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Abstract

The topic of acknowledgements has produced abundant research since the 1970s, though, as
previous studies point out, the value of acknowledgements has not yet been demonstrated and
further research is limited by lack of conceptualization. This study focuses on funding acknowl-
edgements (FAs), considering that funding represents an important input in the scientific process.
In this context, 183 scientific publications retrieved from Scopus from the 1970s until June 2020
were analyzed, with the aim of systematizing conceptually this body of research and contributing
to a theory of acknowledgements. Results are summarized into the following main themes: the
meaning of FAs; data sources for acknowledgements; the process of funding; association of fund-
ing with productivity, impact, and collaboration; and other aspects affected by funding. The litera-
ture reviewed shows that a theory of acknowledgements based on the reward triangle, as in pre-
vious studies, is unable to capture the extreme complexity of the scientific activity affecting and
being affected by FAs. Funding bodies appear as clear and influential actors in the scientific com-
munication system, making important decisions on the research that is supported, and influenc-
ing the type of knowledge produced. Funding agencies hold a responsibility regarding the data
that they may collect on their programs, as well as the normalization policies they need to
develop so that funded authors can reference with less ambiguity the financial source of their
projects. Finally, the need to assess the impact of research funding beyond the scientific commu-
nity that is, the societal impact, is also addressed.

Key words: funding acknowledgments; scientific performance; research funding; scientific policies; research evaluation

1. Introduction

The topic of acknowledgements has produced abundant research
since the 1970s and in several disciplines, as reported in a recent
meta-synthesis and bibliometric analysis (Desrochers, Paul-Hus and
Pecoskie 2017). Acknowledgements in scientific publications are a
voluntary act of gratitude towards different types of support
received during the research process. Usually before the bibliograph-
ic references of the paper or, alternatively, in footnotes or on the
first page, authors may mention diverse entities, such as funding
bodies or other colleagues, that in some way have contributed to the
research, providing either technical, intellectual, financial support,
or a mixture of these (Costas and van Leeuwen 2012). According to
Desrochers, Paul-Hus and Pecoskie (2017), acknowledgements can
be seen as an expression of scientific debt towards colleagues and

institutions, and, Giles and Councill (2004) add, may be useful to a
better understanding of scientific collaboration and the division of
labour in research. In addition, acknowledgements allow writers to
display their scholarly network and to put into practice the academic
values of modesty and gratitude, promoting in this way their aca-
demic identity (Hyland 2004). Acknowledgments to individuals
behave like other bibliometric phenomena following a power law
pattern such as citations, with a few individuals being mentioned
often and the majority just infrequently, at least in Library and
Information Science (Cronin, McKenzie and Stiffler 1992) and in
History, Philosophy, Psychology and Sociology journals (Cronin,
McKenzie and Rubio 1993a,b).

Despite the important volume of research on the topic,
Desrochers, Paul-Hus and Pecoskie’s (2017) meta-synthesis con-
cludes, the value of acknowledgements in scholarly communication
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has not been demonstrated, and acknowledgements are not yet
included as a fully developed topic in major monographic publica-
tions in informetrics and bibliometrics, such as De Bellis (2009),
Cronin and Sugimoto (2014), or Moed (2017). Desrochers, Paul-
Hus and Lariviere’s (2020) recent chapter on conceptual and theor-
etical contributions on acknowledgements hinges on the reward tri-
angle theory (Cronin and Weaver, 1995) and builds on it to
conclude that most bibliometric research has focused on the inter-
section of authorship and citations, while acknowledgements have
produced a large but dispersed body of literature. In spite of their
great diversity, they conclude, acknowledgments relate clearly to a
dimension of scholarly activity that is, its socio-cognitive connec-
tions and the strong collaborative nature of scientific inquiry.
Although the present contribution focuses on a specific type of
acknowledgements, Funding Acknowledgements (FAs) that is, those
referring to the financial support received in order to carry out the
research, in what follows a first brief introduction to the act of
acknowledging in scientific research publications is provided,
emphasizing its collaborative and highly variable nature.

1.1 Acknowledgements and sub-authorship

The complex relationship between acknowledgement and collabor-
ation has called the attention of researchers since the beginning. In
Mackintosh’ analysis of the acknowledging behavior of 23
American sociologists from the fifties to the late sixties (Mackintosh
1972), the more highly collaborative were less inclined to acknow-
ledge support from others than the less collaborative. According to
Paul-Hus et al. (2017b) looking at people mentioned in acknowledg-
ments can cast a new light on collaboration, and in their compara-
tive study among different disciplines, including the social sciences,
they find that traditional differences in terms of team size are
reduced considerably when adding to authors individuals credited in
the acknowledgements. Indeed, acknowledgements provide a new
insight on scientific collaboration, nowadays an almost universal
practice in science, bringing up new questions about sub-authorship
and the requirements needed to qualify as a proper author. In some
research areas, authors who do not meet the minimum criteria might
be listed in the acknowledgements section, as in Nursing and
Midwifery (McCann and Polacsek 2018). Cultural influences can
also have their effect on scientific practices, and Salager-Meyer,
Ariza, and Berbesi’s (2009, 2010) work with medical journals
stresses variations in the acknowledging practices of Venezuelan,
Spanish, and French journals as opposed to US journals. They con-
tend that in Venezuelan, Spanish, and French journals, researchers
might be included as proper authors, without having contributed
meaningfully to the research, resulting in less frequent acknowledge-
ments. In this sense, acknowledgements could make visible partici-
pants in the research process who do not qualify as proper authors,
and by making visible different actors or hidden processes in the re-
search process, acknowledgements could be seen as sources of new
and alternative metrics.

1.2 Variations in acknowledgements

Not all acknowledgements are the same and previous studies have
proposed different classification schemes in order to reflect the
many faces of acknowledging. The numerous typologies detected in
the literature can be classified, according to Desrochers, Paul-Hus
and Lariviere (2020), depending on these questions: ‘who gets
thanked for what?’, ‘who gets thanked instead of being an author?’,

or ‘what are the roles, functions, or statuses of the people and organ-
izations being thanked?’ Mackintosh (1972) distinguishes acknowl-
edgements depending on the references they make, as they can
mention facilities, access to data or help of individuals. More specif-
ically, Cronin (1991) includes six different categories, focusing on
the intentions behind acknowledgements: paymaster (grants or fel-
lowships), moral support (access to facilities or data sets, use of
plant or equipment, familial support), dogsbody (secretarial and edi-
torial support), technical (programming advice and statistical assist-
ance), prime mover (mentorship, project director, and adviser), and
trusted assessor (feedback, critical analysis, and provision of in-
sight). Still emphasizing the intention behind acknowledgements,
Cronin, Shaw and La Barre (2003, 2004) qualify acknowledgements
as either moral, financial, editorial, instrumental/technical, or con-
ceptual/cognitive, adding that when their nature is conceptual or
cognitive they afford what is known as ‘peer interactive communica-
tion’ (PIC). PICs, mentioning other academics, attest to conceptual
and cognitive contributions that are not substantial enough to grant
a recognition of authorship, but still important to the development
of the paper. This kind of support is considered the most important
for identifying intellectual debt and, according to some; it could be
even comparable to citations (Giles and Councill 2004). Looking at
people allow to see acknowledgements as a different form of author-
ship, ‘sub-authorship’, covering all individuals who make a contri-
bution towards the research outcome and somehow influence the
course of the research. In this sense, Mackintosh (1972), studying
the acknowledgement behavior of a sample of 23 American sociolo-
gists as reflected in their publications, distinguishes the role of peo-
ple being acknowledged, depending on their contribution, into
methodologists, theorists, or psi’s. Costas and van Leeuwen (2012)
qualify acknowledgements addressing individuals who provided
technical assistance to the research as “clerical”. According to
Heffner (1981), who analyses a multidisciplinary set of domains,
contributions from other individuals might consists of ‘technical
aid’, covering processes such as the collection or processing of data,
operating with laboratory machinery, or doing statistical analysis,
or ‘theoretical aid’, which includes reading, commenting or editing
drafts of the manuscripts. The type of contribution may be related
to other aspects of the research and, in Heffner’s (1981) work, tech-
nical sub-authorship was significantly related to funding, whereas
theoretical sub-authorship was not.

Disciplinary variations have also been stressed. Paul-Hus et al.
(2017a), in a corpus of more than 1 million scientific articles and
reviews published in 20135, found that whilst technical support and
funding are more frequently mentioned in natural sciences and bio-
medical research, respectively, conflict of interest is more likely to
appear in clinical medicine, and PIC and intellectual debt are more
often acknowledged in social sciences than in other fields. In Diaz-
Faes and Bordons (2014), PICs predominate in more theoretical-
and social-oriented disciplines, such as statistics and probability,
and economics, while technical assistance is more frequently
acknowledged in experimental research (evolutionary biology) and,
the recognition of potential conflict of interest was more common in
clinically oriented research (cardiac and cardiovascular systems).

1.3 Funding acknowledgements

Contributions mentioned in acknowledgments appear to have
changed in the last decades, progressively emphasizing the role of
funding bodies. Longitudinal studies about changing practices of
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acknowledgment point both to a growing professionalism and a
closer focus on acknowledgements mentioning funding support.
Alcaraz and Ariza (2015) encounter, in a sample of 300 papers pub-
lished in American and European astrophysics journals in 1998,
2004, and 2012, a growing scientific professionalism, as financial,
instrumental, and conceptual assistance, as well as mentions to un-
named individuals and anonymous referees increased over time,
whilst moral and editorial supports, references to named individuals
and identified referees, and emotionally charged words declined. A
topic modeling analysis of 595,336 articles containing an acknow-
ledgment section in PubMed in the period 1992-2016 highlights the
progressive importance of acknowledgements to funding agencies
(An et al. 2017). Although acknowledgements to national support
and anonymous reviewers present a low weight for the whole
period, those mentioning advice, experimental assistance, feedback,
or scholars become less important especially since 2008, and since
2010 it is possible to appreciate an increase in references to financial
and organizational support, that as a whole accounted for 45% of
all topics extracted.

Despite the increasing use of the acknowledgement section to
mention financial support and funding bodies and the growing
availability of data to study acknowledgements and in particular the
effect of funding on the production of new scientific research, re-
search is seriously limited by the lack of conceptualization and it is
still unclear what ‘FAs’ actually are, Van Honk, Calero-Medina and
Costas (2016) argue. With these premises, the present review pre-
tends to contribute to a theory of acknowledgements by focusing on
the connections they allow to trace with non-academic actors, spe-
cifically with funding entities, looking at research published on the
topic from a conceptual point of view and complementing in this
way the bibliometric analysis of Desrochers, Paul-Hus and Pecoskie
(2017). This study focuses on FAs, assuming that research funding
represents an important input in the scientific process.
Acknowledgements mentioning funding bodies can be practically
classified depending on the origin of the financial support, and
Henderson, Howard and Wilkinson, (2003), following the direc-
tions of the Research Outputs Database set up by the Wellcome
Trust, differentiate intramural funding, extramural funding, person-
al support or other types of funding, whilst, as for the sources of
funding, they identify funding coming from charities and founda-
tions, from governmental agencies and departments, hospital trust-
ees and different sectors of industry. The analysis of FAs is
particularly relevant to funding organizations and scientific policy
makers as they allow to measure and evaluate the results of their
investments. In Zhao’s (2010) words, ‘[...] grant based research can
play a significant role in expediting and disseminating high-quality
research, in setting research directions, and in fostering collabor-
ation’ (p. 305) and it thus deserves unclosing the recurring themes of
the literature on the topic. Over the past 20 years, FA research has
been carried out on the basis of a non-systematic collection of data,
within bibliometric studies with different purposes. However, main
bibliographic databases have started to index systematically the text
of acknowledgements since 2008, allowing the production of an im-
portant corpus of research. FAs have been included in bibliometric
analysis as an additional indicator to evaluate the scientific perform-
ance of disciplines and research topics (Lewison and Devey 1999;
Webster 2005; Lewison and Markusova 2010; Lewison and Roe
2012; Mwendera et al. 2017; Klochikhin and Fealing 2018;
Meschede 2020) or research groups and institutions (Roa-Atkinson
and Velho 2005; Gausia et al. 2015). In some cases, FAs have been

used in order to identify major funders (Reyes, Kauffmann and Goic
1995; Lewison and Devey 1999; Henderson, Howard and
Wilkinson 2003; Rangnekar 2005; Zanca et al. 2005; Bakker et al.
2010; Alnemary, Alnemary and Alamri 2017; Mwendera et al.
2017), the type of research with higher funding rates—that is, the
percentage of papers including FAs (Lewison and Devey 1999;
Lewison and Carding 2003; Walsh and Sanchez 2010; Mwendera
et al. 2017), the funding rate of specific agencies (Wilson and
Ttagaki 2007), or the relationship between funding support and im-
pact (Lewison and Devey 1999; Lewison and Carding 2003). The
aim of this review is to systematize conceptually this large body of
research.

2. Methodology

This theoretical contribution relies on an extensive literature review,
and its main purpose is to point to important conceptual themes on
FAs and to set the foundation for future research on the topic.
Available reviews on FAs (Desrochers, Paul-Hus, and Pecoskie
2017) show the importance of this research area, but mostly from a
quantitative and formal point of view.

Relevant contributions were retrieved from the Scopus database
in January 2019 and documents until June 2020 have been recently
included according to the following search string:

TITLE-ABS-KEY ( (acknowledgement* OR acknowledgment*)
AND (funding OR funds OR "financial support" OR "research
investment" OR "research support" OR "research output*") )
AND (LIMIT-TO (LANGUAGE, "English") OR LIMIT-TO
(LANGUAGE, "Spanish") ) AND (EXCLUDE (DOCTYPE,
er'))

As a result, 537 articles were retrieved covering the scientific lit-
erature from the late 1960s up to the date of the search. The 537
articles were scanned and filtered, and additional relevant research
discovered following citations to and from the retrieved articles, was
also integrated into this conceptual contribution. The final corpus
includes 184 research items on the topic of FAs and related themes.

Results are summarized into five main sections and respective
subsections. First, we introduce the meaning of FAs in the context of
the scientific process and the politics of science. Second, the main
data sources used in order to analyze FAs and their limitations are
described, and some attempts to automatically classify funding
agencies are presented. Third, we focus on several types of bias in
research funding allocation, such as gender or the research topic.
Fourth, we cover all the research focusing on the association of
funding with other research characteristics, such as productivity,
impact and collaboration; and, finally, other aspects affected by
funding are also discussed.

3. Results

3.1 The meaning of FAs: the politics of science

The first bibliometric attempts at developing a theoretical basis con-
sidered acknowledgements as the third part of the ‘Reward
Triangle’ of science, along with authorship and citations (Cronin
and Weaver 1995). In the earliest studies on acknowledgements,
FAs were seen as a recognition of quality, such as citations (Lewison
and Dawson 1998), as funded research has been selected for funding
in competitive selection processes. However, by looking at
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acknowledgements as part of a reward system, the potential mean-
ing of acknowledgements was limited to authors or individuals,
when actually they might shed light more generally on interests in
research and science such as those of political, social and economic
actors. This perspective has been of concern to other disciplines and
particularly in sociological literature since the seventies. Crawpord
and Biderman (1970), for instance, looked at federal funding of re-
search as a possible threat to the independence and autonomy of
academic research in sociology and a potential source of contamin-
ation of the discipline by external interests. As a consequence of ex-
ternal funding, they discovered a predominance of more empirical
and statistical sociological research, though, they observed, the inde-
pendence and autonomy of sociology was still exerted through the
evaluation process and peer review. With a similar perspective,
Galliher and Mc Cartney (1973) summarized postures on funding
into three main viewpoints: the apprebensive viewpoint, which con-
sidered funding as a device diverting social scientists from their main
purpose; the benign viewpoint, which emphasized the help that gov-
ernment was providing for some research tasks; and the misuse
viewpoint, that considered that government funding should be
devoted to other more important social issues. After analyzing 128
research articles on delinquency published on four sociology jour-
nals between 1940 and 1970, they disclosed important methodo-
logical trends that settled on a positivist theoretical basis and an
assumption that delinquent behavior could be reduced to variables
that were, as such, controllable, and consequently more attractive to
funding agencies for its pragmatism. However, it is difficult to say
whether the influence of funding on research is purely ‘political’ or
reflects more general concerns. Lewison, Grant and Jansen (2001),
for instance, concluded that the increased productivity of gastro-
enterology research published between 1985 and 1998, at least in
some countries, was related to the incidence of gastrointestinal dis-
ease and reported deaths from gastrointestinal neoplasm, though it
was not necessarily supported by a higher funding effort. According
to Braun (1998), funding agencies decisions result from complex
interactions between norms, structures and scientists’ interests,
though the selection of research proposals relies heavily on peer re-
view and scientific quality. However, the social structures in which
scientific judgments are made, whether through anonymous mail re-
view or groups review, may favor more consolidated cognitive per-
spectives in detriment of more innovative ones, including
interdisciplinary research, as we explain later.

More recently, Li and Yan (2019) advocates that more attention
should be paid to the non-academic ecosystem in which science and
knowledge are produced. They take the term ‘academic capitalism’
from Slaughter and Leslie (1997) to indicate the entrepreneurial
activities undertaken by universities and individual academics to get
external financial support for research, and investigate the possible
influence of research policies on research topics. Analyzing the topic
match between research proposals and the publications derived
from the corresponding funded projects, they find that a topic shift
occurs from grant to publications based on the same grant, which
points to a certain level of freedom for researchers, though they con-
sider that this is something natural in science, as keyword use
changes over time regardless of other factors, including funding.
From this perspective it makes sense funding people instead of proj-
ects, whose topic may change over time anyway. Kaiser (2014)
comments on a shift of the National Institutes of Health (NIH)
from project to people awards, on the basis of a previous 2012
program that, awarding 70 outstanding researchers, achieved more

innovative and higher impact results. This puts a stronger emphasis
on individual researchers’ assessment than on the research project.

3.2 Data sources for acknowledgements

Different approaches have been proposed to track research funding
and scientific outputs, such as using grant proposals reported by the
funding agencies themselves, case studies or, even the researchers’
CV. However, all of these approaches have several limitations espe-
cially to carry out large-scale studies (Wang and Shapira 2011). On
the other hand, through FA analysis based on systematically
recorded and updated information in bibliographic databases, it is
possible to link scientific publications and research funders, allow-
ing macro-level research studies. From citation indexes, such as the
Web of Science (WoS) and Scopus, it is possible to obtain both im-
plicit and explicit funding, being the former based on authors’
addresses and the latter appearing in the acknowledgement section
(Begum and Lewison 2017). In this sense, Morillo, Costas and
Bordons (2015) found that, combining information from the
authors affiliation with FAs, a wider number of the Spanish co-
operative research organizations known as Biomedical Research
Networking Centres publications could be identified. This methodo-
logical approach may provide a more comprehensive view of the
performance of these kind of structures whose scientific production
is more susceptible to remain overlooked for its lack of
standardization.

3.2.1 Acknowledge window

A technical aspect that has received certain attention is the ‘acknow-
ledgment window’ or ‘acknowledgement lag’, in Thli’s (2017) words
that is, the time elapsed between the moment a grant is awarded and
the publication of the research article acknowledging support.
Linking the US National Science Foundation (NSF) research awards,
that are publicly available in the NSF databases, with the journal
articles indexed in WoS published between 2010 and 2014 through
the grant number field, Thli (2017) established this indicator for the
22 scientific domains classified by the Essential Science Indicators
database. The results showed that the majority of publications
(63%) acknowledged research support awarded 4 years or earlier
with differences among domains, having certain disciplines, such as
chemistry or physics, a shorter acknowledgements lag, and others,
such as the social sciences, a longer acknowledgements lag, probably
due to disciplinary differences in the publication process.
Interestingly, she also found a few articles that reported funding
from research projects funded by the US NSF more than 30 years be-
fore. Campbell et al. (2010) define the time windows of papers pub-
lished thanks to grant support as those published from one year
between the year after the start of a National Cancer Institute of
Canada grant and the year after the end, acknowledging that it is an
arbitrary time frame that; however, allows to include all those cases
in which authors miss to mention funding.

3.2.2 More comprehensive data on FAs since 2008

Bibliographic databases, such as WoS, Scopus, or Pubmed, started
to collect FA information included in scientific publications in the
last decade. In August 2008, WoS started to collect systematically
data on funding text (FX), funding agency (FO), and grant number
(GN). Five years later, in July 2013, Scopus also began to index FAs
of scientific articles going back to 2008, recording funding informa-
tion in four fields: FUND-SPONSOR (funding agency), FUND-ACR
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(Funding agency acronym), FUND-NO (grant number), and FUND-
ALL (information from the previous fields in a single field).
However, currently Scopus does not index the full text of the
acknowledgements, reducing the possibility of thorough analysis of
a non-standardized part of the research article (Paul-Hus,
Desrochers and Costas 2016).

3.2.3 Lack of data normalization

Despite being collected systematically by main citation indexes and
bibliographic databases, funding data still lack normalization
(Grassano et al. 2017) and are collected in non-structured sections
with heterogeneous content, where financial support, technical or
intellectual assistance, and conflicts of interest, among others, are
mixed up. Normalization of funding credits is not enforced by fund-
ing agencies, at least according to (Begum and Lewison 2017).
Desrochers, Paul-Hus and Pecoskie (2015) underline inconsistencies
in the practice of acknowledgements concerning their place within
the text or the way of addressing the ‘thanked’ person or entity. This
great disparity hampers their use as indicators. Rigby (2011) identi-
fied two types of limitations that should be taken into account when
using FAs for bibliometric purposes. On the one hand, there are sim-
ple errors and confusions, such as misspelling of funders and grants,
funding organizations name changes, especially government depart-
ments, and the fact that researchers might not report exactly the
funder or the grant number which support their research (e.g. if they
have received funding from multiple agencies). On the other hand,
cultural and political issues that may lead the authors to exaggerate
the productivity of some grants with great reputation or, on the con-
trary, to not acknowledge their sources of funding. Misspelling and
mistakes in the translations of the names of programs and organiza-
tions as well as different variations for the same agency are also
common (Morillo and Alvarez-Bornstein 2018). Costas and Yegros-
Yegros (2013) identified 400 variants of the Austrian Science Fund,
whereas Sirtes (2013) found more than 6,000 aliases for the German
Research Foundation (DFG), including translations, acronyms, or
different programs. In order to deal with these problems and allow
tracking funding agencies’ contributions, Begum and Lewison
(2017) propose a three letters coding system to unify names. Van
Honk, Calero-Medina and Costas (2016) discover high variation as
well as important inconsistencies in entities indexation in the data
collected in WoS, deriving, they argue, from the fact that the content
of acknowledgements has been not conceptualized thoroughly
enough for operationalization purposes. They suggest, as an alterna-
tive, the use of thesauri with standardized lists of funding organiza-
tions and formal recommendations from funding bodies to their
grantees about funding statements, the funder name and the type of
support received.

3.2.4 Limitations of databases reporting FAs

In addition to the lack of normalization of data, coverage of FAs
may also present differences across databases. Kokol and Vosner
(2018), for the articles published by three prestigious families of bio-
medical journals in 20135, find significative differences in the number
of FAs identified by three databases, being WoS, with 29% of the
articles with funding information, the resource with the better cover-
age, followed by Pubmed (14.6) and Scopus (7.7). However, Powell
(2019), looking for the list of publications reporting support from a
single NIH grant found that Pubmed returned more publications
than WoS and the NIH Research Portfolio Online Reporting Tool

for Expenditures and Results (NIH RePORTER), although no one
database reported the complete list of publications sponsored by
such grant. More recently, Liu (2020) found some kind of error and
missing information in 68% of the papers analyzed in a case study
based on Scopus funding data. This type of analysis may help
researchers in selecting the most appropriate database when per-
forming scientific studies on research funding. However, despite
being probably the source with better coverage, WoS also presents
limitations that should be taken into account when using its data.
First, until 2015 only FAs in the Science Citation Index Expanded
(SCIE) were systematically recorded, implying a certain bias against
the social sciences and the humanities (Paul-Hus, Desrochers and
Costas 2016; Alvarez-Bornstein, Morillo and Bordons 2017; Ihli
2017; Tang, Hu and Liu 2017; Liu, Tang and Hu 2020). Second, FA
information is only available for papers written in English and in
Chinese, though only when the acknowledgement is written in
English (Paul-Hus, Desrochers and Costas 2016; Tang, Hu and Liu
2017; Liu, Tang and Hu 2020), which reinforces its bias against so-
cial sciences (before 2015) and humanities research usually pub-
lished in local languages. Finally, there are also inconsistencies in
the type of documents recorded, since in the SCIE only FAs of
articles and reviews are collected, while for the social sciences WoS
indexes all documents types (Paul-Hus, Desrochers and Costas
2016). Xu, Tan and Zhao (2015), who set out to study funding
ratios for social science papers published in the 21 most productive
countries in WoS, confirm the limitations outlined by other studies
and add the fact that WoS covers only a part of the papers published
by a certain institution or researcher, bias which might be greater
for the social sciences. On the other hand, more and more funding
agencies are imposing requirements for acknowledging support in
published documents resulting from funded research, and it is to ex-
pect that missing data won’t be an important limitation in future re-
search into acknowledgements. In fact, according to Grassano et al.
(2017) estimations, the omission of funding information affects
<3% of the total set of documents they analyzed, whilst Liu, Tang
and Hu (2020), in a recent analysis of FAs, conclude that WoS pro-
vides more complete funding information over the years. In 2016,
WoS started supplementing grant information with funding agencies
and grant numbers from MEDLINE and Researchfish and, interest-
ingly, it is now retrospectively collecting funding data before 2008,
although the share is still too small —5% of the papers from 2000 to
2007 (Liu, Tang and Hu 2020).

An additional problem is the potential confounding effect pro-
duced by conflict of interest statements, especially in biomedical re-
search (Lewison and Sullivan 2015; Alvarez-Bornstein and Bordons
2019). Examining the FA full text of more than 2 million WoS bio-
medical papers, Lewison and Sullivan (2015) realized that the list of
funders included companies that were mentioned due to potential
conflict of interest, even if they had not supported the research.
Alvarez-Bornstein and Bordons (2019) reached the same conclusion
in an analysis of Spanish cardiovascular research. This would be one
more reason, the authors argue, for cautiously using the list of fun-
ders provided by WoS.

3.2.5 Automatic classification of funding agencies

Some studies have focused on the accuracy of the funding data for
automatic collection. Grassano et al. (2017) encountered a high level
of recall and precision (93 and 94 %, respectively) for a set of 7,510
documents retrieved from WoS. Only 7% of the documents that
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included funding information were not identified as such by WoS
(false negative), whereas 6% of the papers with no acknowledge-
ments to funders were identified as having funding data resulting in
false positives. However, for the 32% of the documents, the total set
of funding agencies included in the acknowledgement section were
not correctly listed. Alvarez-Bornstein, Morillo and Bordons (2017)
reach similar results with a random sample of 1,045 articles pub-
lished in 2014 and find that WoS lost some funding information in
12% of all the papers. These inconsistencies were due, in many
cases, to the authors reporting incomplete information about, for in-
stance, the grant number, the funder, or even omitting the funding
agency in favor of the name of the project or the grant number.
Attempts have been made to develop different methodologies to
process automatically the funding information included in scientific
publications. Among the other methods developed for the extraction
and analysis of acknowledgements in scientific publications, the fol-
lowing can be mentioned (Giles and Councill 2004; Sirtes 2013;
Sirtes and Riechert 2014; Gok, Rigby and Shapira 2016; Morillo
and Alvarez-Bornstein 2018). Sirtes (2013) proposed a semi-
automatic cleaning method based on the funding data from the DFG
that, once applied to a set of funding data, reached values of preci-
sion and recall of 96% and 94%, respectively. Morillo and Alvarez-
Bornstein (2018) developed a methodology that identifies major
sponsors and their funded research selecting funders variants as key-
words from the WoS funding agency field. Councill et al. (2005) re-
port on a method for automatically extracting acknowledgment
information and identifying collected names of acknowledged enti-
ties from papers stored in CiteSeer Digital Library, whose first im-
plementation pointed to the viability of the algorithm for providing
acknowledgement metadata content in research libraries.

3.2.6 The role of authors and funding agencies

It is often authors who do not always acknowledge funding correct-
ly, which impairs the analysis of funding. Butler (2001), who looks
at the research output funded by the Australian National Health
and Medical Research Council, observes that usually authors do not
detail concrete programs or projects, limiting the possibilities of
evaluation at the aggregated level of funding agencies. Possible rea-
sons for omitting acknowledgements include involuntary neglects or
the fact that authors receive internal funding by their own institu-
tion, which is known as intramural funding as opposed to extra-
mural funding (Lewison, Lipworth and de Francisco 2002;
Grassano et al. 2017). According to Henderson, Howard and
Wilkinson (2003), who conduct a survey with 83 corresponding
authors of the British Journal of Psychiatry, 14% of researchers did
not acknowledge their source of funding, either because agencies
and journals did not provide guidelines or because they understood
that it was not necessary.

Funding originates from different funding agencies and each of
them might have different policies regarding researchers obligations,
and even if all of them keep track of their funding activity, they do
not usually abide by the same rules (Lepori et al. 2007). The evalu-
ation of science funding programs is challenging because they can
have different goals and expect different types of results, making it
difficult to measure their effects. Moreover, linking the outputs asso-
ciated with a specific grant or agency is also difficult to undertake
because of the lack of institutional instruments of explicit input—out-
put data, and, even when they exist, huge efforts to clean and nor-
malize such data are needed (Boyack and Jordan 2011). In addition,

according to Boyack and Borner (2003), funding agencies should
keep their own databases of grants and resulting publications in
order to allow bibliometric analysis and improve the quality of exist-
ing data. Indeed, the future of research into FAs depends strongly on
the implementation of at least clear guidelines that might improve
reliability of data (Alvarez-Bornstein, Morillo, and Bordons 2017).
Funding agencies should also be aware of the importance of devel-
oping policies and guidelines about how to be mentioned, including
references to the country or region (Morillo 2016; Alvarez-
Bornstein, Morillo, and Bordons 2017). Some funding and research
organizations have provided guidelines to authors in order to stand-
ardize FAs or other types of financial support. For example, the
National Optical Astronomy Observatory has developed a program
for tracking publications that use data from their observatories, tele-
scopes, instruments or even datasets and, also, has set policies to
guide authors in acknowledging their support (Hunt and Norman
2018). Journals as well may have their share of responsibility and
Koushan et al. (2014) complain of the great laxity of Iranian jour-
nals’ criteria in this aspect. Even in the cases in which there has not
been an external source of funding, Tennen (2015) suggests that an
explicit statement should be included, as it is being done with con-
flicts of interest.

By the means of acknowledgements, funders gain visibility and it
becomes clear that research responds to needs and objectives of dif-
ferent societal stakeholders, either public bodies or the private sec-
tor. Besides making visible researchers, acknowledgement could
make visible other dynamics within science communication, such as
support from the private sector. In health research, Pollock and
Ewer (2010) claim that authorship of medical publications should
be ‘integer’, with reference to the frequent support of research by
private funding, and advocate for a policy of transparency in refer-
ring about the actors involved in research and the role that external
funding sources might have had in it. In fact, in a study of the corres-
pondence between Coca-Cola and the researchers they financed,
Steele et al. (2019) found out that the company did influence the re-
search and cut off funding if the results were unfavourable, regard-
less of what it claimed on its website about not interfering in the
research.

According to some studies, in approximately half of privately
funded publications sponsors might remain unacknowledged. For
orthopedic research, Chimonas, Frosch, and Rothman’s (2011)
results compare data about companies’ payments for 1 million or
over to individual researchers with their respective publications,
concluding that:

[...] current journal disclosure policies do not yield complete or
consistent information regarding industry payments. More than
half of the articles in our sample failed to acknowledge an
author’s relationship to a company. In no article could readers
know how substantial the company payment to an author was

(p. 84).

These patterns of collaboration might remain invisible if not ref-
erenced in the acknowledgement section. Viergever and Hendriks
(2016) claim more transparency about funders of health research,
both public and philanthropic, especially regarding what they fund
and how they distribute their funds. Differences in funding schemes
might have implications even for correlation studies, especially on
citation impact (Yan, Wu and Song 2018).
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3.2.7 Internal data of funding agencies and private companies

The availability of data from funding bodies, either public or private
bodies, could support research into FAs by providing additional in-
formation not available in bibliographic databases, such as the iden-
tification of all team members or the amount of the grant. The
Wellcome Trust in the UK is a private foundation that funds re-
search in the health sciences and has developed a system to keep
data about funded projects (Begum and Lewison 2017). According
to Henderson, Howard and Wilkinson (2003), the Wellcome trust
in 2003 was the major source of data to monitor the output of
funded research in the UK. Viergever and Hendriks (2016) mention
the initiative www.healthresearchfunders.org in which they collect
data (basically research expenditures) about major health research
funders in the world.

In a few cases, this information has been studied and taken ad-
vantage of Ma, Mondragon and Latora (2015) use the UK
Engineering and Physical Sciences Research Council (EPSRC)
Grants on the Web system to access a dataset that allows them to
study collaboration in terms of partnerships to obtain funding.
Boyack and Jordan (2011) too exploit the NIH database for their re-
search. They analyzed research funded by the US Public Health
Service (PHS), including the NIH, linking the articles to the grant
acknowledged using the NIH Scientific Publication Information
Retrieval and Evaluation System, a database developed to retrieve
articles funded by the NIH. Seif and Trope (2010), analyzed the im-
pact of the research funded by the Glaucoma Research Society of
Canada (GRSC) and find that two thirds parts of the projects
granted ended in at least one scientific reviewed publication.
However, considering the difficulties to locate the outputs funded
by the GRSC, the authors conclude highlighting the importance of
accurate internal databases to collect and link grants and results,
whether journal articles, conference papers, patents, or press
releases. Hottenrott and Lawson’s (2017) address the interactions
between public and private funding by drawing on a sample and
diversified set of data that includes, apart from data extracted from
WoS, data obtained from 40 UK universities and their website and
the European Patent Office.

A question that remains unanswered is how much of privately
and publicly funded research is acknowledged in research publica-
tions. Some funding bodies such as universities and the private sec-
tor might be explicitly mentioned to a minor degree than
governmental bodies (Reyes, Kauffmann and Goic 1995).
Moreover, it is possible that some particular organizations, such as
commercial companies, might be reluctant to be acknowledged in
order to avoid attracting attention to their business plans and to
keep them confidential (Rigby 2011; Wang and Shapira 2011).
Different estimates have been put forward regarding the percentage
of official funding being explicitly acknowledged. Lewison (1994)
found that 80% of articles sponsored by the European Commission
Biotechnology Action Program acknowledged funding when the
level of support provided by the program accounted for 20% or
more of the total support received. Lewison (1998) encountered that
gastroenterology papers published between 1988 and 1994 men-
tioned the source of funding in more than half of cases, being the
share of governmental funding comparable to that of private non-
profit sources. The problem remains of the inconsistent character of
these references within the formally published literature. It depends
often on the authors to mention funding bodies and there is no nor-
malized way to do so. Sometimes the grant number might be speci-
fied, at other times it might not. There might be cases when the

existing source of financial support is not named, though
Mussurakis (1994), writing from the health sciences, considers that
these are only sporadic cases, which occur especially when the re-
search has been funded by private companies, such as the pharma-
ceutical industry.

3.3 Process of funding

3.3.1 Funding bias

By responding to specific research policies and heavily depending on
the economic capacity of a country, funding is not neutral, and re-
search is conditioned by ‘historical trajectories’ and ‘entrenched in
intellectual traditions that differ among nations and world regions’
(Leydesdorff and Wagner 2009: 360). From the area of applied lin-
guistics, Salager-Meyer, Ariza and Berbesi (2009, 2010), mentioned
earlier, compare nine medical journals published in the USA,
Venezuela, Spain, and France, and conclude underlining important
differences in the sample in terms of language and geographical con-
text. From the point of view of the economic power, Kokol et al.
(2019) argue that a country economic growth also has an influence
in nursing scientific production, being the countries with higher lev-
els of gross domestic product the most productive in terms of both
total number of publications and funded publications (22% of
papers with FA in all countries vs. 28 in G8 countries). In An et al.’s
(2017) study of collaboration among countries based on PubMed
data, more productive countries appear to be more often referenced
in the acknowledgement text, large countries, such as the USA and
UK, tend to work as ‘hubs’ and reference to each other, whereas
others, such as China, do not frequently collaborate internationally.
Apart from economic affordances, there might be differences among
countries in funding practices. Wang et al. (2012) compare funding
in 10 countries as reported in 500,807 SCI papers published in
2009, highlighting than in some such as Spain, Germany, and China
funding proceeds mostly by one single agency, whereas in others
such as the UK, France, and Italy the sources of financial support
are diversified.

3.3.1.1 Bias in research allocation. Research has evidenced the exist-
ence of important biases in research allocation. According to
Laudel’s (2005; 2006) research with German and Australian physi-
cists results, funding allocation depends on variables often not
related to the quality of the proposal, such as the country’s general
investment in research, the research field in which applicants are
working, the availability of resources to prepare the project pro-
posal, or the continuity of the research trail, that might cut off those
who are starting their career or those who have interrupted it.
Grimpe (2012), aggregating patents and publications data with data
resulting from a survey with over 800 German scientists, conclude
that funding is little influenced by merits, and that FP6 grants
awarded by the European Union appear more political than other
types of grants, addressing scientists who rarely make use of other
funding instruments and responding to institutional and disciplinary
characteristics of the proposals.

Regarding funding rates detected in the scientific literature about
FAs, Diaz-Faes and Bordons (2014) found that 64% of Spanish
articles published in 2010 included FAs, though with significant dis-
ciplinary differences. For example, the areas of physics, chemistry,
biomedicine, agriculture, biology, and environment had percen-
tages of FAs above 80%, whereas the social sciences and the
humanities presented FAs in <30% of the papers. Similarly,
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Costas and Yegros-Yegros (2013) in a study on Austrian funded
publications in 2009-10, found that 53% of documents, including
all types, reported FAs with differences among disciplines, being
the social and economic sciences the fields with the lowest rates of
funding. Sirtes (2013) also found higher values of FAs in chemis-
try, physics or biological sciences (above 75%) than in medicine,
social sciences or humanities (below 40%) in both, German and
worldwide scientific production published during 2009-11.
Huang and Huang (2018) found a growing funding rate in 6 mil-
lion documents published by G9 countries in 2009-14 and col-
lected from WoS. Half of all documents mentioned FAs in all
countries. Additionally, natural sciences tended to receive most
funding and life sciences had the highest funded paper ratio.

3.3.1.2 Topic bias and the ‘paradox of interdisciplinarity’. The selec-
tion process through which only a few applications are finally
funded might also introduce additional bias. In public funding
bodies, this process is usually a peer review task, not always exempt
from bias. Interdisciplinary research has been found to be under-
funded reflecting its limitations among which the low inter-rater re-
liability (Mutz, Bornmann and Daniel 2016). Kwon et al. (2017),
for instance, after proposing a new method to identify interdisciplin-
ary research in the fields of cognitive sciences and educational re-
search, found that articles classified as knowledge-flow mediators
that is, interdisciplinary research, were less likely to report FAs than
discipline-oriented papers. Bromham, Dinnage and Hua (2016)
reached the same conclusion after analyzing the research proposals
submitted to the Australian Research Council’s Discovery Program
between 2010 and 2014. The authors found that interdisciplinary
research proposals were less likely to be recommended for funding,
maybe due to the greater difficulty to explain and justify proposals
that does not fit in a well-defined discipline to a panel ‘ill-equipped
to evaluate all parts of the project’, and the higher costs required,
among other reasons (Bromham, Dinnage and Hua 2016). Peer re-
view carried out by funding agencies appears reluctant to support
new unorthodox ideas, fostering rather mainstream research
(Zoller, Zimmerling and Boutellier 2014) instead of ‘breakthroughs
or change makers’ in different areas of research including robotics
(Mejia and Kajikawa 2018).

With reference to the tendency of policy makers and funding
agencies to favor discipline-oriented proposals over interdisciplinary
research, Woelert and Millar (2013) speak of the ‘paradox of inter-
disciplinarity’, first proposed by Weingart (2000): despite the fact
that policy makers emphasize interdisciplinary research, few clear
policies have been implemented in order to foster it, being poorly
supported by funding schemes. Some US national associations and
funding agencies, such as the NSF or the NIH, are encouraging re-
search institutions to create interdisciplinary groups in order to
build bridges between different fields of knowledge, combining dif-
ferent skills, and perspectives from a wider range of disciplines
(Folkstad and Hayne 2011). However, the bias in favor of more ma-
ture and established fields as opposed to innovative research fields
remains. The promotion of interdisciplinary research, Lyall et al.
(2013) argue, requires a serious commitment on the part of funding
bodies, allowing more flexible routes in terms of time and space and
investing in liasons roles and less visible processes, such as warm-up
activities, seed-corn support, team-building interactions, network-
and community-building.

Funding bias exists also to specific disciplines or research topics
such as rare diseases. In these cases, the analysis of FAs can be useful
to identify the main funders of specific disciplines and to show other
researchers where to obtain the resources needed to finance they re-
search, mostly when we consider that it is non-profit organizations
(charities, family foundations, and philanthropists) that support re-
search into some rare diseases (Stehr and Forkel 2013). Seif and
Trope (2010), highlight the problem of glaucoma research that, des-
pite generating more and more interest among Canadian population,
receives little funding from public agencies. Footman et al (2014)
contend that the analysis of FAs can shed light on what the key re-
search areas for funding agencies are and those that remain under-
funded, despite being topics of public concern, such as some diseases
causing high mortality among the population. The authors also
stress the problem of having all the key funders supporting similar
topics in similar geographic areas (i.e. HIV in Sub-Saharan Africa),
since it duplicate the efforts and indicates poor coordination be-
tween funders, leaving other important issues with few alternative
sources of funding, that may remain relatively under-studied.

3.3.1.3 Gender bias. Another recurring bias regards gender as
women are found to receive proportionally less funding than men.
Desrochers, Paul-Hus and Pecoskie (2017) argue that funding re-
search on gender is rare and hampered by the quality of author data.
Rong, Grant and Ward (1989) looked at factors explaining the rise
of women authors in the sociological literature in the 1980s, con-
cluding that funding could not be proved as a determinant factor in
the sample of 856 articles published between 1974 and 1983.
Lariviére et al. (2011), studying the entire population of university
professors of the region of Quebec (Canada), find a tendency for
women to receive less funding from the age of 38, that is when high-
ly educated women tend to have children. Sandstrom (2009), who
connected individual researcher data on funding from Sweden
Universities to incoming grants data, found that, of the 151
researchers analyzed, female researchers obtained less funding and
on average from less funding bodies. Astrom et al. (2013) study the
impact of funding on collaboration networks in a sample of 93 sci-
entists carrying out cancer research at the University of Lund
(Sweden). If women, in general tended to have fewer publications
than men, neither gender nor the type of research could explain the
extent and density of the network which was influenced mostly by
funding. Finally, Mauleon and Bautista-Puig (2019) concluded that
publications authored only by women reported FAs less often than
articles signed by men, although the highest funding rate was found
in papers performed by both, women and men.

3.3.1.4 Bias at the publication stage. Funding may also generate bias
at a later stage, when research is evaluated for publication in jour-
nals. Lewison and van Rooyen’s (1999) experiment proved that bio-
medical papers acknowledging funding’s bodies were more likely to
pass the reviewing process than others. They sent each of the 309
articles received by the journal BM] in the first semester of 1996 to
two reviewers. One of the reviewer carried out the review anonym-
ously, whereas the other had access to information regarding num-
ber of authors, number of institutions involved and FAs. They found
that the 37 articles acknowledging one or more of eight leading
funding bodies tended to have a higher score than the rest, and that
FAs and reviewing scores were significantly and positively corre-
lated. Some studies have analyzed the main factors affecting the
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peer-review process and the probability of a paper to be accepted for
publication. Ofri, Bdolah-Abram and Yair (2017), reviewed the 299
abstracts presented at the meetings of the European College of
Veterinary Ophthalmologists between 2008 and 2012. and con-
cluded that the presence of FAs was identified as a positive prognos-
tic factor of being accepted.

3.4 Association of funding with productivity, impact,
and collaboration

Measuring the returns of research is becoming increasingly import-
ant for funding bodies and scientific policy developers since they
need to demonstrate the benefit of their investment. In this context,
the analysis of FAs can be relevant to evaluate scientific research
performance and to measure the impact of funding agencies and re-
search sponsors (Giles and Councill 2004; Rigby 2011). According
to Butler (2001), acknowledgements in scientific publications serve
as a tool to evaluate the research performance funded by a funding
body globally but not to assess concrete funding schemes because
few authors specify which specific program provided the support.
Furthermore, Rigby (2011) and Wang and Shapira (2011) highlight
that measuring the performance of a specific funder may be difficult
and problematic since papers usually acknowledge funding from
multiple agencies. However, the analysis of FAs can be useful for re-
search funders to identify gaps and overlaps in their portfolios and
to improve the effectiveness and the impact of their support (Begum
et al. 2016). This is especially relevant for health and biomedical re-
search that has the potential to improve patient care and to reduce
the negative effects of some diseases. Lepori et al. (2007) claim that
an agreed upon set of indicators to measure public project funding is
needed in order to allow comparisons between countries and across
time, despite the difficulties that this task entails.

The availability of more structured data has fostered research on
funding and its relationship with different outcomes, such as prod-
uctivity, impact, or collaboration. Even if we present the results of
this bulk of research under different headings, it results often diffi-
cult to separate these different dimensions of research, as most con-
tributions address several of them at the same time or find
important reciprocal implications among all them. As far as we
know, the paper by Costas and van Leeuwen (2012) is one of the
first general bibliometric studies which analyze, in an exploratory
way, the FA information available in WoS. The authors analyzed
the presence of FAs in scientific publications published in 2009,
focusing on their distribution patterns across disciplines, countries,
document types and types of collaboration, and their relationship
with the impact of research. The analysis showed that 43% of all
publications had FAs, despite important variations among countries.
Regarding impact and collaboration, papers with FAs reached
higher scientific impact. However, publications with longer FA
texts, which could be related to the number of funders, had only
slightly higher impact. In addition, a relationship between the pres-
ence of FA and the number of authors emerged, since more collab-
orative publications tended to acknowledge funding more often and
had longer FA texts.

3.4.1 Productivity

Productivity is usually measured in terms of publications of research
articles or patents, and funding in general has been found to increase
productivity. In Mackintosh’s (1972) work, more productive sociol-
ogists were more likely to acknowledge funding than less productive

ones. The publication tracks of the more than a thousand scientists
of Carayol and Matt’s (2006) research show that, when it is public
contractual funding, funding significantly increases productivity.
Other works add some nuances to the general accepted association
between funding and productivity. MacLean et al. (1998) measure
the ‘cost per paper’, analyzing funded papers on malaria research
published in 1984, 1989, and 1994, and comparing research output
with funders’ investment as inferred directly from a consultation
with main international funding bodies. They found that the average
cost per paper varied greatly among funding programs, probably
due to the fact that some programs expected different types of re-
search results, such as improvement in clinical settings. Auranen and
Nieminen (2010) cast some doubts on the effectiveness of a competi-
tive culture of funding at the country level and its productivity, as in
their study countries with a high competitive funding system for uni-
versity research such as the UK, Finland, or Australia, even though
they produce more than the rest, are not able to increase productiv-
ity, whereas other less competitive countries such as Denmark,
Sweden, or Germany managed to be as productive or even more pro-
ductive without a competitive culture of funding. Other means apart
from money can improve research productivity, such as the research
conditions or continuity in funding, according to the authors.

Jacob and Lefgren (2011a), on the basis of a corpus of 54,741
successful and unsuccessful applications to the NIH, quantify as a
7% increase in productivity the effect of funding, which they qualify
as ‘modest’. Unsuccessful applicants might find support elsewhere,
they conclude. This increase ascends to a 20% more productivity in
the case of NIH postdoctoral grants (Jacob and Lefgren 2011b).
According to Ebadi and Schiffauerova (2013) the positive associ-
ation found by several studies between funding and productivity
might be due to a selection bias in favor of already more productive
researchers, leading to an overestimation of the effect of funding. In
Sandstrom’s (2009) study on funding from Sweden Universities,
funding did not influence quality in terms of citation-based indica-
tors, nor did the share of basic, strategic, or user-need funding influ-

ence productivity.

3.4.2 Impact

A considerable corpus of literature analyses the relationship between
funding and citation or other impact indicators assuming that cita-
tions allow to quantify the quality, usefulness, and impact of invest-
ment or, in general, its success, at least in the earlier studies
conducted in this line. Apart from citations, other impact indicators
used include the Impact Factor (Diaz-Faes and Bordons 2014) or
highly cited papers (Gok, Rigby and Shapira 2016), which are still a
citation-based indicator. Another indicator of impact, especially in
the biomedical literature, is the nature of research, and Lewison and
Devey (1999) consider basic research of higher impact compared
with clinical research. In general, it has been found that research
with a more basic character tend to received more external support
(Lewison and Roe 2012; Costas and van Leeuwen 2012; Diaz-Faes
and Bordons 2014; Mwendera et al. 2017; Alvarez-Bornstein, Diaz-
Faes and Bordons 2019) and it is more usually funded by public
agencies than the clinical one, which receive support from private
companies more often (Alvarez-Bornstein, Diaz-Faes and Bordons
2019; Fabiano, Marcellusi and Favato 2018). Obtaining more exter-
nal support from public agencies appears as an indicator of impact
per se.
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Evaluating results of funding programs mostly in terms of cit-
ation or citation based indicators, it is difficult to assess whether
other strategic aims of the funders are achieved or not. Lewison, and
Devey (1999) analyze arthritis research carried out internationally
in the period 1988-95 on behalf of the UK-based Arthritis Research
Campaign (ARC), finding that ARC funded research had greater im-
pact, measured as the Impact factor of the journal in which it was
published, but tended to be more clinical than basic, contrary to the
world tendency. Results may change depending on the discipline
and the sample studied, though in general it seems that the associ-
ation between citation-based impact indicators and funding is a
positive one.

The field of Library and Information Science (LIS) counts with a
few studies from this point of view. Harter and Hooten (1992)
collected articles published in the Journal of the American Society
for Information Science between 1972 and 1990, finding no
relationship between funding status and usefulness operationalized
as citations. Cronin and Shaw (1999) analyzed FA in 716 articles
published in 4 important LIS journals between 1989 and 1993, con-
cluding that 25% of the sample studied included a FA, though no
relationship between citedness and funding could be confirmed. A
positive relationship between frequency of acknowledgment and fre-
quency of citation emerges from Cronin, McKenzie and Stiffler
(1992) study of four top-ranked LIS journals between 1971 and
1990. Zhao (2010) analyze research funded through specific peer-
reviewed grant programs compared with ‘normal research’ that is,
research supported by the researcher’s position at their own institu-
tions and that have not received extra financial support, in a set of
papers published in 7 core LIS journals in 1998. The author finds
that funded research achieved substantially higher impact, measured
through citation counts, and higher level of collaboration. However,
the two most cited LIS articles by far were found among the normal
research and were more methodologically oriented.

In other social sciences, such as in psychology, this relationship
between funding and impact does not appear to be clear-cut. In
Haslam et al.’s (2008) analysis of 308 research articles published in
the field of social-personality psychology, the impact predictors
included first author eminence, senior authors, journal prestige,
article length, and number and recency of references, though grant
support did not predict impact. In economics a positive association
between funding and citation was found by Peritz (1990). In con-
trast, Cronin, McKenzie and Rubio (1993a,b) do not find a positive
correlation between acknowledgement and citation in 10 Sociology
journals between 1981 and 1990.

The health sciences present an important corpus of research on
funding and citedness or other impact indicators. Studying the inter-
national literature published in the area of arthritis research,
Lewison and Devey (1999) find that papers with FAs tended to have
a significantly higher impact, measured as the impact factor of the
journals and as the type of research sponsored. A positive relation-
ship between the presence of FAs and citations was found by
Fabiano, Marcellusi and Favato (2018) in a study of 637 publica-
tions by leading scientists who appears as founders of 91 UK bio-
technology companies, although the origin of the financial support
(public/private) did not affect citation counts. The positive associ-
ation between funding and citedness within the radiology literature
published in 1990 in two major journals allows Mussurakis (1994)
to claim more financial support for radiology research, since in only
17% of the 736 articles analyzed, formal funding was recognized.
Pao (1991) shows that a relationship exists between funding and

productivity, on the one hand, and between funding and quality
(journal impact factor and citation counts), on the other, in schisto-
somiasis research funded by four major funding organizations,
including the World Health Organization, in the period 1970-86. In
general, funded research presents an advantage over non funded re-
search in several health specialties, including gastroenterology
(Lewison 1998; Lewison and Dawson 1998), malaria research
(MacLean et al. 1998); or cardiovascular research (Lyubarova,
Itagaki and Itagaki 2009). Lewison and Dawson (1998), after ana-
lyzing 185.000 gastroenterology papers published in the period
1988-94, found that funding indeed improves impact; however,
other factors turn out to be positively influential such as the number
of authors and funding bodies, and the nature of research (basic
achieved greater impact than clinical research). Other nuances in the
impact of funded research in biomedicine have been detected.
Bourke and Butler (1999), for example, aim to discover the influence
of the mode of funding (for instance, project funding vs. institution
funding) on impact, to find out that, more than the mode of funding,
it is the nature of the researcher’s appointment to influence the visi-
bility in terms of citations of the resulting research, at least in the
biological sciences. Full-time appointed researchers had a higher
visibility than researchers busy with other duties apart from research
such as teaching or clinical work. Campbell et al. (2010) measure
the impact of 685 Principal Investigators supported by the National
Cancer Institute of Canada (NCIC) funding. Their publication track
records in WoS show a major productivity and a higher average
citation impact for all publications supported by the NCIC.

On the other hand, Granda-Orive et al. (2015) do not find a
positive effect of funding on citation in a set of 193 WoS research
articles on smoking published between 2010 and 2014, though the
sample they select only includes the articles with the highest h-index.
Abad-Garcia, Gonzalez-Teruel and Sanchez (2017) compare fund-
ing of Spanish pediatric articles published in international journals,
on one hand, and on the Spanish journal Anales de Pediatria, on
the other, in the period 2010-14. The local journal published less
funded articles which did not have a greater impact than non-
funded articles.

In the natural sciences and engineering, Lewison (1994) com-
pared citations with biotechnology papers funded by the European
Commission and published in 1987 and 1988 to citations to a co-
hort comparison sample of papers published in the same journals,
and found that EU funded papers received more citations, though
mostly from other European scientists, probably as a consequence of
the diffusion activities of the Commission to make results known to
all member states. More recently, Morillo (2019) also found greater
impact in EU funded research, that shows relative citation rate
above the world average, even higher than that with funding from
other countries, in a disciplinary analysis of Spanish publications.
The positive association between funding and impact, measured in
terms of citations, has been confirmed in the STEM disciplines:
Astrophysics, Computer Science, Engineering, Environmental
Studies, Mathematics, Medicine, and Nanotechnology (Yan, Wu
and Song 2018); computer science (Stamou, Tzekou and Zotos
2009); nanotechnology (Wang and Shapira 2015). Diaz-Faes and
Bordons (2014), in the categories of cardiac and cardiovascular sys-
tems, economics, evolutionary biology, and statistics and probabil-
ity, found a higher presence of papers with FAs in first quartile
journals, which suggest a higher quality of funded research may be
due to the strict and rigorous peer-review process that it has to pass
through and to the greater access to economic, technical and human
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resources. Costas and Yegros-Yegros (2013) reached similar conclu-
sions in an analysis of Austrian research published in 2009-10,
where papers with FAs had the highest citation scores and were pub-
lished in high impact journals. In Ebadi and Schiffauerova (2016)
study of Canadian Natural Sciences and Engineering research pub-
lished in WoS journals in the period 1996-2010, funding had a posi-
tive impact both on productivity and quality (number of citations).

3.4.2.1 The effect of multiple funding on impact. The number of
countries or funding bodies involved in the research as funders also
may contribute to generate more scientific impact, probably for the
greater acceptance that this circumstance generates in peer reviewers
and suggesting that the funding review process selects ‘more promis-
ing’ projects (Wang and Shapira 2015). According to Rigby (2013),
the number of funders might be considered an indicator of impact,
because research supported by a high number of agencies is sup-
posed to have passed through several peer review processes. Boyack
and Jordan (2011) analyzed research funded by the US PHS, con-
cluding that research supported by the PHS receives twice as much
citations and that citation impact even increases when research
received funding from different types of agencies apart from the
PHS, such as other US governmental agencies or private foundations
(10% and 40% higher, respectively). However, the relationship be-
tween citation impact and number of funding sources is weak, so the
count of funding bodies should not be considered as an indicator of
research impact and quality per se, according to Rigby (2011). Yan,
Wu, and Song (2018) did not encounter major impact when several
funding sources were acknowledged suggesting that research sup-
port could be better taken advantage of, if it is distributed among
different research teams.

Rigby and Julian (2014) raise the issue of the ‘double-dipping’ or
double funding in research that is, the fact that researchers receive
more financial support from more than one institution for the same
project, and whether it leads to a waste of resources, in a context of
scarcity of funding or, in contrast, research produced under these
conditions achieves greater citation impact. By analyzing articles
and reviews published between 2008 and 2012 collected from WoS
funded by the European Molecular Biology Organization or the
Human Frontier Science Program, or from both, they found that
jointly funded articles were statistically more likely to receive more
citations than those financed separately. However, this finding could
be attributed to the involvement of larger research groups rather
than double funding.

3.4.2.2 Institutional scientific impact. At the institutional level,
funding can be considered as a measure of achievement and research
performance (Garcia and Sanz-Menéndez 2005; Belter 2013). In the
evaluation of British university departments carried out in 1985-86
and 1989, departments were prized based on their capacity to at-
tract funding, Gillett (1991) explains. However, the case of
Psychology departments analyzed in (Gillett 1991) showed a finan-
cial advantage for less efficient departments with below average
publication records over others. Hornbostel (2001), studying the
case of German universities, looks for a relationship between fund-
ing and research performance indicators, concluding that both prod-
uctivity and citations tend to rise with funding, at least in areas
where funding is usual, such as physics. A funding indicator could
be useful in universities internal processes of decision making and
monitoring, pointing to research performance and some degree of

investments in infrastructure and technical equipment, Hornbostel
(2001) concludes.

Some studies have tried to answer the question of whether pri-
vate funders have been more successful in selecting important re-
search than governmental agencies. Using the number of citations as
a measure of important research, Diamond (2006) tried to demon-
strate if importance is related to the type of funding agency. After
analyzing the FA information included in 53 Chemistry papers pub-
lished in 1985 by North American scientist in the Reports section of
Science, he found that the number of private grants was a positive
and statistically significant predictor of whether the article will be
highly cited in both the short and the long term, concluding that pri-
vate funders were more likely to produce important research.
Morillo (2016) studied the interaction of the public and private sec-
tor through the FAs in order to provide a different perspective and
complement the information of other approaches especially focused
on co-authorship as an indicator of collaboration. The author argue
that research funded by both, the public and the private sector, is
performed in greater research groups with several researchers from
different organizations and produce higher impact than that funded
only by public or private agencies separately.

Another line of research is the analysis and the assessment of the
scientific output derived from specific funding schemes. For ex-
ample, Rodriguez-Padial et al. (2019) analyzed the impact of the sci-
entific production published from 2012 to 2017 that acknowledged
funding from The Spanish Society of Cardiology/Spanish Heart
Foundation, concluding that, on the basis of the number of citations
per article, the bibliometric impact of the funded research was ‘ac-
ceptable’. Moller, Schmidt and Hornbostel (2016) assess the effects
of the German Excellence Initiative by focusing on the papers pro-
duced by the Clusters of Excellence, one of its funding lines aimed at
strengthening the German research system, enhancing its inter-
national competitiveness and the international visibility of German
universities. The proportion of papers in the world 10% most cited
paper was higher for articles resulting from the funding program
than for articles published in the pre-funding period, concluding
that the Excellence Initiative has succeeded in fostering excellence
research, though its effect in the German research system has gener-
ally been moderate, since the worldwide impact of its scientific pro-
duction has experienced only a slightly increase.

It remains to be determined whether research funders expect
results as citations or have different expectations about the impact
of the research they support. Te et al. (2018) look at the research
output of the project Go4Health, co-funded by the European
Commission’s Seventh Framework Program and Australia’s
National Health and Medical Research Council. All documents pub-
lished within the project were analyzed from a qualitative (content
analysis) and quantitative point of view (citation analysis), conclud-
ing that the analysis showed the contribution of funded program-
matic research to the global health discourse. Gok, Rigby and
Shapira (2016) address the relationship between citation impact of
funded articles and the source of funding (national public funders,
international public funders, EU funders, and nongovernmental and
corporate funders) for six small European countries (Belgium,
Denmark, Netherlands, Norway, Switzerland, and Sweden).
Analyzing publications collected in WoS from January 2009 to
December 2011, the study finds that in general funded research is
more likely to be highly cited than non-funded research, and that re-
search funded by nongovernmental corporate entities tends to be
associated with higher citation impact articles than international or
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EU funding. The authors argue that public funders may be pursuing
more complex strategic objectives than citations, such as broad
participation of EU members in the case of European research
programs.

3.4.2.3 Alternative impact measurements. Citations are only one
side of a multidimensional concept such as research impact and
alternatives have been explored to measure the impact of research
funding. Zhao et al. (2018) address the relationship between FAs
and usage counts, measuring whether funded papers attract more
usage on the basis of the Usage Count indicator provided by WoS.
With this purpose, a total of 300,010 articles published in 2013 in
six subject categories were analyzed concluding that a positive
correlation between funding and usage metrics existed, but with
differences among disciplines.

The aggregated results concerning the relationship among fund-
ing and impact might change if, instead of citation and citation
based indicators such as the impact factor, a different conception of
impact is taken. Simply by pointing to a wide range of relationships
among people, companies, institutions, and research (Councill et al.
2005), acknowledgements have a high potential to reflect some kind
of societal impact. They draw attention to traditionally invisible
actors of the scientific production system, such as governmental and
corporate sponsors of research. A corpus of research analyzes scien-
tific references in patents in order to describe the connection be-
tween basic research and innovation, whilst funding bodies
acknowledged in the scientific articles cited are also studied and
characterized. Ellwein, Kroll and Narin (1996) analyzed scientific
articles cited in eye-care technology patents and found that research
funded by the National Eye Institute appeared cited in 31% of all
patents retrieved (41% when the NEI was mentioned with another
funding body), pointing to a less manifest, though clear link between
public funding and innovation. In Anderson et al. (1996), it is a cor-
pus of 1,105 US patents in human molecular and cell technology to
be studied by a similar methodology and evidencing the importance
of basic research for innovation and intellectual property, on the
one hand, and of government agencies and industry as the most im-
portant funding bodies.

The traditional rationale for public funding of basic research
assumes that basic research simply provides codified information to
society, according to Salter and Martin’s (2001). However, the way
basic research promotes economic development is much more com-
plex and not always straightforward. Salter and Martin (2001) men-
tion at least six different important ways in which basic research
supports economic development: 1, it is a source of new and useful
knowledge; 2, it provides new instrumentation and methodologies;
3, it allows obtaining tacit knowledge and skills to those involved in
basic research, especially graduate students; 4, it grants access to na-
tional and international networks of experts; 5, it fosters the ability
to solve complex problems; and finally, 6, basic research might sup-
port the creation of spin-off companies, transferring skills, tacit
knowledge, problem-solving abilities directly into a commercial en-
vironment. If governments are under increasing pressure to justify
public expenditure on basic research, Salter and Martin (2001)
argue, a new rationale for basic research should be developed, get-
ting over the simple provision of codified information, and accepting
new accomplishments as research results, such as new interactions,
networks and technological options and diversity. This means that
measuring results in terms of impact citation-based indicators is too

restrictive. In this sense, and considering that funding gives visibility
to non-academic actors in knowledge production, it is surprising
that little research has dealt with the societal impact of funded
research.

The literature on fundings often mentions the difference among
basic and clinical research, in some cases considering basic research
per se as an indicator of research quality. However, clinical research
allow to apply knowledge into practice in a more agile way, as
Liebow et al. (2009) point out, by observing that an important share
of asthma research funded by the National Institute of
Environmental Health Sciences (NIEHS) between 1975 and 2005
was published in clinical oriented journals. However, a more thor-
ough understanding of health and societal impact of the NIEHS
funding, including ‘changes in health legislation, reductions in
asthma mortality, emergency department utilization, hospitalization
rates, rescue medicine use, and improvements in quality of life’
(1,152) was hindered by the lack of reliable data sources in these
dimensions.

Exclusive reliance on bibliometric indicators does not allow to
evaluate the ability of research funding to address societal problems
such as those undertaken by transdisciplinary research. Koier and
Horlings (2015) set out to evaluate two research programs on cli-
mate adaptation in The Netherlands and point out important limita-
tions of WoS as a source of data: it does not reflect accurately
enough information to reconstruct a program’s output and is unable
to reflect the contribution of non-academic actors, disregarding lo-
cally and practically oriented research.

The growing reliance on purely bibliometric indicators to assess
the impact of funding schemes responds to increasing demands for
accountability, transparency, efficiency, and responsiveness of pub-
lic sector activities under the paradigm of the New Public
Management which supports the managerial governance of private
organizations for public bodies (S, Kretz and Sigurdson 2013).
However, among the negative effects of this new culture, Sa, Kretz
and Sigurdson (2013) mention a reward in favor of conformity ra-
ther than risk-taking and unorthodox research, threatening diversity
to deal with research problems and making invisible all research
that cannot be measured by established indicators. Interviews with
international research councils and the analysis of the pertinent le-
gislation allows them to conclude that the actual capacity of agency
staff is still underdeveloped, especially with regard to longer-term
impact and outcomes.

3.4.3 Collaboration

Funding has also been studied from the point of view of collabor-
ation. Although several studies conclude that FAs are related to
increased collaboration, others highlight the role FAs in revealing
patterns of sub-authorship and giving preference to more collabora-
tive teams. Heffner (1981) observes a parallel increase in collabor-
ation and funding, and looks at a relationship between these two
variables, expanding the concept of collaboration to sub-authorship.
He finds that for the 395 articles published between 1974 and 1975
in political sciences, chemistry, biological sciences, and psychology,
there was a significant relationship between funding and the number
of authors, on the one hand, and between funding and technical
sub-authorship, on the other, whilst the relationship was not signifi-
cant for funding and theoretical sub-authorship. Morillo (2016) also
concludes that funded research tends to have the highest number of
authors and organizations and the greatest proportion of national
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collaboration in a sample of WoS Spanish articles from eight differ-
ent thematic areas. A higher number of authors in papers with FAs,
as compared with those without FAs, is also found by Diaz-Faes and
Bordons (2014) in a set of Spanish articles. Yegros-Yegros and
Costas (2013), addressing the factors influencing the acknowledge-
ment of funding in a set of documents published by Canada,
Germany, The Netherlands and Spain during 2009-11, find that
both national and international collaborations were more likely to
report FAs and, specifically, the collaboration with countries such as
USA and China contributed more substantially to the presence of
FAs. In addition, Méller (2019), also found higher international col-
laboration rates for research funded by foreign agencies in a study of
the research performance in four European countries. Finally, in a
study on Russian cancer research, Lewison and Markusova (2010)
find that papers in international collaboration reported funding
from more agencies than those in only domestic collaboration.

If funding fosters collaboration, collaboration in turn can also
achieve greater funding support because of its potential influence on
citation and impact. According to Levitt (2011), the comparatively
higher citation rates of research funded under some NSF scheme
might depend on the NSF funding larger teams than the pharma-
ceutical industry. The fact that funded research is carried out by
larger research groups can be explained by the enhancement of sci-
entific collaboration by funding agencies (Wang and Shapira 2011).
Funding affords greater economical and technical resources promot-
ing collaboration, and funding agencies tend to finance more com-
plex research which is usually performed in greater research groups
and requires more infrastructure (Zhao 2010; Diaz-Faes and
Bordons 2014).

When funding bodies are looked at as research partners, collab-
oration with different funding bodies might result in different out-
comes. In terms of scientific production, Beaudry and Allaoui
(2012) show that, in the field of Canadian nanotechnology, public
funding clearly increases scientific productivity, whereas private
funds lead to more patenting at the expense of scientific production.
Hottenrott and Lawson (2017) look at the interactions between
public and private funding when different sources of funding are
mentioned in the same article. When public and private funding
occur simultaneously, the patentability of research outcomes
increases, pointing to the complementarity of public- and private-
sector research funding. However, basic science publications, cita-
tions or average impact factor increase only when funding comes ex-
clusively from public bodies, whereas industry funding and public
funding occurring in the same acknowledgement reduce publication
rate and research quality. On the other hand, according to Azoulay
et al.’s (2018) study, public funding from the NHI leads to an in-
crease of private-sector patenting.

The way funding bodies support research may influence not only
the kind of knowledge that is produced but also impact. Shapira and
Wang (2010), relying on the analysis of nanotechnology research
published between 2008 and 2009 in journals covered by WoS, find
that sponsors who concentrate funds in fewer institutions have
lower research impact. They suggest opening funding competitions
to international researchers and fostering mobility and international
collaborations of domestic researchers.

Funding fosters collaboration and allows setting larger and long-
lasting collaboration teams. Ubfal and Maffioli (2011), compare
funded and non-funded research projects in Argentina, a developing
country, and conclude that funding clearly affects collaboration by
fostering larger teams of researchers that kept working even after

the completion of the project. In Defazio, Lockett and Wright’s
(2009) study too collaboration increases in the post-funding period
as a capitalization of funding opportunities. Funding more than gen-
der or the type of research (basic versus clinical) resulted in greater
and denser research collaboration networks for the 93 Swedish sci-
entists involved in cancer research whose publications were analyzed
in (Astrém et al. 2013). The impact of funding on collaboration is
confirmed by Ebadi’s (2014) study of researchers funded by the
Natural Sciences and Engineering Research Council of Canada
(NSERC) in the period 1996-2010 with data extracted from Scopus
and Scimago Journal Rankings. Although differences in the quantity
and quality of research existed among Canadian provinces, funding
had a positive impact on collaboration in all provinces, and academ-
ic researchers were found to work in smaller teams than non-
academic researchers. According to Ebadi (2014), a Matthew Effect
exists in the sense that funding, scientific team size and past product-
ivity influence the rate and quality of publication, increasing in this
way the chances of getting funded again and of further collabor-
ation. This might also cast some doubts on the positive relationship
between funding and productivity, as the way funding influences
productivity is far more complex and may be due also to collabor-
ation patterns (Ebadi and Schiffauerova 2013). Clark and Llorens’s
(2012) study, relying on data of a previous survey by the Research
Valuing Mapping Project of 2,086 academically based research sci-
entists and engineers, confirms the association between government
funding and increased collaboration, as well as its impact on prod-
uctivity and consequently on the probabilities of obtaining future fi-
nancial support. However, they add some nuances to the extensive
literature they review on the positive associations between funding
and collaboration, as it seems that funding resources support collab-
oration only up to a certain extent, and that, in order to encourage
further collaboration, other strategies should be promoted, such as
conferences, colloquia, symposia, trainings, or networking activities.

Collaboration is related to the internationalization of funding
agencies programs, whose indicators are assessed in a participatory
fashion in (Reale et al. 2012). Internationalization, Reale et al.
(2012) argue, allows enlarging the set of collaborators and expertise,
strengthening research excellence and innovation performance, and
responding to global challenges. International funding, which is an
implicit form of international collaboration, can sometimes allow to
achieve improved results, as in the case of Russia described by
Markusova, Libkind and Aversa (2012). Analyzing all the articles
corresponding to Russian authors in WoS for 2009, they found out
that publications supported by foreign agencies had more visibility
and were published in higher impact journals than average Russian
publications. In (Tan, Zhao and Ye 2012), the collaboration net-
work of 1,871,699 funded research articles in the SCI Expanded and
Social Sciences Citation Index of WoS during 2009-11 shows a clear
dominance of the USA and few European countries, leading the
authors to conclude that policy makers should foster collaboration
with a wider range of countries. The effect of funding on collabor-
ation seems independent of other factors, such as the amount of
funding. Ebadi (2014) differentiates Canadian provinces into two
classes, ‘high funding’ provinces and ‘low funding’ provinces. The
effect of funding resulted in more quality research for the high fund-
ing provinces, whereas low funding provinces gained in productivity
increasing the quantity of publications. However, the effect on col-
laboration was the same for the two groups. Zhou and Tian (2014)
look at funding and collaboration in Chinese mathematics research
and find again a difference among Chinese provinces in terms of
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capacity to obtain funding and to establish collaboration networks.
The provinces that were better at establishing cross-institutional and
international collaboration also performed better in raising product-
ivity and achieving research funds as well.

3.4.4 From collaboration to diversity

The interconnections between funding, productivity, impact, and
collaboration and their reciprocal influence may generate a situation
of concentration of resources, responding to the Matthew Effect
that Ebadi detected in his analysis of Canadian provinces (2014).
With a longitudinal perspective on the 43,000 grants awarded by
the UK EPSRC between 1985 and 2013, Ma, Mondragon and
Latora (2015) observe that whilst total funding increased steadily
over time, the number of grants declined after 2001, with a trend to
fewer grants of larger value. The network analysis of partnership of
successful projects showed that leading universities had become the
knowledge brokers of the network coordinating partnership and
increasing their ability to produce varied and high impact research.
These elite institutions besides tended to collaborate with each
other. Commenting on Ma, Mondragon and Latora’s (2015) results,
Szell and Sinatra (2015) observe that it is not clear whether this pro-
gressive concentration of funding should be a matter of concern,
considering that elite universities are producing high impact re-
search. However, the risk of failure exists and funding bodies must
be aware of the fact that investing highly on few institutions could
also have a high cost. Considering the polarization of funding in cer-
tain institutions, countries or even regions, Fortin and Currie (2013)
suggest that diversity instead of excellence should guide scientific
policies and allocation of research funds. They find out that the
amount of funding had only a weak influence on impact, at least on
the sample of researchers who had been awarded a grant by the
Natural Sciences and Engineering Research Council of Canada
(NSERC) in 2002. Larger grants had proportionally a weaker im-
pact per dollar and impact resulted as a decelerating function of
funding. Mutz, Bornmann and Daniel (2016) draw on De Los Reyes
and Wang (2012) theoretical contribution in favor of a continuous
model of financial support in which funding is allocated based on
reviewers’ ratings, covering in this way more proposals than in a di-
chotomous ‘winner takes all’ model.

3.5 Other aspects affected by funding

Other aspects may be affected by funding, such as education and
training. Oleksiyenko and Sa (2010) describe global health as an
emerging academic field in a few Canada and US universities, point-
ing to the influence of funding and research also on training and
education. Their study highlights a cumulative advantage of US
institutions in terms of domestic sources of support and previous
academic structures.

Thomas and Nedeva (2012) develop a ‘researcher characteriza-
tion framework’ that takes into account researchers themselves ra-
ther than their output in order to study the impact of research
funding agency schemes and promotion and possibilities to get ten-
ure. A survey with 184 successful and unsuccessful but above quality
thresholds applicants to the European Research Council (ERC) early
career Starting Grants (StG) allows them to find a variety of grantee
types, mostly not yet independent researchers whose ‘standing’
could be impacted by the funding scheme.

An important aspect that funding can influence is the nature of
knowledge that is produced. Among the external factors influencing

research that can be tracked through FAs, the influence of the pri-
vate sector in research is of special concern in health research.
Campbell, Louis and Blumenthal (1998) collected results from a sur-
vey with 2,167 Life Sciences scientists working at 50 US universities
about research-related gifts from private companies which were not
related to grants or contracts. Forty-three percent of respondents
reported having received gifts, and of these 66% declared that these
gifts were important to their research. However, only in some cases
were such gifts acknowledged in the corresponding publications.
Making private funding visibles is of pivotal importance considering
that commercial funded research tends to be biased towards positive
results (Begum and Lewison 2017). Receiving funding from the pri-
vate sector, especially from multinational companies, can lead to
possible conflicts of interest, meaning that the relationships of scien-
tists with private companies can have an influence on the research
carried out, potentially detrimental to the public good. Among the
papers that have studied the role of companies acknowledged in sci-
entific publications as funders, Stuckler, Ruskin and McKee (2018)
investigated the email correspondence between the majors of an im-
portant soft drink company and the scientist researching on a pro-
ject about childhood obesity funded by this company. Although in
more than a half of the papers resulting from the project the authors
clearly expressed that the funder had no role or influence on the re-
search, Stuckler, Ruskin and McKee (2018) found evidence of com-
pany attempts of what they called ‘soft power’ that is, the authors
tried to please and satisfy the funders by following their guidance in
the study design and in the presentation of the findings.

4. Conclusions

The extensive interdisciplinary literature covered in this review
shows the great interest in studying research funding through
acknowledgements for several different purposes. Some studies look
at the funding landscape of certain disciplines or research areas,
whereas others search impact indicators for evaluating funding pro-
grams, interventions or grants. An important bulk of research
addresses acknowledgements and FAs in the context of scientific
communication, highlighting the information they can offer on
authorship, sub-authorship and collaboration, and the connections
between funding, productivity, and impact. From this point of view,
the literature reviewed, even if it was focused on FAs and acknowl-
edgements may cover more than simply funding, shows that a theory
of acknowledgements based on the triangle metaphor (Cronin and
Weaver 1995; Desrocher, Paul-Hus, and Lariviére 2020) is unable
to capture the extreme complexity of the scientific activity affecting
and being affected by FAs. Considering the way collaboration, prod-
uctivity, impact and funding interact in the scientific production sys-
tem, the reward triangle connecting authors, acknowledgements and
citation appears as a simple clique of a much more complex network
in which each node connects with others, influences others and is
being affected by others. Productivity, impact and collaboration in-
fluence the probability of obtaining research funds and funding in
turn has an impact on productivity, citation and collaboration, in
such a way that it is impossible to untangle individual contributions.
The nature of knowledge itself conditions the possibilities of fund-
ing, by penalizing, for instance, interdisciplinary research
(Bromham, Dinnage and Hua 2016), whereas external actors show
clearly their influence in the knowledge produced by deciding how
and to whom afford financial support.
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Such a complexity requires drawing on a more complex set of
data than citation indexes may afford, in order to provide a better
conceptualization of FAs in scientific communication and know-
ledge production, and exploit all their potential. Even if citation
indexes data allow a large perspective and their quality has been
improving over time, they gather information in a non-normalized
fashion and cannot provide all funding bodies internal data, such as
all the research partners that do not qualify as authors of a particu-
lar article, for instance, and it is therefore important that other data
sources are exploited, such as data coming from funding bodies or
research and academic institutions. This might place a certain re-
sponsibility on funding agencies regarding the data that they may
collect on their programs, as well as the normalization policies they
need to develop so that funded authors can reference with less ambi-
guity the financial source of their projects. Available data are still
scattered or incomplete and their availability depends greatly on
authors, journals and funding agencies. As a matter of fact, initia-
tives are being taken such as FundRef, a registry of funding organi-
zations sponsored by CrossRef, now implemented in many
publishers’ submission systems, allowing authors to select among a
preloaded set of normalized funders, which may increase the accur-
acy of funding data. It is up to funding agencies and journals to en-
force authors to mention funding, if there was any, or the absence of
financial support in those cases in which the research was carried
out without a specific grant. On the other hand, if funding bodies
have a responsibility in collecting and making data about funded
programs available, the research community should systematically
collect information about the availability of data from funding
bodies and other sources, as advances of research into FAs depend
also on relying on more precise, robust, and diversified datasets than
those available in citation indexes. Diverse datasets imply also diver-
sifying methodologies and several studies mentioned in this review
use less common techniques to complement traditional citation-
based analysis, such as content-analysis (Slaughter and Leslie 1997;
An et al. 2017; Te et al. 2018) or network analysis and other forms
of visualization (Boyack and Borner 2003). From this point of view,
the investigative potential of FAs is still high and full of creative
opportunities for research.

Some scientific literature has explored acknowledgements
searching for new indicators (Desrochers, Paul-Hus and Pecoskie
(2015). However, the complexity and diversity of FAs does not
allow to obtain ready for use indicators to apply in evaluation proc-
esses, not only for the lack of data normalization and the bias that it
introduces, but also because we still do not know if citation-based
indicators really suit the aims and objectives of the multiple actors
converging in the dynamics of knowledge production. Indeed, this
review points at funding bodies as clear and influential actors in the
scientific communication system, making important decisions on the
research and researchers that are supported, and influencing the
type of knowledge that is produced and is made visible in major
databases. For instance, if public funding appears to result in more
scientific publications, private funding increases the chances of pat-
enting research results and publishing positive results. These actors
have responsibilities not only in the collection, normalization, and
availability of data, as mentioned earlier, but also in determining
their policies regarding expected results and responding to the
claims of transparency and diversity in funds allocation strategies
that a certain sector of the scientific community has made. This re-
view has shown that funding increases productivity and, more often
than not, impact of funded research. However, funding has also

been found to be biased, responding to several different factors ei-
ther related to the researcher (from position to gender), the nature of
the research (interdisciplinary, unorthodox. . .), or the type of collab-
oration. The phenomenon of polarization of research funding has
also been observed with certain concern both in terms of research
topics and areas (Diaz-Faes and Bordons 2014; Footman et al. 2014;
Zoller, Zimmerling, and Boutellier 2014) and institutional or re-
gional capacity for attracting funding (Ebadi 2014; Fortin and
Currie 2013), whilst the process itself of funding allocation seems to
respond to a San Matthew effect (Ebadi and Schiffauerova 2013;
Ebadi 2014), rewarding already highly productive authors. Research
evaluation has traditionally been carried out according to the needs
and values of the scientific community with the addition of an
increasing bureaucratization required by public funding institutions.
If we are to exploit acknowledgements to look at whether research
satisfies funders aims and, through these, societal needs, new values
should be integrated in the research evaluation process, such as di-
versity and transparency, for example. If diversity can address the
problem of progressive polarization of research funding, transpar-
ency is especially important in making visible, among the other, the
participation of the private sector in the research process (Pollock
and Ewer 2010). It is imperative that the scientific community and
funding bodies agree on expected results and make these explicit
and transparent, addressing clearly their connection to specific soci-
etal interests and possible evaluation criteria and supporting data-
sets. Citation indexes data may be easy to use but do not allow to
fully evaluate the output and collaboration networks of certain re-
search projects addressing problems such as climate change and
adaptation (Koier and Horlings 2015). Indeed, it emerges from the
review that scientific research can provide more than codified infor-
mation and that dimensions such as new interactions, networks and
technological options and diversity should be integrated into the re-
search evaluation process (Salter and Martin 2001; Sa, Kretz and
Sigurdson 2013). A new model of funding allocation has also been
claimed (De Los Reyes and Wang 2012; Kaiser 2014; Mutz,
Bornmann and Daniel 2016), whilst the actual capacity of agency
staff has been considered ‘underdeveloped” with regard to longer-
term impact and outcomes (Sia, Kretz and Sigurdson 2013).
Probably a thorough reflection on research policies and expected
outcomes would also be able to solve problems such as the ‘paradox
of interdisciplinarity’ (Woelert and Millar 2013). In sum, the future
of FA research depends on the collaborative effort of the research
community and funding bodies. The research community should
make an effort to discover and analyze new datasets, not just data
from citation indexes, such as institutional or funding bodies data,
and draw on new and thus more informative research methods. On
their part, funding bodies should systematically collect data, and
identify more clearly the objectives and results they expect from the
research they fund. If funding bodies, as it appears from this review,
can be considered as actual research partners, research should be
evaluated not only on the basis of the scientific community values
but also of the values of the society and the social actors that fund-
ing bodies represent. In other words, research into FA could help
understand and shape a new scientific communication system.

To conclude this review retaking the objective stated at the be-
ginning, the need to summarize research into FAs from a conceptual
perspective, our opinion is that advances of research into FAs might
be achieved in the framework of what is known as ‘societal impact
of research’, a research area that does not count yet on a fully devel-
oped theory (Tahamtan and Bornmann 2020). However, research
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into the societal impact of science addresses concepts that have
emerged from this review such as interactions (De Jong et al. 2014),
networks (Joly et al. 2015), and contributions (Temple et al. 2018),
while taking into account the economical dimension of research
which is implicit in the concept itself of FAs (Miettinen, Tuunainen
and Esko 2015). FAs research could profit from this already exten-
sive body of research.
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