1:
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Figure 1:Trends in the number of authors
per paper, based on PubMed records of all
articles published 1950-2014.
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It is not difficult to find examples of multi-disciplinary teams and collaborations
that have produced a significant scientific leap forward and are having an
impact. A recent analysis of the UK’s Research Excellence Framework (REF)
found that over 80 per cent of the REF impact case studies described impact
based upon multidisciplinary research4. There is, however, more to know about
when and how to forge, sustain and nurture collaboration to best effect.
A research team at the Massachusetts Institute of Technology (MIT) recently
conducted a review of multi-sector and cross disciplinary collaborations.
While there remains a general optimism in the value that collaborations can
bring to address biomedical innovation bottlenecks, there are some concerns
about redundancy, inefficiency and lack of productivity leading to what they
describe as ‘consortium fatigue.’ Some collaborations may actually be adding
more complexity to an already complex system of biomedical innovation. The
team called for a new ‘science of collaboration’ to learn what works and what
doesn't; to improve how research leaders and funding agencies leaders design,
manage and evaluate collaborations5. This also extends to making sure that
working as part of a collaboration is an attractive career choice.

"Analysis of the UK’s
Research Excellence
Framework (REF)
found that over 80 per
cent of the REF impact
case studies described
impact based upon
multidisciplinary
research."


Collaborations can be hugely beneficial for science but there is some evidence
that they can have a detrimental effect on the careers of some individuals.
The UK Academy of Medical Sciences recently explored the incentives for
researchers to get involved in team-based and large scale collaborations. One
of their key findings was that academic reward and recognition systems have
failed to match the needs of team and large scale collaborations. Individual
researchers can find it difficult to gain visibility and secure recognition for their
contributions to team science6, particularly while research articles remain the
main currency of research and research evaluation.
As described, original research papers with a small number of authors
- particularly in the life sciences - are increasingly rare. There are many
contributors to research and associated published outputs, but through an
outdated conception of ‘authorship’ it is not easy to tell who did what, nor is
author position useful helping to represent contribution. Inflation of author
numbers on papers, partly driven by national research assessment exercises,
but also by big, collaborative and team science, is adding to this ambiguity
around research contribution.

3.5

2.5
(lJ

What works in collaboration

Incentivizing collaboration

Trends in the number of
authors per paper
Average number of collective author names per
MEDLINE/PubMed citation (when collective
author names present)

The trends are perhaps most obviously demonstrated in analysis of published
scholarly outputs. Particularly in the life sciences, there have been rapid
increases in author numbers2 and interdisciplinary working3, an increase in the
number of papers that describe the output of international and inter-disciplinary
researchers, those that describe collaborations with groups and researchers
outside academia, and those that are simply ‘authored’ by large consortia.
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"If we want to
incentivize collaboration
then we should
make sure that the
incentives system is
both appropriate and
proportionate."

Furthermore, the scramble to gain recognition for published work (and
historically through the proxy measure of authorship position) can lead to
disputes among authors7. To provide a practical response to the demand
for greater visibility around research contributions, and to revise outdated
assumptions about authorship, the Contributor Roles Taxonomy (CRediT)
was born.

Beyond authorship
CRediT is the result of a collaboration between medical journal editors,
researchers, research institutions, funding agencies, publishers and learned
societies. It provides a simple taxonomy of 14 roles that can be used as
descriptors of individuals’ contributions to a piece of scholarly published
output. Individual contributions are captured in a structured format and
stored as a piece of metadata during the submission process8. The taxonomy
recognizes roles like data curation, development of design methodology,
programming and software development, application of statistical or
mathematical techniques to analyze data, and data visualization.
Since CRediT’s launch in 2014, there has been considerable momentum.
Organizations are already using the CRediT taxonomy9 to capture
contributions to published work more systematically and transparently: in
2016 PLOS implemented the CRediT taxonomy for authors across all its
journals, F1000 are implementing the taxonomy across their open research
publishing platforms during 2017, and Cell Press have endorsed the use of
the roles amongst their ‘authors’. Aries Systems has included the taxonomy
in its recent release of the Editorial Manager 13.0 manuscript submission
system; the Mozilla Science Labs Open Badges project has included the roles
in its prototype; and ORCID plan to incorporate the contributor roles into
their Registry to enable specific contributions to research works (such as an
article, dataset or presentation) to be displayed on an ORCID record. Other
publishers and platform providers, including F1000Research, are also exploring
how to shift their existing model of capturing contributions to a more
systematic and transparent approach, which the CRediT taxonomy enables.

collaborations with individuals with specific skills. For publishers, there are
obvious benefits to greater transparency in contributor assignment as it can
reduce the volume and time involved in managing authorship disputes.

Beyond articles
One of the most important things we could do to incentivize scientists
to participate in the things that are crucial to science, is to rethink how
we evaluate and assess research outputs and researcher behaviours. If
collaboration is crucial to tackling a thorny problem or proving a radical new
solution, then the community together needs to find ways to incentivize and
encourage this – and one of the key things is making sure we get the right
people to address the task in hand.
The reliance on journals and article-level metrics as the default currency to
assess value has come about largely because of an absence of alternative robust
and systematically available streams of science-related indicators – but things are
changing. I predict that the currency of a research article as the key output of
research will diminish as researchers take up new ways of more rapidly sharing
a wider portfolio of their research outputs. And if we know what we want to
incentivize – for example, participation in and contribution to a collaboration –
then we should make sure that the incentives system we use is both appropriate
and proportionate.

1 h ttps://www.mrc.ac.uk/about/
institutes-units-centres/uk-dementiaresearch-institute/
2 Academy of Medical Sciences (2016)
Improving recognition of team science
contributions in biomedical research.
http://www.acmedsci.ac.uk/policy/policyprojects/team-science/
3V
 an Noorden R (2015) Interdisciplinary
research by the numbers. Nature 525,
306-7.
4K
 ing’s College London & Digital
Science (2015) The nature, scale
and beneficiaries of research impact:
An initial analysis of Research
Excellence Framework (REF) 2014
impact case studies. Research
Report 2015/01. http://www.hefce.
ac.uk/media/HEFCE,2014/Content/
Pubs/Independentresearch/2015/
Analysis,of,REF,impact/Analysis_of_
REF_impact.pdf
5M
 agdalini Papadaki & Gigi Hirsch
(2013) Curing Consortium Fatigue.
Science Translational Medicine 28 Aug
2013:Vol. 5, Issue 200, pp. 200fs35.
DOI: 10.1126/scitranslmed.3006903.
6A
 cademy of Medical Sciences (2016)
Improving recognition of team science
contributions in biomedical research.
http://www.acmedsci.ac.uk/policy/policyprojects/team-science/
7D
 ance, A. (2012) Authorship:Who's
on first? Nature: 489, 591-593.
doi:10.1038/nj7417-591a.
http://www.nature.com/naturejobs/
science/articles/10.1038/nj7417-591a
8B
 rand A, Allen L, Altman M, Hlava M,
Scott J. (2015) Beyond authorship:
attribution, contribution, collaboration,
and credit. Learned Publishing;
28(2):151-155.
9 http://docs.casrai.org/CRediT

The standards organization, CASRAI (Consortia Advancing Standards in
Research Administration Information), is now the custodian of the CRediT
taxonomy, and is capturing usage feedback and providing guidance on how to
implement the roles in various scholarly workflows.
It is hoped that the taxonomy can play a part in helping to incentivize
researchers to get involved in large scale collaborations and team science.
Having the ability to better describe what they contributed to a piece of
research removes the opacity inherent in large author lists. Roles that have
not traditionally qualified as ‘authorship’ can be recognized and researchers are
able to draw attention to their specific contributions. This can be particularly
beneficial to early career researchers.
Additionally, there are a number of practical benefits in knowing who
contributed to specific components of published work, such as helping
funders to identify potential grant peer reviewers with a defined specialism
(e.g. statistician; data curator), and helping researchers to identify and forge
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A New Cartography
of Collaboration
Ian Calvert, CTO, Prose and Code, and Senior Data Scientist,
Digital Science, and Dr Daniel W Hook, CEO, Digital Science

"We know from many
existing studies that
collaboration is a
growing feature of
modern research with
more international
collaboration
than ever before."


The research enterprise of a university, institute or hospital involves many
hundreds of people in different capacities and many millions (or even billions)
of dollars sourced from governments, charities, industrial funding or from
revenues of spin-out technologies, companies and patents. The wider results
of this enterprise range from progressing cures for medical conditions, to
understanding the universe in which we live; from the creation of advanced
materials, to a profound understanding of human society. This is, some may
argue, the noblest pursuit of a human life: contributing to the knowledge of
humanity and communicating it to others. And yet, these research hubs, these
engines of our technological and cultural present and future, are regularly the
subject of reductionist ranking systems that attempt to encapsulate the essence
of this multiplicity of human endeavor to a single number – a position in a list.

What we seek to do here is to explore collaboration in a way that goes
beyond ranking and shows a more nuanced picture of the collaborative
landscape – this is “collaboration cartography”. Traditional collaboration
measures tend to lag (co-authorship of published papers) or only reveal part
of the picture (investigators on grant funding). With access to Overleaf’s
ecosystem, we study more timely and fine-grained data, namely the
collaborative documents that people are currently or recently engaged with.
Since we want to be responsible and careful, we are ensuring that the data in
this report are shown only at a country or institutional level to protect the
anonymity of our users. We are aware that a little data can go a long way, as
our colleague Jim Siddle pointed out a while back4.

"What we seek to do
here is to explore
collaboration in a way
that goes beyond
ranking and shows a
more nuanced picture
of the collaborative
landscape."


By looking at the various statistics that can be tracked across the full Overleaf
dataset we can tell: how long researchers tend to spend writing a paper; how
many co-authors are participating in editing documents right now; how many
people participate in collaborative writing simultaneously. This, in turn, allows us

As humans, we have a need to locate and to categorize so that we can
understand the world in which we live. So, it is not our point here to say that
rankings are a bad thing. However, simple-minded rankings do miss much of
the style and character of an institution: does the institution care about its
doctoral or postdoctoral community? Do people attend departmental colloquia?
Are faculty encouraged to work with colleagues in local industries to improve
the applicability of their research? How connected is the research across the
institution? For some of these questions the data are hard to find, while for
others it is merely unused.
Over the last 20 years, information science has become pervasive in our lives
through the systems that facilitate our daily interactions: Facebook, LinkedIn
and Spotify to name just a few systems that give such an insight. Parallels now
exist for researchers: Researchgate, Github and Overleaf among them. The
data collected by these new research tools promise an unparalleled insight
into not only the landscape of collaboration, but also the nature of research
creativity – the timescale over which thoughts are developed in different
disciplines, cultural styles of collaboration. An ethnography of research
creativity, hitherto a very personal experience1, seems to be within reach.

"Like the seafarers of
previous centuries, we
are at the beginning of
a voyage into unknown
territories that need to
be mapped out."
10

The title of this article “A New Cartography of Collaboration” has been
chosen because, like the seafarers of previous centuries, we are at the
beginning of a voyage into unknown territories that need to be mapped out.
We have a lot to learn: we will almost certainly mis-size whole continents and
assume the existence of dragons where there are none, in the early days. But,
we know from many existing studies that collaboration is a growing feature of
modern research with more international collaboration than ever before2. The
concept of mapping research itself is not new3 but we believe that our study
here is the first to look at active collaboration on research documents as the
basis for the social graph that we study.

Digital Science Report

Figure 1: Collaboration network between countries on Overleaf. Each edge connects two countries, each circle represents a country. The number of
Overleaf documents associated with each country determines the size of its circle. Red denotes North American countries, Blue denotes European
countries, Purple denotes South American countries, Green denotes Asia-Pacific Countries,Yellow denotes West-Asian Countries. Edges are collected using
force-directed edge bundling.
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to approach interesting sociological questions – is the amount of editing on a
paper proportional to the number of co-authors? Are co-authored papers really
co-authored between multiple people or does one person usually write a first
draft for others to then edit? Answers to these questions might be extremely
helpful in the context the current debate on how to capture and assign credit
to researchers5. This style of analysis goes beyond the scope of the current
piece, where we focus on the network properties of the Overleaf data but
indicates some of the interesting work that we hope to do in the near future.
Each document stored in Overleaf can have a number of users associated with
it. Each of those users is linked to an institution. Digital Science provides a
database of institutions called GRID6, which we have used in Overleaf so that
we have a mapping to unique identifiers for institutions. Behind the GRID
mapping, we then have mappings to a number of open geolocation standards
that allow us to aggregate the data.

presenting and hence do not pretend that our coverage is yet at a level where
this constitutes a full state of global collaboration, even for the part of the
world using LaTeX. However, we believe that it is also no accident that, barring
China, the countries that are associated with the highest centrality measures
are also the countries with the largest research and development budgets in
absolute terms7.
We can also pick out regions to look at the linking structure within the region
in more detail. In this respect the graph of Europe is illuminating. In Figure 2,
the collaboration within the European countries is mapped. It is noteworthy
that the EU-28 countries are highly collaborative. We assert that this effect is
probably due to the funding from the EU to promote collaboration. We also

Figure 1 highlights collaboration patterns on a national scale across the
globe. The network is created by producing the Overleaf document-user
network (a bi-partite network) and then projecting out the documents to
leave users connected if they are both collaborators on the same paper. Of
course, there may be many more users who are involved in co-authoring
the paper than are users of Overleaf. We have made no attempt to map
users from co-authorship lists in papers on Overleaf. We are specifically
interested here in patterns associated with Overleaf users. Many papers are
collaborative – in fact, around 22% of papers have more than one Overleaf
user associated with them.

Country
United States
United Kingdom
France
Spain
Germany
Netherlands
Italy
Australia
Switzerland
Singapore
Sweden
Russia
Portugal
Colombia
Chile

Centrality
0.76
0.48
0.12
0.12
0.09
0.05
0.05
0.05
0.03
0.03
0.03
0.03
0.03
0.03
0.03

Table 1: 15 most connected countries on Overleaf.

The illustration showing inter-country collaborations is, perhaps, not too
surprising (see Figure 1). The large red circle is the US, the somewhat smaller
red circles are Canada and Mexico, followed by Costa Rica. The US is highly
connected with lines reaching out to most other countries. As there are so
many European countries the graph appears to be quite dominated by blue
and this visualization tends to underplay the importance of the US on the
international research landscape. However, by localizing the influence of the
US, we can more easily see the collaborative relationships in which both Asian
and South American countries are engaged.
We can quantify the connectedness of countries in Figure 1 using the network
statistic of Centrality – the values are listed in Table 1. We do not present
Table 1 as a ranking but rather to focus on the Centrality measures. In the
Overleaf dataset, the United States is more than 1.5 times more central to
the collaboration graph than the UK. The UK is, in turn, almost four times as
collaborative (on Overleaf) as its nearest (European) competitor. Of course,
there are many sociological effects that are responsible for the biases that we
observe. Namely, usage patterns of Overleaf around the world naturally favor
certain geographies and disciplines. In particular, those that engage heavily
in areas that have significant levels of research in “LaTeX-aligned” subjects
account for some of the skew, due to the original foundation of Overleaf for
academics using LaTeX. Since English is, generally speaking, the language of
research, linguistic effects are less pronounced in the model. However, we are
well aware that engagement with Overleaf is a key facet in the data that we are
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11 Sweden
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France
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15 Austria
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Belgium

16 Norway

12 Bulgaria
13 Estonia

17 Malta
18 Slovenia

25 Luxembourg
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Figure 2: European collaboration network at
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developed European knowledge economies
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29 Russia
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24 Slovakia
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32 Finland

country level. Note the centrality of the more
and the significant bundling around the
Czech Republic and Spain. It is likely that
the Czech Republic benefits from its position
at the heart of Europe geographically, while
Spain benefits from its excellent approach to
EU funding.
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see some geographical ties that emerge from the overall picture. Some of
the data are clearly still at a low level and hence the weak ties from Malta to
Norway and Slovenia show some of the limitations of the data.
Figure 3 picks out the US collaboration network on a state-by-state level. The
picture is not dissimilar to the EU picture. Both figures give an impression
of a developed and robust set of research hubs with a large number of
collaborative satellites. The EU map is obviously different from the US map.

In the US, the states are highly clustered around the dominant California hub
and even the powerhouse of American universities on the east coast seem less
evenly matched. In the EU, several countries are relatively evenly matched with
11 or 12 countries clearly participating on a more even footing. These features
may well be to do with uptake of Overleaf but the number of users in all cases
is large enough to ensure statistical significance and hence we conclude that
there is at least some reality in the maps that we have produced.

Figure 4: Collaboration network between
institutions on Overleaf. Each edge connects
two institutions, each circle represents an institution.
The number of Overleaf documents associated
with each institution determines the size of its
circle. Red denotes North American institutions,
Blue denotes European institutions, Purple denotes
South American institutions, Green denotes
Asia-Pacific institutions,Yellow denotes WestAsian institutions. Edges are collected using forcedirected edge bundling.

Figure 3: US inter-state collaboration
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Institution
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0.06

86

19

Imperial College London
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Stanford University

As we pointed out in our opening remarks, research is global. Even with just
eight million collaborative documents in Overleaf today we can start to engage
in research information “tomography” – uncovering the structure of research
relationships in real time. The results show a new picture of collaborative
research in its infancy. We also claimed that standard rankings do not give a
full picture of an institution. The types of statistic that we can derive from
Overleaf usage will help inform us about the research landscape in more
interesting ways. It is clear that many data streams deserve to be studied and
we believe that the Overleaf dataset that we have started to explore here
represents just the beginning.

"Even with just eight million
collaborative documents
in Overleaf today we can
start to engage in research
information “tomography”
– uncovering the
structure of research
relationships in real time.
The results show a new
picture of collaborative
research in its infancy."


Table 2: Some of the most collaborative institutions in the world on Overleaf.

1 Villani, C. (2013) Theoreme
Vivant, Librairie generale francaise,
9782253174905.
2 Adams, J. and Gurney, K. (2015) The
Implications of International Research
Collaboration for UK Universities, ISBN:
978-0-9929477-4-3, DOI:10.6084/
m9.figshare.3029749.v3; Jonathan
Adams. (2013).The fourth age of
research. Nature, 497, 557-560; BIS
– the UK Department for Business,
Innovation and Skills. (2013) Performance
of the UK research base: international
comparison. Royal Society. (2013)
Knowledge, Networks and Nations. ISBN:
978-0-85403-890-9
https://www.gov.uk/government/
publications/performance-of-theuk-research-base-internationalcomparison-2013;
3B
 örner, K. (2010) Atlas of Science:
Visualizing what We Know, MIT Press
9780262014458; Börner, K. (2015)
Atlas of Knowledge: Anyone Can Map,
MIT Press 9780262028813.
4 h ttps://vartree.blogspot.co.uk/2014/04/iknow-where-you-were-last-summer.html
5 h ttp://ref.casrai.org/CRediT & http://www.
nature.com/news/publishing-credit-wherecredit-is-due-1.15033
6 https://www.grid.ac
7 h ttp://data.worldbank.org/indicator/
GB.XPD.RSDV.GD.ZS
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While the country-level analysis is revealing, the institutional level yields a
more sophisticated picture of global research collaboration. In Figure 4, the
same coloring scheme, graph construction approach and edge bundling is used
to that in Figure 1, except now that the links are inter-institutional rather than
inter-country. In this map, we can easily pick out the success of Overleaf at
the National University of Colombia (largest purple circle), along with Stanford
(largest red circle).
Figure 4 shows that the US and the EU are broadly similar sized in terms of
number of institutions. However, the level of collaboration between the EU
and the US is not as much as might be expected and while the US is highly
collaborative overall, the long tail of collaborative relationships in the EU is
impressive. It is also interesting that the institution with the highest number
of documents is not the most externally collaborative in objective terms. This
is picking up on the different use cases for which people employ Overleaf –
undergraduate and postgraduate teaching are some of the most regular uses
for Overleaf.
To highlight some of the key points in Figure 4, we have included Table 2, which
displays “Centrality”, “Partnered Institutions” and “Partnered Countries” for
some of the most highly connected institutions in the world. The combination
of these measures paints a complex picture of collaboration.
We want to stress that this should not be seen as a ranking but rather it
shows a complex picture where some institutions have high centrality but
which are not very international in their outlook or which have a high number
of partners but which aren’t central to the map. We believe that it is no
accident that the majority of the institutions in Table 2 are in the developed
research world. The US features heavily, as does the UK. However, it is
heartening to note the appearance of other significant institutions in Brazil,
Colombia, Spain, Sweden and Switzerland in the top 15 by Centrality.
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In Support of Collaboration
Helen B. Josephine, Head of the Terman Engineering Library,
Stanford University Libraries

"Improving the
collaborative experience
for graduate students,
researchers and faculty
is one of the most
important roles on
campus for libraries."

Over the last 20 years, university libraries have changed significantly in
character. University librarians have learned to redeploy their skills and
expertise in this new context. As information resources have become more
complex and targeted, the need for specialists to acquire and deliver these
tools has increased. Partnerships between faculty and librarians have evolved
to include discussions of how to effectively collaborate and best practices for
data storage and management. The tools needed to be an effective researcher
or faculty member have expanded beyond journal subscriptions, e-books and
database access to include open repositories, shared libraries of articles, and
collaborative writing platforms.
Not so long ago that it would have been almost unimaginable that a member
of library staff would have an opinion about online lab notebooks, or how data
from an experiment should be collected and stored. However, in this dataand information-rich age, academics need colleagues who are knowledgeable
about the newest systems that innovators, technologists and colleagues from
around academia are creating. Librarians are professional “dating agents”:
matching researchers to the best tools and resources.
One key aspect that librarians must understand and support is collaboration.
Improving the collaborative experience for graduate students, researchers
and faculty is one of the most important roles on campus for libraries. While
budgets are still principally used to purchase the primary and secondary
research sources, we have investigated, licensed and advocated for researcher
workflow tools such as bibliographic management tools, online lab notebook
systems and LaTeX authoring tools.

graduate students. During the week prior to the start of classes, librarians
meet with the incoming students as part of the departmental orientation
sessions and the Graduate Life Office information fair.
In addition the library offers an annual ‘Gear up for Research’ Day event
during the winter term to highlight the tools and services available
for graduate students and post-doc researchers. This event combines
workshops, lightning talks and an information fair for on-campus services
and off-campus vendors who provide the resources we purchase to support
graduate-level research projects in science and engineering. During the event
one-hour workshops are offered, 30 minute product briefings and five minute
lightning talks along with the information fair. Students are encouraged
to interact with vendor representatives to learn about new features
and to provide feedback on improvements to products and services. By
participating in the workshops and product briefings the students learn about
the best practices for journal article submissions, how to craft the specific
aims section of a grant proposal and how to use tools for collaboration.
Some of the off-campus participants include Overleaf, Mendeley, PeerJ,
Elsevier, AccessEngineering, SPIE and IEEE.
Adoption of new collaboration tools on campus tends to be organic and
bottom up, with students sharing tools and ideas from other academic
institutions. Both Mendeley and Overleaf were already in use by students
before the Library began investigating their collaborative features.
Engineering labs eagerly adopted Mendeley and its private groups to create
an environment where members of the lab could easily read and comment
on the same article without needing to e-mail a copy. Recent usage statistics
show that the 5,600 Stanford Mendeley group members have created over
300 private groups with two or more members per group.

"Effective collaborative
researcher workflow
tools have developed
significantly in the last
few years."

"Collaboration and a
spirit of innovation
are deeply woven
into our culture."

Effective collaborative researcher workflow tools have developed significantly
in the last few years and now it is not simply common but required that they:
• be in the cloud, accessible anywhere
• have version control
• allow for protected/private projects
• integrate with other cloud systems and cloud storage.

At Stanford, Mendeley, Overleaf, GitHub, Figshare, Google docs, One Drive,
Dropbox, and a myriad other tools are used for collaboration. Any new tool
that might be licensed for the entire campus needs to integrate with those
already in use and provide the same level of protection for private projects for
both on- and off-campus collaboration.
As a way to introduce these tools and resources to students, the Stanford
University Library has developed an outreach program for all incoming
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Similarly, Overleaf was already in use at Stanford by science and engineering
students for collaborative writing. Adding the campus-wide subscription
with protected private group editing features, encouraged students to work
collaboratively with other campus departments and with colleagues at over
700 other universities.
In order to gauge engagement and satisfaction with Overleaf, a survey was sent to
users in late October 2016. Two hundred and forty-one Overleaf users replied
to the survey and of those 75% indicated that they use Overleaf for collaboration.
The survey also asked users to comment on their use of Overleaf and 100 survey
respondents chose to provide comments. Of those comments 30% mentioned
the collaboration features as an essential part of their use of Overleaf.
When asked specifically about what other tools they used in conjunction with
Overleaf, 16% used GitHub, 16% used Mendeley and 18% used Dropbox. In
addition, 66% used the real-time collaboration features, 55% used the easy
sharing link, 40% used the track changes feature and 26% used the projected
project feature.

"Collaborate anywhere
tools are just as
important as the
creation of new
physical spaces."

The Stanford School of Engineering website includes this statement on
collaboration:“Collaboration and a spirit of innovation are deeply woven into
our culture.” Whatever we can do at the Engineering Library to support this is
important. Some university libraries have been reconfiguring book stacks to create
collaboration rooms and “huddle spaces”. These physical changes are important
and provide additional space for teamwork. Collaboration in the cloud, in the
field, and across borders requires cloud-based tools. Collaborate anywhere tools
are just as important as the creation of new physical spaces. Our support and
knowledge of the features and advantages of these tools is critical and expands the
domain of the library beyond what is listed in our online catalogs.

Making the Most of
Open Access: A Focus
on Collaboration
Sam Burridge, Consultant and Advisor

Research not only affects our world directly, but affects and changes other
research, by different academics, sometimes in separate fields of study. It is
the cross fertilization of new ideas which can generate boundless unlocked
energy and lead to solutions to the most complex problems our world faces.
Collaboration is encouraged by many funders, and of course the growth and
development of Open Access (OA) has been a huge facilitator. But multiple
impediments remain, both within the researcher and publisher workflows and
the intertwined reward systems of both parties. This piece will focus on key
developments in and around OA from the publisher perspective, and some of
the treasure of collaboration we have yet to unearth.
Whilst the growth in OA may have slowed a little in 2016, Outsell still estimates
that ‘OA growth will continue to aggressively outpace the market with a
compound annual growth rate of approximately 16% through 2017’1, and
understanding of the model and funding continues to improve amongst the
diverse research community. There is also a decreasing concern from academics
about the quality of OA content, with higher impact, more selective, pure-OA
journals now thriving. This is coupled with an increasing will from most publishers
to ensure ‘bad’ research does not infect even the least selective journals.
Work is also at last well underway to improve the efficiency of the traditional
publishers’ workflow. A vast investment of time and money is being expended
on built-for-purpose, scalable platforms, which focus on OA workflows and
which are developed with researcher needs at their heart. The business to
consumer nature of open access has forced a customer awareness on publishers,
or to be fairer, allowed an understanding of the researcher workflow like
never before. Subscription sales direct to libraries simply didn’t permit that
understanding. And, if put to good use, this deeper understanding can help
improve our ability to advance collaboration amongst researchers. Finally,
metrics around customer service are increasingly front and centre, and as speed
and efficiency improve for researchers, so we help give them back a little time
to explore channels and connections they may otherwise overlook. All of this
makes open access stronger and in turn helps collaboration.

"A problem that still
needs to be solved is
how to increase open
dissemination, and
therefore the impact
of all research, which
in turn would help fuel
collaboration across
subject silos."

"The greatest chance
of success is from
collaboration between
teams, from different
functions and
perspectives, between
researchers and
publishers, and even
between publishers."

All the effort needed to simply handle the massive growth in open access
science has required significant attention, in particular for players where the
highest growth has been focused. This, along with the efforts to solve concerns
over quality, means many publishers have been distracted from the more
intricate quest of improving collaboration in more focused ways.
A problem that still needs to be solved is how to increase open dissemination,
and therefore the impact of all research, which in turn would help fuel
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"For collaboration to
happen, research
not only needs to
be discoverable, it
also needs to be
understood."

collaboration across subject silos. Though there is growth in some strands, the
OA model is still not gaining real traction in most humanities and social science
(HSS) areas. Much has been written about why this is the case, with most of
the answers centring on lack of funding, the formats of research outputs, as
well as the specifics of how HSS researchers work in all their infinite variety.
Clearly, the model needs to evolve, be adapted or even rewritten for different
disciplines. Several parties are trying to nudge things forward in various ways,
but nothing has caught yet. Publishers must try harder, working with funders
and researchers, to come up with solutions, trialling more, and crucially, putting
our best people on it. Of course ironically, the greatest chance of success is
from collaboration between teams, from different functions and perspectives,
between researchers and publishers, even collaboration between publishers. The
latter is likely to be a collaboration too far in this highly competitive space, but
competition itself has a chance of increasing innovation if the focus is there.
Nonetheless, even without significant amounts of content from HSS, we do
have swathes of research from subject areas which have adopted OA, and
much subscription content becomes open in time. There is increasing focus
and investment in improving discoverability of research in general, developing
search functions in numerous ways, an effort ever more crucial as the need and
ability to demonstrate usage becomes the norm. Tools which aid collaboration
either directly or indirectly, like Overleaf and Mendeley, are seen as precious
jewels for major publishers to discover, harvest, and collect. But many are not
developed or relevant across subject areas, few going into the less profitable
areas of HSS. Taking these advances a few (difficult) steps further, will mean
we can begin to improve the ability to link more intelligently across different
subject areas, and increase the possibility of collaboration across silos.

1 See Outsell Insights, 21st October 2016,
Open Access Growth Rates Continue to
Dazzle by Jo McShea

22

Contributor Biographies:
Laurel Haak is Executive Director of ORCID. Laurel drives awareness of the ORCID mission, building strategic
relationships, working with a broad range of constituents, ensuring organizational persistence, and directing ORCID staff
and contractors. Previously, Laurel was Chief Science Officer at Discovery Logic, Inc.; a program officer for the US National
Academies' Committee on Science, Engineering, and Public Policy; and editor of Science's Next Wave Postdoc Network at the
American Association for the Advancement of Science. Laurel received a BS and an MS in Biology from Stanford University and
a PhD in Neuroscience from Stanford University Medical School, and she was a postdoc at the US National Institutes of Health.
Email: l.haak@orcid.org
https://orcid.org/0000-0001-5109-3700

John Hammersley is CEO and co-founder of Overleaf. John has always been fascinated by science, space,
exploration and technology. After completing a PhD in Mathematical Physics at Durham University in 2008, he went
on to help launch the world's first driverless taxi system now operating at London's Heathrow Airport. John’s now
making it easier for scientists to collaborate and publish online as CEO and co-founder of Overleaf, the rapidly
growing online collaborative writing and reviewing tool now with over half-a-million users worldwide. He was
named as one of The Bookseller’s Rising Stars of 2015, is a mentor and alumni of the Bethnal Green Ventures startup
accelerator in London, and in his spare time dances (and occasionally teaches) West Coast Swing!
Email: john.hammersley@overleaf.com
https://orcid.org/0000-0001-8037-2258

For collaboration to happen, research not only needs to be discoverable,
it also needs to be understood. There is a need for translation of a kind
between subject areas which is a very great challenge, but one publishers
can offer solutions to should they wish. Use of different media, new formats,
skilled multi-disciplinary editorial/journalistic teams and tools like Overleaf,
can all be aids to translation across fields. Of course, there is a virtuous circle
here, as the more academics from different fields work together, the more
they will understand each other, and the less the need to translate.
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Collaboration between diverse minds is constantly recognized as a key to
innovation, and indeed a crucial component in solving the biggest challenges
facing the planet. Concentrating on how to improve it is essential to
optimizing the impact of research and open access is a core collaboration
enabler and a great success story. But we now need to find ways to make it
broader in its adoptability across subjects, and focus on harnessing the power
of openness. Of course these are challenges with no easy answers, or clear
business models as yet.
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But it is there that the gold lies, for publishers themselves, researchers and of
course our world. To stay relevant publishers must see beyond the massive
increase in research it is handling due to OA, seizing a role beyond selecting
and disseminating content. The biggest winners will be those who not only
attract content but can also make connections between ideas and academics
simpler and more likely to form, so that it is easy for one discovery to nourish
and influence another, allowing ever greater advances.
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