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Abstract

Although funding acknowledgements (FAs) have been around for nearly three decades,
there are not yet enough theoretical and practical studies of them to enable FAs to be con-
sidered a consolidated area of research. Fortunately, newly published findings and promis-
ing data sources presented in recent years have helped better our understanding of the pro-
cess of scientific creation and communication and provide evidence of the importance of
FAs. This paper seeks to help demonstrate the crucial role FAs play in evaluating research
funding’s performance. A methodology based on the use of linked open metadata from
diverse sources is presented for this purpose. The methodology highlights the important
work analysts do to increase the accuracy, solidity, and diversity of the results of FA-based
quantitative studies by gathering and analysing the data furnished by funding organisa-
tions. Lastly, the projects funded by the Spanish National Science and Research Agency
from 2008 to 2020 are evaluated to verify the method’s usefulness, robustness, and repro-
ducibility. Also, a new unit of analysis is introduced, funders, to create a new type of co-
occurrence network: co-funding. In conclusion, funding agencies’ experts and analysts will
find that this methodology gives them a valuable instrument for boosting the quality and
efficacy of their activities, complying with transparency and accountability requirements,
and quantifying the scope of funding results.
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Introduction

Most governments plan how they intend to achieve their strategic objectives through
research funding. Some of the typical objectives they seek are to obtain innovative
research, get research results out into society, improve research capacity and skills, and
use public resources efficiently (Lepori et al., 2023). Governments’ missions include: to
encourage the highest-quality research through competitive funding and to support frontier
research across all fields, based on scientific excellence; to foster project-based research
and stimulating innovation by promoting the emergence of collaborative multidisciplinary
projects and encouraging collaboration between the public and private sectors; to promote
the progress of science; and to advance national health, prosperity, and welfare by support-
ing basic research and people to create knowledge that transforms the future.

Also, ever more frequently agencies are explicitly requiring that the results of the fund-
ing they provide must be evaluated. Funders expect that their grants will help to bring
about new, unpredictable scientific and technological discoveries; they wish to analyse
trends in the research on offer and assess the impact of the funding they allocate to scien-
tific output; they want to provide a central clearinghouse for the collection, interpretation,
and analysis of data on scientific and technical resources and provide a source of informa-
tion for policy formulation; and they need to monitor the activities they finance and gather
the advice necessary to do a better job at designing and planning R&D policy actions and
initiatives (AEI, 2022; ANR, 2022; ERC, 2022; NSF, 2022). However, questions remain
about the strategies and instruments to use to evaluate and judge compliance with these
objectives, because no such strategies or instruments have been defined.

Furthermore, although funders’ functions also include disseminating and communicat-
ing the results of their activities and the results of the research they finance as an essential
element of their accountability and transparency responsibility and obligations (Mugabush-
aka et al., 2022; Thelwall et al., 2023), this information is not often available. The reason
may be the traditional intrinsic difficulty of obtaining pertinent, high-quality information
of this kind plus the necessary metadata to accomplish the task successfully. The previous
literature indicates some of the difficulties: linking the outputs associated with a specific
grant or agency is a daunting prospect because of the lack of institutional instruments of
explicit input—output data, and, even when such instruments exist, huge efforts are required
to clean and normalise the data (Boyack et al., 2011); also, the data are usually given in the
article acknowledgments, a non-structured section whose heterogeneous content may well
include technical, ethics-related, and intellectual support in addition to financial assistance
(Cronin et al., 1995). But the difficulties also depend on the variability of funding objec-
tives and differences in expected results, so the job of measuring funding’s effects on the
scientific ecosystem is complicated even further. Some of the documented problems—such
as the difficulty to assess concrete funding schemes because few authors specify which
specific programme provided the support (Butler, 2001), and the fact that papers usu-
ally acknowledge funding from multiple agencies, thus making it difficult or problematic
to measure the performance of a specific funder (Rigby, 2011)—have been overcome in
recent years thanks to initiatives and sources such as those discussed below.

The organisations that support scientific research have a growing interest in evaluating
their funding policies, an interest that has become a mission for them. Their efforts in this
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direction should focus on analysing past funding strategies in detail, to lay the foundations
for better future decision making. Evaluation would guarantee that investments are put to
good use and ensure funders’ public accountability (MacLean et al., 1998). MacLean’s
1998 paper was in fact one of the pioneers in the use of funding acknowledgements to
measure the outputs and impact of funding in the context of the scientific environment.
Three years earlier, Cronin said that comprehension of the social importance of FAs should
be studied thoroughly to establish the advisability of including acknowledgements in the
evaluation of scientific performance (Cronin et al., 1995). With this strategy, funders can
determine how many publications they have funded and what visibility they have achieved,
measuring what sum of their investments has been transformed into ground-breaking pub-
lications (Rigby, 2011). FAs help funders gain visibility and justify that the output of the
research they fund responds to society’s needs and objectives, increasing the transparency
of their management (Alvarez—Bornstein et al., 2020). In short, the use of FAs makes it
possible to analyse the relationships between funding input and research output, such as
scientific publications (Grassano et al., 2017).

For all these reasons, funding agencies should keep databases of quality information
about the financial assistance they grant and the resulting scientific output, to enable inde-
pendent, reproducible analyses of their activity (Boyack et al., 2003). The infrastructure
should offer open data with standardised identifiers to facilitate connection with other data
sources that will expand and enrich the scope of the research results.

Publishers, too, share the responsibility of creating high-quality data infrastructure.
Their tasks include gathering and sharing the funding data reported in funding acknowl-
edgements. This important task is beneficial in two ways: it helps authors comply with
their funding requirements by clearly and unequivocally indicating the results of the fund-
ing they have received, and it helps analyses evaluate the influence and effectiveness of
funding policies (Cronin et al., 1995; Mugabushaka et al., 2022; Paul-Hus et al., 2016).

But FA-based evaluation is not perfect. It fails to illustrate the full complexity of the
multiple perspectives and results stemming from scientific activity (mobility, patents, col-
laboration agreements, researcher training, contracts, events, equipment procurement, etc.).
In addition, numerous technical drawbacks have been associated with FAs, such as data
collection and processing errors, which have a negative impact on analysis quality and on
the reliability and accuracy of results (Alvarez-Bornstein et al., 2017; Mugabushaka et al.,
2022; Tang et al., 2017), and the omission of information due to voluntary or involuntary
author errors (Grassano et al., 2017).

Consequently, this paper presents a methodology that uses open metadata sources to
connect and analyse funded projects and the publications associated with them through
author FAs. This methodology includes strategies for obtaining, linking, and analysing
open data from freely accessible international sources. The method proposed aims to be a
complementary tool for funding bodies to enhance the evaluation of their activities, espe-
cially those agencies with poor data infrastructures, and to extend the scope of their analy-
ses. To verify the methodology’s usefulness, the projects funded by the Spanish National
Science and Research Agency (Agencia Estatal de Investigacion, or AEI) from 2008 to
2020 are evaluated in order to test the robustness of the method using the AEI as a proof of
concept. The study is divided into two tasks. The first is the analysis of funding informa-
tion provided by the funder. The second is the analysis of the productivity and visibility
of the publications that mention funding in their FAs, paying close attention to FA quality
and the effects of co-funding on scientific influence, including analysis of the resulting co-
funding networks. The methodological section traces in detail the steps necessary to imple-
ment the strategy for data acquisition and analysis.
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The rest of the paper is organised as follows: Sect. “Objectives” states the paper’s objec-
tives; Sect. “Data and Methods” presents the data extraction methodology; Sect. “Results”
reports the results of the analysis of projects and publications; Sect. “Discussion and
Conclusions” summarises the main findings and conclusions; and Sect. “Limitations and
Further Research” reflects on the methodology’s limitations and presents future lines of
research.

Objectives

This paper’s main objective is to present a methodology using linked open metadata to
diverse data sources to evaluate the performance of funding agencies.

The secondary objectives, which aim to test the method’s usefulness and efficacy and
achieve transparent, reproducible, independent evaluations, are the following:

e To ascertain the proportion of projects whose identifier is correctly given in the FAs of
articles printed in scientific journals.

e To determine the scientific strategies of the National Plan through the project funding it
provides, comparing this with the productivity and visibility of published outputs.

e To study the geographic implications of funding by examining the distribution of funds,
productivity, and publication influence in Spain on a region-by-region basis.

e To conduct an institutional analysis, comparing institutions’ ability to secure funding
and their ability to produce highly visible publications.

e To evaluate co-funding’s effects on the quantity and visibility of research output based
on the total number of funders and their nationality, and to map the co-funding relation-
ships the National Plan has created with leading international agencies.

Data and methods

To achieve this paper’s main purpose, a connection had to be found between two data-
bases that have no elements in common, the database containing the information on pro-
ject funding and the database containing the publication metadata. It was therefore neces-
sary, first, to use two intermediate sources to connect these two reciprocally incompatible
datasets and, second, to broaden and extend the scope of the analyses of any of these four
sources separately. This method highlights the important role analysts play in gathering
and analysing the data offered by funding organisations to enhance the accuracy, solidity,
and diversity of the results of quantitative studies, in this case quantitative studies based on
FAs. The datasets that were combined (on citations, institutional analyses, funding analy-
ses, geographic analyses, and relational analyses) seek to establish new, more-informative,
more-robust methods of research suggested in the previous literature (Alvarez-Bornstein
et al., 2020).

However, linking these sources is a far from trivial endeavour (Mugabushaka, 2020).
Generating the final source with clean, normalised information on articles and projects
requires hard, tedious disambiguation and data-cleaning work to harmonise the sources
(Boyack, 2009; Boyack et al., 2011). Nor is the linking procedure free of problems and
errors, as will be shown below.
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Table 1 Sources and list of metadata downloaded

Source Metadata

Funder Registry DOI, funder DOI, publication title, funder name, and funder award

Spanish National Science and project reference, organisation, centre, total funding, year, tax
Research Agency identification number, and project title. The subject area descrip-

tor was extracted from the project reference

The data on funded domestic projects were downloaded from the AEI portal in mid-
February 2022. At that time the search engine referring to granted funding was not work-
ing, and the data were downloaded from decisions published in.pdf file form. Two tables
were extracted from each document: a table of grant data and institutional affiliation and a
table of economic data on the assistance granted to each project. The data available in the.
pdf files did not match the data furnished by the search engine (the search engine yielded a
smaller number of metadata). Thus, 38,384 projects were found in the research calls shown
in Table 1, for 2008 to 2020. The names of the calls were changed in 2018, although the
change did not affect the aggregate analysis of projects and publications.

The foremost of the problems detected in the information downloaded from the AEI
were the lack of homogeneity in the names given to identify funding recipients (i.e.,
numerous institutions appeared under several variants of the same name) and the absence
of data about the recipient centres (more than 1000 grants awarded to the Spanish National
Research Council (Consejo Superior de Investigaciones Cientificas, or CSIC) fail to iden-
tify the particular centre concerned). Not only did organisations and centres have to be
subjected to disambiguation, but the identifier assigned to the funded institutions by the
Research Organization Registry (ROR) had to be included as well (for 424 of the 478 insti-
tutions). ROR is a community-led registry of open, sustainable, usable, unique identifiers
for every research organisation in the world (ROR, 2022).

The data on publications with funding information were obtained in mid-January 2022
with the API of the Funder Registry (FR) managed by Crossref. Eight variants of the
names of the ministries involved in project funding under the National Plan were used.
A total of 105,683 distinct publications were downloaded from the FR, 104,891 of which
were available in OpenAlex (Priem et al., 2022). In this case, the “funder award” variable
was subjected to a painstaking cleaning process, so that this dataset could be connected
with the AEI dataset. Semiautomatic disambiguation of the “funder name” and “funder
country” variables in the 489,604 rows (multiplicative counting) was also performed, to
yield robust results for the analysis of international co-funding networks. The downloaded
metadata are summarised in Table 1.

The problems encountered in the Funder Registry data are identical to the problems
indicated in previous papers, and they can be traced to errors in the automatic information
extraction tools that require separating multiple funders from within the funding organi-
sation field, merging variations in spelling or abbreviations of the same funder, isolating
unintelligible funder names, and finally categorising identified funding organisations (Gok
et al., 2015). The reliability and correctness of the information furnished by Crossref is
evaluated in recent papers (Kramer et al., 2022; Mugabushaka, 2022; Mugabushaka et al.,
2022).

Finally, the clean data linked to projects, funded publications, and institutions were con-
nected with OpenAlex (version November 2022, downloaded in January 2023) to add the
citation data to the publications downloaded from the Funder Registry.
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The final result enabled 58,471 distinct publications (55.7% of the total number of pub-

lications downloaded) mentioning 17,547 projects (45.5% of the total number of projects
downloaded) to be connected. Figure 1 charts the linking procedure and the normalised
identifiers used to connect the four data sources.

()
(b)
©

(d)

©)
()
(@
(h)
()
€)]

The indicators used in this paper are:

P: total number of projects.

PPubs: total number of projects acknowledged in publications.

Pubs and PrPubs: total number of publications acknowledging funding and proportion
of publications acknowledging funding.

PTop1: proportion of publications acknowledging funding that are in the first percentile
and thus are considered highly cited publications. The proportion of publications in Top
1% indicator is the top one percent most cited publications in a given subject category,
year and document type divided by the total number of publications in a given set of
documents, displayed as a percentage (Clarivate, 2018; Roberge, 2021). It is important
to highlight that the Top 1% indicator has been applied to the OpenAlex dataset. The
categories provided by Scopus (ASJC 2-digit and 4-digit code) were linked to the
OpenAlex-listed publications using ISSN numbers. Multi-categorised publications
have as many percentiles as categories.

PUncited: proportion of publications acknowledging funding that are never cited.
Number of funders: number of funding agencies per publication.

TF: total funding (in euros).

TF/P: average amount of funding per project.

PPubs/P: percentage of projects acknowledged in publications.

Pubs/PPubs: average number of publications per project acknowledged in publications.

Tables were created grouping Spanish calls, regions, and institutions by proximity

in terms of these indicators. The grouping was done by means of cluster analysis, using
Ward’s method, with squared Euclidean distance measurements and normalised indica-
tors. Cluster analysis is a statistical multivariate method to classify objects of a universe.
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This method groups objects according to a set of variables based on a geometric simi-
larity measure. Thus, the objects of a cluster are more similar to each other (intragroup)
than to those in other clusters (intergroup) based on the variables used (Hair et al., 2005;
Reis, 2001). Cluster analysis was used to maximise the intergroup intragroup differences
with respect to the intragroup variations. Hierarchical agglomerative clustering was applied
because it is commonly present in statistical packages as SPSS. Ward linkage was selected
from those more usual in hierarchical clustering such as single-linkage, complete-linkage,
weighted average linkage, or centroid linkage, among others. Squared Euclidean distance,
a measure based on the smallest distance among pairs of points from the objects, was used.
Clustering of calls, regions and Spanish institutions took into consideration the nine scien-
tometric indicators shown on Tables 2, 3, 4. A normalisation procedure was applied using
z-score due to the scale differences of the variables analysed. This process normalises
every value in a dataset such that the mean of all the values is O and the standard deviation
is 1 (Hair et al., 2005; Reis, 2001).

The difference between the clusters generated for each variable (calls, regions, and insti-
tutions) was evaluated using the nonparametric Kruskal-Wallis test (or one-way ANOVA
on ranks). This tests the null hypothesis that three or more groups have the same distribu-
tion assuming the ordinal scale of the analysed variable. It is an alternative to the paramet-
ric ANOVA in case of small samples or samples that do not meet the ANOVA require-
ments (Vieira, 2003). The test was also applied to the nine indicators shown on Table 2, 3,
4, using the indicators as dependent variables. The statistical analyses were performed with
SPSS software, version 22. The level of significance was 0.05.

VOSviewer software was used to create the co-funding networks based on fractional
counting (Perianes-Rodriguez et al., 2016). Additional socio-economic indicators were
obtained from the Spanish National Statistics Institute website. All the datasets used in this
study are available at (https://zenodo.org/record/7767579).

Results

This section addresses some of the most significant aspects of the characterisation of Span-
ish funding through Spanish national plans, fundraising ability according to region and
institution, and the productivity and visibility of the output of funded research. The results
presented below are only a sample of the breadth and depth of the analyses that can be car-
ried out with the open metadata used in this study, and they help to exemplify the use and
usefulness of linked public data in evaluating science and technology funding.

Calls

Table 2 presents the proportional distribution of total funding (4,470,557,183 euros)
according to call. The calls are defined by the AEI on the basis of an ad-hoc list dividing
research activity into what are called “subject area descriptors”.! The data indicate that the
largest budget is for R&D projects (17.3%), Biomedicine (8.8%), and Fundamental Biology
(7.7%). The calls with the smallest budgets are Transport (0.5%), Sport Sciences (0.3%),
and Gender Studies (0.1%). Curiously, the calls receiving the lowest proportions of AEI

! https://tinyurl.com/2wubjous8 [Accessed: 20/07/2023].
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Table 2 Proportion of funding by call

Call Abbr % Funding % Projects with
publications
R&D projects PID 17.3 29.9
Biomedicine SAF 8.8 59.3
Fundamental Biology BFU 7.7 48.2
Agrofood Technology AGL 6.3 57.3
Chemistry CTQ 5.6 66.4
Research Challenges RTI 5.6 66.8
Biodiversity, Earth Sciences and Climate CGL 55 57.6
Change
Material Sciences MAT 4.1 66.0
Communication Technologies TEC 3.4 56.4
Biotechnology BIO 32 54.4
Astronomy and Astrophysics AYA 32 38.2
Computer Sciences TIN 2.6 524
Environmental Sciences CTM 2.6 60.8
High Energy Physics FPA 2.5 48.2
Knowledge Creation PGC 24 58.0
Industrial Design and Production DPI 24 34.1
Energy ENE 1.7 52.1
Art and History HAR 1.7 15.5
Philology and Philosophy FFI 1.7 12.8
Physics FIS 1.7 70.9
Space Sciences ESP 1.6 52.8
Mathematics MTM 1.5 65.5
Psychology PSI 1.3 62.0
Social Sciences CSO 1.2 28.2
Economy ECO 1.1 54.7
Construction BIA 0.9 49.5
Law DER 0.9 32
Education EDU 0.6 34.8
Transport TRA 0.5 39.5
Sport Sciences DEP 0.3 55.7
Gender Studies FEM 0.1 232

funding are not the calls with the lowest proportion of funded projects acknowledged in

publications.

Table 3 presents the six call clusters (C1 to C6), which are grouped according to the
indicators for projects, publications, funding, and highly cited or uncited publications,
including their averages and coefficients of variation (CVs). The table also furnishes gen-

eral descriptive statistics about the calls as a set.

The average percentage of projects mentioned in publication FAs for the entire set of 31
calls is 47%, with figures ranging from 71% for Physics to 3% for Law. In all the areas in
the humanities, less than 15% of projects are mentioned in FAs. The proportion for highly
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cited papers averages out to 0.98%, that is, slightly lower than the expected 1%. By calls,
Astronomy and Astrophysics projects are the most influential (2.3%). Gender Studies and
Law, on the other hand, have no cited papers at all. The average percentage of uncited
publications is 17.18%. The data show that the highest budget is for R&D projects, and the
call with the lowest budget is Gender Studies. However, when these figures are relativised
according to the total number of projects, the highest average budget is for the Space Sci-
ences call.

The first cluster, C1, contains four calls, Agrofood Technology, Earth Sciences, Bio-
medicine, and Fundamental Biology. In terms of CV, this is the most homogeneous group
the cluster analysis produced (CV=9-27%), which indicates the representativeness of the
averages of these indicators. The calls in this group are characterised by a large number
of funded projects with high total funding (TF) figures and a high percentage of projects
acknowledged in publications that mention the AEI’s funding in their FAs (48 to 59%). In
terms of bibliometric indicators, this group’s calls are observed to usually have an aver-
age of 2.7 publications per funded project and a low proportion of uncited publications.
Around 1.2% of its publications are included in the top 1%.

Group C2 is made up of six calls, Mathematics, Knowledge Creation, Research Chal-
lenges, Chemistry, Material Sciences, and Physics. It is the group that produces the highest
number of research publications, an average of 5.28 papers (CV=30%). On average, 65%
of the funded projects are associated with publications. This group tends to have one of
the lowest proportions of publications in the high-impact PTopl category (0.72% on aver-
age, CV=42%). The proportion of uncited publications ranges widely in this cluster. This
group contains Chemistry, the call with the highest number of publications (Pubs), and
Physics, the call with the highest proportion of projects acknowledged in publications that
mention funding in their FAs and the highest number of publications per project.

Cluster C3 is also made up of six calls, Social Sciences, Art and History, Law, Gen-
der Studies, Education, and Philology and Philosophy. Its leading characteristic is that it
has the lowest percentage of projects acknowledged in publications acknowledging funding
in their FAs. In addition, C3’s projects have a low publication productivity level, produc-
ing an average of 1.78 publications per project (CV=11%), a high percentage of uncited
publications (only cluster C6 has a higher percentage), and the lowest investment per pro-
ject (average TF/P=39.6). Furthermore, C3 is a highly heterogeneous group in terms of
PTopl1; the cluster includes Education, the call with the third-highest proportion of articles
in the top 1%, but also the two calls that have no articles are all in the top 1% (Law and
Gender Studies).

Cluster C4 is made up of the calls for Astronomy and Astrophysics, Biotechnology,
High Energy Physics, and Space Sciences. Its calls have the highest TF/P, the highest per-
centage of publications in the top 1% (with the exception of the Space Sciences call, whose
proportion is only slightly above the general trend), and a high number of publications
mentioning funded projects in their FAs. Space Sciences is also the call with the greatest
funding per project (TF/P), and the Astronomy and Astrophysics call presents the highest
percentage of highly cited publications.

C5 is the largest cluster. It contains 10 calls. Its most homogeneous characteristics are
the fact that it has an average of around 2.9 publications mentioning funding in their FAs
and a low percentage of uncited articles.

Cluster C6 contains only the R&D call, which outperforms all the other calls in terms of
five of the indicators (P, PPubs, TF, PPubs/P, and PUncited).

Application of the Kruskal-Wallis test and the post-hoc difference test revealed the
following similarities and differences among the clusters for the nine indicators. In total
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projects, the C4 calls tend to resemble the C5 calls, and the C3 calls tend to resemble the
C2 and C1 calls, while C6 is completely different from the rest. In terms of the PPubs/P
indicator, C3, C4, and C5 have similar tendencies, and C1 is close to C2. Again, C6 lies
very far from the other clusters.

Only clusters C3 and C4 have similar trends in regard to the Pubs bibliometric indicator;
the rest differ from both C3/C4 and from each other. For the TF indicator, C6 has far larger
figures than the other clusters. C1 is also significantly different from the rest.

In terms of the PTopl indicator, C2 is similar to C3, tending to display lower propor-
tions of high-visibility papers. C4, on the other hand, is different from all the other clusters,
with higher proportions of highly cited articles. Clusters C1 and C5 resemble each other in
this indicator.

Clusters C1, C4, and C5 tend to resemble each other in terms of PUncited. Cluster C3
stands apart from all the rest, with a high proportion of uncited papers.

Clusters C1, C2, and C5 present similar TF/P indicator behaviour. Cluster C3 tends to
have the lowest figures, and C4, the highest figures for this indicator.

The indicators PPubs and Pubs/PPubs present a similar picture for clusters C1, C4, and
C5. C2, however, tends to have the highest figures for these indicators, and C3, the lowest.

Regions

Table 4 displays the data by regions, grouped into four clusters. Four regions of Spain
(Andalusia and Valencia in C4, Catalonia and Madrid in C3) account for 71% of the pro-
jects and publications and nearly 75% of the funding. Of these four, only Catalonia displays
a proportion of highly cited publication higher than the expected 1%. The average percent-
age of highly cited publications is 0.91%, and the average percentage of uncited papers is
very similar to the figure found in the analysis of calls (16.3%).

PUncited does not vary greatly by region. For the set of 17 regions, the variation was
small (CV=9%), indicating that the proportion of uncited publications (around 16%) is
very similar in all regions. The proportion of projects acknowledged in publications
(PPubs/P) also displays little inter-regional variability (CV=6%), which shows that on
average 45% of funded projects produce publications. On the other hand, P, PPubs, Pubs,
TF, and PTopl are highly disperse.

Cluster C1 is made up of four regions. With the exception of Aragon, it is a very homo-
geneous group in terms of its low number of funded projects (average=740, CV =34%)
and its low number of projects acknowledged in publications (average =342, CV =38%).

Cluster C2 covers six regions. It is the group with the highest internal variability in all
indicators. This group contains the minimum figure for all indicators except Pubs/PPubs.
Furthermore, this group also features the highest figure for Pubs/PPubs and PPubs/P.

C3, a two-region cluster, contains Madrid, the region with the highest figures in five of
the indicators (P, PPubs, Pubs, TF, and TF/P). C2 is the group with the lowest internal vari-
ability in all indicators. Its average is much higher than that of the other clusters in indica-
tors P, PPubs, Pubs, TF, and TF/P.

Cluster C4, which is made up of two regions, also presents high internal homogeneity.
Its indicators on average reach figures much higher than those of C1 and C2, yet lower than
those of C3, with the exception of PPubs/P and P/PPubs.

Figure 2 presents a geographic view of the distribution of funding by regions in terms of
percentages.
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Fig.2 Funding proportion by region

The regions in blue (Madrid and Catalonia) receive over half the funding (52%). La
Rioja, on the contrary, draws only 0.3% of the funding. Cantabria, Castile-La Mancha,
Extremadura, the Balearic Islands, and Navarre together hold approximately 5.6% of the
funding granted by the AEL

Institutions

Four hundred twenty one institutions received funding. Of them, 347 reported publications.
Table 5 contains the 16 organisations with over 600 funded projects apiece (45.2% of all
projects and 40.6% of all funding). The institutions are grouped into six clusters according
to the similarities revealed by indicator analysis. Only four of these institutions present a
proportion of highly cited publications that is higher than the expected 1% (the sole insti-
tution in C6, the two institutions in C3, and one of the institutions in C2). The average
proportion of uncited papers (16.2%) is similar to that found in the analyses of calls and
regions.

Initially, clusters C1, C2, C3, and C5 behave very similarly in terms of the Pubs/PPubs
indicator, with an average of three to four publications per project and a CV of under 13%.
This result concurs with the fact that the universities in these clusters have similar percent-
ages of projects acknowledged in publications (PPubs/P), with averages ranging between
39 and 44%. On the other hand, C4 tends to have more publications associated with pro-
jects (an average of 4.2), possibly because it tends to have more projects acknowledged
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in publications (PPubs/P=48%). Cluster C6 has the lowest PPubs/P and also the lowest
average number of publications per project. Strikingly, while all the institutions in the other
clusters are universities, the only institution in cluster C6 is not a university.

The first cluster (C1) is made up of three universities. This group is quite homogeneous,
since the CVs of all its indicators are under 20%. Although the institution with the highest
proportion of uncited publications (PUncited =22.4) does not belong to C1, C1 is nonethe-
less the group with the highest average number of uncited publications (18.1%) and low
behaviour variability (CV=4%). It is also the group with the lowest average number of
publications among the most-visible publications (average PTopl =0.5; CV =19%).

Cluster C2 consists of four universities. Compared with the other clusters, this group
presents the lowest averages for total projects (P), projects acknowledged in publications
(PPubs), total publications (Pubs), and Total Funding (TF). It also has the second-highest
average for uncited publications and the second-lowest average for highly cited publica-
tions (PTopl). C2 contains the institutions with the lowest figures for six of the indicators
(P, PPubs, Pubs, TF, PTopl, and Pubs/PPubs). Furthermore, it has the institution with the
highest PUncited (22.5%) as well.

The two-university C3 cluster is the group with the most-homogeneous indicator fig-
ures, since its CV ranges between 0.4 and 15%. Although it is the cluster with the second-
highest number of projects (average=1.2 and CV =8%), it is the group with the lowest
average figures for funding per project. Both universities in this cluster have slightly more
than 1% of their publications in the top 1%, and their figures for this indicator are in fact
that highest of all 16 institutions analysed.

Group C4 consists of four universities. Its main characteristic has to do with its biblio-
metric indicators, since it presents the highest percentage of projects acknowledged in pub-
lications and the highest average number of publications per project. However, its universi-
ties number among those with the lowest numbers of AEI-funded projects. The institutions
with the highest figures for the indicators PPubs/P and Pubs/PPubs are in C4.

Made up of two universities, CS5 is the cluster with the most similar figures for all indi-
cators analysed except PTopl. This cluster contains the universities with the highest fig-
ures in four of the indicators analysed (P, PPubs, Pubs, and TF). Thus, a certain duality is
observed with cluster C2.

Cluster C6 contains a single institution. It has the lowest figures in two indicators,
PPubs/P and PUncited. Furthermore, it has the highest average amount of funding per
project.

Table 6 contains a list of the institutions with the highest proportions of highly cited
papers, all of which have a visibility of far over the expected 1%. The characteristics com-
mon to these organisations are that each is a public research centre, each is highly special-
ised in its scientific field, each has a recognised national and international reputation, and
each has a proportion of no-visibility papers that is lower than the general average.

Projects

Table 7 presents the projects with the highest numbers of mentions in FAs. The projects
with the highest productivity are predominantly in Physics, Mathematics, and Chemistry.
The proportion of highly cited papers in these projects is either very high or zero. Interest-
ingly, some high-productivity projects present a high proportion of uncited publications;
this may be explained by the great immediacy of the publications and the lower obsoles-
cence of the specialities in question (Mathematics or Economics).
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Table 6 Projects, publications, and funding in highly cited institutions (at least 40 pub)

Institution P Pubs TF PTopl PUncited
Centro de Investigacion Ecologia y Aplicaciones Forestales 44 56 7,444,265 7.1 0.0
(CREAF)
Centro de Edafologia y Biologia Aplicada del Segura 76 119 12,494,960 6.7 0.8
(CEBAS)
Hospital Vall d’Hebron 38 45 6,939,060 6.7 6.7
Centre de Regulacio Genomica (CRG) 127 111 36,723,426 6.3 2.7
Instituto de Catalisis y Petroquimica (ICP) 50 162 8,613,163 5.6 1.9
Centro Nacional de Investigaciones Cardiovasculares (CNIC) 99 90 27,707,901 5.6 1.1
Centro Nacional de Investigacion sobre Evolucion Humana 15 55 1,874,491 5.5 5.5
(CENIEH)
Institut de Recerca de I’Energia Catalunya (IREC) 26 41 4,091,492 4.9 4.9
Institut de Recerca Biomedica (IRB) 100 127 32,843,552 4.7 3.1
FISABIO Generalitat Valenciana 18 43 3,145,298 4.7 7.0
Instituto de Productos Lacteos Asturias (IPLA) 19 43 3,358,976 4.7 2.3
Centro Nacional de Investigaciones Oncologicas (CNIO) 88 67 26,831,054 4.5 4.5

P projects. Pubs publications. PPubs projects acknowledged in publications. TF total funding. PTopl pro-

portion of top 1% publications. PUncited proportion of uncited publications

Table 7 Projects, publications,
and funding by projects (> 50
pubs)

P Pubs TF PTopl  PUncited
CTQ-2017-85821-R 133 105,270 0.00 9.02
MTM-2016-77278-P 110 140,118  0.00 39.09
FIS-2016-76363-P 70 119,790 4.29 7.14
FIS-2015-67161-P 69 237,160 1.45 15.94
FIS-2017-87519-P 64 169,400 1.56 18.75
TIN-2015-65316-P 62 832,722 0.00 22.58
FIS-2016-76617-P 60 192,995 0.00 8.33
CTQ-2014-57393-C2-1-P 58 108,900  0.00 0.00
MTM-2014-57129-C2-1-P 55 102,971  0.00 27.27
CTQ-2015-63997-C2-2-P 54 45,012 0.00 1.85
FIS-2016-75862-P 54 163,350 7.41 14.81

P projects. Pubs publications. TF total funding.

PTop1 proportion of

highly cited publications. PUncited proportion of uncited publications

The highest-visibility projects are predominantly in High Energy Physics, Chemistry,
Agrofood Technology and Material Sciences, but there are also highly influential projects
in Environmental Sciences, Biomedicine or Physics (Table 8).

International Co-funding networks

Table 9 presents the data on co-funding for publications that are funded under the Spanish
National Plan. The list of collaborating countries includes the countries participating in at
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Table 8 Projects with high ratios P

of publications in the top 1% (at Pubs TF PTopl  PUncited

least 10 pubs) FPA-2013-41042-P 1 1863400364  36.4
CTQ-2013-41507-R 13 1,950,520 30.8 0.0
AGL-2010-22319-C03-01 15 2,087,250 26.7 0.0
MAT-2014-59134-R 13 1,519,518 23.1 0.0
DEP-2013-47540-R 10 1,452,000 20.0 0.0
ENE-2013-44330-R 10 2,050,000 20.0 0.0
FFI-2016-76799-P 10 556,600 20.0 0.0
SAF-2017-88276-R 10 2,420,000 20.0 50.0
CTM-2014-58481-R 11 2,835,030 18.2 0.0

FIS-2016-78904-C3-2-P 11 598,950 18.2 18.2

P projects. Pubs publications. TF total funding. PTop! proportion of
highly cited publications. PUncited proportion of uncited publications

Table9 Co-funded publications

by country (> 19 top 1% pubs) Country Pubs PrPubs PTopl
European Union 17,644 42.6 30.4
USA 4064 9.8 12.7
United Kingdom 1666 4.0 6.6
Germany 1812 44 5.1
France 1530 3.7 5.1
China 1153 2.8 34
Switzerland 581 14 2.7
Australia 416 1.0 24
Brazil 1092 2.6 22
Portugal 1062 2.6 2.0
Italy 844 2.0 1.8
Belgium 445 1.1 1.8
Netherlands 325 0.8 14
Japan 561 1.4 1.3

Pubs publications. PrPubs proportion of publications. PTopl propor-
tion of highly cited publications

least 19 highly cited publications. European funding is drawn from both research funds and
structural funds.

Figure 3 shows the countries’ differences in proportion in terms of their total number
of publications and their number of highly cited publications (according to the data in the
table above). A considerable increase in international representativeness can be seen in the
highly cited publications.

Figure 4 presents the proportion of highly cited publications and the number of fund-
ing countries. Figure 5 then compares the proportion of publications in the top 1% and the
number of funders. In both cases, it is clear that, as publications gain more funding agen-
cies, they gain higher visibility (MacLean et al., 1998).

Figure 6 shows the links among international co-funders, not including Spanish
funders. Although there is a total of 4714 international co-funders, the network presents
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the 203 nodes that co-fund more than 90 publications. This is one the first visualisa-
tions showing an international co-funding network. This network explores a new unit
of analysis (funders), also used in Grasano (2017) and Mugabushaka, et al. (2022), to
create co-occurrence networks in a similar way to the traditional ones used in co-author-
ship, co-word or co-citation networks (publications, authors, countries, institutions or
keywords).
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Fig. 6 International co-funding network
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Discussion and conclusions

Surprisingly, only 45.7% of funded projects are mentioned in the FAs of scientific publica-
tions. Although this datum is hard to compare because few prior studies have conducted
so extensive an analysis, a recent article based on publications about COVID-19 found
that only 17% of the papers concerned reported their funding in FAs (Mugabushaka et al.,
2022). In addition to technical errors and voluntary and involuntary omissions of funding
information, there may be other reasons for the low average, such as the time lag between
funding and publishing, funding procedures, or unclear funding agency requirements for
acknowledgement of their support (MacLean et al., 1998).

In the analysis of calls, the high percentage of R&D projects is due to the fact that the
National Plan implemented a name change a few years ago, eliminating the distinction
between fields that existed until 2017. Since then the AEI has not been associating pro-
jects with their specialities, and this creates difficulties and obscurity that hamper field-by-
field analyses and constrain their scope. The data disaggregated by specialities up to 2017
show that the heaviest investment was made in applied fields, such as Biomedicine, Funda-
mental Biology, and Agrofood Technologies. The specialities with a higher proportion of
projects mentioned in FAs, however, were basic specialities, like Physics, Chemistry, and
Mathematics.

It is important to point out that the data restriction other papers have mentioned—refer-
ring to the fact that some data sources only include funding acknowledgements since 2015
in Social Sciences and since 2017 in the humanities (Alvarez—Bornstein et al., 2021)—does
not affect results in OpenAlex, where papers with FAs have been found dating back to
2011 (referring to projects running on funding granted as long ago as 2008). Therefore, the
low percentages of projects mentioned in FAs can be explained by the differing publication
habits in these specialities, where publication in scientific journals is not the most frequent
channel for disseminating findings.

In the highly cited publications, discipline-related differences in publication and citation
are also the most likely explanation. Thus, the lower rate of obsolescence in Mathematics’
output could explain the contrast between the high ratios of projects mentioned in FA and
funded publications and the low proportion of publications in the top 1%.

The results by regions show that funds are heavily concentrated in a handful of regions.
The four regions with the greatest amount of funding account for nearly 75% of all funds
invested. This is a clear sign, although not the only sign, that there is a territorial imbalance
of human and organisational resources linked to R&D, which helps explain other economic
and social phenomena in Spain. On the other hand, the results reveal that high-visibility
publications do not depend on the responsible institution’s geographic location, but on the
quality and prestige of its researchers’ output.

The results of the institutional analysis show that, first of all, universities are the institu-
tions with the highest number of funded projects and funds raised (56%). This is not sur-
prising; according to national statistics, 46.8% of researchers work in institutions of higher
education, 36.4% work in private companies, and 16.6% work in government agencies
(average data for 2008-2020). Secondly, private companies and non-profit organisations
receive only 3% of public funds. These data contrast with national socio-economic indica-
tors showing that since 2013 the highest proportion of R&D investment has been private
(Fig. 7). This suggests that private R&D in Spain is self-funded. Thirdly, although institu-
tions of higher education are the institutions that receive the most funding, it is the highly
specialised centres that present the highest proportion of influential publications.
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Fig.7 Rate of Spanish expenditure in R&D by origin (2008-2020). Source: Spanish National Statistics
Institute

The results on international co-funding networks show that, as already reported by oth-
ers (Yegros-Yegros et al., 2013), the preferred partners are the European Union, the United
States, and China. They also reveal that both international collaboration and the funding
received by the various international partners have a positive influence on the visibility of
research output. In other words, the weight of international collaboration plus co-funding is
greater in the more-visible and more-influential publications. This increase in representa-
tiveness is especially noticeable in the case of publications with co-funding from the Euro-
pean Union, the United States, the United Kingdom, and Germany.

The proportion of highly cited publications increases as the number of funding countries
rises. Likewise, the proportion of publications in the top 1%, although lower, also increases
as the number of funders grows. Highly cited publications are therefore influenced by both
the funders’ nationality and the funders’ number, confirming previous findings (Gok et al.,
2015; Grassano et al., 2017; Zhao, 2010), which could support the idea that the number of
co-funders can be regarded as an influence indicator (Boyack et al., 2011). However, these
findings differ from those of previous studies showing that the number of funders has a
weak influence on visibility (Fortin et al., 2013), or asserting that, due to the weak relation-
ship between visibility and the number of funders, funding bodies do not add anything to
the quality of research through their peer-review processes (Rigby, 2011).

Practical implications for research policies

Learning the characteristics, the quantity, the quality, and the use that can be made of fund-
ing data in the sources used here is a step forward in FA research. This paper’s methodol-
ogy and results provide an example of the role that this kind of analysis can play to enable
researchers, professionals, and funding agencies to evaluate research funding performance
effectively.
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Fig. 8 Example of the omission of project identifiers

Experts and analysts from funding agencies especially will find in this methodology a
valuable instrument for enhancing the quality and efficacy of their activities, complying
with transparency and accountability requirements, facilitating the establishment of objec-
tives that are clearer and easier to measure, and quantifying the scope of the results of
funding.

The methodology presented here is a basic tool for evaluating compliance with leading
international agencies’ self-declared missions and objectives and for locating funding pro-
grammes’ strong points, but above all it is an excellent tool for finding the weak points that
need improvement, strengthening, or change. Otherwise, how can funding agencies hope to
learn when the research they fund is innovative, or when their outputs have spread to soci-
ety, or when the research is considered excellent, or whether they have reached the goal of
promoting research and stimulating innovation through interdisciplinary work, to name just
some of the objectives agencies themselves claim to seek?

The actors involved must also take action to improve data quality and availability, for
results that are more accurate, reliable, and useful. One of the most-sensitive mistakes
authors make is to omit precise identification of the organisation and/or project that has
funded their research (Fig. 8). As has been indicated, nearly half the publications correctly
assigned to the National Plan bore no project identifier.

More and more funding agencies are making it one of their requirements for research-
ers to include a clear, explicit statement of this information in their research outputs.
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Few funders, however, are offering advice or instructions on how to do so (Alvarez-
Bornstein et al., 2017). Perhaps the simplest, most-effective solution for improving nor-
malisation and reducing ambiguity is to provide an example of how to word this infor-
mation in the acknowledgements. The AEI itself did not give any express instructions to
mention project identifiers until its 2020 call.

Lastly, the creation of a worldwide database of the leading indicators and identifiers
of projects funded by public organisations and agencies would be highly useful. This
would facilitate matters in the study and evaluation of the tasks involved in funding
and scientific publication with open metadata, as well as the production of transparent,
reproducible, reusable, comparable, independent results (Eck et al., 2022).

Limitations and further research

This paper does not have the disadvantages associated with sample analysis, because
it analyses all the publications with FAs in Crossref and all the projects funded by the
Spanish National Plan since 2008. Nonetheless, it is not free of limitations. The Span-
ish National Plan is the national central administration’s instrument for implementing
and achieving the objectives of the Spanish Strategy for Science and Technology and
for Innovation. The introduction to this paper states some of the main drawbacks that
restrict the scope of all results, including the results of this study, such as poor access
to quality funder data, problems in detection and availability of the metadata of funder
awards in databases, and author errors and omissions in funding reporting.

Moreover, FA-based evaluation is an approach for studying only one facet of the
complex work of research. It fails to give insight into other essential aspects of funded
scientific activity, such as staff mobility, patents registered, collaboration agreements,
contracts signed, training for young researchers, conference organisation, and the acqui-
sition and construction of scientific equipment.

In addition, although the methods, techniques, and results presented in this study are
a great help for evaluating funding systems, they cannot replace expert judgement in
decision making.

Lastly, this proposal has presented some examples of the kinds of analyses that
linked open data make possible, to expand the scope of quantitative FA analysis. Future
work testing the usefulness, robustness, and reproducibility of the proposed methods
should expand the field of study to include other funders, make a more in-depth analysis
of the role of funding agencies in highly cited publications, evaluate the influence of
co-authorship and co-funding on publication visibility and productivity, and analyse co-
funding networks using additional units of analysis, such as organisations or countries.
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