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Summary
By choosing what types of research to support, research funders prioritize some
research agendas over others. It is essential for funders to reflect carefully on priority
setting. We propose to use research funding landscapes to support funders in this
process. A funding landscape uses bibliographic data on scientific publications to
show the research fields that are supported by different funders.
In the paper, we introduce a funding landscape created based on data from the
Dimensions database. A freely available web-based tool provides an interactive
visualization of the landscape. In a case study, we use the funding landscape to
analyze funding of mental health research. The work presented in this report may serve
as a starting point for a research strand within the Research on Research Institute
(RoRI) focused on priority setting.
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1.

Introduction

Since resources are scarce, research funders need to make choices about the types of
research they support and need to prioritize some research agendas over others. It is
thus essential for funders to reflect carefully on priority setting. Funders need to
understand what types of research they are funding and need to have insight into
alternative options. A careful reflection on priority setting enables funders to respond to
the increasing demand for science to better address pressing societal needs (Chalmers
et al., 2014; Sarewitz & Pielke, 2007). It may for instance help funders in responding to
the recent diagnosis that health research in the UK is too much biomedically focused,
while environmental and behavioral factors that hinder health improvement remain
relatively
understudied
(Jones
&
Wilsdon,
2018).
In this report, we propose to use research funding landscapes to support funders in
setting priorities. Based on bibliographic data on scientific publications, a funding
landscape shows the research fields that are supported by different funders. The
funding landscape introduced in this report is created based on data from the
Dimensions database. It is presented using a freely available web-based tool that
provides an interactive visualization of the landscape. We demonstrate the use of the
funding landscape in a case study in which we analyze funding of mental health
research.
A research funding landscape offers detailed insights into the directionality of funding.
It shows the specific research areas supported by a funding program, enabling a
research funder to reflect on the alignment of the program with the funder’s broader
goals. A funding landscape may also be used to analyze whether the portfolio of a
funder is sufficiently diverse in terms of the research areas that it covers. Fostering
diversity in funding portfolios may induce creativity and synergy and may help to hedge
against uncertainty and to avoid research agendas being locked into dead ends
(Stirling, 1998, 2007).
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2.

Research funding landscapes

Below we discuss how research funding landscapes are created and visualized and
how they can be interpreted.

2.1 Creating & visualizing a research funding landscape
To create and visualize our research funding landscape, we followed a five-step
approach. Below we discuss the five steps.
Step 1: Collecting data

We started by collecting the required data. Data was collected from Digital Science’s
Dimensions database (www.dimensions.ai). We collected all 58.5 million scientific
publications (i.e., journal articles, conference proceedings articles, and book chapters)
from the period 1999-2018. In addition, we collected 1.0 billion citation links between
publications.
Step 2: Identifying research fields

Based on the data collected in step 1, we took an algorithmic approach to identify
research fields. We used a clustering algorithm to group publications into clusters
based on citation links. We followed the methodology developed by Waltman and Van
Eck (2012), and we made use of the Leiden algorithm introduced by Traag, Waltman,
and Van Eck (2019). Each publication was assigned to at most one cluster. We chose
to have a relatively large number of clusters. We ended up with 2890 clusters of at
least 250 publications each. In total, these clusters include 38.8 million publications.
The remaining 19.7 million publications were disregarded. Most of these publications
have no citation links with other publications, and many of them have no significant
scholarly content.
Each cluster consists of a group of publications that are strongly connected by citation
links. In the rest of this report, we interpret clusters as representations of research
fields.
Each of the 2890 research fields was algorithmically assigned to one of the following
five main disciplines:
● Biomedical and health sciences
● Life and earth sciences
● Mathematics and computer science
● Physical sciences and engineering
● Social sciences and humanities
Step 3: Linking research fields to research funders and diseases

For each research field, we counted the number of publications supported by different
research funders and the number of publications dealing with different diseases. Below
we discuss in detail how publications were linked to funders and diseases.
5

Step 4: Labeling research fields

Each research field has a numerical identifier. In addition, to facilitate the interpretation
of our research funding landscape, each field was labeled using the following
information:
● Five concepts that characterize what the publications in a field are about.
● The names of the five journals that have published the largest number of
publications in a field.
● The names of the five funders that have supported the largest number of
publications in a field.
Step 5: Visualizing a research funding landscape

We visualize our research funding landscape using an interactive web-based tool
available at http://researchonresearch.org. This tool provides visualizations similar to
the ones created by the VOSviewer software (Van Eck & Waltman, 2010;
www.vosviewer.com). We make available visualizations for two versions of our
research funding landscape:
● The landscape of all 2890 research fields.
● The landscape of the 1313 research fields for which at least one-third of the
publications are indexed in PubMed. These are fields with a clear focus on
health research.
Figure 1 shows a visualization of the landscape of all 2890 fields. The landscape of the
1313 fields with a focus on health research will be explored in a case study on mental
health research presented later in this report.
Throughout this report, a visualization of a research funding landscape is also referred
to as a map of science. Science is understood in a broad sense and also covers the
social sciences and humanities.

6

2.2 Interpretation of a visualization
The interpretation of a visualization of a research funding landscape can be
summarized as follows:
● Each field is represented by a bubble.
● The size of a field indicates the number of publications with a certain property,
for instance the number of publications supported by a specific funder. By
default, the size of a field indicates the total number of publications in the field.
● The color of a field indicates the proportion of publications with a certain
property, for instance the proportion of publications supported by a specific
funder. In the landscape of all 2890 fields, the color of a field by default indicates
the main discipline to which the field belongs (see Figure 1).
● The proximity of two fields approximately indicates the relatedness of the fields.
In general, the closer two fields are located to each other, the stronger their
relatedness. The relatedness of two fields is determined by the number of
citation links between the fields.
● The horizontal and vertical axes have no special meaning.
It is important to be aware of the difference between the size and the color of a
research field. The size of a field provides an absolute perspective, for instance the
total number of publications in a field supported by a particular funder or dealing with a
particular disease. The color of a field provides a relative perspective, for instance the
number of publications of a specific funder or on a specific disease as a proportion of
the total number of publications in a field.

Figure 1: Landscape of science. The size of a field reflects the number of publications
in the field. The color of a field indicates the main discipline to which the field belongs.
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2.3 Linking publications to research funders
We use Dimensions data to link publications to research funders. Dimensions
combines three approaches for linking publications to funders:
● Links between publications and funders are extracted from Crossref and
PubMed.
● Links between publications and funders are extracted from acknowledgment
sections in publications.
● Links between publications and funders are obtained from data provided by
funders. Some funders provide Dimensions with data on the publications they
have funded.
In the research landscape visualizations made available online (see above), information
is provided for the 100 funders with the largest number of publications.

2.4 Linking publications to diseases
We identified publications related to a selection of the diseases considered in the
World Health Organization’s global burden of disease estimates for the years 2000,
2005, 2010, and 2015 (WHO, 2017). We considered the 134 most specific diseases in
the ‘Communicable, maternal, perinatal and nutritional conditions’ and
‘Noncommunicable diseases’ groups. We did not consider diseases in the ‘Injuries’
group.
The WHO provides the corresponding codes of the International Classification of
Diseases in which each of the above-mentioned diseases is classified. These codes
are referred to as ICD-10 codes. To identify publications dealing with a disease, we
relied on MeSH terms. These terms are used by the US National Library of Medicine
(NLM) to describe the content of publications indexed in PubMed.
We combined several approaches to link ICD-10 codes to relevant MeSH terms. First,
we used the Unified Medical Language System (UMLS), also produced by the NLM,
which provides information on the relation between items from different classifications.
In this way, we were able to link a number of ICD-10 codes to MeSH terms.
We also made use of Wikipedia. Many Wikipedia articles on diseases include codes
from different disease classifications, including ICD-10 codes and MeSH terms. We
used this information to link ICD-10 codes to MeSH terms.
For diseases for which the above two approaches did not yield relevant MeSH terms,
we identified the most adequate MeSH terms by searching directly in the MeSH
database.

8

The assignment of MeSH terms to ICD-10 codes was reviewed by professor Maria
Francisca Abad at the Universitat de València in Spain. Professor Abad has extensive
experience with biomedical and disease classifications.
To link publications to diseases, we used not only the MeSH terms assigned to ICD-10
codes, but also all MeSH terms located beneath them in the MeSH tree. This for
instance enabled us to assign publications with the MeSH term ‘Blackwater Fever’ to
the disease ‘malaria’ even if the MeSH term ‘Malaria’ was not assigned to these
publications.
The WHO classifies diseases into mutually exclusive categories. A MeSH term may be
located in multiple branches of the MeSH tree, which may cause a MeSH term to be
linked to diseases to which we originally did not intend it to be linked. For instance, in
the MeSH tree, ‘Liver Neoplasms’, which we linked to the disease ‘liver cancer’, is
located not only under ‘Neoplasms’ but also under ‘Digestive System Diseases’. We
disregarded such unintended links between MeSH terms and diseases. In the case of
the MeSH term ‘Liver Neoplasms’, for instance, we linked publications with this term
only to the disease ‘liver cancer’ and not to other diseases.
In addition to diseases, we also consider disease groups. A disease group is an
aggregation of multiple diseases. Following the classification of the WHO, we
aggregated the 134 diseases into 20 disease groups.
Linking ICD-10 codes to MeSH terms is a challenging problem, and the approach that
we take has limitations. However, our approach provides sufficiently reliable
information to capture general patterns of scientific activity on specific diseases and
disease groups.
The concordance table containing the links between ICD-10 codes and MeSH terms is
made available by Yegros, Van de Klippe, Abad-Garcia, and Rafols (2019).
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3. Case study: Mental health research
Mental health is increasingly recognized as a health area in need of further research.
For instance, in January 2019, the Wellcome Trust committed an additional 200M GBP
on mental health for the next five years.1 Yet mental health is a very complex epistemic
space. Prevention, diagnosis, and treatment of mental disorders involve a variety of
disciplinary approaches, ranging from the genetic to the social determinants and from
bioimaging to pharmacology and public health.
What are the most important areas in mental health research? How are these areas
supported by different research funders? Which areas receive relatively limited
attention? In this brief case study, we illustrate how a research funding landscape can
help reflect on these types of questions.

3.1 Health research
First of all, we need a general understanding of the overall structure of the landscape of
health research. For this purpose, we use the ‘basemap’ presented in Figure 2. This
basemap includes 1313 fields with a focus on health research. At least one-third of the
publications in each of these fields are indexed in PubMed.
As the basemap shows, there is no clear separation of research fields into disciplinary
categories. Nevertheless, some disciplinary patterns can be observed. In the center of
the map, research on oncology and genetics can be found. The upper right area of the
map is related to research on infectious diseases and microbiology. The upper left area
covers clinical research. The bottom left area corresponds to healthcare, behavioral
sciences, and social sciences research. The bottom right area covers physical and
chemical research. This pattern is consistent with the structure of health research
found in the consensus view of global maps of science (Klavans & Boyack, 2009;
Rafols, Leydesdorff & Porter, 2010). The colors of the fields in the basemap show that
PubMed coverage is highest in the center of the map.

1

See https://wellcome.ac.uk/press-release/wellcome-boosts-mental-health-research-extra-%C2%A3200-million.
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Figure 2: Landscape of health research. The size of a field reflects the number of
publications in the field. The color of a field indicates the proportion of publications
indexed by PubMed.

3.2 Mental health research
To obtain a high-level overview of mental health research, we use the disease group
‘mental and substance use disorders’. In the map in Figure 3, the size of a research
field reflects the number of mental health publications in the field, that is, the number of
publications that have been linked to the disease group ‘mental and substance use
disorders’. The color of a field indicates the number of mental health publications as a
proportion of the total number of publications in the field.
Fields are partly overlapping in the map in Figure 3. In our interactive web-based tool, it
is possible to zoom in, so that fields become fully visible. The tool also enables the
user to find out what a field is about. When the user hovers the mouse pointer over a
field, the tool displays the most important concepts related to the publications in the
field. The tool also displays the journals and research funders that have the largest
number of publications in the field.
Most fields related to mental health research are located in the bottom left area of the
map in Figure 3. This includes fields on schizophrenia, alcohol, depression, eating
disorders, attention disorders, and autism. A bit toward the right, a number of fields
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related to psychopharmacology can be found, such as a field on cocaine. Further
toward the center of the map, there are some fields related to the genetics of mental
health diseases, such as a field related to Down’s syndrome and other trisomies and a
field related to the Rett syndrome.

Figure 3: Landscape of health research, highlighting fields related to mental health
research. The size of a field reflects the number of publications related to mental health
research. The color of a field indicates the proportion of publications related to mental
health research.
In the map in Figure 3, the color of a research field reflects the proportion of
publications in the field that have been linked to the disease group ‘mental and
substance use disorders’. Fields colored in yellow are strongly related to mental health
research. More than 20% of the publications in these fields have been linked to the
disease group ‘mental and substance use disorders’. For fields colored in green, this is
the case for about 10% of the publications, indicating that these fields are less strongly
related to mental health research.
For any research field, we need to keep in mind that publications not linked to the
disease group ‘mental and substance use disorders’ may still deal with mental health
issues. Some publications may not be indexed in PubMed. They therefore do not have
MeSH terms and consequently cannot be linked to diseases. Other publications may
have MeSH terms, but our methodology for linking publications to diseases may not be
12

able to identify the link between these publications and mental health diseases, for
instance because some diseases may not be covered by our methodology. Finally,
some publications may deal with general mental health issues that are not related to a
specific disease.
Our methodology may also identify fields that cover a substantial amount of research
related to mental health, but that have their primary focus on other issues. For
instance, there is a field that focuses on sleep. This field includes 1583 publications
linked to mental health diseases, but this is only 3.3% of the total of 47,485
publications in the field.
Accurate delineation of research areas clearly remains a major challenge in
scientometrics. Refinements tailored to specific policy questions and contexts are
therefore often needed.

3.3 Time trends in mental health research
We can also use our health research landscape to explore time trends in fields related
to mental health research. The maps in Figure 4 show how some fields received a
relatively large amount of attention in earlier years (1999-2003), while other fields
received a lot of attention in recent years (2014-2018). In these maps, the size of a field
reflects the number of mental health publications in the field. The color of a field
indicates the number of publications in the field in a specific time period (i.e., 19992003 or 2014-2018) as a proportion of the total number of publications in the field. In
the maps in Figure 4, we have zoomed in on the lower left area of our health research
landscape. Some of the largest mental health fields are located in this area.
We observe some clear time trends. In an absolute sense, there has been a general
growth in the number of publications in the different research fields. However, from a
relative point of view, the amount of attention given to research on alcohol and
depression has decreased over time. On the other hand, research on autism and
neuroimaging has seen a major increase in the amount of attention it receives.
Research funders need to take such time trends into account in their priority setting.
For instance, when a new research field emerges, funders may want to adjust their
priorities to this development.
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1999-2003

2014-2018

Figure 4: Landscape of health research, highlighting time trends in fields related to
mental health research. The size of a field reflects the number of publications related to
mental health research. The color of a field indicates the proportion of publications in a
specific time period.
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3.4 Funding of mental health research
We now explore the relative contribution of different research funders to fields focused
on mental health research. Such an analysis is often referred to as a research portfolio
analysis (Wallace & Rafols, 2015). Figure 5 presents three maps, one for the Wellcome
Trust, one for the Medical Research Council in the UK, and one for the Economic and
Social Research Council in the UK. Like in the map in Figures 3 and 4, the size of a
field reflects the total number of mental health publications in the field. The color of a
field now indicates the relative contribution of a funder to the field, that is, the number
of publications in the field supported by the funder relative to the total number of
publications in the field. Notice that the map for the Economic and Social Research
Council uses a different color scale than the maps for the other two funders. In all three
maps, we have zoomed in on the fields that are most relevant for mental health
research.
The Wellcome Trust has a relatively large proportion of publications in neuroimaging
and genetics as well as in other basic neuroscience fields. On the other hand, its
funding for alcohol and drug research and more clinical approaches to mental
disorders (bottom left area of the map) is relatively limited. In contrast, the Medical
Research Council funds a relatively large amount of research in genetics and
neuroimaging, but it also makes a relatively large contribution to research on some
mental disorders, in particular autism and schizophrenia. The contribution of the
Economic and Social Research Council to mental health research is much smaller. This
funder focuses its mental health research on a limited number of issues, in particular
alcohol and tobacco as well as autism.
Comparing funding landscapes obtained for different research funders may yield
various policy relevant insights. For instance, when a funder such as the Wellcome
Trust decides to increase its support for mental health research, it is essential to make
a careful decision on the allocation of the additional funding. Funding landscapes for
instance enable a funder to compare its portfolio with the portfolios of other funders
and to identify research fields that may be over- or underfunded. This can be expected
to contribute to more informed priority setting decisions.
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Wellcome Trust

Medical Research Council
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Economic and Social Research Council

Figure 5: Landscape of health research, comparing the contributions made by different
research funders to mental health research. The size of a field reflects the number of
publications related to mental health research. The color of a field indicates the
proportion of publications funded by a specific funder.

3.5 Individual diseases
For the disease group ‘mental and substance use disorders’, we have seen that
research is distributed over many fields. When we look at specific diseases, we find
that in some cases research is concentrated in one field, while in other cases it is
distributed across a number of quite disparate fields. For instance, research on
‘attention deficit/hyperactivity syndrome’ is heavily concentrated in one field (see the
top map in Figure 6). On the other hand, research on ‘idiopathic intellectual disability’,
also known as mental retardation, is spread over various fields, such as disability
studies, developmental neuropsychology, studies of mental retardation protein,
medical genetics, Rett syndrome, and biological chemistry (see the bottom map in
Figure 6).
The spread of research on a particular disease over various fields indicates that
funders need to make careful decisions about the distribution of resources over the
research landscape. Funders may for instance choose to diversify their portfolio in
order to avoid the risk of getting locked into a narrow scientific or technological
trajectory (Jones & Wilsdon, 2018).
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Attention deficit/hyperactivity disorder (ADHD)

Idiopathic intellectual disability

Figure 6: Landscape of health research, highlighting fields related to specific diseases.
The size of a field reflects the number of publications linked to a disease. The color of a
field indicates the proportion of publications linked to a disease.
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4.

Next steps

Research funders face many challenging questions related to priority setting. Why do
funders prioritize some research areas over others? To what extent do the priorities of
funders align with societal needs? For instance, do funders of health research prioritize
research areas addressing diseases with the largest disease burden? Do funders pay
sufficient attention to inequalities between the global north and the global south? And
do
funders
provide
enough
support
for
interdisciplinary
research?
In the Research on Research Institute (RoRI), we aim to develop a research program
focused on supporting research funders in addressing these types of questions. We
expect scientometric methods, for instance based on the research funding landscapes
introduced in this report, to play an important role in this research agenda. We plan to
explore new data sources that can be used to further enrich these funding landscapes.
We also aim to address a number of open problems in scientometrics (e.g., Held &
Velden, 2019; Waltman, Boyack, Colavizza, & Van Eck, in press) and to continue the
development of web-based visualization tools. However, scientometric methods alone
will provide only partial insights into the above-mentioned questions. To get an indepth understanding of the challenges of priority setting, we plan to combine these
methods with qualitative methods such as document analysis, interviews, and
ethnographic observations.
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