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Abstract

Research-for-development (R4D), as a mode of foreign aid, is a practical way to support develop-
ing countries. However, few studies have assessed the scientific impacts of R4D projects. Here,
we applied an integrated assessment approach to evaluate the scientific impact of research proj-
ects commissioned by the Australian Centre for International Agricultural Research’s Fisheries
Program in the Asia-Pacific region between 2000 and 2012. We use publication metrics and expert
panel reviews to examine trends in scientific outputs among 73 fisheries and aquaculture
research projects. ‘"Among projects, there was considerable variation in publication types and out-
puts (including academic papers, magazine articles, policy reports, books, and book chapters),
and projects produced, on average, 10 publications at a funded-dollar cost of AU$41,000 per
publication. Bilateral and multilateral projects tended to produce more refereed journal articles
and citations per funded dollar than single-country projects, and publication outputs were poor
for certain countries. With the exception of fisheries projects, larger (more highly funded) projects
did not produce more journal articles per funded dollar than smaller projects. Project duration
had no significant effect on the number of refereed publications, citation rates, or total citations
per funded dollar across projects. Aquaculture projects had greater publication impact, per
funded dollar than fisheries projects. Beyond the bibliometric measures, qualitative findings
indicated that scientific impact was strongly influenced by motivations of project leaders and their
institutions. We identified disparate impact performance among industries and countries. These
findings could inform future overseas aid investments, policies and strategies. This study offers
useful benchmarks for gauging scientific impacts of R4D programs and shows the value of using
approaches that go beyond bibliometric measures.
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1. Introduction

Research-for-Development (R4D) in developing countries consti-
tutes a significant portion of foreign aid budgets of developed
nations and philanthropic organizations (White 1992). This is main-
ly due to the assumption that scientific research can contribute to
economic growth, human capital development, the production of

new products and technologies, and provide evidence for policy and
practice in developing countries (Pearson et al. 2012; DFID 2014;
Confraria, Mira and Wang 2017). However, the impact of foreign
aid can be highly contextual (McGillivray et al. 2006). Thus, atten-
tion has turned to critically evaluating the outcomes from R4D
organizations and identifying strategies that better direct foreign aid
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investment in research (Herdt 2012; Confraria, Mira and Wang
2017). Strategies by funding organizations on the best duration and
size (i.e. funding quantum) of projects would benefit from evalua-
tions across projects within industry types, yet few such comparative
analyses exist.

R4D impacts can take the form of (1) academic or scientific im-
pact: knowledge and capacity building; and (2) development impact:
policy and product development, social, economic, and livelihood
impacts (DFID 2014). Gauging the impact of government-funded re-
search is integral to justifying foreign-aid funding and adapting
funding strategies to maximize impact. While most studies are con-
cerned with evaluating the economic impact of projects, scientific
impact is more loosely defined (Godin and Doré 2004; Bollen et al.
2009). Nonetheless, there is increasing global interest in assessing
the scientific impact of publicly funded research, i.e. the outcome of
the knowledge produced as a result of research in technological in-
novation, and its impact on society, the economy and the environ-
ment (Godin and Doré 2004; Hicks et al. 2004; Campbell et al.
2010; Pearson et al. 2012; Bertocchi et al. 2015; Wilsdon et al.
20135; Bartlett 2016; Bozeman and Youtie 2017).

Hence, an impetus for this study was to understand trends in the
scientific impact of publicly funded research conducted in develop-
ing countries. This is important for two reasons. On one hand fund-
ing countries seek to account for public funds and understand the
academic and development impacts of foreign aid. On the other, as
the implications for development can be profound, developing coun-
tries are becoming increasingly interested in understanding the con-
tribution of R4D in developing their scientific capabilities
(Mazzoleni and Nelson 2005). Here, we report the scientific impact
of the Australian Centre for International Agricultural Research
(ACIAR) Fisheries Program in the Asia-Pacific region between 2000
and 2012 through bibliometrics measures and assess capacity build-
ing impacts of the program through qualitative research. Our ana-
lysis does not include broader societal development impacts.

2. Publication evaluation

A principal issue in evaluating ‘scientific impact’ has been the lack
of a widely accepted definition of the term itself. Bollen et al. (2009)
concluded that scientific impact is a multi-dimensional construct
that cannot be adequately understood or measured by any single in-
dicator, and called for further analysis and discussion on the utility
of various metrics of scientific impact. Most scientific research is
intended to support, advance, or achieve goals that are extrinsic to
science itself (Sarewitz and Pielke 2007). Hence, when evaluating
the scientific impact of large research programs integrated assess-
ment models that incorporate both quantitative (e.g. bibliometrics)
and qualitative (e.g. peer review) assessment methods are more use-
ful than assessments based either on bibliometrics or peer review
alone (Campbell et al. 2010; Wilsdon et al. 2015; Bozeman and
Youtie 2017).

Bibliometric indicators are traditionally considered as objective,
reliable, and cost-effective measures of published research outputs,
and are complementary to informed peer review (Braun, Glinzel
Schubert 2006; Bollen et al. 2009; Campbell et al. 2010; Bertocchi
et al. 2015; Waltman 2016). Citation rate of published works is one
of the most commonly used proxy measures of scientific impact
(Braun, Glinzel Schubert 2006; Wouters et al. 2015). While a large
number of citation impact indicators exist, most are derivations of a

few basic indicators, namely the total and average number of cita-
tions of the publications of a research unit (Waltman 2016).
However, indicators based on counting highly cited publications are
regarded as more robust than those based on total or average cit-
ation counts (Wouters et al. 2015). This is because citation distribu-
tions tend to be highly skewed, and therefore the total or the
average number of citations of a set of publications may be strongly
influenced by one or a few highly cited publications (‘outliers’)
(Waltman 2016).

The three most important multidisciplinary databases to derive
bibliometric data are Web of Science (WoS), Scopus, and Google
Scholar (GS) (Waltman 2016). Both Scopus and WoS cover the
mainstream English international scientific journals and are compar-
able in terms of citation data. Coverage of the natural sciences fields
in GS was previously considered poor compared to WoS and
Scopus, but that appears no longer to be the case (Wouters et al.
2015; Waltman 2016). GS has the advantage of counting citations
beyond ISI indexed journals, such as from international non-English
journals and published reports and theses, and so can be considered
to represent scientific impact both within and beyond academia
(Harzing and Van der Wal 2008). However, GS has less quality con-
trol over citation coverage (Wouters et al. 2015; Waltman 2016)
and requires more effort to collate bibliometric data than WoS$ or
Scopus (Meho and Yang 2007).

Altmetrics, or ‘webometrics’, are alternative metrics to measure
scientific impact from website usage data. Altmetrics have arisen
from the online platforms on which scientific literature is now pub-
lished, accessed and communicated through social media. Website
usage rates provide a prediction of future citation rates (Brody,
Harnad and Carr 2006). However, Costas, Zehedi and Wouters
(2015) found the correlations weak and surmised that altmetrics do
not reflect the same kind of impact as citations. The consensus is
that altmetrics cannot presently be used for formal research assess-
ment (Wouters and Costas 2012; Thelwall et al. 2013).

Assessment of the scientific impact of research or academic insti-
tutions using bibliometric indicators would usually occur by retriev-
ing papers in which the name of the institution is found in the
authors’ addresses. However, R4D organizations that fund research
would not usually be found in the authors’ affiliations on published
papers. Therefore, a publication database has to be manually con-
structed for each project or researcher who received funding from
that R4D organization, as practised by Campbell et al. (2010) for a
Canadian research funding organization.

While bibliometric indicators are accepted measures for evalu-
ating the output and outcome of a research program, they can be
complemented by experts’ opinions or peer review (Seglen 1997;
Bertocchi et al. 2015). Seglen (1997), for example, prefers scientific
impact to be evaluated by a panel of experts with an in-depth
understanding of the particular field of research, arguing that
bibliometric indicators are temporally biased in the way citation
data is collected and calculated. On the other hand, Bertocchi et al.
(2015) note that the assessments of scientific impact should not be
based on peer review alone, citing potential ‘conflicts of interest’
and the challenge that peer review poses in establishing a uniform
yardstick across disciplines or research areas. The assessment of
the scientific impact of an organization by an appointed panel of
experts involves making qualitative and quantitative assessments
according to established rules (Seglen 1997: 1). However, this
necessitates appointing experts with sufficient level of expertise
and experience.
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3. Measuring the scientific impact of R4D: a case
study

R4D organizations strive to inform solutions for socio-economic
problems and industry development through scientific research that
could influence practice and policy. A formal assessment of the im-
pact of projects funded by R4D organizations is necessary for ac-
countability of the use of public funds, for benchmarking
performance, to improve the design of future projects and to set per-
formance improvement targets. The term R4D is used here to de-
scribe organizations that catalyze development in developing
countries through brokering and funding research partnerships be-
tween scientists and their institutions.

The ACIAR operates as an R4D organization under Australia’s
Foreign Aid Program. ACIAR’s Fisheries Research Program, which
covers aquaculture and capture fisheries, hereafter called ‘the
Program’, aims to improve the productivity and sustainability of
fisheries and aquatic farming systems in partner countries and
Australia through international research partnerships. Key goals are
to improve food security, improve livelihoods, and better manage
natural resources. The geographic focus of the Program is Southeast
Asia (Indonesia, Timor Leste, the Philippines, and Mekong coun-
tries), Pacific Island countries and Papua New Guinea (PNG).
Projects within the Program are facilitated and funded by ACIAR.
Research studies of varying duration and funding amount are coor-
dinated through a variety of commissioned Australian research insti-
tutions (including universities, state departments, and other research
providers) or International Agricultural Research Centres (IARCs).

In the current study, we undertook a retrospective evaluation of
the scientific impact of the Program from 2000 to 2012. This assess-
ment complements an economics-focused evaluation of ACIAR
projects published previously (Farmer et al. 2013). Our primary
objectives were to establish scientific impact benchmarks and to
identify trends for improving the design of future projects, and in
doing so, identify lessons learned to guide future project/program
design, as distinct from auditing past performance. One of our guid-
ing research questions was whether the duration or funding quan-
tum to projects improved the efficiency of project outputs and
measures of scientific impact—in essence—do longer, or larger proj-
ects give better ‘bang for the buck’ than shorter or smaller projects?

While the debate continues to underlie the term ‘scientific im-
pact’ (Bollen et al. 2009), for the purposes of this article, we have
adopted it to mean ‘impact on the scientific community’. It com-
prises both the ‘publication output and impact’ (i.e. uptake of the
Program’s research by the scientific community) and ‘academic im-
pact’ (i.e. formal scientific capacity development arising from the
Program). We used an integrated assessment approach for impact
assessment (Bryman 2008; Patton 2015). This approach integrates
results from publication metrics, expert judgement, document ana-
lysis, surveys, interviews, and case studies. This study describes the
evaluation of scientific impact and presents approaches to measur-
ing the scientific impact of R4D programs using the Program’s proj-
ects in Southeast Asia and the Pacific countries as a case study.

4. Data and methods

4.1 Data collection methods

4.1.1 Publication database

Our analysis focused on the Program projects that commenced and
concluded between the beginning of 2000 and the end of 2012. The

census date for the inclusion of publication and citation data was 17
March 2016. We considered this as a reasonable citation window to
allow sufficient time for most of the relevant data and findings to
have been published and made available for our inclusion in the
publication and citation analysis (see Waltman 2016). In total, 90
research projects across southeast Asia and the Pacific countries fell
within this timeframe. However, our publication and citation ana-
lysis accounted for only 73 of the 90 projects! for which we were
able to obtain data (see Supplementary Table 1). Collectively these
73 projects had received AU$30.4 million in ACIAR funding (See
Supplementary Table 1). The number of projects per funding range
for these projects is presented in Table 1. The remaining 17 projects
with no data were similar to the 73 projects that produced publica-
tions, in terms of industry sector and country of research. However,
the majority (13 out of 17 projects), were small, short-term research
and development activities having an average project duration of
slightly above 1 year and average funding of $67,000. These projects
were excluded from the analysis as the majority were scoping studies
with no forecasted publication outputs.

The Program provided the initial publication database. To verify
all types of publications and identify any additional publications for
each project, we contacted respective research project leaders. The
publication database was further populated using appropriate online
search engines for the publications provided. Projects were catego-
rized by funding amount, project leaders, industry sector, commis-
sioned agency, and country/region. Project publications were
identified as either a book, chapter in a scholarly book, an article in
a scholarly peer-reviewed journal, conference publication (peer-
reviewed or non-peer-reviewed), final report, technical report, in-
ternal report, magazine article, policy paper, or database.

Both the Elsevier’s Scopus database and Thomson Reuters’ WoS
database were then searched for all scholarly peer-reviewed journal
articles listed in the publications database. For articles indexed in
the WoS, we recorded the 2014 5-year impact factor of the journal
in which the article was published.

To account for the capacity building outputs of the Program, we
extracted information on project capacity building activities from
project reports. These included educational tours and visits, mentor-
ing activities, workshops and seminars, masterclasses, and fellow-
ships and scholarships. The data were confirmed through interviews
and survey with project leaders.

4.1.2 Surveys, interviews and case studies

In addition to creating a publications database, we conducted sur-
veys, interviews and case studies to confirm the publication record
of projects and to collect further information about scientific im-
pact. Thirty-nine research project leaders, representing 60% of the
project leaders between 2000 and the end of 2012, completed a
questionnaire survey.

Table 1. Number of projects per project funding range

Project funding range (AU$) Number of projects

1,000-49,999 9
50,000-99,999 10
100,000-199,999 13
200,000-499,999 20
500,000-999,999 14
1,000,000-1,999,999 7
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We further contacted project leaders® of the 73 projects for inter-
views. Of these, 15 project leaders representing 35 of the 73 proj-
ects’ who were willing and available for interviews were
interviewed. Project leaders were asked about their view on the sci-
entific and policy impact of their projects, the publication decision-
making process and motivation to publish, and barriers within the
publication process. We also interviewed 15 partner-country collab-
orating-institution leaders and researchers from five case study
countries, namely: Indonesia, Lao PDR, PNG, Solomon Islands, and
Vietnam. These interviews sought to understand the academic/scien-
tific impact: capacity building and knowledge production impacts of
the projects from the perspective of the partner country scientists
and leaders. Also, five case studies of the Program projects across
the five selected countries were carried out. These case studies were
selected based on project diversity and representativeness. The case
studies provided insights into the academic impact of the Program
projects.

4.2 Peer review—the Expert Panel

An Expert Panel was appointed to review the Program’s scientific
impact. The Expert Panel was made up of three well-published and
regarded experts (from Australia, the UK, and Canada) with exten-
sive experience in managing R4D organizations with relevant na-
tional and international aquaculture and fisheries research
programs. The Expert Panel was involved in assessing both the
methodology—whether the publication metrics chosen to measure
the publication output and impact of the Program were appropriate
for this purpose—and the results obtained.

4.3 Data analysis

To assess the publication output and academic impact of the
Program, we used standard publication metrics. These include publi-
cation output, citations per publication output, and a field-weighted
citation impact (FWCI). Quantitative data analyzes were comple-
mented by, and triangulated with, a qualitative analysis of the sur-
vey data and semi-structured interviews and findings of the Expert
Panel (Patton 2015). All qualitative data were manually coded by
one researcher for consistency. Narrative and deliberative analyzes
were used to extract emerging themes related to knowledge produc-
tion and capacity building (Bryman 2008).

We sought to compare the results of this study with other com-
parable research and development programs such as the Canadian
International Development Agency, and the UK Department for
International Development but could not find comparable data.

For each project, we calculated the average number of refereed
journal articles per AU$100,000 funded. We also measured the ‘nor-
malized citation rate’ (NCR)—citations attracted by projects per
year per funded dollar (Waltman 2016). The NCR was calculated as
the number of citations across each project’s total refereed publica-
tions, normalized to the recency of projects relative to the census
date of data collection. The citation data included only the citations
of Scopus-listed journal articles. Reported start date of each project
was usually when contracts were signed, and the research activities
usually commenced one year afterwards, so 1 year was subtracted
from the number of years from project start dates for all projects for
consistency. The NCR per AU$100,000 funded to each project was
calculated as:

_ 26 . F
NER="$=7 = 100,000

where,

C,, = Total citations of all (n) refereed publications for a project
at the census date

Y = Years from the reported project start date to the census date

F = Total project funding

Projects were considered Bi/Multilateral if the research was con-
ducted in more than one country. The number of Scopus citations
across all refereed journal articles published from a project was
counted only for projects producing refereed journal articles listed in
Scopus.

Average citation rates of refereed journal articles produced by
projects reflect the ‘quality’ or ‘impact’ of the research within the
scientific community. Average citation rates were calculated across
refereed publications within each project by dividing the total cita-
tions at the census date by the number of years since each article
was published.

Relationships between the duration of R4D projects and impact
metrics and the total funding for R4D projects and impact metrics
were tested using non-linear regression modelling. The modelling
was performed on data from Aquaculture, Fisheries, and Shared
(Aquaculture/Fisheries) projects separately to avoid potential bias
and error due to potential pre-existing relationships among the vari-
ous types of projects. To avoid overfitting and spurious relation-
ships, we tested the best fitting curves against one-parameter and
two-parameter equation forms using DataFit software. The best
curve by #* value was chosen. Only statistically significant relation-
ships were displayed in graphs. Confidence intervals to statistically
significant relationships were fitted using SigmaPlot software.

5. Results

5.1 Publication metrics

5.1.1 Overall publication outputs of the ACIAR Fisheries Program
The 73 projects included in this study produced 734 publications
during the reporting period, equating to an average output of ten
publications per project. The most frequent type of publication
(28%, n=208) was scholarly peer-reviewed journal articles
(Figure 1). The next most common type was final reports (n=110;
15%) and non-peer-reviewed conference papers (n=86; 12%). The
number of final reports (110) is more than the number of projects as
some projects had several ‘mini-projects’ for which separate ‘final
reports’ were submitted. ‘Other’ publications are outputs such as
newsletters, brochures, bulletins, technical notes, or maps. With
overall funding for the 73 projects amounting to AU$30.4 million,
the 734 publications were produced at an average investment of
about AU$41,000 per publication. Some of the publication types
could be classed as non-scientific, such as policy papers and maga-
zine articles. Many others, such as conference publications, theses,
final reports and book chapters, could present scientific data and
results such that we could not logically make a simple distinction be-
tween publications that were scientific or not.

The number of publications produced per project was highly
variable (Figure 2). More than 90% of the publications came from
half of the projects (n=37), with half of all publications coming
from eight projects. One project, ‘Improved hatchery and growout
technology for marine finfish in the Asia-Pacific region’ (FIS/2002/
077), had the greatest output with 127 total publications (17% of
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Figure 1. Publication output of the Program by publication type.
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all publications). These were: magazine articles (n = 33), chapters in
a scholarly book (n=29), conference publications—non-peer-
reviewed (n=24), journal articles (n=17), and other publications
(n=24).

5.1.2 Peer-reviewed journal article outputs

The 73 projects for which publication data were available produced
208 articles in scholarly peer-reviewed journals during the reporting
period. This equates to an average output of 2.8 journal articles per
project, representing an average project funding of $146,000 per
peer-reviewed scientific paper. In comparing this cost against other
projects, one must bear in mind that many of the ACIAR projects
employ researchers with the project funds, so this value does not
simply reflect the direct costs of research. As in the case of total pub-
lication output for the Program, there was an uneven distribution of
journal articles per project. Half of the projects (n=37) produced
98% of the journal articles (204 out of 208) during the census
period. Nearly 45% of the projects (n=233) had not published any
journal articles by the census date. Eight projects (10%) produced
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Figure 3. Number of scholarly peer-reviewed journal articles by average cit-
ation by year.

56% of the total journal articles (116 of 208 journal articles) for the
Program across the review period.

5.1.3 Citations per publication (journal articles)

The number of journal articles with citation information in
Elsevier’s Scopus database (155) was marginally higher than
Thomson Reuters’ WoS database (152). Around two-thirds of the
journal articles were reported to have been cited less than twice per
year by both Scopus (64%) and the WoS (68%) (Figure 3). Scopus
reported 31 journal articles (from 14 projects) as being cited on
average between three and 12 times per year. Out of those 31
articles, 12 were co-authored by one or more partner-country re-
searcher, and partner-country researchers were the lead authors on
seven articles.

5.1.4 Field-weighted citation impact (journal articles)
FW(CI takes into account the differences in research across disci-
plines and compares the number of citations of publications with
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Figure 4. Mean number of Scopus citations per AU$100,000 funded to proj-
ects per year since projects started (blue bars, left-hand axis scale) and mean
number of refereed journal articles per AU$100,000 funded to projects (yel-
low or grey bars, right-hand axis scale), with project data grouped by industry
type. Error bars are standard errors of the mean. Sample sizes (n):
Agquaculture = 41, Aquaculture/Fisheries Shared = 7, Fisheries = 25.

the average of other similar publications indexed in the Scopus data-
base (Colledge 2017). A score of 1.0 indicates that the publications
have been cited at world average for similar publications, while
greater than 1.0 indicates that the publications have been cited more
than would be expected based on the world average for similar pub-
lications (Colledge 2017). FWCI metrics is useful to benchmark and
provide a useful way to evaluate researchers’ citation performance.
Over three-quarters of the journal articles had FWCI of less than
1.0, or the article was not listed in the Scopus database at all. The
journal article with the highest FWCI was a paper titled
“Vulnerability and resilience of remote rural communities to shocks
and global changes: Empirical analysis from Solomon Islands’ pub-
lished in the journal Global Environmental Change (Schwarz et al.
2011). This article was an output of the project ‘Improving resilience
and adaptive capacity of fisheries-dependent communities in the
Solomon Islands’ (FIS/2007/116). The paper had FWCI of 5.3 and
the most citations per year (12 citations per year) of any journal art-
icle in the publications database.

5.1.5 Scopus citations and refereed publications by industry type
Overall, the average number of journal articles published per
AU$100,000 of ACIAR investment was much higher for
Aquaculture projects than for either capture fisheries, termed
‘Fisheries” hereafter, or Shared projects. Likewise, the average num-
ber of all Scopus citations per $100,000 of funding per year since
project start was higher for Aquaculture (2.7) compared to Fisheries
(0.6) and Shared projects (0.5) (Figure 4). However, as noted previ-
ously, project publication and citation data in this review are
skewed by a number of relatively small projects. In particular, two
relatively small Aquaculture projects (Projects FIS/2002/083 and
FIS/2006/009, both in the AU$50,000-$99,000 funding range)
dominated the publications and citations per AU$100,000 per year
since project start for the Program overall. This is reflected in the
large standard errors for Aquaculture projects.

5.1.6 Scopus citations and refereed publications by country
The number of refereed articles and corresponding citation rates per
funded dollar were higher for bilateral and multilateral projects
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Figure 5. Mean number of Scopus citations per AU$100,000 funded to proj-
ects per year since projects started (blue or black bars, left-hand axis scale)
and mean number of refereed journal articles per AU$100,000 funded to proj-
ects (yellow bars, right-hand axis scale), with project data grouped by coun-
try/region. Error bars are standard errors of the mean. Number of projects (n):
Bi/Multilateral = 17, Indonesia = 15, Philippines = 6, Vietnam = 8, PNG = 11,
Pacific Islands = 12, and Other (single) = 4. Countries in the “Other” category
were Sri Lanka, India, and Cambodia.

than those conducted in a single country (Figure 5). Moreover, three
of the top five projects with a high number of citations were bi/
multilateral. A few outlying projects had a strong influence on this
significant variation. In particular, the small bilateral project FIS/
2002/083 was a notable outlier to the rest of the Program projects,
producing 16.4 journal articles and 31.5 citations per $100,000 per
year since the project started compared to a mean of 1.6 journal
articles and 3.4 citations per $100,000 per year since projects started
across all bi/multilateral projects. Projects conducted solely in
Vietnam also tended to yield relatively high numbers of refereed
articles and citations per funded dollar. However, the data for both
metrics were particularly variable for both bi/multilateral projects
and projects in Vietnam, as indicated by large error bars (Figure 5).
There was little difference between the numbers of refereed jour-
nal article citations per funded dollar per year since project start for
projects conducted solely in Indonesia, PNG, Pacific Islands, and
Other single-country projects (blue or black bars, Figure 5). Projects
conducted solely in PNG or the Philippines tended to produce fewer
refereed journal article publications per funded dollar, compared to
the other regions/countries (yellow or grey bars, Figure 5). Despite
the lower average productivity, it is worth noting that some multi-
country (bi/multilateral) projects involving these other countries did
produce many refereed articles and had relatively high citation rates.

5.1.7 Publication and citation numbers as a function of funding
Project publication and citation data were skewed by the relatively
large number of journal articles produced from a few outstanding
projects. The number of refereed journal articles produced by proj-
ects per funded dollar increased significantly for Fisheries projects
funded by more than $600,000 (F;, 55 = 7.4, P=0.012) (Figure 6a).
However, the level of funding to projects did not significantly influ-
ence the number of refereed articles produced by either Aquaculture
projects or Shared projects (P > 0.05).
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Figure 6. Scatter plots of total project funding versus scientific impact met-
rics: (a) number of refereed journal publications per AU$100,000 funded,
(b) average citation rate of publications produced by projects (average number
of Scopus citations per year), and (c) Scopus citations per AU$100,000 funded
per year since projects started until the census date. Only the statistically
significant relationships for any project type are shown. Solid lines are the
fitted non-linear relationships; dashed lines are 95% confidence intervals. Line
colours or the different shades correspond to the colour coding by project type
given in the legend (green or grey = Aquaculture; red or black = Fisheries; light
grey= Shared); refer to the electronic version of the article for colours.

Our analysis indicated that average citation rates of refereed
journal articles were not related to the level of project funding for
neither Aquaculture, Fisheries, nor Shared projects (P> 0.05 for all
three industry types) (Figure 6b). That is, projects with greater
amounts of funding did not tend to produce refereed journal articles
with greater or lesser impact than projects with modest funding.
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Figure 7. Scatter plots of project duration vs scientific impact metrics:
(a) number of refereed journal publications per AU$100,000 funded,
(b) average citation rate of publications produced by projects (average
number of Scopus citations per year), and (c) Scopus citations per
AU$100,000 funded per year since projects started until the census date.
Fitted relationships are not shown, as none were statistically significant for
any project type.

The number of citations of all refereed journal articles pro-
duced by projects per funded dollar, normalized by years since
projects started, was significantly higher for projects with slighter
funding for both Aquaculture (F;, ,,=4.9, P=0.04) and Shared
projects (Fy, 4=13.9, P=0.02), but not for Fisheries projects
(P=0.20) (Figure 6¢). That is, Aquaculture and Shared projects
with greater funding tended to produce articles that, on average,
had lower ‘impact’ than projects with less funding. Notably, the
(best) fitted curves were closely overlapping for these two industry
types, showing high consistency in the relationship across the fitted
values.
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5.1.8 Publication and citation numbers as a function of project
duration

Analysis of publication and Scopus citation numbers for Fisheries,
Aquaculture, and Shared projects as a function of project duration
(Figure 7a—c) revealed no significant relationships (P> 0.05 for all
industry types on all three panels). Simply put, the duration of a pro-
ject did not tend to significantly affect either the number of refereed
publications per funded dollar, the average citation rate of refereed
publications produced by projects, or the number of citations of all
refereed articles produced by projects per funded dollar per year
after project activities started.

5.2 Scientific impact—knowledge production and
capacity building in partner countries

Inconsistent reporting of research capacity building activities and
impacts in partner countries among projects limited our capacity to
fully account for the scientific (research) impact of the Program
(Mullen, Gray and Meyer 2015). However, a synthesis of reported
outputs from Program projects (Table 2) shows that, beyond pub-
lishing scientific outputs, projects invested considerable resources in
capacity building activities. Many projects organized educational
tours and visits to Australia or other countries, institutionalized
mentoring processes, short training, and postgraduate programs.

The majority of the workshops were noted as having been struc-
tured as ‘train-the-trainer’ activities, to enable participants to pro-
vide subsequent training to others. At least 215 different workshops
were mentioned in the project documents, with over 2,500 partici-
pants recorded. However, only about a quarter of reports noted the
actual number of people who attend the events, suggesting that the
actual number of participants may well be several thousand more.
The most common outcomes of the training and workshops were
considered to be (1) increased capability of project members
and their institutions in research planning and execution; and
(2) increased publication output, particularly the number of papers
authored by local staff.

With regards to short courses and postgraduate studies, at least
29 people attended master classes, with the majority in the field of
aquaculture. Twenty-eight people undertook project-supported
Masters-level courses, and six undertook PhD degrees. All these stu-
dents attended Australian Universities, inferring a corresponding in-
crease in the pool of highly trained scientists with whom Australian
scientists could collaborate. For every Australian researcher involved
in the Program research projects, there were at least three partner
country researchers involved.

All project leaders and partner-country collaborators inter-
viewed during this study agreed that the Program contributed sig-
nificantly to the scientific capacity development of partner-country
researchers. Project leaders reported that the training and capacity
development activities contributed to the improvement in experi-
mental design and data analysis skills of researchers in partner coun-
tries, thereby positively influencing research output. Several project
leaders also mentioned their time investments in mentoring partner
country scientists and government officers through collaborative
writing of scientific publications and reports. These forms of cap-
acity building resulted in the increased international exposure of the
work of partner country scientists. As one scientist from Indonesia
put it, ‘... the Australians have helped us to become good scientists.
That is very important, we work on the research and learn how to
become a good scientist’.

The case studies also indicated significant capacity-building im-
pact. For example, the capacity building of staff at the Research
Institute for Aquaculture No. 1 (RIA 1) supported the establishment
of a state-of-the-art oyster hatchery research facility in Cat Ba,
Vietnam in 2006. The capacity building of RIA 1 Vietnamese scien-
tists included the training of seven aquaculture officers in Australian
hatcheries, 25 undergraduate students and three MSc students were
involved directly in the Program. In addition, three staff members
received John Allwright Fellowships* to undertake PhD studies in
Australia. The increased capabilities at RIA 1 through these capacity
building activities has significantly enhanced the capacity of RIA 1
staff to pursue independent research and contribute to industry
development.

In Indonesia, the ACIAR Program has been working with the
Institute for Mariculture Research and Development (IMRAD)
through several projects and has contributed significantly to the de-
velopment of ‘grassroots’ hatchery technology for milkfish and
grouper. ACIAR projects contributed to the development of the cap-
ability of IMRAD as a research institute and in developing the cap-
acity of its scientists. More than 100 hatchery operators and
researchers from 22 countries received training. Indonesian project
staff attest that the projects improved the capacity of partner coun-
try scientists to plan and conduct research, and improved scientists’
confidence and capability to present at international conferences,
which in turn, improved staff publication rates.

The Program also provided capacity building outcomes for
Australian researchers and Australian research institutions
(Commissioned Agencies) by providing significant, varied and on-
going staff and student training, development, and publication
opportunities. Nearly all the Australian researchers interviewed con-
sidered the Program to have played a major role in their career de-
velopment and teaching practices. Australian researchers also
reported that participation in these projects provided opportunities
to learn about and be trained in areas that are of international sig-
nificance, improving the broader research capacity of Australian sci-
ence. From the perspectives of researchers involved, the Program
clearly contributed to building and retaining high calibre researchers
and scientific capability in Australia.

5.3 Factors influencing the publication agenda and
project outputs

Qualitative analysis of the interview and survey data highlighted
that three main factors influenced the publication agenda and out-
puts and involvement in the publication process: (1) project leaders’
leadership and motivational ability; (2) institutional culture and
drive of participating institutions (both Australian and partner agen-
cies); and (3) individual drive of project leaders and partner agency
researchers.

5.3.1 Project leaders’ leadership and motivational ability
Individual project leaders were the primary drivers influencing both
the publication agenda and outputs and the motivation to publish
within project teams. In particular, the ability of a Project Leader to
harness team members’ aspirations and motivate the team was con-
sidered as an important factor in determining publication output.
Project leaders who were keen to engage their team members in pub-
lishing had higher publication outputs. Project leaders considered
that encouraging partner agency researchers to publish was an es-
sential element of their role.
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Table 2. Reported formal capacity development activities
Main activity No. of people Specific activities and processes Who was involved Notes
involved
Visits (educational 120 Project initiation and planning, know- Partner country researchers, offi-  Country visit’s duration can
tours and visits to ledge sharing, postgrad studies, staff cers, farmers; managers, staff, be in the order of weeks or
Australia and other exchange, placement, on-farm train- trainees, and government months
countries) ing, manuscript preparation, confer- officials

ences, and workshops

Mentoring Not recorded  Information exchange through collabo-  Mainly partner country research- Although extensive formal
rations, scientific support, joint field ers, officers, farmers, manag- and informal mentoring
trips, structured learning opportuni- ers, staff, and trainees was noted in projects docu-
ties, organized task forces, institution- ments, numbers were not
al ‘twinning’, planning, and websites reported
(platforms)

Workshops and 2,500 Various—too many to list Partner country researchers, offi-  Of the 215 workshops/semi-

seminars cers, farmers, managers, staff, nars cited, only a quarter

Masterclass (training) 29

Aquafeed Extrusion Masterclass

John Dillon 10 Various
Fellowship

John Allwright 28 MScs, 6 Various
Fellowship (MSc PhDs, 6
and PhD) others

Aquaculture Nutrition Master Class,

trainees, and government recorded numbers of
officials. participants.
Partner country researchers, tech-
nical officers
Researchers and research
managers
Partner country researchers and
research managers

5.3.2 Institutional culture

A secondary driver of publication agenda and output was the publi-
cation culture of the Project Leader’s employers. Institutional cul-
ture reportedly influenced the team members’ drive to publish.
Project leaders reported that there was significant variance between
partner agencies regarding the perceived importance of publications
and that this was largely influenced by institutional culture and
related factors. However, it was noted that this variance was more
pronounced at the start of projects and diminished as projects pro-
gressed (i.e. both the perceived importance of publications and the
drive to publish increased over time). Substantial in-kind support by
partner agencies and project partners also was reported to bolster
publication success.

5.3.3 Personal motivation of project leaders and partner agency
researchers
Although the data demonstrated that the above two factors were the
main factors that played a significant role in publication agenda and
output, the individual drive of project leaders and partner agency
researchers was also important. Project leaders reported that publi-
cation records were highly regarded as evidence of capability and
capacity of partner agency researchers.

In addition to the above three factors, other, secondary, factors
that were also reported to influence publication decision making
and outputs included:

* The Program’s flexibility in project planning, review and adap-
tive project management;

* Individual researchers’ and organizational relationships and
credibility with a specific journal;

* Previous publication records for partner agency researchers; and

* Evolution within the global publication environment, including
the growing reach of open access journals.

6. Discussion

6.1 Measuring and benchmarking the scientific impact
of an R4D organization

Our bibliometric analysis provides a point of departure for bench-
marking R4D organizations in the absence of comparable data for
other similar R4D organizations. The Expert Panel engaged for this
project considered that, overall, the reported publication output and
citation rate were relatively low, with a corresponding relatively
high average investment per publication. However, caution is
needed when comparing the number of ‘all publications’ across proj-
ects because publication value/impact will vary among publication
types and the same research can be used in different types of publica-
tions. The Panel noted that it is important to consider the operating
environment from which publications arise when comparing publi-
cation and citation data. The publications in this case study arise
from projects in developing countries with facilities and field condi-
tions incomparable to those of developmental research in developed
countries. The Panel noted that ACIAR is both a development
agency and a research organization and that measuring scientific im-
pact of the Program based on its publication outputs alone was
insufficient.

Our findings showed that data on publication outputs and cit-
ation rates were skewed because of a few outstanding projects or
publications. Waltman (2016) noted that this effect, driven by a few
relatively highly cited publications, is commonplace. Sub-field dif-
ferences also influence citation rates, for example, taxonomic
papers, of which 11 from this study were published in the journal
Zootaxa, generally have low citations because once a species is
described, it is rarely necessary subsequently to cite the original jour-
nal article. This is also reflected in the relatively low impact factor
of that journal: 0.945. The use of citation metrics for the field of tax-
onomy has been considered as an impediment to biodiversity re-
search (e.g. Valdecasas, Castroviejo and Marcus 2000). Thus,
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citation metrics should be used cautiously as a measure of scientific
impact for R4D organizations.

Another noteworthy point is the apparent value of collaborative
research. The literature suggests that international collaboration and
interdisciplinarity are positively related to increased publication and
citation (Bornmann and Daniel 2005; Vogel, Hattke and Petersen
2017). This generality seems to hold true in the current study, which
showed bi-lateral and multi-lateral projects on average tended to
produce a larger number of journal articles and attracted more cita-
tions per funded dollar compared to projects conducted in a single
partner country (Figure 5). The scope of this article did not allow us
to analyze why this is the case. Nonetheless, we can say that multi-
lateral projects are likely to have access to a larger pool of resources,
and so the resulting publications could be more consequential.
Further, publications arising from larger data sets across multiple
countries tend to offer more generalizable lessons, which attract
greater citations. As Katz and Martin (1997) suggested, R4D organi-
zations should assess the costs of research partnerships and collabor-
ation with partner countries and associated benefits to ensure that
the desired outcomes of research are achieved and use of resources
optimized.

Analyzes of the correlations between the funding quantum to
projects and overall publication output yielded mixed results. We
found that well-funded Fisheries projects tended to produce more
refereed publications per funded dollar than modestly funded proj-
ects, but funding had little effect on this measure of productivity for
Aquaculture or Shared projects. This disparity could be due, in part,
to the fact that fisheries are often geographically broad and projects
require greater funding to gather publishable data than aquaculture
projects that can require fewer resources to complete a publishable
study. Projects with smaller amount of funds actually produced ref-
ereed articles with greater total number of citations per funded dol-
lar in the Aquaculture and Shared sectors, but not so for Fisheries
projects. In this case, smaller (i.e. less funded) aquaculture projects
might already have physical resources (hatchery, tanks, and ponds)
and a greater proportion of funding goes to research and data collec-
tion, whereas projects requiring greater infrastructure expenditure
have larger budgets and so produce fewer publications per funded
dollar. Importantly, the amount of funding to projects did not sig-
nificantly affect the scientific ‘impact’ of project publications per
funded dollar.

Many World Bank project leaders believe that longer and
greater-funded projects are more successful (Ika, Diallo and
Thuillier 2012). However, empirical analysis contradicts this claim,
although caution in interpretation is needed since, for example, ‘dif-
ficult’ projects might take longer to complete and are more likely to
have poor impact (Denizer, Kaufmann and Kraay 2013). In our
study, project duration did not significantly affect any of the three
bibliometric measures used. While longer-term projects might build
greater capital in data and technological advances compared to
shorter projects, the publication quality and scientific impacts per
funded dollar are clearly not enhanced per funded dollar. Thus,
while there might be administrative benefits to funding agencies in
commissioning longer projects, there is little evidence of improved
scientific-output ‘bang for the buck’ over shorter projects.

As we found, bibliometrics results explain only one part of the
scientific impacts of R4D organizations (see Moed 2005; Confraria,
Mira and Wang 2017). Scientific impact also encompasses the cre-
ation of new knowledge, technologies, products, and services; and
capacity building (Davis et al. 2008; SFC, HEFCE and HEFCW

2012). Therefore, measuring the scientific impact of R4D organiza-
tions should include an understanding of (1) the socio-cultural, pol-
itical, and economic contexts under which the various research
projects were carried out; (2) activities, including capacity building,
carried out by the Program in the partner countries; and (3) the dif-
ferent actors involved in the research projects.

6.2 The context in partner countries, capacity building,
project leaders’ motivation and scientific impact

As discussed earlier, through the Program, ACIAR commissioned
various Australian research institutions and IARCs to conduct re-
search in Southeast Asia, Pacific Islands countries, and PNG. Hence,
the Program operated in an environment that involved diverse peo-
ple and projects within complex social, institutional, and political
milieus. These complexities are likely to have influenced the overall
scientific output and outcomes of projects in different countries
(Confraria, Mira and Wang 2017).

For example, our analyzes showed a marked variation in the
publication output from projects based within different regions/
countries. We found relatively large differences between the number
of journal articles and citations per funded dollar among countries.
Notably, projects based in PNG and the Philippines had a much
lower journal article output and citations per funded dollar. This
might be due to a complex set of factors including socio-cultural,
political, and economic contexts and the institutional and personal
capabilities in those countries. Nonetheless, the findings suggest that
if publication metrics are considered an important yardstick for sci-
entific impact, assessments of this nature could help to shape policy
on target countries to maximize scientific impact and identify coun-
tries in which scientific publication training could be most
influential.

The evaluation revealed that a significant amount of financial
and human resources were invested by the Program to build the cap-
acity of researchers and their institutions in partner countries
through educational tours and visits, mentoring, workshops and
seminars, training, Masters, and PhD programs. The high frequency
of joint-authorship with developing-country scientists and students
accounts for further impact in the long term. In other R4D research
fields, research is often led by developed-country researchers, and
publication often follows a ‘mentor-apprentice model’, whereby
developing-country researchers tend to be co-authors (Boshoff
2009). In our study, the prevalence of peer-reviewed publications
led by project leaders and scientists from developed countries (espe-
cially highly cited papers) reflects the fact that research organiza-
tions commissioned by ACIAR to lead projects were from Australia
or other international agricultural research centres. Developing
country researchers often lacked skills and/or found it difficult to al-
locate time to write and prepare manuscripts to a level required by
high-tier journals. Nonetheless, co-authorship and mentoring consti-
tute important capacity development for research institutions in
partner countries. These capacity building activities are expected to
have had a broader scientific impact by way of facilitating the cre-
ation of new knowledge, changes in the communities and their liveli-
hoods, and changes in policy and practices, which are unlikely to be
reflected in publication metrics of the Program’s projects (Confraria,
Mira and Wang 2017).

Qualitative data indicated that the primary drivers of publication
outputs were the motivation of the project leaders and their institu-
tional culture. We anticipate that project leaders’ interest in
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reinforcing their global recognition in the scientific community,
combined with their desire to gain significant standing and recogni-
tion within their institutions, together influence their publishing be-
haviour. This suggests that a funding institution’s policies and
procedures might not exert much influence over the publication out-
puts of its projects. Improving the scientific impact of funded proj-
ects might need transparent and enforceable policies in this regard,
including the development of policies that incentivize collaborative
work and co-authorship. If the capacity development benefits for
partner countries are to be sustained, there is a need for R4D agen-
cies to encourage the development of policies and programs that fa-
cilitate co-authorship and collaboration between developed and
developing country researchers. The argument posed in Section 5.1
that the socio-cultural, political and economic contexts of research
need to be considered in measuring the scientific impact of R4D
organizations is of relevance here as well. Therefore, we suggest that
the scientific impact of R4D agencies, in contrast to purely academic
institutions, must be measured against a broad suite of metrics.

6.3 Bibliometrics and the scientific impact of R4D
organizations: some reflections

Earlier, we discussed the utility of formal publication metrics as a
departure point in benchmarking R4D organizations. We also found
that other factors (e.g. new knowledge, capacity development, and
context) are important considerations, which traditional metrics
may not necessarily capture. One argument posed in the literature
(e.g. Gartfield 1999), and by the Expert Panel, was that publication
outputs, citations and impact factors are discipline-biased and
context-dependent. Our earlier discussion about the field of
taxonomy is a case in point. Bibliometrics, therefore, is not an all-
encompassing indication of scientific impact. Unless projects are ex-
plicitly designed to focus on scientific research, and not policy or
technology development outcomes, publication metrics can be
inadequate.

Publishing in high impact factor journals and attracting citations
does not always guarantee high readership by the public, practi-
tioners, and policy-makers, and thus, does not necessarily translate
to high-impact policy and practice. Indeed, Flickinger et al. (2014)
argue that there is no significant relation between practical relevance
and citation rates. Chavarro, Tang and Rafols (2017) further con-
cluded that, in some cases, non-mainstream journals with low im-
pact factors might offer better opportunities for scientists in
developing countries to disseminate knowledge to local commun-
ities. Others have also argued that the ranking of a journal might
not necessarily be a good indicator of the practical relevance of
scholarship (Adler and Harzing 2009). Papers published in highly
ranked journals might be popular among, and frequently cited by,
academics and researchers who speak with each other circuitously.
However, such publications might be inaccessible to the general
public, practitioners, and policy-makers—especially in developing
countries where English is not the first language.

With these arguments in mind, we contend that bibliometrics
should be considered as ‘a means’, rather than ‘an end’, to the as-
sessment of the scientific impact of R4D programs. Bibliometrics
can indicate where scientific impacts fit and are progressing against
defined benchmarks of relevance to the Program. However, such
metrics are only one part of ‘the aggregate effect of the changes in
practice, products and policies by the final user groups’ (Davis et al.
2008: 25).

Bibliometrics offers a normative and objective indication of the
scientific impact of R4D organizations; however, caution must be
exercised when comparing across disciplines. For example, a FWCI
of 0.75 might reflect a high impact R4D-funded publication from a
small-island state but could be considered low for research within a
developed country. Differentiation between research conducted in
and for developing countries and research conducted in and for the
benefit of a developed country is therefore essential.

7. Conclusion

This study had two principal objectives: to provide an assessment of
the scientific impact of ACIAR’s Fisheries Program between 2000
and 2012 as a departure point for benchmarking similar R4D organ-
izations and to stimulate discussion among the broader R4D com-
munity regarding appropriate measures of scientific impact.

With regard to the first objective, our methodology focussed on
bibliometrics, including the number of peer-reviewed journal articles
produced through Program projects and the number of citations
these articles received. To critically analyze these data, we sought
the opinions of an Expert Panel and gathered qualitative data on key
drivers behind publication outputs. Our analysis found that biblio-
metrics offers useful initial measures to understand the scientific im-
pact of an R4D Program and are often the metrics valued by
funding agencies and employers of the researchers involved.

Our data also suggested that, without specific policies, R4D
Programs might have a little direct bearing on the publication output
of funded projects. Key publication drivers were the capacity and mo-
tivation of the project leaders and the institutional culture and
requirements of their employers. We also found that, in some cases,
there were significant relationships between publication/citation met-
rics and the sector funded, the country in which the project was based
and the total project funding. Projects involving multiple partner
countries tended to have a higher scientific impact, but the outcomes
were variable. Generally speaking, projects with greater funding or
longer time frames did not produce greater ‘bang for the buck’—infer-
ring that small and modestly-funded projects were (roughly) as pro-
ductive in scientific impacts per funded dollar. We can, therefore,
conclude that R4D institutions require clear and enforceable policies
and procedures about publication outputs if their funding programs
are to be assessed and benchmarked upon bibliometric measures.

Our analysis also suggests that the metrics used to evaluate the
scientific impacts of R4D organizations need to be broader and
more nuanced than those of the researchers and their respective
commissioned academic institutions. Such measures should include
aspects of capability development and recognition of the benefits of
research to the R4D agency’s home country. R4D organizations are
also advised to engage with their key stakeholders to agree on the
measures of importance, and how relevant data are to be collected
and analyzed.

Notes

1. As at census date of 17 March 2016, publication data had not
been provided for 17 of the 90 projects.

2. With the exception of a small number of project leaders who
had retired, were non-contactable or had passed away.

3. The project leaders interviewed were also project leaders on a
further 15 ACIAR Fisheries projects that were not included in
our publications analysis because they either (1) ended after the
end of 2012 or (2) were ongoing at the time of the interview.
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4. The John Allwright Fellowship is an ACIAR Fellowships
Scheme that provides the opportunity for partner-country sci-
entists involved in ACIAR-supported collaborative research
projects to obtain postgraduate qualifications at Australian ter-
tiary institutions. The Scheme aimed at enhancing research cap-
acity in ACIAR’s partner country institutions.

Supplementary data

Supplementary data is available at Research Evaluation Journal online.
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