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Abstract. “Altmetrics” refers to novel metrics, often based on social media,
for measuring the impact of diverse scholarly objects such as research papers,
source code, or datasets. Altmetrics complement traditional metrics, such as bib-
liometrics, by offering novel data points to give a more holistic understanding of
the outreach of research outputs. This increased awareness could help researchers
and organizations to better gauge their performance and understand the outreach
and impact of their research. Altmetrics is related to diverse research areas such
as informetrics, social network analysis, scholarly communication, digital librar-
ies, and information retrieval. This workshop on Altmetrics for Research Outputs
Measurement and Scholarly Information Management (AROSIM 2018) aims to
give a multi-disciplinary perspective on this new and cutting-edge research area
by addressing a range of opportunities, emerging tools and methods, along with
other discussion topics in the fields of altmetrics, traditional metrics, and related
areas.

1 Introduction

Dissemination of research outputs is an important activity in the scholarly research
lifecycle. Consequently, tracking the impact of research outputs on new media sources
has gained focus in the last few years. On the one hand, researchers increasingly need
advanced techniques to track the impact of their research outputs as new forms of schol-
arly communication emerge. On the other hand, organizations such as universities, li-
braries, research centers, public and private grant funding agencies, and publishers need
systems to synthesize, visualize and analyze scholarly outputs at varying granularity
for performance management and decision making. Traditionally, metrics such as cita-
tion count, impact factor, and h-index have been employed for this purpose. However,
with the advent of social media, researchers themselves can now propagate and share
their research outputs with diverse communities, thereby initiating debates and discus-
sions about their research. Altmetrics offer new insights and novel approaches to meas-
ure and track the impact of scholarly outputs to an even wider, non-academic audience
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[1]. Altmetrics research seeks to develop innovative metrics to measure research impact
on social media and has been gaining momentum over the last few years.

This workshop on Altmetrics for Research Outputs Measurement and Scholarly In-
formation Management (AROSIM 2018) aims to address opportunities, emerging tools,
and methods in the fields of altmetrics, non-traditional metrics, and related areas. The
theme of the workshop is “The best of both worlds: cross-metric exploration and vali-
dation of Altmetrics and Bibliometrics”. The main objective of the AROSIM 2018
workshop is to create a forum to disseminate the latest works on Altmetrics for meas-
uring research impact and scholarly information management. The workshop will in-
vestigate how social media-based metrics along with traditional metrics can advance
the state-of-the-art in measuring research outputs.

The goals of the workshop are:

(i) To promote the exchange of ideas and encourage potential collaborations
amongst scholars from computer science and information science disci-
plines, as well as with librarians and industry.

(ii) To investigate challenges and explore solutions for cross-metric explora-
tion and validation, while considering disciplinary differences related to
measuring research outputs.

(iii) To showcase innovative altmetric tools, methods, and datasets.

(iv) To provide a discussion platform for the academic communities, librarians,
policy makers, and publishers, as well as grant funding agencies.

2 Workshop Overview

A total of 20 papers were reviewed. Seven papers were accepted as full papers and
included in the proceedings, while three papers were presented as posters during the
workshop. The workshop featured two keynote lectures, two sessions for the presenta-
tion of full papers, a poster and interactive demo session, and a panel discussion session.

2.1  Keynote Sessions

The first invited lecture was by Mike Thelwall (University of Wolverhampton, UK) on
the topic “Using Altmetrics to Support Research Evaluation” [2]. Professor Thelwall
gave perspectives on the rationale, advantages and disadvantages of using alternative
indicators (altmetrics) in research impact measurement. He showcased studies on alter-
native indicators such as (i) correlation with citations, (ii) examples of early impact
indicators, (iii) social impact, (iv) health impact, (v) arts & humanities impact, (vi)
commercial impact, and (vii) education impact. The lecture ended with a call for future
work on testing new indicators, testing their value for different countries/languages,
and evaluating the pragmatics of using alternative indicators in real-world applications.

The second invited lecture “Towards Greater Context for Altmetrics” [3] was given
by Stacy Konkiel (Altmetric.com). She gave both a contemporary and futuristic over-
view of Altmetrics and its related contexts. She began with an introduction to the ob-
jectives of science, humanities and scientometrics. Thereafter, she focused on three sub-
topics (i) the current context of altmetrics, (ii) the required context for altmetrics, and



(iii) the actions required from industry and research personnel. The lecture ended with
a call for future research on the motivations behind researchers’ sharing preferences on
social media, the effect of language in altmetrics studies, and the values embedded in
organizations such as universities, and institutes that use altmetrics to measure research
impact.

2.2 Full Paper Presentation Session 1

The first full paper session comprised of four full paper presentations. The first paper
“Monitoring the broad impact of the journal publication output on country level: A case
study for Austria” by Gorraiz, Blahous and Wieland [4] described a study conducted in
Austria to monitor the impact of journal articles from different disciplines. The study
aimed to identify the most active disciplines by different metrics, and to test whether
there are correlations between the metrics. The study highlights the increase in usage
of Twitter by the scholarly community in Austria.

The second paper “New Dialog, New Services with Altmetrics: Lingnan University
Library Experience” by Cheung, Kot and Chan [5], outlined the initiative taken by
Lingnan University in Hong Kong to integrate altmetrics within its institutional repos-
itory (IR). As an initial case study, the university has integrated full-text download us-
age metrics in their IR. PlumX data was used as a part of this initiative. The university’s
long-term vision of integrating other altmetrics in the context of their IR system is also
highlighted in the paper. Based on the reviews received, this paper was granted the
ARQOSIM 2018 best paper award.

The third paper “How do Scholars Evaluate and Promote Research Outputs? An
NTU Case Study” by Zheng, Erdt and Theng [6] described the findings of a case study
conducted with 18 researchers from Nanyang Technological University (NTU) in Sin-
gapore, regarding altmetrics and the evaluation of research outputs. Specifically, the
study aimed to identify how NTU researchers promote and evaluate their research out-
puts. Findings indicate that only half of the participants used social networking sites for
promoting their research and most researchers still use traditional metrics such as cita-
tion counts and the journal impact factor for evaluating their research outputs.

The fourth paper “Scientific vs. Public Attention: A comparison of Top Cited Papers
in WoS and Top Papers by Altmetric Score” by Banshal, Basu, Singh and Muhuri [7],
described a bibliometric analysis study performed with the top 100 papers with the
highest Altmetric Attention Scores in 2016. In this study, papers that obtained a large
number of online mentions are characterized with associated properties such as the pub-
lication venue (journal), discipline and author distribution. A complementary analysis
of the top 100 most cited papers from Web of Science is also conducted.

2.3 Full Paper Presentation Session 2

The second full paper presentation session, held in the afternoon, comprised of three
full paper presentations. The first paper “Field-weighting readership: how does it com-
pare to field-weighting citations?” by Huggett, Palmaro and James [8], described a
study comparing Mendeley readership with citations. The findings highlighted a strong



correlation between Mendeley reads and citation counts at an overall general level. The
correlation was however found to be lower at a field-weighted level. The authors
claimed that field-weighted readership metrics could be useful as a complementary
metric to field-weighted citations.

The second paper “A Comparative Investigation on Citation Counts and Altmetrics
between Papers Authored by Universities and Companies in the Research Field of Ar-
tificial Intelligence” by Luo, Zheng, Erdt, Sesagiri Raamkumar and Theng [9], de-
scribed a study on bibliometric and altmetric analysis of computer science and artificial
intelligence publications. A comparison was performed between publications from ac-
ademia and industry. The findings from this study indicated that university-authored
papers received more citations than industry-authored papers, whereas, in terms of alt-
metrics, industry-authored papers performed better.

The third paper “Scientometric Analysis of Research Performance of African Coun-
tries in selected subjects within the field of Science and Technology” by Utieyineshola
[10], was about a study applying scientometric analysis to investigate the research per-
formance of African countries in selected subjects within the field of science & tech-
nology, in the last 20 years. Findings from this study indicated that South Africa was
the best performing country with the highest number of publications and highest h-
index. The research performance of different regions of Africa were also compared.

2.4 Poster and Interactive Demo Session

Three posters were presented during the workshop’s lunch break. The first poster “Da-
tabase-Centric Guidelines for Building a Scholarly Metrics Information System: A
Case Study with ARIA Prototype”, by Sesagiri Raamkumar, Luo, Erdt and Theng, out-
lined the design considerations involved in building a database for storing scholarly
metrics such as citation counts, publication counts, and tweet counts. Technical issues
and their solutions were also presented. The second poster “Evolution and state-of-the
art of Altmetric research: Insights from network analysis and altmetric analysis”, by
Lathabai, Prabhakaran and Changat, aimed to identify the evolutionary trajectories of
the altmetrics research field. Key papers that have contributed to this research field
were identified in the study. The third poster “Feature Analysis of Research Metrics
Systems”, by Nagarajan, Erdt and Theng, presented the results of a feature analysis
study conducted on 18 research metric systems. A total of 48 individual features from
14 broad categories were used for the analysis. The results of this study give insights
into features that could be improved and developed in future.

An interactive demo session was conducted showcasing the ARIA (Altmetrics for
Research Impact and Actuation) [11] prototype system. ARIA is a tool developed to
help in measuring research impact for researchers, universities, research institutes and
policy-makers. The key features of the tool include researcher and institutional dash-
boards, visualizations of both bibliometric and altmetric indicators, and a cross-metric
explorer.



2.5 Panel Discussion Session

A panel discussion on the topic “Altmetrics in the year 2030” was conducted during the

workshop. This session was moderated by Michael Khor (Nanyang Technological Uni-

versity). The panel speakers included Schubert Foo (Nanyang Technological Univer-

sity), Na Jin Cheon (Nanyang Technological University), Mike Thelwall (University

of Wolverhampton), Stacy Konkiel (Altmetric.com), Edie Rasmussen (University of

British Columbia), Tina Moir (Elsevier), and Stephanie Faulkner (Elsevier).
Questions addressed to the panel during the session included:

0] What changes can be expected in Altmetrics in the year 2030, assuming
that the existing services continue to be in operation?
(i) What sort of “disruptive” innovations can be expected by 2030?

(iii) What current gaps/ issues in Altmetrics will be rectified by 2030?

(iv) What will be the effects of manipulations and other malpractices related to
Altmetrics?

(v) What will be the impact of Open Access (OA) journals in this area? What
sort of changes can be foreseen in the usage of Altmetrics by the year 2030?

3 Outlook

With this first-of-a-kind workshop conducted in the Asia Pacific region, we hope to
have created and also sustained interest in Altmetrics as a young and exciting research
field. It can be observed that the community is still growing. Our intention through this
workshop has been to create a sustainable bridge between altmetrics, bibliometrics, sci-
entometrics, research evaluation and other closely related fields. The success of a re-
search area is dependent for its sustenance and improvement not just on the increasing
number of publications every year but also on the participation of different stakehold-
ers. With this workshop, we were successful in bringing together academicians, librar-
ians, publishers, and research managers. We sincerely hope that the future research di-
rections proposed by the speakers in this workshop will be actively pursued by the re-
search community.
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Using Altmetrics to Support Research Evaluation
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Abstract. Altmetrics are indicators that have been proposed as alternatives to
citation counts for academic publication impact assessment. Altmetrics may be
valued for their speed or ability to reflect the non-scholarly or societal impacts of
research. Evidence supports these claims for some altmetrics but many are lim-
ited in coverage (the proportion of outputs that have non-zero values) or ability
to reflect societal impact. This article describes data sources for altmetrics, indi-
cator formulae, and strategies for applying them for different tasks. It encom-
passes traditional altmetrics as well webometric and usage indicators.

Keywords: Altmetrics, Webometrics, Research Evaluation.

1 Introduction

Altmetrics were first narrowly defined as indicators for academic activities or outputs
derived from the social web. This definition was conceived by PhD student Jason Priem
and promoted by him and collaborators primarily through a highly successful October
2010 manifesto [1]. The goals included identifying non-academic impacts of scholarly
publications and generating more up-to-date indicators than possible with citation
counts. The development of altmetrics had become possible in 2010 not just through
the rise of the social web but also by the free provision of automated access to data from
many social web services. Thus, for example, interest in an article on Twitter could be
tracked in real time using the free Twitter Applications Programming Interface (API)
to find citations or links to articles. The manifesto also argued that altmetrics should
not be taken at face value but that research was needed to help interpret their value and
meanings. Altmetrics have subsequently developed to the extent that information pro-
fessionals can be expected to know the basic facts about them [2]. The UK LIS Biblio-
metrics Forum has developed a set of guidelines for the competencies needed for people
conducting quantitative research evaluations of various types (https://thebibliomagi-
cian.wordpress.com/competencies/). This separates the knowledge and skills needed
into three levels: entry, core and specialist. Some knowledge of altmetrics is required
here at entry level.

The altmetrics initiative was not the first to propose the use of online indicators for
faster and wider impact evidence for scholarly outputs. Web indicators had previously
been created by the field of webometrics (e.g., [3]). The main difference between alt-
metrics and webometrics is that web-based indicators are more difficult to collect and
typically rely upon web crawling or automated queries in commercial search engines
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to identify online citations to publications, scholars, or organisations [4]. For example,
citations from Wikipedia to academic outputs could be obtained by crawling Wikipedia
(or accessing a copy of Wikipedia’s content) and extracting citations. Alternatively,
citations could be identified by using automated Bing queries to search for mentions of
a set of academic outputs in Wikipedia [5]. This is possible with a site-specific query
that combines the first author last name, publication title and year, as in the following
example for a Bulletin of the American Mathematical Society article that searches only
the Malaysian version of Wikipedia.

e Alexanderson 2006 "Euler and Konigsberg's bridges A historical view" site:my.wik-
ipedia.org

The meaning of the term altmetrics has since expanded to encompass all digital traces
of the use or impact of academic outputs. Both ImpactStory and Altmetric.com include
some webometric indicators within their altmetric portfolio. Thus, altmetrics no longer
need to originate from the social web but can also be webometrics (from the general
web) and usage indicators, such as download counts. The term altmetrics now connotes
any alternative indicator of academic impact, where citation counts are the standard
against which altmetrics are the alternative.

This article explains the theoretical background of altmetrics and describes reasons
to use them, data sources, more complex indicators derived from raw altmetric data,
and research into their meaning. The focus is on altmetrics for academic articles rather
than altmetrics for books, data, software or other scholarly outputs (for a review, see:
[6]). This article includes altmetrics from social media platforms that are popular in the
USA, such as Twitter, because most research so far covers these. Evidence is needed
to test whether data from other sites, such as Weibo, vk.com and FC2, has similar prop-
erties. Altmetrics are heterogenous in value, type of impact reflected (if any), and useful
applications [7] and so each one should be considered on its own merits.

2 Background: Citations and altmetrics for research evaluation

Academic research needs to be evaluated on many different levels to support decision
making. As some of the examples below suggest, at any given level evaluators may
compare their unit with comparable other units to benchmark their performance or may
analyse their sub-units to support internal decisions.

e At the international level, newspapers and others may evaluate university research
to generate league tables to promote themselves. Scientometricians may analyse sci-
ence to gain theoretical insights.

¢ At the national level, government policy makers may analyse the performance of a
country’s researchers to assess their international competitiveness and scientific
strengths to inform future research funding or other policy decisions. They may an-
alyse national performance trends over time to assess the impact of an important
policy change (e.g., restructuring or funding). They may compare the country’s uni-
versities to allocate research funding or inform policy decisions.
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e At the sub-national level, research funders’ evaluation teams may analyse the per-
formance of the research funded by them to assess the effectiveness of their funding
strategy or individual funding streams.

o At the university level, bibliometricians may compare the performance of different
departments to inform decisions about how to share internal funding or whether to
close ineffective units. They may compare the university against other universities
to predict future shares of performance-based research income.

o At the department or research group level, research administrators may compare the
performance of a group against international competitors to make the case for the
success of its research, or may evaluate the research to identify individual successful
researchers or research directions.

¢ Atthe individual manager level, leaders may evaluate individual researchers for pro-
motion, tenure or hiring decisions.

e At the individual researcher level, scientists may evaluate their own research for
feedback on their own performance, to promote their achievements or to identify
successful publications.

The above list is not exhaustive because local circumstances can generate other appli-
cations. For example, UK departments need to identify the best four publications of
each researcher within a specified set of years for periodic national research assess-
ments [8], creating a specific need for publication-level selection assessments within
departments. Academic journals are also often evaluated and compared [9]. The scale
and purpose of an analysis affect whether to employ altmetrics or citation counts.

Research is traditionally evaluated using peer review. When articles are submitted
to academic journals or monographs are submitted to scholarly presses, they are typi-
cally reviewed by subject specialists to decide whether they can be published. Expert
judgement is also the main technique used to evaluate research for some of the purposes
listed above. For example, a manager may read job applicants’ papers and CVs to de-
cide on the research strengths of the candidates. At the opposite extreme, a government
may recruit hundreds of experts to read the main research outputs and associated state-
ments of its academics to decide how much funding each department should receive
[8].

Expert judgements are sometimes informed by citation count data or altmetrics (e.g.,
[10]), to cross-check the outcomes for bias, to provide a tie-breaker when reviewers
disagree, or to provide an initial overall judgement to be critiqued. The indicator data
can help speed up the review process, saving valuable (and expensive) reviewer time,
and providing an alternative perspective to allow reviewers to cross-check their judge-
ments and perhaps re-evaluate problematic cases.

Citation counts or altmetrics are sometimes used without substantial expert review.
This may occur when the cost of the amount of expert review needed would be greater
than the benefits of the greater accuracy for decision making. For example, an academic
wondering whether their first paper was better received than their second paper might
compare their citation counts rather than recruiting three experts to read them both and
report on their relative merits. At the other scale extreme, if the Chinese government
wanted to know whether the average quality of its research had increased over the past
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ten years, then it might not wish to pay experts to read and evaluate a large enough
random sample from each year to reach a conclusion. It might instead commission a
citation analysis, accepting that the results may be imperfect.

2.1  Citation analysis

Citation-based indicators are widely used to support research evaluation at all levels.
The underlying reason why citation counts can reflect scholarly impact is that the ref-
erences in a paper to some extent list the prior works that influenced it [11]. A paper
that has been referenced (i.e., cited) by many different publications has therefore ap-
parently been very influential. On this basis, comparing the citation counts of papers or
groups of papers may reveal which has been most influential. This argument is imper-
fect for many reasons, however, including the following. Solutions are suggested after
each point in brackets.

1. Some citations are negative, perfunctory or arbitrary [12]. In these cases, the cited
work has not influenced the citing work. This seems to be common in the arts and
humanities. [Action: accept that citation counts are sometimes misleading and avoid
drawing strong conclusions in the arts and humanities.]

2. Decisions about which papers to cite may be influenced by biasing factors, such as
author nationality, prestige, university and collaborations (e.g., [13, 14]). [Action:
accept that citation counts can include systematic biases and take steps to check for
these or acknowledge this limitation; consider using appropriate academic-related
altmetrics in addition.]

3. Research can be useful in academic in ways that do not generate citations, such as
by closing off false lines of research or giving information to academics in ways that
it is not conventional to cite [15]. [Action: accept that low cited work may be valua-
ble in academia.]

4. Average citation counts vary by document type, field and year [16] and so it is not
fair to compare citation counts between papers from different fields and years. [Ac-
tion: report citation counts alongside the average number of citations per article for
the same document type, field and year, or calculate a normalised citation count in-
dicator for documents of the same type that factors out the field and year of publica-
tion.]

5. Citations may not reflect valuable non-academic uses of research and so may not be
good indicators of societal impact [17]. [Action: consider using appropriate alt-
metrics in addition.]

6. It takes about three years for citation counts to be mature enough to be a reasonable
indicator of the long-term impact of a paper (a three-year citation window is com-
mon, e.g., [18]). This delay is unacceptable for the many research evaluations that
focus on, or cannot ignore, recent research. [Action: consider using social web alt-
metrics in addition.]

In summary, citation counts can help research evaluations if employed carefully and
if reported with enough context to be interpreted appropriately by decision makers.
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2.2  Altmetrics

Altmetrics partly address three of the above limitations of citation counts: time delays
and inability to reflect some academic and non-academic impacts [1, 19, 20]. They can
address the time delay problem by collecting data from the social web, which is typi-
cally much faster to appear than a citation. For example, someone might read an article
in the week in which it is published and then tweet about it immediately and register it
in their Mendeley library. If they then used that article to influence their research, it
might be several years before that research was completed, written up, refereed and
published in early view so that Scopus or the Web of Science (WoS) could index its
citations.

Altmetrics partly address the problem of tracing non-citation impacts because, in
theory, an article might be mentioned in the social web by anybody that uses it. A mem-
ber of the public might tweet about an article that had given them insights into their
medical condition or a social worker might blog about an article that had influenced
their decision about a difficult case. Nevertheless, it seems likely that when articles are
found useful, there is rarely a digital record of this. Altmetrics can only therefore hope
to track a fraction of the impacts of academic research.

An extra advantage is that altmetrics can reveal where research has had an impact,
which may inform future dissemination strategies [21].

Altmetrics do not address some problems of citation analysis [22, 23]. An altmetric
mention of an article may be negative or perfunctory, and decisions about which article
to mention in the social web seem to be more likely to be influenced by biasing social
factors, including nationality and friendship. National citation biases are likely to be
stronger in social web altmetrics due to higher uptake in the USA for many services
[24]. From a wider impact perspective, most uses of academic research probably do not
leave digital traces that can be identified through altmetrics [25] and so they can only
reflect a fraction of an article’s impact.

Altmetrics have one additional problem that citations do not: they are relatively easy
to manipulate. Thus, for example, it is possible to generate thousands of tweets about
an article and an academic might do this if they believed that their promotion or funding
would depend on it. Thus, altmetrics need to be used much more cautiously than cita-
tions and should not be used in evaluations when those evaluated are aware of their use
in advance and would benefit from a favourable outcome — there would be too much
temptation to cheat [26].

Three initiatives have surveyed and reported on aspects of altmetrics. Snowball Met-
rics (https://www.snowballmetrics.com/) produced a set of recommendations for uni-
versity self-evaluations. The National Information Standards Organization (NISO) in
the USA launched an initiative to promote standards and best practice for altmetrics
during 2013-2016. Its final report discusses data standards, gives use cases for how
altmetrics might be exploited and has a section on altmetrics for research data [27]. The
European Commission Expert Group on Altmetrics focused on the relationship between
altmetrics and open science, in the sense of scholarship that that is accessible to the
public [28]. It made recommendations about how altmetrics could support open sci-
ence.
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3 Data sources: Observation, purchase and harvesting

There are three main ways for individual scholars and research managers to access alt-
metric data: observation (e.g., noticing or finding altmetric scores for a research output
in a publisher’s website); bulk purchasing scores from an altmetric data provider; and
using software to harvest scores directly from the sources.

3.1  Observation

Many publisher websites now report one or more altmetrics within journal or article
pages. Thus, when accessing an article online, the number of times it has been tweeted,
cited or blogged may be visible within its page. For example, each PLOS article has a
“Metrics” tab listing various citation count, download and altmetric data. Similarly,
Wiley-Blackwell articles may have an Altmetric button that links to a page of Altme-
tric.com scores and ScienceDirect papers (Elsevier) may list data from PlumX at the
side. These indicators are presumably for the article’s potential readers and authors but
may also be used by publishers and editors to monitor their journals.

The altmetric data provided by some publishers may have been collected by them
(e.g., download and view counts) or may be imported from scholarly data providers,
such as Altmetric.com, Plum Analytics (part of Elsevier from February 2017), and Im-
pactStory. These specialist organisations continually harvest altmetric data from the
social web using the APIs of sites like Twitter as well as web crawling and other meth-
ods. They then package sets of indicators for academics or publishers.

ImpactStory, for example, creates altmetric profiles for researchers by combining
evidence for all their publications. At the time of writing, their example profile was for
Ethan White (https://profiles.impactstory.org/u/0000-0001-6728-7745), reporting that
he had 4470 online mentions in the previous year from Twitter, Facebook, G+, Reddit
and other sources. The profile page also lists the online mentions for each of the aca-
demic’s individual publications. Altmetric.com also offers a free browser-based “book-
marklet” (https://www.altmetric.com/products/free-tools/bookmarklet/). Users in-
stalling it can see altmetric scores for articles accessed in their web browser.

3.2  Purchase

Universities, research councils and governments can bulk purchase altmetric data from
the commercial altmetric providers Altmetric.com (https://www.altmetric.com/prod-
ucts/explorer-for-institutions/) and Plum Analytics (https://plumanalytics.com/prod-
ucts/plumx-metrics/). A university might pay for counts of altmetric mentions of all its
publications together with a range of analytic tools to identify strengths and weaknesses
and to compare impact between departments. These analytics may also benchmark the
university or individual departments against world norms.

Altmetric.com also provides its raw data free for researchers (http://api.altme-
tric.com/), giving a simple source for scientometricians conducting altmetric research
(see: [29]).


https://profiles.impactstory.org/u/0000-0001-6728-7745
https://www.altmetric.com/products/free-tools/bookmarklet/
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3.3 Harvesting

Some altmetric scores can be automatically collected free from the source using soft-
ware, bypassing the need to pay to access the data. This can be time consuming and the
software can take time to master, making it impractical for casual users but a good
solution for scientometricians. For altmetric research, the ability to harvest scores di-
rectly from the source allows researchers to have full control over what data is collected
and how it is collected. Thus, as part of a research design it might be important that all
the scores are collected at approximately the same time, which may not be the case if
they are downloaded from data providers.

To illustrate automatic data collection, the free Windows software Webometric An-
alyst (http://lexiurl.wlv.ac.uk) supports altmetric data gathering from Mendeley and
Twitter as well as many different types of webometric data gathering. Webometric An-
alyst can be fed with a list of publications and it will then query the Mendeley API to
find out the number of times that each one has been registered by a Mendeley user. This
gives the Mendeley reader count altmetric score. As discussed below in the evidence
section, this is a good early indicator of the likely future impact of an article.
Webometric Analyst can also be fed with a list of DOIs or article URLs and then it will
continually query Twitter for mentions of them. The Twitter APl only reports tweets
from the previous week and so to count the number of tweets for an article, its DOI or
URL must be monitored continually from the moment that it is first available online.
Webometric Analyst can do this if it is left running on a computer that is never switched
off. Thus, it is more difficult to collect good Twitter data than good Mendeley data.
Webometric Analyst can also collect the following webometric scores for any set of
journal articles: Wikipedia citations; syllabus mentions; grey literature mentions; gen-
eral web mentions; web patent citations; PowerPoint citations.

There do not seem to be free programs to collect other altmetric scores (e.g., from
Facebook, Google Plus, Weibo). If data is needed from these and Altmertric.com free
research data cannot be used then a program would need to be written to collect it.

4 Research evaluation indicators

Altmetric data consists of a simple count of the number of times that a research output
has been cited, mentioned or downloaded. When altmetrics are used for research eval-
uations it is necessary to compare these counts between publications, or groups of pub-
lications — or to assess whether the numbers are high or low. A simple and effective
way to do this is through percentiles: calculating the percentage of other outputs that
have higher (or lower) scores. Thus, Altmetric.com might report that an article has a
“High Attention Score compared to outputs of the same age and source (92nd percen-
tile)” (https://www.altmetric.com/details/20710370) and ImpactStory might reveal that
“Your top publication has been saved and shared 111 times. Only 9% of researchers
get this much attention on a publication” (https://profiles.impactstory.org/u/0000-0002-
0072-029X).


http://lexiurl.wlv.ac.uk/
https://www.altmetric.com/details/20710370
https://profiles.impactstory.org/u/0000-0002-0072-029X
https://profiles.impactstory.org/u/0000-0002-0072-029X
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For formal evaluations, it is important to ensure fairness so that no researchers or
groups are disadvantaged through unreasonable comparisons. The most important three
sources of bias are document type, publication year and field of study.

e Document type: Review articles are more likely to be cited than standard articles,
despite not reporting original research. Thus, review articles are normally excluded
or treated separately in research evaluations. It would be unfair to compare books or
conference papers with journal articles since they are likely to have different citation
rates. There are also contributions to journals that are less likely to be cited, such as
editorials, letters and notes. These should be excluded or treated separately.

o Field: Citation rates vary between fields because the structure of the field, typical
reference list lengths, and referencing norms affect the type and number of docu-
ments that are cited. It is not clear that these issues transfer to altmetric data although
there are known to be major field differences in average altmetric scores, so it is
important to take field into account for altmetrics.

¢ Publication year: Other factors being equal, older documents tend to be more cited
than younger documents because they have had more time to be referenced. Time is
also a factor for altmetrics but older documents may have lower scores on altmetrics
because the main interest in them occurred before the social web.

The simplest fair solution to these issues is only to compare an altmetric score with the
scores of other outputs of the same type, field and year. Thus, with the percentile ap-
proach it would be reasonable to report the percentage of documents of the same type
that had lower scores within the same field and year. A practical disadvantage is that
the scores for all other documents of the same type, field and year are needed (or a
random sample) to calculate the percentiles but this is unavoidable if a score is to be
interpreted against the world average. Altmetric data providers can calculate percentiles
easily because they attempt to gather comprehensive data sets but this can be time con-
suming or impractical for individual researchers. Currently (October 2017), public alt-
metric scores from the main providers normalise for publication year but not field of
study.

4.1  Field and year normalised average citations/mentions per publication

If groups of publications are to be compared against each other using altmetrics then it
would be natural to compute the average altmetric score for the set and then compare
the averages for different groups against each other (e.g., to compare journals: [9]) or
with the world average. To be fair, these comparisons should only be performed be-
tween sets of documents of the same field, publication year and type for the reasons
given above. This is often impractical because groups of researchers tend to publish in
multiple fields and research evaluations often include outputs from several years.

It is possible to address the above problem by using an averaging method that takes
into account the field and year of publication. This solution is a field (and year) nor-
malised indicator of average impact, such as the Mean Normalised Citation Score
(MNCS) [30] or the Mean Normalised Log Citation Score (MNLCS) variant [31].
These work by first dividing each score by the world average for the field and year and
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then averaging the normalised values. In this way, the averages of the normalised scores
can be compared between years and fields. In theory, the formulae could also normalise
for publication type but in practice they are usually applied exclusively to journal arti-
cles (often excluding reviews, editorials, notes, etc.).

Irrespective of the number of publication years and fields, an MNCS or MNLCS
calculation always results in a single average for the whole group. This average can be
interpreted as follows.

e MNCS or MNLCS score of 1: The group’s outputs, on average, tend to score the
same as the rest of the world’s outputs from the corresponding fields and years.

e MNCS or MNLCS score > 1: The group’s outputs, on average, tend to score higher
than rest of the world’s outputs from the corresponding fields and years.

e MNCS or MNLCS score < 1: The group’s outputs, on average, tend to score lower
than rest of the world’s outputs from the corresponding fields and years.

The difference between MNCS and MNLCS is that scores are log transformed for
MNLCS to reduce the influence of very high values. This is important because other-
wise the results can be dominated by individual outliers. Using the MNLCS variant of
MNCS therefore makes the results more precise [31].

4.2  Field and year normalised proportion cited/mentioned

The MNCS and MNLCS average score methods for groups of articles do not work well
if most of the article scores are zero. This is common for most altmetrics, with Mende-
ley readers and Twitter citations being the main exceptions. This problem can be re-
solved by reporting instead the proportion of a group’s outputs with a nonzero score.
Comparing proportions between groups would be unfair because of field, year and pub-
lication type differences but the solution is to use an indicator that normalises for theses.
The Equalised Mean-based Normalised Proportion Cited (EMNPC) solves this problem
in a similar way to the MNCS and MNLCS by dividing the proportion for each field
and year by the world average proportion cited for that field and year, with an additional
calculation to reduce bias [31]. As for MNLCS, values above 1 are above the world
average and values below 1 are below it.

5 Empirical evidence

Empirical evidence has been gathered about the coverage of altmetrics (the proportion
of outputs that have a non-zero score) and the correlation between altmetric scores and
citation counts for different fields and years. Some studies have focused on a single
altmetric whereas others have assessed a range. A few studies have also attempted to
assess the type of impact that individual altmetrics reflect.
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5.1 Coverage

The coverage (proportion of outputs with a non-zero score) of an altmetric affects the
purposes for which it can be used. If most outputs have a score of zero then the altmetric
is not discriminatory enough to rank (or compare) individual outputs. If an overwhelm-
ing majority of altmetric scores are zero then academics could not be ranked or com-
pared based on their publications. Large groups of researchers could still be compared
based upon the proportion cited (EMNPC), however. The coverage of any altmetric
will naturally vary by field and year and may also change over time but the following
discussion illustrates broad current patterns.

e High coverage: The altmetric with the highest coverage is Mendeley reader counts
(41-81% from Altmetric.com data: [32]; see also: [33]). At the end of the publication
year, the average Mendeley reader count for journal articles is above 1 for most
fields, suggesting that most articles have readers [34]. Mendeley has higher coverage
than other social reference managers (e.g., Bibsonomy: [35]). Virtually all articles
can be expected to have been downloaded, so download and view counts have very
high coverage. For comparison purposes, two years after publication, WoS and Sco-
pus citations probably have high coverage for most fields and years.

e Moderate coverage: Twitter citations seem to occur for 4-17% of articles (based on
altmetric data: [32, 36]). WoS and Scopus citations probably have moderate cover-
age in the publication year in most fields.

e Low coverage: Facebook wall posts, blog citations can be expected to occur for
under 1-2% of journal articles (estimates based on Altmetric data: [37]). Google Plus
citations, media mentions, Reddit citations, and LinkedIn citations can be expected
to occur for under 0.1% of journal articles (estimates based on Altmetric data: [37]).
Low rates can also be expected for Wikipedia citations (5%: [5]), PowerPoint cita-
tions (estimated under 1%: [38]), SlideShare citations (1%-14%: [39]), patent cita-
tions (up to 10% but probably 0% in most fields: [40]), and syllabus mentions (0.1%-
51%: [38]) tend to have low coverage for journal articles. Up to 10% of articles in
high profile journals (e.g., Science, Nature) may be blogged about [41] but the per-
centage is likely to be much lower for typical journals. Citations from drug and clin-
ical guidelines [42, 43] are likely to be very rare, even for medical articles.

5.2 Correlation with citations or expert judgements

A concern raised by critics of altmetrics is that scores are meaningless: useless articles
may have high scores and excellent articles can have low scores. Tweeting bots [44],
for example, undermine tweet counts as reflections of human judgements. The main
strategy to counteract this argument and present the case that altmetrics are meaningful
has been to assess the extent to which altmetrics correlate with citation counts or expert
judgement. Statistically significant evidence of a positive correlation in would show
that altmetric scores tend to associate with scholarly impact or value and are therefore
not meaningless [45].

The correlation with citation counts strategy, whilst giving empirical evidence of
scholarly value, partly goes against one of the original goals of altmetrics [1], to provide
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evidence of non-scholarly impact. Nevertheless, it seems reasonable to believe that
most types of impact for scholarly research would associate in some way with citation
counts. For example, articles that have a big impact on a profession (e.g., social work,
nursing) and get many social media mentions as a result, may also be cited because of
their professional impact. They may also be followed up by future studies that cite them
because of their success within the profession. In the other influence direction, if arti-
cles are assumed to have different underlying quality (e.g., robustness of argument and
background, generality of evidence) then better articles seem more likely to have more
impact of all types.

Based on the above arguments it seems reasonable to use correlations with citation
counts or peer judgements of value as evidence that altmetrics are valuable impact in-
dicators, but not of the type of impact that they reflect. It is difficult to interpret the
strength of the correlations found, however, because weak correlations could be due to
low numbers [46] or the altmetric reflecting a type of impact that is only loosely related
to scholarly impact. Nevertheless, high correlations suggest that an alternative indicator
closely reflects academic impact. Evidence of positive correlations is available for
many altmetrics.

e High positive correlations: Mendeley reader counts have consistently been shown
to have moderate or high correlations with citation counts for most fields and years
(typical values in the range 0.5-0.8, depending on field and year: [34, 47]). They
have at least moderate correlations with expert judgements for quality-filtered arti-
cles from the same broad field and year [48]. Download and view data can be ex-
pected to have high correlations with citation counts after a few years, although there
are large disciplinary differences [49].

e Low positive correlations: Tweets [44], webometrics. Facebook wall posts, blog
citations, Google+ citations, media mentions, Reddit citations, and LinkedIn cita-
tions (Altmetric data: [36, 37]) all have positive correlations in the range 0.1-0.3.
From webometrics, Wikipedia citations [5]), PowerPoint citations [38], SlideShare
citations [39], patent citations [40], drug and clinical guidelines citations [42, 43]
and syllabus mentions [38] tend to have low positive correlations with citation
counts.

¢ No correlation: Some of the above indicators have correlations that are zero in prac-
tice, such as LinkedIn citations, even though they are statistically significantly pos-
itive on huge data sets [37].

5.3  Impact type

The type of impact, if any, indicated by an altmetric is sometimes obvious but can be
difficult to detect. Content analysis, interviews and questionnaires have been used to
assess impact type for the non-obvious cases.

e Narrow impact: It seems reasonable to assume that the type of impact reflected by
the following is determined by the nature of the source of the citations: patent cita-
tions (commercial); syllabus mentions (educational) and media mentions (public in-
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terest). High correlations between Mendeley reader counts and citation counts com-
bined with evidence that Mendeley reader counts indicate article readers [50] and
academics and researchers dominating the self-declared users of Mendeley [51]
gives strong evidence that Mendeley reader counts reflect scholarly impact, albeit
with an element of educational impact in some fields [52]. PowerPoint citations
probably reflect a combination of scholarly and educational impact since both edu-
cators and scholars post presentations online. Citations from drug and clinical guide-
lines [42, 43] have health and medical impacts.

e Broad impact: A content analysis of tweets citing academic articles suggest that
they rarely indicate specific uses other than general interest [53]. Another study
found that most tweeters of a set of academic articles were academics [54]. Twitter
citations therefore probably tend to reflect attention or academic attention. Face-
book, Google Plus, Weibo and other general social network sites and microblogs
allow similar short posts to Twitter and have a general userbase so probably also
reflect attention or academic attention. It seems reasonable to characterise Wikipedia
citations as informational impact by the nature of this encyclopedia. Within individ-
ual fields, the impact type might be narrower and could be described in different
terms. For example, Wikipedia citations to health articles may reflect public health
information dissemination. Blog citations seem to reflect both public and scholarly
interest since articles are often selected for a blog by academics for their public in-
terest value [55].

e Unknown or varied impact: Download and view counts are perhaps the broadest
possible indicator since almost every type of use of an article starts with the article
being accessed in some way (paper or online). It is possible that in many fields schol-
arly uses would dominate others and so download counts would then be scholarly
impact indicators (e.g., [56, 57]). The type of impact of grey literature citations [58]
and SlideShare citations [39] probably varies by field. They may reflect business
impact in marketing, for example.

54  Early impact

There is considerable evidence that many altmetrics appear before citations, as might
be expected. This is clearest for Mendeley reader counts (and downloads: [59]) but it is
probably true for most altmetrics except patent and Wikipedia citations. The early ap-
pearance of altmetrics allows them to be used as impact indicators before there are
enough citations to do this [60]. There are two dimensions to this advantage.

e Statistical power: Indicators that are more common than citations may be more
powerful in their ability to differentiate between articles or groups of articles. In
other words, if group A has had more impact than group B in a given period, there
may not be enough citations to suggest this with any confidence but it might be pos-
sible with altmetrics if they appear earlier and in sufficient numbers.

e Within year time bias: Articles published early in a year have had longer to be
noticed than later published articles and so have an unfair advantage when compar-
isons are made between articles published in the same year. After a few years, this
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difference might not matter much for citations, especially for fields in which citation
rates peak early [61]. For altmetrics that appear earlier than citations, their rate may
also peak before citations, and so comparisons between articles for these altmetrics
will be less biased by publication month. Thus, a second early impact advantage of
altmetrics is for reducing bias when comparing articles published early and late in a
year. This is not relevant for comparisons of time-balanced sets of publications (i.e.,
a similar spread of publication months), although it may still reduce statistical power
in this case. The within year time bias issue is most relevant for comparisons between
individual publications or small sets of publications, when time balance may not be
achieved.

Mendeley reader counts appear before citations in most or all fields [34]. Overall, arti-
cle readers appear about a year before article citations. Combined with high coverage
and evidence of high correlations with citation counts, this gives confidence that Men-
deley reader counts are suitable early impact indicators as a substitute for citation
counts. If care is taken with publication dates, Mendeley reader counts can even be used
within the year of publication for articles ([62, 63]). Early Mendeley reader counts have
a strong positive correlation with later Scopus citation counts in many fields, which
also supports their use for early impact [64].

Tweets also appear before citation counts. A study of an online medical journal
found that 60% of tweets from the first 60 days occurred in the first two days after
publication [65]. Early Tweets also correlated positively with later citation counts for
this journal [65], although it may be a special case as an online medical journal. Nev-
ertheless, it is not clear that tweet counts reflect impact in many fields and so they have
a much weaker case than Mendeley.

Blog citations have been shown to associate with increased future citations [41],
although few articles get blogged about.

6 Summary: Responsibly using altmetrics

Altmetrics are now part of the infrastructure of digital publishing. They are used by
individuals and organisations for self-evaluations and there is some pressure to use
them in formal research evaluations. It is important to ensure that altmetrics are em-
ployed appropriately and effectively and so this article concludes by reviewing respon-
sible use guidelines.

For citation analysis, the ten principles of the Leiden Manifesto [66] are the main
guidelines for formal research evaluations. The first, and most important, is, “Quanti-
tative evaluation should support qualitative, expert assessment”. As argued above, the
extent to which this is possible varies with the scale and purpose of the evaluation. The
principles also argue that an evaluation should be sensitive to the local context, field
differences, and the purpose of an evaluation.

Two of the Leiden principles can be a problem for altmetrics, “Keep data collection
and analytical processes open, transparent and simple” and “Allow those evaluated to
verify data and analysis” [66]. If altmetric scores are purchased from data providers
that do not give enough information about how the data was collected then the data is
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not transparent. Similarly, one of the main altmetric indicators, Mendeley reader
counts, is inherently not transparent because the number of readers cannot be traced
back to the identity of those readers. Thus, if a researcher is told that their paper has the
second most readers in a field, there would be no way for them to check that the readers
of the most read paper in their field were genuine. Altmetric.com supports transparency
by revealing the source of each altmetric score, when possible. If it reports a tweet count
of 8 for a paper then clicking links in the site will allow the eight tweets to be read and
checked. It separates Mendeley reader counts from indicators that can be verified at
source.

The following principles reflect the Leiden Manifesto, taken from the Metric Tide
report [8] and adopted by the UK Forum for Responsible Metrics.

¢ Robustness — in terms of accuracy and scope

e Humility — quantitative evaluation should support, but not supplant, qualitative, ex-
pert assessment

e Transparency — that those being evaluated can test and verify the results

o Diversity —accounting for variation by research field, and using a range of indicators
to reflect and support a plurality of research and researcher career paths across the
system

o Reflexivity — recognising and anticipating the systemic and potential effects of indi-
cators, and updating them in response

In summary, there is general agreement that altmetrics have the potential to be useful
for some research evaluations but that care must be taken to use them responsibly. Pub-
lished recommendations so far have been general rather than giving a recipe for differ-
ent tasks. This is partly due to the many different altmetrics available, the introduction
of new sources of altmetrics and technical changes. It is also partly the result of insuf-
ficient academic research to give concrete evidence of best practice for applications.
This is an important direction for future research.
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Abstract. This paper argues for the need for scientometricians to borrow from
qualitative analytical approaches to improve the field of altmetrics research. Ex-
isting approaches to contextualizing metrics using quantitative means, by re-
searchers and altmetrics data providers alike, are discussed and critiqued. | pro-
pose the need for research based in ways of thinking from the humanities and
social sciences to understand human motivations for sharing research online to
truly understand what altmetrics mean and how they should be interpreted. | ex-
plore several ways that the research community and data providers alike can help
those who use altmetrics in evaluation move from "data" to "wisdom".

1 Introduction

In the field of research evaluation, the need for context is often implicit. We, scien-
tometricians, usually assume that those who practice evaluation - the department chairs,
vice provosts for research, grant reviewers, and so on, will understand that there is no
magic bullet, no special number, that can quickly and legibly summarize the influence
of a single paper, nor the legacy of a scholar’s entire body of work. We trust that they
know that impact evidence especially metrics needs to be contextualized in order to be
properly interpreted.

Sadly, we are sometimes proven wrong. Metrics can and are used improperly in re-
search evaluation scenarios. From using a Journal Impact Factor to judge the quality of
a paper at a glance when low on time, to determining a faculty member’s worthiness
for tenure based on grant dollars won, decision-makers have been known to misapply
metrics in the moments that can count the most.

In this paper, | argue that no single number, nor even a group of numbers, can in
isolation help one understand the impact of research at any level. But | do not wish to
“throw the baby out with the metrics bathwater”[1] and insist that peer review can ever
be the only way we understand the value of a body of work. To do so would be to ignore
the environment of scarcity so prevalent in academia that it prevents evaluators from
allowing the time and resources to engage fully with research, instead pushing them
towards relying upon numeric indicators alone to understand a work’s scholarly influ-
ence.

Instead, I argue for the need to take a holistic and realistic approach to understanding
research impact, one that combines state-of-the-art quantitative approaches with tried
and true qualitative and theory-based means of judging research’s value. Put simply, to
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make research evaluation practices more robust and scalable, we need to marry a sci-
entific worldview with a humanistic one and employ modes of thinking from both dis-
ciplines. In particular, | promote this approach in the nascent field of altmetrics, which
looks to data from the social web to understand the attention paid to, and in some cases
the impact of, research.

2 Altmetrics and the context we have

In the few short years since the founding of altmetrics as a field, a great deal has already
been accomplished to better contextualize the altmetrics data used in research evalua-
tion.

The altmetrics community is comprised of both researchers who study the data and
altmetrics aggregation services that gather said data. Each plays an important part in
bettering the field to improve research evaluation for all.

Most altmetrics research uses quantitative approaches borrowed from the field of
scientometrics to deepen our knowledge of the many variables that can affect the alt-
metrics that research receives. Recent studies have examined the effects of author na-
tionality on the attention that research receives on regional and international social me-
dia sites [2-5]; the effects of author gender upon the attention that research receives on
Twitter [6] and in public policy and mainstream media [7]; and the Open Access status
of research upon a variety of altmetrics [6, 8], among other factors.

Perhaps the most important context the field has gained from research so far is the
understanding of the effects of self-promotion on the altmetrics and usage statistics for
research [9]. That’s because the perceived threat of gaming upon the trustworthiness of
altmetrics data; it is one of the most common concerns that academics have when dis-
cussing the limitations of altmetrics. The Erdt study, when taken hand-in-hand with the
Adie framework (Fig. 1) for understanding the nuances of self-promotion and gaming
[10], make it clear that the “threat” of gaming is not so clear-cut.

? good
1]
S
g spam gaming
bad bad

Fig. 1. Adie framework
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Altmetrics aggregation services have also worked to contextualize the altmetrics
they deliver to researchers and evaluators alike. Altmetric offers numerical percentiles
for the Altmetric Attention Score, putting that weighted score in context by comparing
it with other research published in the same time period and journal. Impactstory offers
“Achievement” badges for authors for attention received in particular online sources
(e.g. an author’s overall body of work’s citedness in Wikipedia warrants a “Wikitastic”
badge with contextualized metrics included, see Fig. 2).

Wikitastic top1o%

Your research is mentioned in 7
Wikipedia articles! Only &% of
researchers are this highly cited in
Wikipedia.

Fig. 2. Wikitastic infographic

But even with this heightened sense of nuance for the metrics we produce and con-
sume, we're still mostly looking at numbers. We need even greater context for the field.

3 Altmetrics and the context we need

There is a lot we may be missing as altmetrics researchers and services if we primarily
concern ourselves with counting citations, grant dollars, patents, altmetrics, and other
numeric indicators to understand the value of research.

I would like to see the field do more to understand: a) the human motivations that
create altmetrics (e.g., Why do people peer review some works but not others on Pub-
peer?), b) how the nuances of language and the limits of current technology affect the
altmetrics studies we are able to do, and ¢) the implicit and explicit values that underpin
the types of data we collect and use in evaluation. Put as a series of research questions,
we might ask:

e Why do people share and discuss research on various social media sites?

e How should we account for the nuances of language and limits of technology in
how we approach certain kinds of altmetrics studies?

e  What values are embedded in the institutions using altmetrics?

We already know why some people use Mendeley to bookmark research [11], but
this survey-backed study is the exception rather than the rule in altmetrics research.
More research is needed that directly asks those sharing scholarship on other online
platforms their motivations for doing so. That will help us better estimate what, for
example, a metric like “19 open peer reviews about an article” might mean if we know
that 75% of peer reviewers tend to mention research in order to criticize it.
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Survey-based approaches to understanding motivation are needed because manual
coding of the mentions that research receives online (as seen in [12-15]) simply cannot
scale. With more than 60 million mentions of 9 million research outputs collected since
2011, human coders cannot keep up with the pace of discussion across scores of re-
search disciplines, languages, and demographics.

One might be inclined to suggest that computers could be used to analyze altmetrics
mentions instead, giving us a scalable way to interpret the meanings of tweets, news
mentions, policy citations, and other online discussions. But sentiment analysis tech-
nology is not yet able to make crucial, reliable distinctions in interpreting the intricacies
of language like irony or sarcasm (especially for non-Western European languages),
making this approach unviable for the time being.

Our last and perhaps greatest challenge is a cultural one, rather than a strictly tech-
nological one. For all the attention paid to institutional values in grand university stra-
tegic plans and workplace “culture” within the Academy, many evaluation practices at
universities worldwide are surprisingly out of step with the question of values, period.
Or, institutional values don’t align with the values of rank-and-file faculty and students,
causing frustration and mistrust.

Take for example the practice of measuring researchers’ “productivity” by counting
the number of papers they publish early on in their careers. This practice is founded
upon the implicit values of competition and industriousness - the idea that the constant
production of tangible new content like journal articles in order to prove how much
harder you have been working than others is something to be valued over and above
the often-invisible work of deeply engaging with a topic. Researchers argue that count-
ing publications has led to the practice of “salami slicing”, and that a focus on writing
takes away from the crucial work of doing the research itself [16, 17]. Though clearly
harmful to the culture of research, this practice persists.

Other positive values can and should drive the academic endeavor, as they will lead
to evaluation practices that can incentivize positive behaviors within the academy?. For
example, the value of “openness” defined as making one’s research as accessible as
possible to others both within and beyond academia, might take the form of only allow-
ing Open Access publications to be considered in evaluation scenarios such as the UK
Research Excellence Framework. Such Open Access publishing and self-deposit man-
dates have been shown to increase the percentage of research that is publicly available.
Clearly, incentivization aligned with well-articulated values, though not without its lim-
itations [18] can produce desirable outcomes that stand to benefit all researchers.

One could also take a closer look at the value of “quality”. This is potentially one of
the only values that’s universal within academia; everyone wants to produce (or wants
their faculty to produce) high-quality scholarship.

The traditional means of understanding “quality” are quite limited: Journal Impact
Factors are seen to be unreliable for judging article-level impact [19]; counting raw
citations can be a crap-shoot given the many meanings of citations [20, 21]; and sub-
jective evaluation practices like peer review are a) unscalable, and b) arguably subject
to bias [22].

L www.humetricshss.org
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One could easily think of new kinds of qualitative and quantitative evidence to un-
derstand the quality of research, if one breaks down the components of “quality” that
are often important to evaluators: reproducibility, creativity, intentionality, and the ad-
vancement of knowledge. A few examples of traditional and nascent evidence include:

Quality: book reviews, peer reviews

Reproducibility: cited in Methods, data analysis code “forked” on Github
Creativity: interdisciplinary citing, new formats of research, depth of elaboration
Advancing knowledge: sustained citations over time, awards, sustained social media
discussions

¢ Intentionality: time spent/depth of thinking, regular reflection upon goals

These kinds of evidence could easily be listed in tenure and promotion dossier prep-
aration instructions, as well as instructions for reviewers, to signal to researchers that
there are many paths to understanding “quality”. Imagine the burden that would lift
from the shoulders of faculty who work in obscure, rarely-cited, low Journal Impact
Factor fields.All of that said, much of the research and app development in altmetrics
avoids the question of values altogether. The altmetrics community should, in my opin-
ion, get more comfortable with the idea of developing indicators that signal one’s pro-
gress towards embodying certain values. Providing better, more accurate indicators that
are grounded in values is likely the best path towards changing an institutional culture
that is, for better or for worse, reliant upon metrics for decision-making.

4 What the altmetrics community can do for greater context

In conclusion, there are a number of context-producing actions that the altmetrics com-
munity can take to improve evaluation in academia.

Apps makers like Altmetric and Impactstory can provide more context in the data
and reports they display. For example, accurate subject area benchmarks can help eval-
uators understand if the number of policy citations a paper receives is above average
(or the opposite). Reporting of raw counts will no longer do.

Apps makers can also develop tools that better account for language. Sentiment anal-
ysis of the tweets that a paper receives could signal potential issues with article quality,
for example. Adding “sentiment scores” to other altmetrics could help evaluators
quickly identify papers that warrant closer attention. Though sentiment analysis tech-
nologies are not yet perfected, with advances in machine learning, it’s not impossible
to expect that we can get a lot better at detecting irony and other types of sentiment
analysis work and presenting it for interpretation in easily understood ways.

Apps makers should also be working towards moving from “data” to “wisdom”.
Currently, most altmetrics apps provide a great deal of raw data to evaluators without
necessarily offering insight into the value of a body of work. We can and should do
more to highlight the data that can tell compelling stories about the impact of one’s
research, in an elegant, usable, and easily understandable way. We’re working on all of
these problems at Altmetric, and we believe other vendors in the field should be, too.
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Researchers like you have a similarly important role to play in the betterment of the
field. | encourage the community to continue to study the motivations behind the ac-
tions that lead to altmetrics. Help us answer definitively: Why is research cited in public
policy? How do people talk about research on social media? Knowing the answers to
questions like these can in turn help app developers create more precise indicators and
features that offer insight on the impact of research.

Researchers should also consider how their research will be applied in the real world.
Knowing that evaluators often favor metrics over impact qualitative evidence, can the
community develop better indicators that are less prone to abuse? Can we discover
more exact and useful “baskets of metrics” [23] that more precisely pinpoint various
“flavours of impact” [24]? What can we learn from evaluators themselves that might
improve the research we do [25]? | do believe it is possible.

Finally, there is the related question of accounting for context in evaluation, includ-
ing institutional values, the prevalence of an environment of scarcity within the acad-
emy, and how metrics can incentivize certain behaviors in practice. What role can and
should the altmetrics research community play in encouraging open discussion of val-
ues within academia, so that we might develop better indicators to help researchers and
institutions alike measure their progress towards embodying those values?

Let’s do more as a community that cares deeply about altmetrics to encourage greater
context in research evaluation.
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Abstract. This study provides an example of a monitoring practice concerning
the broader impact of the journal publication output on country level. All Aus-
trian publications of the last three publication years indexed in WoS Core Col-
lection and including mapped to a DOI were analysed in PlumX. The metrics
traced in the different data sources were compared for six main knowledge areas.
The results reinforce the importance of the usage metrics especially in disciplines
related to the area “Arts & Humanities”. The highest data coverage is provided
by the number of readers in Mendeley. The percentage of publications with social
media scores, especially tweets, has been significantly increasing within the last
three years, in agreement with the increasing popularity of these tools in recent
years. The highest values for social media are reported for the Health and Life
Sciences, followed very closely by the Social Sciences. The relative insignifi-
cance in the Arts & Humanities’ metrics is noteworthy. Our study confirms very
low correlation values between the different measures traced in PlumX and sup-
ports the hypothesis that these metrics should rather be considered as comple-
mentary sources. High correlations between the same measures or metrics origi-
nating from different data sources were only reported for citations, but not for
usage data. Medium correlation values were observed between usage and citation
counts in WoS Core Collection. No association of the number of co-authors or
co-affiliations with any of the measures considered in this study could be found,
except for a low correlation between the number of affiliations and captures or
citations.

Keywords: New Metrics, Altmetrics, Citation Analysis, PlumX, Web of Sci-
ence, Impact, Monitoring

1 Introduction

Two highly revolutionary developments have impacted the early 21st century [1]. The
first was the rapid adoption of digitally available information on the web, particularly
e-journals [2, 3]. Due to the increasing availability, the tracking and collection of usage
data (e.g. views and downloads) has become much easier than in the print-only era.
This consequently resulted in a renaissance of the usage metrics, which have become
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increasingly popular beyond librarian practices and can now be used in scientometric
analyses as complementary data to citation metrics [4]. The second revolution was the
evolution of the internet into a social media platform and the vast adoption of Web 2.0
practices, even if still strongly influenced by demographic characteristics, such as age
and gender, but also by position and discipline [5, 6, 7, 8].

New social media-based metrics have now evolved along with traditional and non-
traditional metrics. This broader range of metrics now allows a more diverse assessment
of research outputs on different levels. However, the use of such new metrics for eval-
uative purposes is still very controversial and is certainly attached to many challenges.
Reliability, completeness, interrelationship, standardization, stability, scalability and
normalization of the collected data are still unresolved issues to be tackled. Certainly
the use of new metrics should not only be reduced to evaluative purposes. They are
certainly a popular and very easy-to-use means for scientists, institutions or publishers
alike to promote their research output and to enhance their visibility. Thereby they also
increase the potential for higher impact [9].

Thus, all academic sectors and players involved in scientific communication need to
rise to this new challenge and confront it somehow. Especially, modern scientific li-
braries are obliged to face the new challenges of the digital era rather sooner than later
in a professional way. The use of new metrics is an emerging field for academic librar-
ies. Responsible use and qualified practices will offer many opportunities to provide
innovative services specifically tailored to academic and administrative communities
in order to: 1) face the new challenge and to stimulate a positive attitude towards the
use of the new metrics; 2) support scientists in the ‘publish or perish’ dilemma: plan-
ning a scientific career and developing adequate publication strategies (especially for
young scientists); 3) enhance the visibility: the institutional one (Rankings & Web pres-
ence) as well as the individual one (adoption of permanent identifiers, help and assis-
tance in the promotion game) and 4) prevent administrations from bad use of these new
metrics and incorrect interpretations (informed peer review) [9].

New metrics are indispensable in the daily life of modern libraries challenged by
continuously changing demands. This does not only include the support of strategic
decisions in licensing and collection management. It is likewise important for the en-
richment of research documentation systems and repositories, the monitoring of poli-
cies (e.g., Open Access policies), and the development of new indicators. The latter is
particularly true for disciplines where traditional bibliometrics fail to work, like in the
humanities. The monitoring of adopted policies (e.g., Affiliation policy, Open Access
policy, etc.) and of the institutional web impact belongs to the services, which our de-
partment currently offers?.

The aim of this paper is to provide an example of a monitoring practice concerning
the broader impact [10] of the journal publication output on country level and to discuss
the opportunities and limitations when providing similar reports. Therefore, we analyze
the publications of the last three years by means of traditional and new metrics, includ-
ing altmetrics, and discuss their possible interpretation.
Furthermore, we analyze which disciplines (or knowledge areas) are the most present
and active according to the different metrics and their evolution within the three last
more recent years. Finally, we explore if there is some correlation, first, between the

2 see http://bibliothek.univie.ac.at/bibliometrie/services.html
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metrics (usage and citation) collected in different data sources (WoS Core Collection
and PlumX and second, between the intensity of the signals or scores retrieved for dif-
ferent dimensions or categories (mentions, captures, citations and usage data) retrieved
in the same data source (in this case via PlumX). Last but not least, the association of
the number of co-authors or co-affiliations with the intensity of all the measures and
metrics traced in this study has been analyzed.

2 Data Samples and Methodology

We use the Web of Science Core Collection including all the comprised indices (pro-
ceedings, books, etc.) as our data source. All publications containing “Austria” at least
once in their affiliation data were retrieved and downloaded for the three complete pub-
lication years: 2014, 2015 and 2016. For this purpose, we used the search string “CU =
(Austria)” in the advanced search, and then selected and downloaded all the publica-
tions with available DOIs. The number of documents indexed in WoS Core Collection
with DOI rose from 71.8% in 2014 to 78.7% in 2016. Most of the documents without
DOI were meeting abstracts (90% without DOI). Only considering articles as document
type, the percentage of documents with DOI increased from 93.5% in 2014 to 94.4%
in 2016. These results are in agreement with prior studies (e.g., [11]).

For all metrics data collection and aggregation, we have used the fee-based PlumX
altmetrics dashboard because it gathers and offers publication-level metrics for so-
called artifacts, which also include different document types, and it allows DOIs to be
directly used as well as many other identifiers (IDs). The provider of PlumX is Plum
Analytics, a 100% subsidiary of EBSCO Information Servicessince 2014. However, by
the end of 2016, Elsevier took over PlumX from EBSCO.

In order to gather the data in PlumX, a plain text file containing all the DOIs for all
publications retrieved in WoS Core Collection has been uploaded to PlumX and pro-
cessed by the tool, providing a new dataset including all the resulting “artifacts” - as
data records are named in PlumX - and the corresponding altmetric scores gathered
from each tool covered by PlumX. The resulting dataset for each data record type has
been exported to Excel in CSV format, and then analyzed for each year (2014, 2015
and 2016). The processed datasets for each year are described in Table 1. It should be
noted that for more than 99% of the retrieved records the publication year (PY) was
correctly assigned.

Table 1. Processed datasets in PlumX

Input Output
0,
Dataset # Records Dataset # Records /o_ Re(.:c.)rds
availability
WoS CC 2014 16626 PlumX 2014 16538 99.47%
WoS CC 2015 18615 PlumX 2015 18486 99.31%

WoS CC 2016 20631 PlumX 2016 20452 99.13%
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The resulting dataset also includes the scores of all measures according to their
origin. The measures are categorized into five separate dimensions: usage, captures,
mentions, social media, and citations [11]. This categorization may be subject to criti-
cism, but one big advantage of PlumX is that the results are differentiated in the result-
ing dataset for each measure, and its origin and can be aggregated according to the user
criterion.

In order to analyze the differences between knowledge areas, all publications re-
trieved in WoS Core Collection have been reclassified according to the field “research
areas” in six main knowledge areas: (1) Life Sciences, (2) Physical Sciences, (3) Engi-
neering & Technology, (4) Health Sciences, (5) Social Sciences, and (6) Arts & Hu-
manities.

2.1 Metrics Comparisons in WoS CC and PlumX

For all Austrian publications with DOI indexed in WoS CC, statistical and correlation
analyses were performed for the number of citations indexed in Web of Science Core
Collection (field TC in WoS data export) and in the whole WoS platform (field ZA in
WoS data export) versus the number of citations attracted in Scopus and CrossRef ac-
cording to PlumX. For the other citation indexes collected via PlumX, the data sample
was not large enough to perform a sound correlation analysis.

Furthermore, the results of the usage metrics, included since 2015 in WaoS Core Col-
lection (via Clarivate Analytics), have been correlated with the ones provided by
PlumX (via EBSCO). According to Clarivate, the WoS usage metric reflects the num-
ber of times the article has met a user’s information needs as demonstrated by clicking
links to the full-length article at the publisher’s website (via direct link or Open-URL)
or by saving the article for personal use in a bibliographic management tool (via direct
e port or in a format to be imported later®). In our study, both indicators, U1 (= the count
of the number of times the full text of a record has been accessed or a record has been
saved within the last 180 days) and U2 (= the count of the number of times the full text
of a record has been accessed or a record has been saved since February 1, 2013) have
been compared with the corresponding number of abstract views traced by PlumX via
EBSCO.

2.2  Correlations Between Different Metrics in Each Data Source

Spearman correlations for all PlumX measures with a significant number of data have
been performed for each publication year. These are - number of readers in Mendeley
(captures), (number of citations in Scopus (citations), numbers of tweets in Twitter (so-
cial media), number of Abstract and HTML/PDF views in EBSCO (usage).

A correlation analysis was also performed in WoS Core Collection for citation and
usage counts traced exclusively in this tool.

Finally, correlations were computed between the number of authors or number of
affiliations and the most representative measures traced in each data source: citation
and usage counts in WoS Core Collection, number of readers in Mendeley, citations in

3 See also https://images.webofknowledge.com/images/help/WOS/hp_usage_score.html
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Scopus, number of tweets in Twitter and abstracts views in EBSCO in PlumX. The
results were then compared to the ones obtained in previous studies.

3

Results

The results of the analyses are presented in the following sections.

3.1

General Results

The complete results from PlumX for the years 2014, 2015 and 2016 are summarized
in the Appendix as tables Al, A2 and A3 respectively and they include the following
information:

data availability = number of data records traced in PlumX: see information
at the top of each table

data with scores = number of data records traced in PlumX with at least one
score (>=1)

data with scores (%) = number of data records traced in PlumX with at least
one score (>=1) in relation to the number of the WoS CC records searched
intensity = sum of all signals or scores

mean = numerical mean of all samples

density (mean available) = sum of all signals or scores in relation to the num-
ber of all WoS CC records traced in PlumX with at least one score (>=1)
median= median of all samples

maximum = maximal number of signals or scores

standard deviation

T confidence interval = with a value of 0.05 for the variable o

“Data availability” reflects that data records could be found in PlumX although they
may not have any altmetric signals or scores to analyze (i.e., similar to uncitedness).
“Data with scores” shows the number of data records that have been engaged with at
least once (e.g., via tweeting a DOI).
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Table 2. Summary of the results for the three publication years and most active measures
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CrossRef
tTlg:i' Cita- | 14549 | 88.0 | 418165 | 287 | 15367 | 83.1 | 285040 | 186 | 14175 | 69.3 | 137644 |97
P’".eetS: 4198 | 254 |38161 |91 |5726 |310 |64695 |11.3 |7503 |36.7 | 73031 |97
witter
Shares
Likes &
Com- 1485 |90 |83666 |56.3 |1572 |85 |92378 |58.8 |1525 |75 |79026 |51.8
ments: Fa-
cebook
Total So-
) 0" | 4715 | 285 | 123369 |26.2 | 6128 |33.1 | 158231 | 258 |7824 |38.3 |152385 |195
cial Media
Blog Men-
fors 339 |20 |1567 |46 |456 |25 |64 21 |s500 |24 |1147 23
Links: 359 |22 |517 14 | 344 |19 |756 2.2 250 |12 |383 15
Wikipedia : : : : : .
News 225 |14 |1166 |52 |615 |33 [3494 |57 |946 |46 |3940 42
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EBSCO:
Abstract 14650 | 88.6 | 2048497 | 139.8 | 15318 | 82.9 | 1700018 | 111.0 | 16271 | 79.6 | 1369298 | 84.2
Views

PDFViews | 838 |51 |43025 |524 |1 00 |56 560 |3 00 |3156 | 1052.0
\'jms" 4463 | 27.0 | 284700 | 638 |414 |22 |799679 | 19316 |369 |18 |604071 | 1637.0
aTgf’;a' Us- | 14701 | 89.0 | 5290701 | 350.4 | 15430 | 8355 | 3373836 | 218.7 | 16449 | 80.4 | 2546079 | 154.8

Total All 16203 | 98.0 | 6303552 | 389.0 | 17981 | 97.3 | 4218050 | 234.6 | 19596 | 95.8 | 3139301 | 160.2

As explained by Haustein et al [13], intensity describes how often a data record has
been referenced on a social media platform. Density resembles the citation rate that is
highly affected by the “data with scores” (e.g., low data with scores leads to poor values
for density).

Furthermore, the measures (signals or scores) are categorized in five separate dimen-
sions typical for PlumX data: usage, captures, mentions, social media, and citations. It
should be noted that the total values for each dimension were only calculated in order
to give a quick overview of the percentage of documents with available data. Neverthe-
less, the dimensions reflect different types of engagement with collected data records
that should not be conflated. Tables Al and A3 (refer Appendix) show the large diver-
sity of measures traced for each measure in each dimension. They also show that the
distribution of the collected signals or scores for each measure is obviously highly
skewed as evident from the statistical analysis also included in these tables.

It is noteworthy that only measures or tools, where data could be traced, are included
in these tables. For example, measures like “catalogue holdings™ or “reviews”, reported
in previous studies [11] as most characteristic for books, are missing in this study. This
is explained by the structure of our dataset (more than 90% of the publications with
DOl retrieved in WoS CC were journal articles and reviews) as well as by the use of
the DOIs, and not ISBNS, in order to trace the corresponding scores in PlumX. Total
score calculations for any dimension or categorical group were only used as an aid in
order to quickly estimate the data availability and coverage percentage for each dimen-
sion. However, due to the heterogeneous mix of data and aspects, mathematical sums
were not used for calculating correlations.

Furthermore, the study also describes the changes in the values of the most signifi-
cant measures and indicators over time. Table 2 shows a summary of the most relevant
facts (number of publications, coverage, intensity and density) for each dimension (cap-
tures, citations, mentions, social media and usage) and for the more representative
measures for each one (e.g. number of Mendeley readers as captures, tweets as social
media, etc.). It is expected that the percentage of coverage or data availability, the in-
tensity and density decreases for each metric or measure according to the publication
year of the documents, due to the decreasing measured time windows (three, two and
one year for publications of the years 2014, 2015 and 2016 respectively). This is clearly
observed for three dimensions (captures, citations and usage), but it is just the opposite
for mentions and for social media.

The results show that the percentage of Austrian WoS CC publications with men-
tions increases rather slowly (2%), while the percentage of publications with social me-
dia scores has been steadily increasing from ~28% in 2014 to ~38% in 2016. Even the
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tweets intensity has been increasing within the last years despite the reduced time win-
dow. Concerning intensity and density, the results show that usage counts are quantita-
tively predominant in comparison to the other metrics. Abstract views are responsible
for the highest values followed by captures (humber of readers in Mendeley).

3.2 Results According to the Six Main Research Areas

Table 3 informs about the coverage (percentage of data with scores) in total and for
each dimension for the publications from each year. The lowest percentage of total
coverage is reported by the Arts & Humanities area. Nevertheless, usage scores are
still high (descriptive statistics are provided in the Appendix). Actually, the percentage
of usage data is higher than in the other four dimensions. The percentage of uncited
data in this area is however twice or three times higher than in the other four considered
areas. This is due to the longer citing half-life and the lower reference densities charac-
teristic for this discipline. The behavior of the four hard sciences (in this case, Engi-
neering & Technology, Health Sciences, Life Sciences and Physical Sciences) is very
similar in all dimensions, except in the social media dimension, where Health and Life
Sciences account for the highest percentages of data availability, followed very closely
by the Social Sciences. The percentage values for Social Sciences in the other three
dimensions (captures, citations and mentions) are in-between the ones for the hard sci-
ences and the ones for Arts & Humanities. A low percentage of data availability was
observed for the Physical Sciences in the social media dimension. The validity of these
results is corroborated by the data resulting for each publication year. In general, all
percentages are decreasing according to the decreasing measuring window, except for
the social media dimension, where values are significantly increasing in all six
knowledge areas.

Table 4 informs about the absolute number of items with scores and the density (sum
of all signals or scores in relation to the number of all WoS records traced in PlumX
with at least one score (>=1)) for the publications from each year and for each area. In
this case, we used the most representative measures of each dimension instead of the
total sum of signals due to the heterogeneity of the data collected in each tool (as already
mentioned above): number of readers in Mendeley (captures), citations from Scopus,
number of tweets in Twitter (social media) and number of abstract views, PDF Views
and HTML Views in EBSCO.
The number of data collected (intensity) as well as the density resulting from the men-
tions was not significant enough to be considered in this further analysis (see Supple-
mentary Material).

Table 3. Coverage in PlumX for each measure, publication year and main knowledge area.

Total % of % of % of %_of items % of % of

) number | items |tgms |tgms with ) |tgms |te_ms

PY Subject category of with with ) with | scores in with ) with )
items scores | Scores in | scores in Socn_il scores in | scores in

Captures | Citations | Media Mentions | Usage

2014 | Arts & Humanities 143 91.6% | 65.0% 35.7% 7.0% 2.1% 91.6%
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Engineering & Technology 3163 97.7% | 94.0% 88.5% 20.9% 5.2% 80.7%
Health Sciences 4896 97.7% | 95.0% 86.4% 37.1% 5.8% 94.1%
Life Sciences 3493 98.9% | 96.5% 92.5% 36.4% 6.1% 92.0%
Physical Sciences 3560 99.0% | 94.2% 90.5% 14.7% 2.4% 86.0%
Social Sciences 1260 95.2% | 92.5% 79.2% 33.7% 4.9% 90.6%
Not available 1 100.0% | 100.0% | 100.0% | 0.0% 0.0% 0.0%
Total 16516 | 98.0% | 94.5% 88.0% 28.5% 4.9% 89.0%
Arts & Humanities 168 85.1% | 61.9% 26.8% 7.1% 1.8% 79.2%
Engineering & Technology 3964 96.0% | 90.3% 81.0% 23.8% 6.3% 69.2%
Health Sciences 5288 97.3% | 92.9% 82.5% 44.5% 6.9% 92.0%
Life Sciences 3616 98.9% | 96.2% 90.7% 45.9% 10.0% 91.8%
201 Physical Sciences 3820 97.9% | 90.3% 85.9% 16.5% 3.1% 76.9%
Social Sciences 1574 96.1% | 91.4% 72.4% 33.2% 5.5% 88.1%
Not available 22 100.0% | 95.5% 81.8% 0.0% 0.0% 86.4%
Total 18452 97.3% | 92.1% 83.1% 33.1% 6.4% 83.5%
Arts & Humanities 218 85.8% | 46.8% 16.1% 9.2% 2.8% 81.2%
Engineering & Technology 4529 94.7% | 89.2% 65.2% 27.8% 6.8% 70.2%
Health Sciences 5724 96.1% | 88.6% 68.8% 50.5% 7.6% 88.0%
Life Sciences 4103 98.3% | 93.9% 78.2% 54.1% 10.6% 88.2%
2016 Physical Sciences 3991 96.2% | 86.5% 74.8% 19.9% 3.9% 72.2%
Social Sciences 1696 92.5% | 85.5% 57.4% 35.3% 4.5% 86.3%
Not available 122 91.0% | 75.4% 24.6% 15.6% 0.8% 47.5%
Total 20383 95.8% | 88.6% 69.3% 38.3% 6.9% 80.5%

Table 4. Density of the most representative measures traced in PlumX for each publication
year and main knowledge area.

Number
of items | Density: Number Den- Number
. Y+ | Number . |of items| =7 of items | Density:
with Cap- P Density: ith sity: ith -
) Cap- tures: of |tem_s Cita- V\{It So- Social with Us- | Usage:
PY Subject area . . | with Ci- | 7 cial Me- .. | age: Ab- | Abstract
tures: Readers: A tions: L Media: . )
Readers: | Mende- tations: Scopus dia: Tweets: st(act Views:
Men de»‘ le Scopus Tweets: TWitter‘ Views: EBSCO
| y Twitter EBSCO
ey
Arts & Humanities | 68 8.47 46 2.63 10 2.20 130 264.16
Eng & Technology | 2936 25.36 2706 13.32 563 21.06 2540 166.16
2014 Health Sciences 4554 20.99 4103 17.82 1588 7.34 4590 101.85
Life Sciences 3346 29.65 3137 13.82 1182 8.72 3197 106.49
Physical Sciences 3261 13.07 3115 12.76 471 2.66 3038 61.21
Social Sciences 1116 26.98 937 9.61 377 8.05 1140 524.16
2015 | Arts & Humanities | 71 5.61 43 2.44 12 292|133 195.46
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Eng & Technology | 3546 19.20 3038 8.24 845 32.69 2715 126.63
Health Sciences 4854 17.34 4168 11.61 2174 9.34 4848 84.52
Life Sciences 3450 23.98 3137 8.96 1599 6.34 3299 105.19
Physical Sciences 3423 11.50 3095 8.46 584 5.07 2904 44.88
Social Sciences 1385 18.57 1017 5.57 500 7.10 1377 320.83
Arts & Humanities | 66 3.09 32 131 16 8.13 177 101.19
Eng & Technology | 4009 14.61 2675 4.49 1176 15.34 3147 100.91
2016 Health Sciences 4978 12.66 3558 5.77 2782 9.39 4985 57.84
Life Sciences 3820 17.31 2975 4.78 2168 9.34 3593 79.23
Physical Sciences 3434 9.11 2766 5.30 746 3.58 2827 38.27
Social Sciences 1400 14.10 796 2.85 574 7.68 1454 234.86

The density results correspond very well to the ones concerning data coverage or
availability. High usage density values in the Arts & Humanities and Social Sciences
and lower ones for Physical Sciences could be observed in comparison to the other hard
sciences. In this case all densities are decreasing according to the reduced measuring
window.

3.3 Results from the Citation Analysis

Table 5 shows the number of records lost through data matching when checking the
WoS CC data introduced in PlumX and the resulting dataset. It illustrates the difficulty
and maximal accuracy matching the data of the data input and output in PlumX.

Table 5. Number of records after data matching in WoS CC and PlumX.

. Records  with | Share of records | Records without | Without match-
WoS-CC rec- | Tecords in - . - - ) -
vear | ords in | Plumx  out- matching rec- | with  matching | matching record | ing record in
PlumX ut ord in PlumX | record in PlumX | in  PlumX (via | WoS-CC (via
P (via DOI) (via DOI) DOI) DOI)
2014 16,664 16,538 16,516 99.11% 148 22
2015 18,615 18,486 18,452 99.12% 163 34
2016 20,639 20,452 20,383 98.76% 256 69

A summary of the descriptive statistics for citation counts in the four consulted data
sources (WoS Core Collection, WoS (overall platform), Scopus and CrossRef) is pro-
vided in Table 6. They show very similar values in all four data sources. The citation
intensity (total number of citations) in Scopus is higher than in Web of Science as ex-
pected and due to the higher number of journals indexed. The lower citation intensity
in CrossRef is not that obvious, given that all the publications considered in this study
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have Digital Object Identifiers (DOIs). It has nonetheless also been reported in recent
studies performed for journal articles uploaded to Zenodo [14].

The results of the Spearman correlations performed for the four citation counts are
summarized in Table 7. They show a very high correlation between the citations
counted in the three data sources. As expected, the correlations between citation counts
in WoS and in Scopus via PlumX are very high and in agreement with previous results
[15, 16]. However, the correlation with CrossRef is much higher as reported in the last
mentioned study [14]. This can be due to the short citation window and larger sample
sizes in our study, but needs further exploration.

Table 8 shows the correlations obtained for the usage data provided in WoS Core
Collection and PlumX via EBSCO (abstracts views). The reported correlations are low
in comparison to the ones calculated for the citation measures or indicators. This could
hint at the fact, that the user groups are different in both data sources and have different
interests.

Table 6. Descriptive statistics of the citation analysis performed in WoS CC and PlumX

Py Parameter WosS-CC WoS-CC Elumx Cita- | PlumX Citations:
TC Z9 tions: Scopus CrossRef
Total number of items 16,516 16,516 16,516 16,516
Number of uncited items 2,526 2,453 2,472 3,017
Share of uncited items 15% 15% 15% 18%
Total number of citations 175,332 180,431 201,395 175,465
2014 Mean number of citations 10.62 10.92 12.19 10.62
Mean (cited items only) 12.53 12.83 14.34 13
Median of citations 5 5 6 5
Maximum of citations 1,418 1,487 2,563 1,457
Standard Deviation 26.84 27.60 37.11 28.09
T- Confidenz (alpha=0.05) 0.41 0.42 0.57 0.43
Total number of items 18,452 18,452 18,452 18,452
Number of uncited items 4,140 4,067 3,936 4,135
Share of uncited items 22% 22% 21% 22%
Total number of citations 115,717 118,629 133,565 124,535
2015 Mean number of citations 6.27 6.43 7.24 6.75
Mean (cited items only) 8.09 8.25 9.20 8.70
Median of citations 3 3 3 3
Maximum of citations 1,243 1,302 1,509 1,332
Standard Deviation 18.51 19.05 21.88 19.93
T- Confidenz (alpha=0.05) 0.27 0.27 0.32 0.29
2016 | Total number of items 20,383 20,383 20,383 20,383
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Number of uncited items 8,604 8,516 7,558 7,597
Share of uncited items 42% 42% 37% 37%
Total number of citations 51,748 52,780 63,783 61,560
Mean number of citations 2.54 2.59 3.13 3.02
Mean (cited items only) 4.39 4.45 4.97 4.81
Median of citations 1 1 1 1
Maximum of citations 564 584 527 505
Standard Deviation 8.43 8.59 9.25 9.19
T- Confidenz (alpha=0.05) 0.12 0.12 0.13 0.13

Table 7. Citation correlations WoS CC and PlumX (via Scopus and CrossRef)

v |, 90 Ties | o Cions | o s
Ref
2014 TC 0.93 0.93
2015 TC 0.98 0.97
2016 TC 0.95 0.96
2014 Z9 0.93 0.93
2015 79 0.98 0.97
2016 Z9 0.95 0.95

Table 8. Usage correlations WoS U1 and U2 versus PlumX-Abstracts Views via EBSCO

var | WoSCC et views
EBSCO
2014 U1 0.13
2015 U1 0.21
2016 U1 0.19
2014 U2 0.17
2015 u2 0.20
2016 U2 0.13

3.4

Correlations Between Different Measures

Spearman correlations were calculated between the most representative measures from
each dimension (parameters with a significant coverage, intensity and density) accord-
ing to the results obtained in PlumX. These are: Readers in Mendeley, Citations in Sco-
pus, number of tweets in Twitter, and Abstracts Views in EBSCO. Furthermore, PDF
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Views and HTML Views in EBSCO have been used as an approach for downloads in
EBSCO. The results for the three publication years are shown in Table 9.

Table 9. Correlations between the top measures for each dimension in PlumX and each pub-
lication year (in bold= higher than 0.4)

Social Me-
Parameter gg&;)t:gns: ?’i\;;ee ts: gtizgte . Vieevl;; :?I?I?/IEII_IPDF
Twitter EBSCO Views: EBSCO
Captures:Readers:Mendeley 0.45 0.17 0.14 0.07
Citations:Scopus 1 0.12 0.08 0.02
2014 | social Media: Tweets: Twitter 0.12 1 0.06 0.03
Usage:Abstract Views:EBSCO 0.08 0.06 1 0.68
Usage:HTML/PDF Views:EBSCO 0.02 0.03 0.68 1
Captures:Readers:Mendeley 0.60 0.09 0.25 0.06
Citations:Scopus 1 0.17 0.22 0.02
2015 | social Media:Tweets: Twitter 0.17 1 0.05 <0.01
Usage:Abstract Views:EBSCO 0.22 0.05 1 0.48
Usage:HTML/PDF Views:EBSCO 0.02 <0.01 0.48 1
Captures:Readers:Mendeley 0.46 0.40 0.17 0.04
Citations:Scopus 1 0.38 0.11 <0.01
2016 | social Media:Tweets: Twitter 0.38 1 0.12 0.02
Usage:Abstract Views:EBSCO 0.11 0.12 1 0.50
Usage:HTML/PDF Views:EBSCO <0.01 0.02 0.50 1

The results show a very low, almost insignificant correlation between the different
dimensions. However, values are increasing along with increasing measuring windows
(higher correlation values for the publication year 2014 with the larger window).

Table 10 informs about the correlations computed in WoS between citation (times
cited in WoS Core Collection or TC and times cited in the complete WoS platform or
Z9) and usage counts (U1 and U2, as described in the methodology). It shows a medium
correlation except for the publication year 2016 with the smallest citation window.

Table 10. Correlations between WoS CC citation (TC and Z9) and usage counts (U1 and

u2)
Year Parameter | TC Z9
2014 Ul 0.47226475 | 0.46737161
2014 U2 0.45563822 | 0.45170766
2015 Ul 0.57529206 | 0.57577977
2015 U2 0.48976921 | 0.4897413
2016 Ul 0.47288015 | 0.47675015
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| 2016 | U2 | 0.26353792 | 0.26557909

Finally, correlations were computed between the number of authors or the number
of affiliations and the most representative measures traced in each data source (see
Methodology). Concerning the number of authors, the obtained Spearman correlation
values were always insignificant (less than 0.1). Concerning the number of affiliations,
more significant values were only observed for captures (0.25 in 2015) and citation
counts (varying from 0.2 to 0.4).

4 Conclusion and Discussion

The results of our monitoring exercise reinforce the importance of the usage metrics in
order to assess the broad impact of journal articles, especially in disciplines related to
the Arts & Humanities. This confirms that publications in this area are often viewed or
downloaded due to the fact that they are used for other purposes (pure information,
learning, teaching, etc.) apart from the ‘publish or perish game’ [17, 18]. A comparison
with previous results for journal articles shows that the percentage of journal articles
with usage data is very similar to the one reported in previous studies [3, 17]. The im-
portance of citation data will increase with the longer citation window according to the
different cited and citing half-life characteristic for each area and discipline.

However, the highest coverage or degree of data availability is provided by the num-
ber of readers in Mendeley independent of the knowledge area in agreement with pre-
vious results [19]. Almost 90% of the Austrian WoS Core Collection publications with
DOls were captured by at least by one reader in this reference manager even in the more
recent years.

Concerning altmetrics [4], the percentage of Austrian WoS CC publications with
social media scores is strongly increasing from ~28% in 2014 to ~38% in 2016, in
agreement with the increasing popularity and advancement of these tools in recent
years[20]. According to our results, the highest percentages of data availability in social
media are reported in the Health and Life Sciences, followed very closely by the Social
Sciences, where they play a significant role [20] A low reported percentage of data
availability for the Physical Sciences and the relative insignificance in the Arts & Hu-
manities is noteworthy. In particular, the tweets intensity has even been increasing
within the last years despite the reduced time window. This hints at an increasing use
of social media within the scholarly community in general [21], and particularly in an
increase of Twitter usage in Austria.

According to our results — very low correlation values between the measures traced
in PlumX - different dimensions might provide only partial views, and they should be
considered rather as complementary sources in order to reach a higher completeness of
data [22]. High correlations between the same measures or metrics originating from
different data sources were only reported for citations but not for usage data. Medium
correlation values were reported between usage and citation counts in the database WoS
Core Collection. These results are well in agreement with previous results reported by
Chi and Glénzel [23]. According to these, citations and usage counts in WoS correlate
significantly, especially in the Social Sciences. However, one should bear in mind that
usage data and citations have different obsolescence patterns. Most articles are viewed
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or downloaded immediately upon their online availability. In many cases, they might
reach their download maximum even before they appear in print format. In contrast —
and depending on the research area, it takes a couple of years until articles receive their
citation peak [3, 17]. The same authors reported that higher numbers of co-authors are
not associated with higher usage counts or more citations. This hypothesis was also
checked in our study and we could not find any association of the number of co-authors
or co-affiliations with any of the measures considered in this study (neither in WoS
Core Collection nor in PlumX).

The low correlation of usage data with citations and social media data is in agree-
ment with de Winter’s analysis for PLOS ONE articles, revealing that the number of
tweets is weakly associated with the number of citations and it is only predictive of
other social media activity (e.g. Mendeley and for Facebook), but not for usage data
[24]. An almost non-existent correlation between EBSCO abstracts, PDF or HTML
views and the number of readers in Mendeley is also an interesting fact. This hints at
quite different user communities.

The aim of our study is to provide a first example of monitoring the web impact of
the publication output on country level. A restriction of our study is that more than 90%
of the publications with DOI retrieved in WoS were journal articles and reviews. An
analysis of the web impact of the total national publication output should, of course,
also consider other publication types, even if they lack a DOI. For other document
types, like for example books, big differences are expected but should be feasible to
process by using ISBNSs as identifiers (see Torres Salinas et al, 2017) for books, or other
appropriate identifiers according to the analyzed publication type.

PlumX has proven to be a very useful tool in order to monitor the broad impact of
the publication output at country or institution level. Our example also strengthens the
philosophy of the PlumX tool providing a cornucopia of measures grouped in different
dimensions, but not providing a simple and composite indicator [11]. In doing so, the
multidimensional aspect is better addressed, even if it is far from trivial in dealing with
such an amalgam of different types of information retrieved from a plethora of data
sources [21].

Further research is necessary to clarify the stability and reproducibility of altmetrics
data, in order to get a thorough and transparent documentation of their temporal evolu-
tion and to trace and understand potential score changes. Unfortunately, PlumX (as it
is common for all current tools tracing this kind of data) does not offer the possibility
to select different measuring windows, as it is possible in citation indices. Therefore,
temporal monitoring currently only works by archiving obtained results and later com-
parison at different time intervals.

New metrics should not only be used for evaluation purposes, but also in order to
trace and monitor the interest and attention attracted by the publication output of a
country or institution [24], and to follow their evolution in time. This could be benefi-
cial for developing more suitable services for scientists, institutions and countries to
increase their visibility on the web.
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Table Al. Results for the publication year 2014
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PY= 2014 (in: 16,626; out: 16,538)
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Exports-Saves:EBSCO 9,590  57.99% 121,595 7.35 12.68 1 3683 4145 063
Captures |Readers:Mendeley 15299  92.51% 342,723 20.72 2240 10 1753 4478 068
Total Captures 15622 94.46% 464,318 2808 2972 13 3746 6430  0.98
Clinical PubMed Guidelines 198 1.20% 302 0.02 153 0 10 022 <0.01
Clinical DynaMed Plus 148 0.89% 206 0.01 1.39 0 1 017 <0.01
Clinical NICE 8 0.05% 8 <0.01 1 0 1 0.02 <0.01
Citation Indexes:PubMedCE 298 1.80% 838 0.05 2.81 0 26 055 <0.01
Citation Indexes:Scopus 14,058  85.00% 201,533 12.19 14.34 6 2,563 37.09 057
Citations |Citation Indexes:PubMed 4921 29.76% 39,270 2.37 7.98 0 854 1130 017
Citation Indexes:RePEc 41 0.25% 416 0.03 10.15 0 66 080  0.01
Citation Indexes:SciELO 3 0.02% 5 <0.01 167 0 2 002 <0.01
Citation Indexes:CrossRef 13515  8L.72% 175,586 10.62 12.99 5 1,457 28.07  0.43|
Policy Policy Citation 1 0.01% 1 <0.01 1 0 1 <001 <0.01
Total Citations 14549  87.97% 418,165 25.29 2874 11 3,786 7174 1.09)
+1s:Google+ 332 201% 1,542 0.09 464 0 263 265 004
Social  |Tweets: Twitter 4198  25.38% 38,161 231 909 0 2481 3360 05l
Media |Shares, Likes & Comments:Facebo 1485  8.98% 83,666 506  56.34 0 27296 22240 339
Total Social Media 4715 2851% 123,369 7.46 2617 0 28686  237.00 361
Blog Mentions:Blog 339 2.05% 1,567 0.09 462 0 1,023 796 012
Economics Blog Mentions:Blog 1 0.07% 14 <0.01 127 0 2 0.03 <0.01
Comments:Reddit 51 031% 3,734 0.23 7322 0 2228 1921 029
Mentions |Links:Wikipedia 359 217% 517 0.03 144 0 17 031 <0.01]
News Mentions:Blog 1 0.01% 1 <0.01 1 0 1 <0.01 <0.01
News Mentions:News 225 136% 1,166 0.07 5.18 0 360 325 005
Total Mentions 815 493% 6,999 0.42 8.59 0 2239 2220 034
Sample Downloads:EBSCO 1 0.01% 2 <0.01 2.00 0 2 002 <0.01
Views:Figshare 26 016% 2,741 017 10542 0 1065 925 014
Abstract Views:EBSCO 14650 8858% 2048497 12387 13983 25 35784 54791 835
Abstract Views:SSRN 1 001% 196 0.01 196 0 196 152 0.02
Abstract Views:DSpace 100  0.60% 2,151 013 2151 0 1210 958  0.15
Abstract Views :airiti Library 5 0.03% 210 0.01 42.00 0 148 120 0.02]
Abstract Views:RePEc 50  0.30% 4,740 029 9480 0 a7 703 011
Abstract Views:SCiELO 14 008% 1,224 007 8743 0 424 391 006
Abstract Views:Bepress 3 0.02% 80 <0.01 26.67 0 68 053  <0.01]
Data Views:EBSCO 2 0.01% 2 <0.01 1 0 1 001 <0.01
PDF Views:PubMedCentral 471 2.85% 98,066 593 20821 0 2500 4758 073
PDF Views:SCiELO 14 008% 3,686 022 26329 0 729 922 014
PDF Views:PLoS 461 27% 421,796 2550  914.96 0 214171 166844 2543
PDF Views:EBSCO 838  507% 43,925 266 5242 0 3813 5299 081
Usage [Clicks:Bitly 617  373% 29,229 177 4737 0 6040 5581  0.85
HTML Views:PubMedCentral 471 2.85% 454,435 2748  964.83 0 130402 1057.90 16.12
HTML Views:SCiELO 14 0.08% 11,488 069 82057 0 1510 2665 041
HTML Views:PLoS 461 279% 1,691,534 10228  3669.27 0 260364 225502 34.37
HTML Views:EBSCO 4463 26.99% 284,700 17.21 63.79 0 23692 23661 361
Downloads:Figshare 26 016% 724 0.04 27.85 0 116 172 0.03
Downloads:DSpace 16 0.10% 671 0.04 41.94 0 273 253 004
Downloads:UWA Research Reposit 6 0.04% 155 <0.01 25.83 0 55 060 <0.01
Downloads:airiti Library 4 0.02% 31 <0.01 7.75 0 28 022 <001
Downloads :D-Scholarship@Pitt 6 0.04% 704 004 11733 0 142 226 003
Downloads:RePEc 49 0.30% 1,233 007 2516 0 140 198 0.3
Downloads:Bepress 2 0.01% 527 003 26350 0 503 392 0.6
Full Text Views: ResearchSPAce 1 0.01% 54 <0.01 54 0 54 042 <0.01
Link-outs:EBSCO 10,156  61.41% 187,900 11.36 18,50 1 5033 6058  0.92
Total Usage 14721 89.01% 5290701 31991 35040 32 513918 445157 67.85
Total All 16203  97.97% 6303552 38116  389.04 75 545537  4696.25 71.58
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Table A2. Results for the publication year 2015

PY=2015 (in: 18,615; out: 18,486)
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Exports-Saves:EBSCO 7,312 39.55% 91,600  4.96 12,53 0 1772 2306 033
Captures |Readers:Mendeley 16,780 90.77% 301,235 16.30 17.95 8 1196 3288 047
Total Captures 17,017 92.05% 392,835 2125 2308 10 1790 4275 062
Clinical PubMed Guidelines 86  0.47% 101 <0.01 117 0 5 009 <001
Clinical DynaMed Plus 157 0.85% 208 001 132 0 7 014 <001
Clinical NICE 1 001% 1 <001 10 0 1 <001 <001
Citation Indexes:Scopus 14544 7868% 133910 7.4 921 3 1509 2187 032
Citations [Citation Indexes:RePEc 1 001% 3 <001 3 0 3 002 <001
Citation Indexes:PubMed 4545 24.59% 26,737 145 588 0 788 959 014
Citation Indexes:PubMedCE 96  052% 142 <001 1.48 0 14 015 <001
Citation Indexes:CrossRef 14348  7762% 124838 675 870 3 1332 1992 029
Total Citations 15367 8313% 285940 1547 1861 7 3631 5008 072
+1s:Google+ 265  143% 1158  0.06 437 0 252 210 003
Social |Tweets:Twitter 5726  30.97% 64,695 350 1130 0 15007 11342 164
Media |Shares, Likes & Comments:Facebook 1572 850% 92,378 5 5876 0 10676 13053 188
Total Social Media 6128 3315% 158231 856 2582 0 15179 18149 262
Blog Mentions:Blog 456 2.47% 964 005 211 0 113 096 001
Economics Blog Mentions:Blog 7 004% 12 <0.01 171 0 5 004 <001
. __|Comments:Reddit 70 0.38% 1982 011 2831 0 1136 863 012
Mentions | ~. : .
Links:Wikipedia 344 1.86% 756 0.04 2.20 0 136 125 002
News Mentions:News 615  333% 3494 019 5.68 0 498 501 007
Total Mentions 1183 6.40% 7,208 039 609 0 113 1032 0.5
Sample Downloads:EBSCO 1 001% 2 <001 2 0 2 001 <0.01
Views:Figshare 10 0.05% 872 005 8720 0 263 261 004
Abstract Views:CABI 1 001% 3 <001 3 0 3 002 <001
Abstract Views:EBSCO 15318 8286% 1,700,018 9196 11098 16 27,287 38730 558
Abstract Views:SSRN 1 001% 186 0.01 18 0 186 137 002
Abstract Views:DSpace 161 0.87% 2557 014 15.88 0 419 451 007
Abstract Views:airiti Library 5  0.03% 21 <001 420 0 7 007 <0.01
Abstract Views:RePEc 9  0.05% 54 <0.01 6 0 41 030 <001
Abstract Views:SciELO 7 004% 494 0.03 7057 0 97 141 002
Abstract Views:Bepress 3 0.02% 42 <0.01 14 0 21 019 <001
Holdings:WorldCat 5  003% 959  0.05 19180 0 435 390 006
PDF Views:PubMedCentral 428 232% 63811 345 14909 0 1170 2866 041
PDF Views:SciELO 7 004% 2846 015 40657 0 851 922 013
PDF Views:PL0S 414 224% 137627 744 33243 0 2606 6345 091
PDF Views:EBSCO 1 001% 56 <0.01 5% 0 56 041 <001
Usage |Clicks:Bitly 667  361% 45180 244 67.74 0 17078 12888 1.6
HTML Views:PubMedCentral 428 232% 182923  9.90 42739 0 2902 8740 126
HTML Views:SciELO 7 004% 9084 049 129771 0 3151 3005 043
HTML Views:PLo0S 414 224% 799679 4326 193159 0 18809 41979  6.05)
HTML Views:EBSCO 4730 2559% 229,673 1242 4856 0 9690 11122 160
Downloads:RePEc 2 001% 18 <0.01 9 0 17 013 <0.01
Downloads:Figshare 10 0.05% 481 003 4810 0 140 152 002
Downloads:DSpace 28 0.15% 693  0.04 2475 0 154 160  0.02
Downloads:UWA Research Repository 1 0.06% 264 001 24 0 63 074 001
Downloads :airiti Library 5  003% 6 <0.01 1.20 0 2 002 <0.01
Downloads:D-Scholarship@Pitt 6  003% 231 001 38.50 0 118 095 001
Downloads:PhilSci-Archive 2 001% 193 001 9650 0 97 1 001
Downloads:Bepress 3 0.02% 77 <0.01 2567 0 45 037 <001
FT Views:Nottingham Trent Univ-IRep 2 0.01% 15 <0.01 75 0 10 008 <0.01
Link-outs:EBSCO 10614 57.42% 195771 1059 1844 1 4215 57.38 083
Total Usage 15430  8347% 3,373,836 18251 21865 21 28042 78101 11.26
Total All 17,981  97.27% 4,218,050 228.18 23458 51 29,836 84367 1216
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Exports-Saves:EBSCO 6,153  30.09% 56,584 2.77 9.20 0 988 1347 0.8
Captures |Readers:Mendeley 17,857  87.31% 240296 1175 13.46 5 834 2417  0.33]
Total Captures 18116  88.58% 296,880 1452 16.39 6 1175 2983 041
Clinical PubMed Guidelines 34 017% 37 <001 1.09 0 2 005 <001
Clinical DynaMed Plus 110 054% 187  <0.01 170 0 44 033 <001
Citation Indexes:Scopus 12,863 62.89% 64,197 314 4.99 1 527 931 013
Citations |Citation Indexes:PubMed 3158  15.44% 11,435 0.56 362 0 378 419  0.06)
Citation Indexes:PubMedCE 5  0.02% 5 <001 1.00 0 1 0.02 <001
Citation Indexes:CrossRef 12,826  62.71% 61,783 3.02 482 1 505 919  0.13]
Total Citations 14,175 69.31% 137,644 6.73 9.71 2 1301 2146 0.29)
+1s:Google+ 106 0.52% 328 0.02 3.09 0 78 068 <001
Social |Tweets:Twitter 7,503 36.69% 73,031 357 9.73 0 1005 2426 0.33
Media |Shares, Likes & Comments:Facebook| 1525  7.46% 79,026 386 51.82 0 3867 6043 0.83]
Total Social Media 7,824 38.26% 152,385 745 19.48 0 4151 7392 <0.01|
Blog Mentions:Blog 500  2.44% 1,147 0.06 2.29 0 45 067 <001
Economics Blog Mentions:Blog 8  0.04% 9 <001 113 0 2 0.02 <001
. _|Comments:Reddit 74 036% 834 0.04 11.27 0 268 205 003

Mentions| =, e

Links:Wikipedia 250  1.22% 383 0.02 153 0 31 030 <001
News Mentions:News 946 4.63% 3,940 0.19 4.16 0 168 238 003
Total Mentions 1425 697% 6,313 031 443 0 269 347 005
Sample Downloads:EBSCO 1 <0.01% 1 <001 1.00 0 1 <001 <001
Views:Figshare 5  0.02% 72 <001 14.40 0 30 029 <001
Abstract Views:SSRN 1 <001% 109 <001 109.00 0 109 076 001
Abstract Views:DSpace 131 0.64% 2,886 0.14 22.03 0 260 317 004
Abstract Views:EBSCO 16271 7956% 1,369,298  66.95 8416 10 13911 27481 377
Abstract Views:RePEc 7 003% 37 <001 5.29 0 14 013 <001
Abstract Views:SciELO 16 008% 522 0.03 32.63 0 85 114 002
Abstract Views:Bepress 3 001% 88  <0.01 29.33 0 73 052 <001
Holdings:WorldCat 4 002% 634 0.03 158.50 0 427 310 004
PDF Views:PubMedCentral 377 184% 31,777 155 84.29 0 574 1557 021
PDF Views:SciELO 16 0.08% 3,189 0.16 199.31 0 1411 108 0.5
PDF Views:PL0S 369 180% 109,175 534 295.87 0 3703 5661 078
PDF Views:EBSCO 3 001% 3,156 0.15 1052.00 0 2717 1922 026
Clicks:Bitly 868  4.24% 27,297 133 3145 0 398 4125 0.57|
Usage [HTML Views:PubMedCentral 378 185% 89,560 438 236.93 0 1574 4311 059
HTML Views:SciELO 16 0.08% 3,848 0.19 240.50 0 661 825 0.1
HTML Views:PL0oS 369  180% 604071 2954 1637.05 0 16481 34481 473
HTML Views:EBSCO 2874 1405% 158,635 7.76 55.20 0 11536 11980 164
Downloads:PhilSci-Archive 1 <0.01% 110 <001 110.00 0 110 077 001
Downloads:Figshare 6  0.03% 45 <0.01 7.50 0 18 017 <0.01
Downloads:DSpace 17 0.08% 559 0.03 3288 0 128 132 002
Downloads:UWA Research Repositon 4 002% 30 <001 7.50 0 12 012 <001
Downloads:D-Scholarship@Pitt 5  0.02% 197 <001 39.40 0 71 0.72 <001
Downloads:RePEc 4 0.02% 1 <001 275 0 6 005 <001
Downloads:Bepress 3 001% 72 <001 24.00 0 53 039 <001
FT Views:Journal World-Systems Res 3 001% 1,722 0.08 574.00 0 671 704  0.10|
FT Views:Nottingham Trent Univ- IRe| 2 <0.01% 17 <001 8.50 0 12 009 <001
Link-outs:EBSCO 10007 4893% 138,961 6.79 13.89 0 196 3555 049
Total Usage 16449  80.43% 2546079  124.49 154.79 12 23040 594.67 8.5
Total All 1959 95.81% 3,139,301  153.50 160.20 31 23177 62416 855
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Abstract. This paper chronicles Lingnan University library’s approach to inte-
grating altmetrics into its institutional repository, triggering new dialog with
Lingnan’s researchers and to re-energize their attention on the scholarly commu-
nication services with new perspective.

Keywords: IR-Altmetrics integration, Scholarly Communication, Research Im-
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1 Introduction

Altmetrics poses new challenges and opportunities for academic libraries. The Asso-
ciation of College and Research Libraries (ACRL) identified altmetrics as one of the
top trends in academic libraries in two consecutive reports of the years 2014 and 2016
[1-2]. Altmetrics is considered as a natural extension of what academic libraries ex-
celled in, which is presenting various possibilities to build up new roles for changing
the land-scape of scholarly communication [3]. This paper chronicles Lingnan Univer-
sity library’s approach to integrating altmetrics into its institutional repository (hereaf-
ter referred to as IR) for triggering new dialog with our researchers and to re-energize
their attention on our scholarly communication services with new perspective.

2 Background and Literature Review

Lingnan University, currently the only liberal arts university in Hong Kong, was origi-
nally founded in Guangzhou (Canton), China in 1888, however, suspended in 1952,
Re-established in Hong Kong by its alumni as Lingnan College in 1967, it became part
of the public-funded tertiary system in 1991 and accredited to become Lingnan Univer-
sity in 1999. As of 2017/2018 academic year, Lingnan University consists of 16 aca-
demic departments functioning under three faculties, i.e. Arts, Business and Social Sci-
ences, plus other 13 research institutes or centers. There are a total of 188 full-time
academic staff and over 3,000 FTE students.

Lingnan Library began its operation since 1968, currently holding more than
530,000 physical items, accompanied with a wide range of electronic collection. The
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Scholarly Communication Team was formed in April 2012 alongside with the launch
of the first IR platform, Digital Commons@Lingnan University (thereafter referred to
as DC@Lingnan), committed to raise awareness of Open Access and to support
Lingnan’s researchers in sharing their intellectual life with a global audience. As of
September 2017, more than 200 content series were arranged in DC@Lingnan, con-
taining more than 11,600 records, all with enriched metadata reflecting both biblio-
graphic information and other essential fields to facilitate backend repository manage-
ment.

During the first two years, DC@Lingnan acquired content primarily by migrating
existing items from library’s internal archives, but soon encountered difficulties to sus-
tain its growth due to low researcher engagement in supplying new content. Despite
our efforts of advertising various benefits that DC@Lingnan could bring, e.g. OA ad-
vantage, increased visibility and discoverability, citation advantage, etc., all these have
never been transformed into real incentives to get researchers to contribute content.
Research Libraries UK’s study [4] found many researchers were unaware of the benefit
of IR and considered depositing content as a “burden”. Ironically, many researchers
have indeed created their personal profiles on multiple academic networking platforms,
e.g. Google Scholar or ResearchGate, having their scholarly outputs neatly presented.
DC@Lingnan, being the platform offered by their respective institute carrying similar
functions, was not even considered as an alternative. Obviously, the value of
DC@Lingnan has never been fully seen by researchers.

Bankier and Smith [5] related such detachments with libraries’ failure in framing IR
to resonate with faculty. Generating appropriate IR resonance to attract attention, how-
ever, involved a steep learning curve. Our initial DC@Lingnan outreach hinted to us
that metrics may be the key. Presenting IR usage was the only topic among others that
could trigger extended dialog with researchers.

Metrics touch the nerve across academia, as it may bring impact over appraisal, ten-
ure or soliciting research funds, etc. Traditional bibliometrics based upon citation
counts have long been the dominating benchmark to reflect research impact. But met-
rics are getting more diverse and complex due to rapid technological development.
Priem & Hemminger [6] raised the term “Scientometrics 2.0” in 2010, and contended
that Web 2.0 environment would facilitate more active participation across scholarly
communication, leading to faster, broader and more comprehensive ways to measure
impact with metrics drawn from the social web. The Altmetrics Manifesto was later
published advocating the creation and study of new metrics based on the social web
[71.

Altmetrics, abbreviated from “Alternative Metrics” provide various non-traditional
indicators, e.g., download or view usage, comments, shares, captures, etc., visualizing
whether and how impacts are generated through different online media. For offering
any service based upon metrics, Armbruster [8] suggested it would require a database
of which IR, containing carefully curated metadata by library, was seen as a reliable
source to begin with. With the growing attention of altmetrics, Lingnan library believed
that by adding altmetrics elements to DC@Lingnan, it would create new opportunities
to alleviate the IR dilemma. Our goal is to utilize appropriate altmetrics tools to create
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IR resonance, intensify dialogue with different stakeholders, and to generate more di-
rect and indirect engagement with our researchers.

3 Initial Altmetrics Adoption — Full-text Download Usage

Initial altmetrics initiatives began with consolidating download usage reports by using
the default usage utilities of DC@Lingnan. The reports showing cumulative download
counts of each publication were sent to individual departments. DC@Lingnan had at-
tracted good readership since it was first launched. The usage report speaks for the
benefits and helped transform stakeholders’ perspective to our services.

The Office of Service-Learning (hereafter referred as OSL) was among the first de-
partment to actively engage with DC@Lingnan after reading the download usage re-
port. OSL collaborates with faculties, offering learning opportunities for over 600 stu-
dents every academic year to practice their knowledge by serving the community.
Many scholarly and creative works were therefore generated to document the learning
and research outcomes covering activity reports, conference presentations, multimedia
materials, etc. OSL used to showcase these outputs on their departmental webpage,
displaying only a simple list of titles with hyperlinks leading to instant full-text access.

Lingnan library approached OSL in early 2013, with a proposal to host their content
on DC@Lingnan, aiming at disseminating their content to wider audiences. The initial
response from OSL was impassive, though they raised no objection in uploading a total
of 20 documents comprising their newsletters and annual reports on DC@Lingnan, as
a trial. OSL’s impassiveness remained until they were presented with the first usage
report showing 800+ download counts recorded from those 20 uploaded documents
over a six month timeframe. OSL had never been able to obtain such usage from their
departmental webpage previously. The 800+ downloads from DC@Lingnan captured
their attention, considering them as tangible evidence that OSL outputs were attracting
readership and attention. OSL immediately realized the benefits of hosting their con-
tent on DC@Lingnan, and later began to migrate more than 450 other documents to
DC@Lingnan by September 2017.
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Fig. 1. OSL’s content growth in DC@Lingnan (March 2013 — September 2017)

During the process, OSL and the library communicated closely regarding the migra-
tion procedure, and explored other new content that could be uploaded, e.g., hosting
conference series on DC@Lingnan. A mutual trust was established where OSL consid-
ered DC@Lingnan as a reliable platform to disseminate their intellectual outputs. Their
staff were also trained to get engaged with unmediated content deposit and to upload
new content on a regular basis. Similar reactions were later observed from a few other
academic departments, though not as active as OSL, in uploading some new content
sources to help sustain the content growth of DC@Lingnan.

4 Incentivize IR Adoption with Research Impact

Lingnan University currently does not mandate content deposit to DC@Lingnan. Re-
searchers’ incentives to contribute their content are inevitably low. OSL’s responses to
download usage enlightened the library to realize incentives may not be necessarily
needed to be tagged with mandate. Studies show that metrics could be one of the cata-
lysts to incentivize IR adoption [9] and to generate new or continued usage [10]. With
such a perspective, the library began to explore other solutions with the capability to
aggregate and analyze more comprehensive metrics beyond download counts. PlumX?,
being an altmetrics aggregator with proven compatibility with DC@Lingnan appeared
just in time, enabling the library to address the growing concern towards research im-
pact with new services and outreach across the campus.

4 https://plumanalytics.com/integrate/embed-metrics/
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Research impact has attracted extensive attention within Lingnan in recent years.
Apart from its influence over university ranking, as a publicly-funded university,
Lingnan’s research quality is under scrutiny through the Research Assessment Exercise
(RAE) implemented by the University Grant Committee (UGC) of HKSAR Govern-
ment®. The upcoming RAE will commence in 2020. UGC has stated explicitly in the
proposed framework where “impact” would be one of the major assessment elements
to be adopted in the upcoming exercise. As the RAE result is a crucial indicator of the
university’s research performance and competitiveness in funding allocation, this trig-
gered huge concerns across the board towards both the quantity and quality of scholarly
outputs. By bonding altmetrics with DC@Lingnan, the library made the first attempt to
consolidate research impact data of Lingnan’s research community, enabling the uni-
versity’s management to develop data-informed decision infrastructure for research
management and development.

5 IR-Altmetrics Integration: DC@Lingnan with PlumX

Lin and Fenner [11] described research impact as a spectrum, with “usage” on one end
of it. A series of activities would then follow, e.g. saves, recommendations, discussions,
etc., finally leading to another end for having “citations” to appear. Konkiel and Scherer
[12] suggested altmetrics could indicate the details of these activities taken place along
the spectrum, informing researchers with the impact of their scholarly works. By lev-
eraging the metadata in DC@Lingnan, PlumX has been used to capture these activities
and convert them into altmetrics according to the level of engagement into the follow-
ing five categories namely usage, captures, mentions, social media and citations®.

Every valid record in DC@Lingnan could have their own widget generated, showing
article-level altmetrics which can be further clustered into different groups. Clustera-
bility was considered as the fundamental value of having altmetrics [13]. PlumX de-
rived clusterability by mirroring the content hierarchy and metadata from
DC@Lingnan. This however posed new problems during initial integration.
DC@Lingnan was first launched to promote open access and information dissemina-
tion. The handling of staff scholarly outputs was accustomed with a simple data struc-
ture to reduce administrative overhead for a small working team. All outputs were pro-
cessed in one single series, carrying mainly basic bibliographic metadata, which would
be further fed into individual researcher profiles, as a showcase of their scholarly
achievement.

5 http://iwww.ugc.edu.hk/eng/ugc/activity/research/rae.html
6 PlumX Altmetrics Categories: https:/plumanalytics.com/learn/about-metrics/
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Fig. 2. Sample Data Structure in DC@Lingnan (before Altmetrics)

Such simple structures in DC@Lingnan limited data clusterability, making it impos-
sible to present granular altmetrics. To derive the anticipated clusterability, the library
implemented a major metadata enhancement and hierarchical restructuring exercise
against on the staff scholarly outputs series. Lin and Fenner [11] described this as a
necessary “harmonization” process, involving major content grouping reconstruction
and myriad organization. The process involved revamping the metadata schema of the
staff publication series in DC@Lingnan with new or enhanced attributes. The content
hierarchy was also restructured with extra layers embedded, so that data could be scaled
to fit into various new sub-series via those enhanced attributes for each individual fac-
ulties and departments. Table 1 highlights few key enhanced attributes and their antic-
ipated functions to facilitate altmetrics clusterability.

Table 1. Attributes and their anticipated functions to facilitate altmetrics clusterability

New/Enhanced Fields Functions
Researchers’ Affiliated Indicate publication status and research impact by Depart-
Departments ment

Researchers’ Employment | Indicate Active staff scholarly outputs, indicate the cur-
Status @ Lingnan rent scholarly publishing capability and impact of
Lingnan.

The harmonization of DC@Lingnan with PlumX took more than 6 months until the
overall data synchronization between the two platforms worked satisfactorily. The
structure of staff publication series became more sophisticated and accompanied with
more scalable filters. While the library can maintain the existing data handling practice
within one single series, the newly derived structure drives much better clusterability
to support altmetrics, resulting in generating multiple levels of altmetrics dashboards.
Fig. 3 illustrates the different nature of altmetrics generated under simple and enhanced
structures.
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Fig. 3. Altmetrics Clusterability with DC@Lingnan-PlumX Integration

6 IR Resonance with Altmetrics

Empowered with PlumX, DC@Lingnan is leveraged to go beyond discovery and dis-
semination. Altmetrics data empowered the library to be more capable to address the
needs of research impact across the campus. The library began outreach with altmetrics
since mid-2016. The interaction came with diverse dialogues and responses.

6.1  Resonance at Managerial Level

Lingnan University put forth in its 2016-2022 Strategic Plan’, a strong emphasis on
producing research with impact. With this mission ahead, the university’s managerial
group is increasingly looking into research impact data to facilitate a data-informed
decision making process. The altmetrics dashboards fit in well to fulfill such needs by
providing a panoramic view of research impact of Lingnan research community,
thereby offering real-time insights, not only on the productivity, but also on how re-
search impacts were generated with different types of content across different disci-
plines. These dashboards were later chosen as the pinned items for regular posting on
the University’s Information Hub since early 2017, a platform designed to support key
managerial staff to execute daily operations, strategic planning or decision-making on
research support and development.

It is yet to see how altmetrics would be getting more influence against on the actual
decision making process. Direct comments from a few department heads were received,
indicating that altmetrics data looked useful at both departmental and individual level,
and they have requested the library to prepare more guiding materials to help research-
ers in understanding more about the concepts. All these were positive resonances from

7 http://In.edu.hk/about-lu/strategic-plan/index.html
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the managerial group towards the usefulness of these altmetrics dashboards. This fur-
ther strengthened the library’s role with new service perspective to support research
impact.

6.2 Resonance at Researchers Level

PlumX clusters altmetrics down to researcher-level by mirroring the author-galleries
built within DC@Lingnan. This feature attracted attention from several individual re-
searchers. Studies suggested that young scholars had greater need to demonstrate im-
mediate impact to advance their academic career [14-15]. Similar situations happened
at Lingnan University where researchers with the job rank of an Assistant Professor
grade or below, tended to have more obvious reactions to altmetrics. These researchers
have a good understanding of bibliometrics. Altmetrics in contrast were new to them
and caught their attention. They were particularly pleased with having altmetrics such
as downloads, mentions or tweets recorded for their newly published works. Their
interest in these numbers generated new dialog, providing us with the much needed
opportunities to introduce our service rationale. Instead of emphasizing depositing con-
tent, the focus has switched to let researchers witness the diverse efforts the library had
made to promote and manage their content. This helped in creating a good sense of
“service relevancy” which Delasalle [16] considered as a crucial factor to get users
engaged. A few researchers approached the library to proactively upload their new con-
tent onto DC@Lingnan, and to showcase their works in their own gallery and altmetrics
dashboard. One assistant professor explicitly indicated she would include the altmetrics
dashboard as a support reference in her appraisal. She also gave the following compli-
ment, appearing as the best resonance and highlights the potential impact that altmetrics
could bring to support research community at Lingnan University in the future: “...[Alt-
metrics] is going to provide useful information to help researchers strategize our re-
search in alignment with the goals of [University’s] strategic plan concerning research
in the coming years.”

6.3  Other Resonances

The core objective of having altmetrics was to incentivize IR adoption. The resulting
resonance indeed went beyond this objective. Empowered with PlumX, DC@Lingnan
gained more visibility and credibility across campus. The library was tagged by senior
management to work together with the university’s Office of Communication and Pub-
lic Affairs (OCPA) for a publicity project to feature Lingnan’s researchers with their
impact story. The library was responsible to identify researchers with necessary metrics
data and information for OCPA to develop a series of stories showing the impact and
strength of Lingnan research community. With PlumX, we were able to identify inter-
esting storylines based on altmetrics, with a research paper authored by a young pro-
fessor being tweeted more than 1,000 times, and various book publications authored by
professors from the Faculty of Arts, carrying several hundred WorldCat holdings.
These indicators went beyond traditional citation counts and the research impact stories
were more multifaceted. Most importantly, the University also uses author galleriesas
the official reference showcasing full publication list of the staff concerned. This was
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also a sign of recognition that the publication dataset handled by the library was a trust-
worthy source. The project offered the team a rare opportunity to collaborate with col-
leagues outside academic departments, and demonstrated our strength and expertise in
promoting our scholarly activities for Lingnan University.

7 Conclusion

Altmetrics leverage IR capability to go beyond a repository. The bonding of
DC@Lingnan with PlumX demonstrated various potentials to re-energize the tradi-
tional repository service to strike a better chord with different stakeholders. Though the
preliminary resonance is yet to be further materialized for generating wider impact
across campus, IR-Altmetrics integration created a good momentum to solidify the role
of the library to advocate and lead the stewardship of research impact metrics, thereby
forming a new service perspective to support the university’s mission.
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Abstract. Academic scholars have begun to use diverse social media tools to
disseminate and evaluate research outputs. Altmetrics which are indices based on
social media, have emerged in recent years and have received attention from
scholars from a variety of research areas. This case study aims to investigate how
researchers at Nanyang Technological University (NTU) promote their research
outputs and how they conduct research evaluation. We conducted semi-struc-
tured interviews with eighteen NTU researchers. Results from the study show
that NTU researchers still prefer traditional metrics such as citation count, journal
impact factor (JIF) and h-index for their research evaluation. They find these
metrics are essential determinants to identify the quality of a research paper. In
terms of altmetrics, most NTU researchers interviewed are aware of them, but
have not yet used them in research evaluation. Furthermore, we found that the
main methods used to promote research outputs are attending academic confer-
ences and publishing papers in journals. However, NTU researchers also embark
on using social networking sites to disseminate new findings. The results of this
study contribute to the previous literature to help understand how social media
and altmetrics are influencing the traditional methods of promoting and evaluat-
ing research outputs in academia.

Keywords: Social Media, Traditional Metrics, Altmetrics, Research Evaluation

1 Introduction

Traditionally, scholars use a handful of methods to promote their research outputs in-
cluding attending academic conference, publishing papers in academic journals, net-
working with other researchers in research seminars etc. However, these strategies may
not be applicable for all scholars due to time and resource constraints [1]. Social media
tools such as blogs, wikis and social networking sites have become increasingly popular
in our daily lives, with the main purpose of facilitating communication [2]. Scholars
have also realized the benefits of social media and have begun to adopt diverse social
media tools [3]. As such, using social media could become an effective strategy for
promoting research outputs within or outside academia, regardless of geographical and
temporal distance [4].
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Furthermore, in the past, research outputs were evaluated by a variety of metrics
such as citation counts, journal impact factor (JIF), h-index, etc. These metrics have
been used by scholars across different academic disciplines for decades and could be
said to be significant indicators of the impact of research works [5]. Some limitations,
however still exist, for example, a paper may get its first citation only after a few years
of publication [1]. In recent years, owing to the popularity of social media among schol-
ars, altmetrics which are indices based on social media, have been emerging in aca-
demia [5]. Altmetrics can measure the outreach of research works to a wider audience
in a fast and timely manner. However, there are still barriers to using altmetrics in aca-
demia, partly due to the concerns about the quality of altmetrics for research evaluation.
Several studies have investigated the relationship between traditional metrics and alt-
metrics [6]. However, how researchers promote their research works and how they use
metrics for research evaluation have not yet been investigated using a qualitative ap-
proach.

This interview case study seeks to investigate how researchers at Nanyang Techno-
logical University (NTU), promote research outputs and how they conduct research
evaluation. The results from this study could help us understand the extent to which
NTU researchers are using social media tools in their professional work and how they
perceive the effectiveness of their current methods of promoting and evaluating re-
search outputs. The following two research questions are addressed in this paper:

e RQL1: How do NTU researchers promote their research outputs?
e RQ2: How do NTU researchers evaluate research outputs?

2 Literature Review

Traditionally, on the article level, research evaluation in academia has been conducted
by counting the number of citations of published articles [7]. On the journal level, the
JIF is a popular research evaluation metric in academia [8]. Citations however only
capture the academic audience of research works [9], and its turnover is slow [10]. In
addition, the JIF is limited as it cannot be used for interdisciplinary comparisons [8].
As a complement to traditional metrics, alternative metrics based on social media, often
referred to as altmetrics which could provide a more holistic approach to evaluating
research outputs [11]. Altmetrics could be applied to evaluate research, both on an ar-
ticle level, as well as on a journal level [12].

Diverse social media tools have been used to different extents by scholars in aca-
demia [13]. Researchers stay up to date with the latest findings in their fields by reading
other researcher’s blogs and social media profiles [14]. The usage of social media how-
ever varies across academic disciplines [15]. Lack of time [14] and privacy concerns
[16] are some hindrances to using social media in academia. Not all researchers use
social media in their professional lives, and it seems easier to manipulate altmetrics
than it is to manipulate traditional metrics [17]. Moreover, the use of social media and
altmetrics is not widely recognized by most research institutions as part of their promo-
tion review process. However, this might change in future, with the increasing use of
these new tools in the research workflow, universities’ promotion policies are likely to
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be adjusted accordingly [18]. But although social media and altmetrics are increasingly
being used in academia [13], little is yet known about scholars’ strategies to promote
their research findings and how scholars perform research evaluation.

3 Methodology

To address the research questions, semi-structured interviews were conducted at Nan-
yang Technological University (NTU) Singapore, to capture the thoughts and perspec-
tives of researchers. In total, 18 NTU researchers were invited for the interviews. The
interviews were conducted between March and June in 2017. A total of 16 interview
questions were directly asked to discover the behaviors and perceptions of NTU schol-
ars in using different metrics for their research evaluation, as well as their methods to
promote their research. Participants were recruited via email invitation. Each interview
lasted between 10 to 20 minutes. All interviews were recorded with a digital recorder,
and then manually transcribed. Participants were mainly from China, Singapore and
India. All interviews were held in English. Personal information relating to the inter-
viewees was kept strictly confidential. NVivo 11, a qualitative data analysis software
program, was employed for the interview data analysis.

Table 1 summarizes the demographic information of the 18 interview participants.
Participants were assigned codes P1 — P18. Of the 18 interviewees, five were female
and 13 were male. To conduct a comparison analysis, we took steps in the recruitment
to ensure that interviewees were from two main academic areas: “hard sciences” com-
prising of sciences, computing and engineering, and “non-hard sciences” comprising
of humanities, arts, business and social sciences. We also ensured that participants were
from one of the two academic career levels (faculty members and non-faculty mem-
bers).

Table 1. Demographics of the interview participants (N = 18).

Total % Participants

Gender
Female 5 28 P1, P11, P15, P16, P18
Male 13 72 P2, P3, P4, P5, P6, P7, P8,

P9, P10, P12, P13, P14, P17
Discipline
“Hard Sciences” (sciences, computing 9 50 P1, P2, P3, P4, P5, P6, P7,
and engineering) P8, P9
“Non-hard Sciences” (humanities, arts, 9 50 P10, P11, P12, P13, P14,
business and social sciences) P15, P16, P17, P18
Career Level
Faculty 6 33 P7, P8, P9, P16, P17, P18
Non-faculty 12 67 P1, P2, P3, P4, P5, P6, P10,

P11, P12, P13, P14, P15
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4 Results

In the following section, the interview results pertaining to the two research questions
are presented.

4.1 RQ1: How do NTU researchers promote their research outputs?

Of the 18 participants interviewed, almost all of them (17) mentioned that they attend
academic conferences in their fields, hold presentations and present posters to promote
their research outputs. Publishing research findings in journals was regarded as another
important venue to promote research by 16 respondents except P12 and P14. One fac-
ulty member (P16) stated that “...present findings in conferences, publish in journals.
They are effective in that they are likely to reach the intended audience. My strategy is
choosing appropriate journals or conferences...”. Besides, three participants (P11, P12
and P18) from non-hard sciences pointed out that networking with other researchers at
workshops and research seminars was also an ideal venue to disseminate their research
work.

Apart from traditional methods, it should be noted that some researchers used social
media in their academic life. Half of the 18 scholars (P1, P2, P3, P4, P8, P10, P12, P15
and P17) said that they participate in academic social networks like ResearchGate and
Google Scholar, and they believed that online platforms could be an alternative method
for research dissemination, where researchers were able to create their own personal
page and update their latest publications. One interviewee (P9) stated “...at Re-
searchGate | get regularly updates like who is citing my paper or there is a download
request for the full version and they also provide some statistics. Also, Google Scholar
is quite nice, then | can directly see who cited you, where it was published, and things
like that...”. For most researchers, Facebook and Twitter are used mainly for private
communication with friends and family members. However, one faculty staff (P8) from
hard sciences preferred to use social media platforms such as Facebook and Twitter to
promote research findings. The interviewee was planning to have a Twitter account for
students to share tweets about publications to get more attention from the general pub-
lic. Fig. 1 describes the common methods used by the 18 NTU scholars to promote their
research outputs.
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Frequency of Respondents

Present my work in conferences _
Participate in academic social networking sites _
Network with others from research seminars and workshops -
Update my work on social media (e.g. Facebook. Twitter) .
0 2 4 6 8 10 12 14 16 18

Fig. 1. Strategies to promote research outputs.

4.2  RQ2: How do NTU researchers evaluate research outputs?

The interview results provide insights to understanding which metrics are currently
used by NTU scholars to evaluate research works. Based on the interview analysis, all
18 participants agreed with using traditional metrics to evaluate research outputs and
they were quite familiar with some of them, especially citation count and the JIF. They
believed that these metrics have already been tested by previous scholars and widely
used over a long period, and were thus acceptable as a standard way to evaluate research
outputs in academia. One interviewee (P1) stated: ““I think the most professional method
for research evaluation is using traditional metrics because this is the only way other
people will agree with your research works.” Further, to determine the quality of a
research paper, most interviewees (16 out of 18) preferred to check in which journal
the research paper was published, the given journal’s impact factor and the ranking of
the journal in the relevant discipline. One researcher (P15) stated: “Regarding the qual-
ity of an article, 1 would firstly look at the impact factor of the journal, the university
or the institute where the researcher is from and the researcher’s previous publications
or citations. Mostly based on the traditional metrics.”. Therefore, traditional metrics
especially citation count and the JIF were highly accepted and used by NTU research-
ers, according to the responses of the participants.

However, more than half of the interviewees (10 out of 18) (P4, P6, P8, P9, P11,
P12, P13, P14, P15 and P18) still argued that some limitations exist in the traditional
ways of evaluating research outputs. For instance, research papers from certain aca-
demic fields such as computer science and engineering are likely to get a much higher
citation count than those from social sciences. This might be a reason for researchers
from certain minor research areas not to consider traditional metrics for research eval-
uation. One scholar (P18) from non-hard science said: “Maybe in some fields like com-
puter science or engineering, they can easily get a lot of citations, but for social science,
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it is very hard to get high citation counts and media to know your work. So, to some
subjects, it is not a fair game...”. In addition, two respondents (P7 and P9) were skep-
tical about the reliability of citation counts due to the possibility of gaming them. For
example, one researcher (P7) stated: “...I think that there are limitations such as it is
possible to game the current statistics, just based on Google Scholar or WoS...”. There-
fore, it is not sufficient to take only traditional metrics into consideration when evalu-
ating the quality of research findings as well as when evaluating the contribution of an
academic researcher. Considering additional dimensions in the evaluation process
would help to give a more holistic view of the impact of the research work.

As previously mentioned, some interviewees said that they had noticed the existence
of altmetrics when they were using academic social media platforms ResearchGate and
Google Scholar to promote their research. They might occasionally judge whether their
works were popular by viewing the comments and downloads of their publications, but
they had not used them formally as indicators for research evaluation. One third of the
interviewees mentioned that altmetrics could be a good tool to complement traditional
metrics. For example, one researcher (P8) from a hard science discipline stated “I think
we should go by both metrics, the traditional metrics as well as the altmetrics. There
should be a weightage given to the altmetric score, especially in cases where the tradi-
tional metrics do not give enough information about the research outputs of a re-
searcher. For example, in tenure and promotion, if people look at the traditional met-
rics and they feel this is not conclusive enough, then they should look at altmetrics and
see if that gives them a more complete picture of the research impact of the re-
searcher.”. Also, a few interviewees (P11, P15 and P17) from non-hard sciences indi-
cated that they were willing to use altmetrics in the future if NTU were to establish
relevant policies on the adoption of altmetrics in the research evaluation process. One
respondent (P17) from social sciences stated “Personally I don’t care so much for now
as that is not part of my performance evaluation. If NTU says you need a certain kind
of media exposure to get your bonus, to get your tenure promotion, | think of course
everyone will pay attention to it.”. Thus, this leads to the assumption, that probably
most NTU researchers have not yet used social media metrics as criteria to assess the
quality of research outputs.

Several reasons could explain why altmetrics have not yet been adopted by the
NTU researchers interviewed. First, they were more familiar with traditional methods
to decide whether their research findings had significant impact. For instance, one fac-
ulty staff (P17) from non-hard sciences indicated: “I rely more on traditional metrics
like citation counts and H-index. They have been here for so many years and they have
specific criteria for filtering research outputs. The peer-review process is a good
method to check the quality. Citation counts is also a good indicator.”. Second, partic-
ipants were also concerned about the quality of altmetrics. For example, readers on
social media may not spend as much time and effort on reading the paper and may give
comments without careful consideration. One research staff (P14) argued: “altmetrics
such as the number of likes and retweets cannot mean so much. Maybe some people
like it only because they want to show they have seen or noticed it.”. Researchers were
somewhat skeptical that social media is not about quality, but more about popularity.
On the one hand, they found that if more effort was put into promoting works online,
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then one would probably receive more likes or tweets. The number of likes only means
the paper has received more public attention, but it is not necessarily related to the
quality of the paper. On the other hand, they found that altmetrics seem only suitable
for research outputs on certain topics of interest to the general public. For example,
common people could be more interested in research findings related to their daily life
rather than in advanced theories with intricate terminology. Hence, the research works
related to public issues or social events may get a higher altmetrics from a general au-
dience. In totality, the interviewees found that while traditional metrics are used more
in academia, among colleagues and researchers who work in the same field, altmetrics
could serve as a signal for non-experts to determine the popularity of a publication by
showing quantitative comparisons on social media platforms.

5 Discussion and Conclusion

Understanding methods to promote research works and metrics to evaluate research
outputs is of importance as this could help both researchers and research institutions to
assess the significance of research outputs from a more comprehensive perspective.
This study adopted a qualitative method to investigate how NTU scholars promote their
research and what metrics are used to assess their research impact. Currently, attending
academic conferences and publishing paper in journals are the two main methods to
promote research findings among NTU researchers. With the popularity of social media
in academia, NTU researchers have begun to use academic social networking sites such
as ResearchGate and Google Scholar, as an alternative way to promote their research.
However, currently, the usage of social media tools such as Facebook and Twitter, for
promoting research is still low among participants since these tools are used more for
communication with friends and families.

In terms of metrics used for research evaluation, the results of this study reveal that
most participants use traditional metrics such as citation counts and JIF frequently in
their professional lives. These metrics serve as good indicators to determine the quality
of research outputs. NTU researchers have noticed the existence of altmetrics in various
social media platforms; however, they have not considered using them in their research
career. The strong reliance on traditional methods and quality concerns regarding alt-
metrics were two main hindrances for the usage of altmetrics by the interviewees. Alt-
metrics were however found to be a potential tool to complement traditional metrics as
they could make the research evaluation process more comprehensive. We also found
that a few researchers were willing to use social media and altmetrics given that they
are supported by the university.

This case study was based on 18 semi-structured interviews with researchers from
NTU, Singapore. These participants provided us with a wealth of knowledge about how
they promote their research findings and how they evaluate research outputs. The re-
sults could help understanding the effective methods for research promotion and
whether new metrics on social media platforms could be incorporated into the tradi-
tional research evaluation methods. The limitation of this study is the limited sample
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size due to the resource and time constraints. Future studies should include more re-
searchers from different fields and different institutions to give a more comprehensive
picture about how metrics are used for research evaluation in academia.
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Appendix
Interview Questions
1. How do you usually promote your research? What types of strategies do you use?
a.  Why do you choose such ways to promote your research?
b. Do you feel they are effective?
2. What do you think of disseminating research outputs on social media? Why?
3. How do you keep track of your research outputs?
4. What do you think of the way research outputs are being evaluated among your
colleagues?
5. Until now, how do you evaluate your research outputs? How often do you evaluate
them?
6. Why do you evaluate your research outputs?
7. If you had a magic wand, what would be your ideal way of evaluating research
outputs?
8. Can you tell me about any problems that you encounter in evaluating research out-
puts?
a. How did you learn about these problems?
b. Why is this considered a problem?
¢. How did you solve it?
9. How do you determine the quality of an article/researcher/journal?
10. What kind of impact do you think traditional metrics/altmetrics have in evaluating
research outputs?
11. What do you think are some of the characteristics of traditional metrics/altmetrics
that make them useful in evaluating research outputs?
12. How do you think traditional metrics/altmetrics will help in evaluating research
outputs?
13. Are you hesitant about using any traditional metrics/altmetrics to evaluate research
outputs? Why?
14. How do you think social media has changed the way research outputs are evalu-
ated?
15. How do you think the emergence of alternative metrics has changed your research
career?
16. Do you have any other comments? Is there anything else you’d like to tell me?

Clarifying questions:
e Can you give me some examples?



Can you elaborate more on this?
Can you tell me anything else?
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Abstract. Alternative metrics or altmetrics are article level metrics that have been
used to quantify the attention given to scholarly papers in online fora or social
media. In away it was sought to replace journal level metrics such as the Impact
Factor and also to see if altmetric scores could predict highly cited papers. Early
studies, done soon after altmetrics was proposed in 2010, were somewhat prem-
ature as the use of social media was not widely prevalent, and their results may
no longer be relevant at the present time when use levels have risen significantly.
In 2016, Altmetric.com has tracked over 17 million mentions of 2.7 million dif-
ferent research outputs. Of these, the top 100 most-discussed journal articles of
2016 were presented with details of journals in which the research was published,
affiliations of authors, fields, countries, etc. Our attempt is to obtain a biblio-
metric profile of these papers with high altmetric scores to see the underlying
patterns and characteristics that motivate high public attention. In parallel we
have analyzed top 100 highly cited papers from the same year. Our objective in
this empirical study is to examine the similarities and distinguishing features of
scientific attention as measured by citations and public attention in online fora.
A significant finding is that there is very little overlap between very highly cited
papers and those that received the highest altmetric scores.

Keywords: Altmetrics, Social Media, Impact Analysis, Web of Science, Sci-
ence Citation Index-Expanded

1 Introduction

Altmetrics or ‘alternative metrics’ is an attempt to capture the degree to which certain
scholarly items such as articles, book chapters, etc. get the attention of their readers [1].
The metric can be obtained in terms of number of reads, number of downloads etc. and
has been conceived as an indicator of ‘quality’. In an earlier time, quality of an article
was measured by number of citations, and also in terms of the ‘impact factor’ or the
quality of the journal in which it was published. However, ‘journal impact factor’ was
deemed unsatisfactory as a metric for individual papers, while the accumulation of ci-
tations was a slow process, and it could take several years to identify highly cited papers
or authors. This put younger scholars at a disadvantage, and the shortcomings of cita-
tion based evaluation were more keenly felt in evaluation of scholars for recruitment or
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promotion to higher levels, say, in university or other institutions of higher education
and research. Funders were also looking at the prospects of using altmetrics. The
measures could help young researchers who have fewer citations than their more senior
colleagues®

The emergence of online ‘social media’ like Twitter, blogs, Academic social net-
works such as Mendeley, Research Gate etc. gave the possibility of recording readers’
responses to what they read. Altmetrics.com®, a Data Science company, combines re-
sponses in a variety of media to obtain an ‘Altmetric Attention Score’!® (see Table 1).
This score is given by many journals, e.g. Nature, PLOS, etc. alongside their papers.
Social media has a multiplicative effect in that people tend to read articles that have
been mentioned by others — an example of ‘cumulative advantage’ [2] See dissertation.
Altmetrics intend to measure scholarly impact that is not necessarily captured by tradi-
tional, citation based metrics. These measures are mostly derived from the web and
social media. Altmetrics have already started to become a part of today’s scholarly
communication and a measure of its impact. Scientific journals are increasingly provid-
ing the number of tweets, Facebook likes and Mendeley readers as well as other social
media mentions of their articles. At the same time, researchers have begun to present
altmetrics in their CVs and universities and funders are starting to consider the use of
social media metrics to better understand the impact of their scientific output

In 2016, Altmetric has tracked over 17 million mentions of 2.7 million different re-
search outputs. Of these, the top 100 most-discussed journal articles of 2016 were pre-
sented with details of journals in which the research was published, affiliations of au-
thors, fields, countries, etc.!%. Our attempt in this paper is to obtain a bibliometric over-
view of this selection. We also compare our results with the top 100 highly cited papers
from the same year (2016) from Web of Science. The objective is to note the differences
(and possible similarities) between the citation based selection and the altmetrics based
one. We end with a discussion on the promise of altmetrics.

2 Objectives

Our objective is to do a bibliometric analysis of 100 papers with the highest Altmetrics
scores in 2016 (published by Altmetric.com) to see what are the characteristics of pa-
pers that obtain a large number of online mentions. We examine the titles of the papers,
the corresponding subject categories, the journals in which they are published and the
countries from which most of these papers are published. We also do a parallel analysis
of the 100 most cited papers in Web of Science along the same lines. This exploratory
analysis is undertaken to see if some general underlying patterns can be found between
the citation processes.

8 https://www.nature.com/news/funders-drawn-to-alternative-metrics-1.16524

9 https://www.altmetric.com/

Ohttps://help.altmetric.com/support/solutions/articles/6000060969-how-is-the-altmetric-atten-
tion-score-calculated-

1 https://www.altmetric.com/top100/2016/
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3 Altmetrics

Social network usage (e.g. ResearchGate, Academia, Twitter, Facebook etc.) saw an
exponential growth in the last decade. Since the time of introduction, social networks
attracted a lot of researchers. Scientific researchers are not only becoming familiar with
these platforms but also using them to share their research work. Therefore a huge vol-
ume of data on scholarly articles is generated through social networks. Both altmetrics
and citation indexing thus rely on collective intelligence, or the wisdom of the crowds,
to identify the most relevant scholarly works [3]. This huge volume data can give a
different, new and instant view of the importance of articles. Hence, modern technolo-
gies or approaches are needed to assess this new form of impact. This assessment tech-
nique is commonly termed or known as alternative metrics or ‘Altmetrics’. Altmetrics
is the study and use of scholarly impact measures based on activity in online tools and
environments. Altmetrics is not only the field of study of scholarly data but also metrics
itself, which makes it different from "bibliometrics™ or "scientometrics” [4]. This intro-
duced social network data, also introduced new tools and new possibilities of measuring
of scholarly articles [5, 6]. The newly termed metrics based on online social network
usage was first proposed in 2010 and termed as "altmetrics” [1]. Specifically, Alt-
metrics is the evolution from old-style bibliometrics in the direction of a new field and
metrics in the 21st century [8].

As social networks are becoming universal [9], researchers are gradually moving
into altmetrics research [10]. This topic even seems to have overtaken the h-index [11],
a research topic which was one of the most prominent as well as most influential re-
search topic in recent past [12]. Altmetrics are constructed from events on social net-
works [13], which are generated from actions made on scholarly articles. There are
numerous groupings for events [14]. In ‘article-level metrics’ (ALMs, [15]), views,
downloads, clicks, notes, saves, tweets, shares, likes, recommends, tags, posts, track-
backs, discussions, bookmarks, and comments are counted, rather than just citations of
a paper in a database such as Scopus (Elsevier), or by a publisher such as the Public
Library of Science (PLOS, [16]) [17]. There are several methods by which altmetrics
events can be derived from a dataset [18]. The growth of the idea of altmetrics has been
accompanied by evolution in the variety of web-based tools intended at apprehending
and following a widespread range of a researcher’s productivity by collecting altmetrics
data through a comprehensive range of sources [19, 20]. The widespread usage of the
social web by scholars has also led to studies of altmetrics and its relation to well-
known impact metrics such as citation analysis [21]. Most of these studies have found
some degree of correlation between altmetrics and citation scores, signifying that these
two methods are somehow correlated but not the same. There is some work done on
different social network events as well, where researchers try to establish a relation or
try to develop a wide range of qualitative & quantitative aspects [22]. There are several
research papers where different events, different datasets [23] are discussed. In this re-
search area, there are so many pages yet unturned though. Here, one approach is pre-
sented to visualize the agreements or disagreement (if any) between the well-known,
widely-used impact i.e., citations and the newly designed attention metrics.
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4 Data & Analysis

We have selected our data from ALTMETRICS 2016 report, which lists 100 scientific
papers with the highest Altmetric Attention Scores*2. The Score is computed from men-
tions in social media, such as Twitter, News, Facebook etc. (see Table 1 for the full
list).

Table 1. Sources for Altmetric Attention Score

Source Items %

Twitter 101,403 75.4
News 23,104 17.2
Facebook 5,020 3.7
Blogs 2,273 1.7
Google+ 2,052 15
Reddit 268 0.2
Wikipedia 190 0.1
Video 69 0.1
Peer Review 42 0.0
F1000 36 0.0
Q&A 20 0.0
Policy 16 0.0
Total 134493 100

The largest part of the score in ALTMETRICS 2016 comes from Twitter data (75%)
and the rest from other sources. In the calculation process of the Altmetric Attention
Score, the weighted count methodology is followed. The weights are given according
to their possibilities of getting public or researcher’s attention. 2.

We have looked at the country wise distribution of the Altmetric Attention Score,
the journal distribution and the affiliation to understand what kinds of papers receive
the most attention. For comparison, we have selected the 100 most cited papers pub-
lished in 2016, as indexed in Web of Science, and analysed it in a similar way.

4.1  Papers

Let us first look at the papers common to both lists, i.e., they are both highly cited and
have also received high altmetric scores (Table 2). Surprisingly, there were only 12
papers common to both lists that received relatively high citations and altmetric scores
(Table 2). Seven out of 12 papers fell in the category of Medical and Health Sciences.
They obtained 62.7%, of the total Altmetric Attention Score (18,864 out of a total of

12 https://www.altmetric.com/top100/2016/#about=show
Bhttps://help.altmetric.com/support/solutions/articles/6000060969-how-is-the-altmetric-atten-
tion-score-calculated-



80

30,090 for 12 papers) and a total citation of 57.1% (3382 citations out of a total of 5984
citations for 12 papers).

Table 2. Papers present in both the Thomson Reuter’s top 100 cited papers in Web of Science
and the top 100 papers in ALTMETRICS 2016

Alt Ratio Alt-
No. Title Journal Score* Citation*  Score/ Ci- Subject
core -
tation
Observation of Gravita- . .
1 tional Waves from a Bi- \ljiz)\//ichaelttF;fs- 4660 1327 351 QZ?IeSrI\gZIs
nary Black Hole Merger
. . Jama-Journal
2 for Sepsis and Septic Ame_rlcan 2471 971 2.54 Health Sci-
. Medical As- ences
Shock (Sepsis-3) P
sociation
Emergence of plasmid-
mediated colistin re-
sistance mechanism Lancet Infec-
g MCRLinanimalsand = o pic 1708 603 2.83 Biological
human beings in China: Science
. L9 eases
a microbiological and
molecular biological
study
. . . New Eng- Medical &
4 CKaVius ASOCREd jang Jourmal 2464 572 431 Health Sci-
phaly Of Medicine ences
Guillain-Barre Syn-
drome outbreak associ- .
ated WitrL1j Zika virus irl1— Medical &
5 L Lancet 2171 441 4.92 Health Sci-
fection in French Poly-
- ences
nesia: a case-control
study
Zika Virus and Birth New Eng- Medical &
6 Defects - Reviewing the  land Journal 3753 406 9.24 Health Sci-
Evidence for Causality Of Medicine ences
Mastering the game of Infor-
Go with deep neural mation &
! networks and tree Nature 3047 343 8.88 Computer
search Sciences
Proceedings
Cluster failure: Why Of The Na-
fMRI inferences for tional Acad- Medical &
8 spatial extent have in- emy Of Sci- 1847 289 6.39 Health Sci-
flated false-positive ences Of The ences
rates United States
Of America
The ASA's Statement on - Research &
) American .
9 p-Values: Context, Pro- Statistici 1811 269 6.73 Reproduci-
tatistician L
cess, and Purpose bility
Zika Virus in the Amer-  New Eng- Medical &
10 icas - Yet Another Ar- land Journal 2530 260 9.73 Health Sci-
bovirus Threat Of Medicine ences
Zika Virus Infection in New Eng- Medical &
11 Pregnant Women in Rio  land Journal 1672 220 7.60 Health Sci-

de Janeiro Of Medicine ences
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Zika Virus Infects Hu- Medical &
12 man Cqmcal Neural Cell Stem 1956 293 8.77 Health Sci-
Progenitors and Attenu-  Cell ences

ates Their Growth
*From ALTMETRICS 2016 ; * Web of Science 2016

Half of the common papers, or six out of eight Medical Science papers, were about
the Zika virus outbreak and its various aspects, which obviously got significant scien-
tific and public attention in 2016. The other Medical Science papers receiving both
scientific and public attention were on guidelines for identification of Sepsis and on
errors in inferences from fMRI data.

The papers common to both lists had only singular papers in other categories. In
Biological Sciences, there was a paper from China on emergence of plasmid-mediated
colistin resistance in China. In the Physical Sciences category, the paper on Gravita-
tional waves received both high citations and a high alt-score. In Information and Com-
puter Sciences, the game of GO received a lot of attention. In Research and Reproduc-
ibility, the American Statistical Association’s statement on p-values received both sci-
entific and public attention.

Table 3. Papers present in both the Thomson Reuter’s top 100 cited papers in Web of Science
and the top 100 papers in ALTMETRICS 2016

Open
Ac- Content
Position  Title Journal Score  cess  type Subject
United States Health
Care Reform: Pro- Special Studies in
gress to Date and Commu- Human
1 Next Steps JAMA 8063 Free  nication Society
Medical error—the British Studies in
third leading cause of  Medical Human
2 death in the US Journal 4912 No Analysis Society
Observation of Grav-
itational Waves from  Physical
a Binary Black Hole  Review Physical
3 Merger Letters 4660 Yes  Article Sciences
Evidence for a Dis- The Astro-
tant Giant Planet in nomical Physical
4 the Solar System Journal 4319 No Article Sciences
Sugar Industry and
Coronary Heart Dis-
ease Research: A
Historical Analysis JAMA In- Special Research
of Internal Industry ternal Med- Commu- & Repro-
5 Documents icine 4297 No nication ducibility
Zika Virus and Birth ~ New Eng-
Defects — Review- land Jour- Medical &
ing the Evidence for ~ nal of Med- Special Health

6 Causality icine 3753 Yes Report Sciences
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10

The Association Be-
tween Income and
Life Expectancy in
the United States,
2001-2014

Effect of Wearable
Technology Com-
bined With a Life-
style Intervention on
Long-term Weight
Loss: The IDEA
Randomized Clinical
Trial

Mastering the game
of Go with deep neu-
ral networks and tree
search

The new world atlas
of artificial night sky
brightness

JAMA

JAMA

Nature

Science
Advances

3020

Special
Commu-
3735 No nication
Original
Investiga-
3101 No tion
3047 No Acrticle
Yes Article

Studies in
Human
Society

Medical &
Health
Sciences
Infor-
mation &
Computer
Sciences

Physical
Sciences

Table 2. Papers present in both the Thomson Reuter’s top 100 cited papers in Web of Science
and the top 100 papers in ALTMETRICS 2016

No Title Journal Total
Citations
1 Cancer Statistics, 2016 Ca-A Cancer Journal 3810
For Clinicians
2 Cancer Statistics in China, 2015 Ca-A Cancer Journal 1259
For Clinicians

3 MEGA7: Molecular Evolutionary Genet- Molecular Biology And 1331
ics Analysis Version 7.0 for Bigger Da-  Evolution
tasets

4 Observation of Gravitational Waves from  Physical Review Letters 1323
a Binary Black Hole Merger

5 Heart Disease and Stroke Statistics-2016  Circulation 1039
Update A Report From the American
Heart Association

6 The Third International Consensus Defi- Jama-Journal Of The 880
nitions for Sepsis and Septic Shock (Sep- American Medical As-
Sis-3) sociation

7 Planck 2015 results XIIl. Cosmological ~Astronomy & Astro- 872
parameters physics

8 The Cambridge Structural Database Acta Crystallographica 755

Section B-Structural
Science Crystal Engi-
neering And Materials
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9 2015 ESC Guidelines for the management  European Heart Journal 711
of acute coronary syndromes in patients
presenting without persistent ST-segment
elevation Task Force for the Management
of Acute Coronary Syndromes in Patients
Presenting without Persistent ST-Segment
Elevation of the European Society of Car-
diology (ESC)
10  Analysis of protein-coding genetic varia- Nature 675
tion in 60,706 humans

The list in Table 4 of the most highly cited papers in 2016 shows that they are of a
more technical nature than the top altmetrics papers. The two most highly cited papers
are from the Cancer Statistics in China in two successive years. Another is on MEGA7,
a software in genomic analysis, a paper on Heart Disease and Heart stroke statistics
from USA, guidelines for the management of acute coronary syndromes, analysis of
protein coding genetic variation in ~60,000 humans, on the Cambridge Structural Da-
tabase, and International definitions of sepsis and septic shock. Apart from this, there
are two physics papers on Gravitational waves and on Planck 2015: Cosmological pa-
rameters. Clearly these are of a highly technical nature and would be of interest to a
professional audience but not to society at large.

Let us focus our attention now on different aspects of these high visibility papers, a
total of 200 with 12 common papers. We can ask which subject areas appeared to be
discussed more or get the most mentions, which journals are most seen and commented
upon?, which countries or institutions do these highly visible papers come from? In the
following sections we address some of these questions.

4.2 Subjects

The Medical and Health Sciences received the maximum attention with 49 papers in
out of 100 in the ALTMETRICS 2016 report. This was followed by the Biological
Sciences (14) and Studies in Human Society (12). This shows that public attention is
captured by problems that they can relate to or that is likely to affect them, as shown in
Table 5. This point was made several years ago when a very large survey on public
understanding of science was done amongst people of average literacy in India [23].
When asked questions on scientific matters, they could relate much better to themes
which directly affected them or were close-by than to themes that were remote or ab-
stract.

Table 3. Subject areas that received the most public / scientific attention in 2016

. High Altmetric High Cited
Subjects
Score Papers
Medical & Health Sciences 49 44

Biological Science 14 11
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Studies in Human Society 12 27
Earth & Environmental Sciences 6 2
History & Archaeology 6

Physical Sciences 6 23
Research & Reproducibility 4

Materials Science 2 8
Information & Computer Sciences 1 2
Engineering Sciences 0 4
Total 100 121

Source: Author’s elaboration of data from ALTMETRIC 2016 ; Web of Science 2016

A comparison of subjects in ALTMETRICS 100 and top 100 cited papers (Fig.1)
shows that Medical Health, Biology, History and Archaeology, Earth and Environmen-
tal Science received more public attention, whereas Physical Sciences, Materials Sci-
ences and Study of Human Societies appear to have gotten more scientific attention i.e.,
more papers in top 100 cited list and fewer papers in the Altmetrics list. (The subject
areas in the two lists had to be harmonized, by combining WoS categories. This may
have given rise to some errors, for example Studies in Human Societies had no good
correlations among the WoS categories, and was obtained by combining Energy Fuels

and Science Technology and other Studies.)

Medical &
Health

Biological
Science

Studiesin
Hurman Society

Physical
Sciences

History &
Archaeology

Earth &
Environmental
Sciences

Research &
Reproducibility

Materials
Science

Information &
Conputer
Sciences

Engineering
Sciences

Sciences

]

—_
SoS S

= 1
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B High Cited Papers

;
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*Authors’ elaboration of data from ALTMETRIC 2016 and Web of Science 2016.

Fig. 1. Relative distribution of papers in different subject areas indicating more public attention
(more papers with high altmetric score) or more scientific attention (more papers with high cita-

tion)
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A bibliometric analysis of the journal data should show which journals carry the most
highly cited papers and which publish articles that get the highest altmetric scores.

Table 4. Top 10 journals from the Altmetrics 2016 list and from top cited papers-WoS 2016

fr?ebg?casl.c(oArer)- eAIt—SCN Paper | Journal (Web of Science) Citation  Papers
Nature 39391 18 | Ca-A Cancer Jnl For Clinicians 6021 3
Jama 22921 7 | New England Jnl Of Medicine 3406 10
Science 18806 9 | Nucleic Acids Research 2816 7
New England Jnl of Medicine 17528 7 | Science 2379 8
Pnas 13401 7 | Nature 2261 7
The Lancet 11311 5 | Lancet 2153 6
Jama Internal Medicine 9672 4 | European Heart Journal 1816 5
British Medical Journal 8612 3 | Physical Review Letters 1722 2
Current Biology 6226 3 | Jama- 1700 4
Physical Review Letters 4660 1 | Molecular Biology & Evolution 1379 1
The Astronomical Journal 4319 1 | Circulation 1377 2
Annals Of Internal Medicine 3765 2 | Astronomy & Astrophysics 1124 2
Scientific Reports 3579 2 | Advanced Materials 864 3
Jama Pediatrics 3558 2 | Blood 860 2
Science Advances 3020 1 | Lancet Infectious Diseases 840 2

*Sorted by Citations and Altmetric Score

The first thing we noted is that the journals carrying the top 100 cited papers and
those carrying papers with the highest altmetrics scores are also quite different. There
is an overlap of a mere 10 journals, or 10%, common to the two lists (Table 7)

Table 5. Journals publishing papers common to top altmetrics and top cited lists

Avg
Alt Avg o
WoS- o Citation
Journal -Pa- Alt_Score  Score per Citation
Papers per Pa-
pers Paper
per
Nature 18 39391 2188 7 2261 323
Science 9 18806 2090 8 2379 297
Jama 7 22921 3274 4 1700 425
Physical Review Letters 1 4660 4660 2 1722 861
Science Advances 1 3020 3020 1 434 434
Mmwr  Recommendations
1 1967 1 228
And Reports 1967 228
Cell Stem Cell 1 1956 1956 1 223 223
European Heart Journal 1 1785 1785 5 1816 363
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Lancet Infectious Diseases 1 1708 1708 2 840 420
Cell Metabolism 1 1682 1682 1 223 223
2387.
41 97896 32 11826
Total 7 370

We notice that the Altmetrics list is more concentrated at the upper end with 18
papers in Nature. Compared to that, the cited papers are more evenly dispersed. Physi-
cal review Letters had the highest Altmetric Attention Score per paper.

Table 6. Journals in top cited list with highest citations per paper

Journals E?::‘; Papers % Cites s;vrgpiggi
Ca-A Cancer Journal For Clinicians 6021 3 14.9 2007"
Molecular Biology And Evolution 1379 1 3.4 1379"
Physical Review Letters 1722 2 4.3 861
Acta Crystallographica Section B-
Structural Science Crystal Engineering
And Materials 755 1 1.9 755"
Circulation 1377 2 3.4 689"
Astronomy & Astrophysics 1124 2 2.8 562"
Acta Neuropathologica 559 1 14 559"
Science Advances 434 1 11 434
Blood 860 2 2.1 430"
Jama-Journal Of The Amer Med As-
soc 1700 4 4.2 425
Lancet Infectious Diseases 840 2 2.1 420
Chest 417 1 1.0 417"
<
Others 403
Total 40304 100 100 403.0

* Journals not common to both Altmetric and Cited Lists

We note from Table 8, that the journals for the two data sets is largely disjoint, and
journals that publish papers with high citations are not the same as those that get high
altmetric scores. The highest number of citations per paper was obtained by Cancer
Journal for Clinicians followed by Molecular Biology and Evolution and Physical Re-
view Letters.

4.4  Countries

In this section, we try to identify countries where authors of these high cited or high
altmetric score papers reside. (Tables 9 and 10)
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Table 7. Distribution of Citations across Countries based on author affiliation

Total  Citations Per

Countries/Territories TP % of 100 Citations Papers
USA 64 64 29730 437.206
England 29 29 11936 442.074
Germany 26 26 10109 404.36
France 22 22 10924 520.19
Canada 22 22 8530 406.19
Italy 19 19 7144 396.889
Australia 18 18 8334 490.235
Peoples R China 17 17 7728 483
Spain 16 16 6603 440.2
Switzerland 15 15 5468 420.615

*Source: Author’s elaboration of Web of Science 2016 Top 100 cited papers

From Table 9 we see that a large percentage among the top 100 cited papers are
authored in the USA. England and Germany author 29% and 26% of the papers respec-
tively. France and Canada author 22% of the papers each. Other countries author less
than 20% in the top 100 elite cited set. The distribution across countries for high alt-
score papers is similar but less highly concentrated in USA and UK (Table 10).

Table 8. Distribution of author affiliations in ALTMETRICS 2016 across different countries

Country TP % of Score % Score Alt_Score/Paper
100
United States 75 32.2 174686 324 2329
United Kingdom 33 14.2 69721 12.9 2113
Germany 14 6.0 31816 5.9 2273
Australia 12 5.2 26955 5.0 2246
France 8 3.4 18967 35 2371
Canada 6 2.6 14627 2.7 2438
Italy 5 2.1 13479 25 2696
Belgium 5 2.1 13035 2.4 2607
Netherlands 5 2.1 12769 24 2554
Switzerland 6 2.6 12415 2.3 2069
5 Results

A quick review of the titles in Table 3 indicates that these papers are of great signifi-
cance not only to scientists or researchers but to a very wide class of people. The first
paper with the highest mentions (score~8000) - United States Health Care Reform: Pro-
gress to Date and Next Steps, is by President Obama and is on a topic likely to be of
interest to a very large set of people. The second paper is on medical error being a
leading cause of death in the USA. These are categorized as studies in human society.
Another paper in the same category relates to income and life-expectancy in the United
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States. There are three Physical Science papers on observation of gravitational waves,
a world atlas of artificial night brightness, and evidence for a distant giant planet. The
other papers in Medical Science are on the Zika virus, which garnered a lot of attention
after the first outbreak in Brazil, and a clinical trial on the use of wearable technology
for weight-loss. A paper in Computer Science was about the Chinese game GO, where
a leading player was defeated by a computer. A paper in the Research and Reproduci-
bility category related to coronary heart disease and the sugar industry.

Qualitatively speaking, this list of top 10 papers confirms that article level metrics
definitely capture attention and immediate concern of many, and it may be inferred that
these are works of real significance to people. Among the journals which were common
to both the Altmetrics list and the WoS highly cited list in 2016, SCIENCE was the
most highly cited journal with eight papers (5.14% of 43974 total citations) followed
by NATURE with seven papers (5.14%). The corresponding figures for the Almetrics
list are 18 papers from NATURE (17.4% of total score), seven papers from JAMA
(10.2%), nine papers from SCIENCE (8.3%), seven papers from New England Journal
of Medicine (7.8%), seven papers from PNAS (5.93%) andfive5 papers from the Lancet
(5.0%). The rest contribute less than 5% to the top 100 list.

Interestingly, the highest citations per paper go to journals other than those common
to both lists. In other words, the journals that draw public attention are not the ones that
are highly cited except for a small number that receive attention from both the public
and academics. In Table 6, we have 12 journals with average citations per paper, higher
than the group average (403 cites per paper). Of these, eight journals do not receive
enough public attention to be in the Altmetrics list but do get a lot of scientific attention
in terms of high citations per paper. CA-A CANCER JOURNAL FOR CLINICIANS
got over 2000 citations per paper, while MOLECULAR BIOLOGY AND
EVOLUTION got over 1000 cites per paper. The remaining 4 journals that receive high
scientific attention and also public attention are Physical Review Letters, Science Ad-
vances, JAMA and Lancet Infectious Diseases.

We note that papers authored in USA, UK and Germany were the most highly cited
and also had the highest Altmetric Attention Score. China was the only Asian country
that featured in either list. China was 8" in the list of highly cited countries.

6 Conclusion

We conclude from our exploratory analysis that the top 100 Altmetric 2016 papers form
an almost disjoint set from the top 100 cited papers with only a small overlap of 12
papers. In addition, the journals that publish these papers are also nearly disjoint with
an intersection of only 10 journals. The high cited journals appear to have more tech-
nical content while the high altmetric papers deal with issues that have more widespread
concern and appeal. It does not appear that one can predict the other, as the processes
involved appear to be disjoint. Western countries such as the USA, UK, and Germany
dominate both altmetrics and citations. China is the only Asian country in the top, it is
8™ on the list of citations. The citation process takes time during which a paper is read
and only thereafter it may be incorporated as a reference in a paper. In altmetrics the
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response is immediate, and the papers are less technical or with greater mass appeal.
One can think of the altmetric score as supplying additional information to the citation

score.
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Abstract. Recent advances in computational power and the advancement of the
internet mean that we now have access to a wider array of data than ever before.
If used appropriately, and in conjunction with peer evaluation and careful inter-
pretation, metrics can inform and enhance research assessment through the ben-
efits of being impartial, comparable, and scalable. There have been several calls
for a “basket of metrics” to be incorporated into research evaluation. However,
research is a multi-faceted and complex endeavor. Its outputs and outcomes vary,
in particular by field, so measuring research impact can be challenging. In this
paper, we reflect on the concept of field-weighting and discuss field-weighting
methodologies. We study applications of field-weighting for Mendeley reads and
present comparative analyses of field-weighted citation impact (FWCI) and field-
weighted readership impact (FWRI). We see that there is a strong correlation
between the number of papers cited and read per country. Overall, per subject
area for the most prolific countries, FWCI and FWRI values tend to be close.
Variations per country tend to hold true per field. FWRI appears to be a robust
metric that can offer a useful complement to FWCI, in that it provides insights
on a different part of the scholarly communications cycle.

Keywords: Research Evaluation, Research Performance, Research Assessment,
Metrics, Bibliometrics, Altmetrics, Indicators, Field-weighting
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The measurement of research impact is a growing and dynamic area, which is becoming
more and more important. National assessment exercises such as the UK REF (Re-
search Excellence Framework) and the Australian ERA (Excellence in Research for
Australia) use research impact metrics, such as the h-index [1] and the journal Impact
Factor [2] as part of their assessment criteria to distribute billions of pounds/ dollars of
research funding. Couple that with the growing number of global and national univer-
sity rankings and the way that funding bodies assess funding applications, and the grow-
ing use of research impact metrics is clear.
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One of the most widely used traditional metrics, is the number of citations an entity
has received. Be it a paper, journal, researcher, group of researchers, or an institution,
citation counts give an indication of how many times the research was referred to in
other scientific publications. As with all metrics, the citation count has some weak-
nesses, one of them being that you cannot compare the citation counts of documents
from different subject fields. Studies have shown that fields such as mathematics are
likely to be cited far less than fields such as biochemistry & molecular biology [3].
Even when comparing papers within the same field, you must also take document age
into consideration. For example, when published in the same field, does a paper pub-
lished in 2005 with 40 citations have a bigger impact than one published in 2014 with
10 citations? The 2005 paper has had 9 additional years during which to build up cita-
tions, so it is not a fair comparison. Some researchers have employed PageRank algo-
rithms in an attempt to overcome the weaknesses of citation counts and provide an
alternative indicator to represent the academic influence of scientific papers. [4-6]

Another way to compare outputs in fields of differing citation densities and ages is
to use field normalization. The key role of such normalized indicators is to remove the
effect that variables such as the age and subject area of a document have on a citation
analysis, so that you can freely compare different documents against each other. At an
article level, there are 2 commonly used normalization methods - normalization based
on average citation counts and based on highly cited publications [7]. To calculate nor-
malization metric for an article based on average citation counts, you need to know the
expected number of citations for that publication. The expected number of citations for
a paper is defined by calculating the average number of citations that similar document
types in the same subject areas and year have received. For normalization calculations
done using Scopus data, the subject areas are defined as the 334 ASJCs (All Science
Journal Classifications). Examples of a normalization metric based on average citation
counts include the field-weighted citation impact (FWCI) and the category normalized
citation impact (CNCI) [8]. Both indicators are calculated at paper level and can be
aggregated to provide normalized values for an author, group of authors, institution
etc., by calculating the average for all normalized values for all documents in the set.
For journals or serial titles, dedicated normalized indicators have been created to allow
cross discipline comparisons. One example is SNIP (source normalized impact per pa-
per), which measures a journal’s contextual citation impact. Using Scopus data, it is
calculated annually by the Centre for Science and Technology Studies (CWTS) at Lei-
den University [9].

Another form of normalization is based on highly cited publications. Here, field-
dependent thresholds are used to determine if a publication is deemed to be highly cited
[7]. The CiteScore Percentile metric is an example of a journal metric that uses such a
methodology, which allows comparison between titles in different subject areas [10].

With the appearance of PlumX metrics and Altmetric.com, alternative metrics, or
altmetrics, so named to differentiate themselves from the traditional metrics of citation
and document indicators [11], are available to compliment traditional metrics. In
PlumX for example, the metrics available include usage (clicks, views, downloads, li-
brary holdings, video plays), captures (bookmarks, favorites, reference manager saves),
mentions (blog posts, news mentions, comments, reviews, Wikipedia mentions), social
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media (tweets, +1s, likes, shares) and citations (citation indexes, patent citations, clini-
cal citations, policy citations) [12]. Many studies have been conducted on the ad-
vantages and disadvantages of altmetrics and potential correlations to citation counts
[13, 14] and if researchers have an appetite and willingness to use more metrics such
as usage data [15]. Whilst this paper does not go into the pros and cons of alternative
metrics, we realize a growing willingness to use such indicators in the available “basket
of metrics”. In a recent randomized study of data collected from Impact Story, Mende-
ley readership counts provided the most metrics [16]. As such we wanted to investigate
if it was possible to create a normalized version of the Mendeley readership.

2 Methodology

2.1 Data Sources

Scopus (https://www.scopus.com). Scopus is the world’s largest abstract and citation
database of peer-reviewed literature, delivering a comprehensive overview of global
research output in the fields of science, technology, medicine, social science, and arts
& humanities. Scopus includes abstracts and citation information from more than 70
million records including peer-reviewed journals, books and conference papers. Con-
tent coverage of peer-reviewed literature in Scopus includes research articles in 22,800
peer-reviewed journals published by over 5,000 publishers. Scopus covers approxi-
mately 6,400 titles from North-America, 11,800 from Europe, 2,500 from Asia-Pacific,
and 1,500 from Latin-America and Africa.

Mendeley (https://www.mendeley.com). Mendeley is a free reference manager and
academic social network that helps researchers organize their research, collaborate with
others online, and discover the latest research. It has millions of users, including not
only students, post-doctoral researchers, professors/lecturers, and other academic re-
searchers but also commercial R&D professionals, government/NGO researchers, and
other professionals. Mendeley can capture all types of reference information. However,
in this paper we only analyze the publications that can be found in Scopus.

2.2 Indicators

Citations. Citations are formal references to earlier work made in an article, frequently
to other journal articles. A citation is used to credit the originator of an idea or finding
and is frequently used to indicate that the earlier work supports the claims of the work
citing it. The number of citations received by an article from subsequently-published
articles has been used as a proxy of the quality or importance of the reported research.

Readers. Readers refer to the number of Mendeley users who have added a particular
article into their personal library. Mendeley reads are the counts of such events showing
an early indicator of the impact a work has, both on receptivity of other authors within
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or beyond the same field as the work’s author as well as non-authors such as clinicians,
policymakers, funders, and students. Studies have also shown that readership numbers
are a good early indication of future citation impact (Thelwall and Sud, 2015).

2.3 Field-weighting

In order to study and compare the different indicators of impact previously defined, we
computed field-weighted indicators. Field-weighted indicators allow the comparison of
different publications because they take into account differences due to different docu-
ment types, publication years, and subject areas. The same methodology has been ap-
plied to citations (FWCI, field-weighted citation impact) and readers (FWRI, field-
weighted readership impact). They are indicators of mean citation/readership impact,
and compare the actual number of citations/readers received by an article with the ex-
pected number of citations/readers for articles of the same document type, publication
year, and field. If the article is classified in two or more subject areas, the harmonic
mean of the actual and expected citation rates is used. The indicator is therefore always
defined with reference to a global baseline of 1.0 and intrinsically accounts for differ-
ences in citation/reader accrual over time, differences in citation/reader rates for differ-
ent document types (reviews typically attract more citations than research articles, for
example), and differences in citation/reader rates across subject fields.

3 Results & Discussions

Fig. 1 shows that at country level, there is a strong correlation between the number of
papers cited and read per country. This resonates with the findings from other Mendeley
based analyses [16—18]. Among prolific countries, established research nations such as
the US and European countries tend to have relatively more publications read than
cited, compared to the trend line. Conversely, several emerging research nations, such
as BRIC and some Asian countries, tend to have relatively fewer publications read than
cited, compared to the trend line. To some extent, this might be explained by the global
distribution of Mendeley readers: as shown in Fig. 2, BRIC and some Asian countries
tend to have relatively large number of publications relative to their number of Mende-
ley readers.
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Fig. 1. Number of publications (size of circle), number of publications cited (y-axis), number of
publications read (x-axis); for world and per country (a), for countries with 1,000+ publications
(b); 2011-2015; sources: Scopus & Mendeley.
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Fig. 2. Number of publications (orange), number of readers (blue); per country with 50,000+
publications; 2011-2015; sources: Scopus & Mendeley.

The correlation between field-weighted citation impact and field-weighted reader-
ship impact (thereby removing any size effects, as well as any specialization effects) is
lower but still strong as demonstrated in Fig. 3, and holds regardless of publication
output. Interestingly, several prolific countries (Brazil, India, Japan, Russia) that have
relatively fewer publications read than cited compared to the trend line, have a rela-
tively higher than expected FWRI in relation to their FWCI. Conversely, China and
several prolific established research nations have a relatively lower than expected
FWRI in relation to their FWCI.
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Fig. 3. Number of publications (size of circle), field-weighted citation impact (y-axis), field-
weighted readership impact (x-axis); per country with 1,000+ publications (a), per country with
10,000+ publications (b); 2015; sources: Scopus & Mendeley.
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Fig. 4 shows that for the world and for the most prolific countries, overall and per
subject area, the FWCI and FWRI values tend to be close to the trend line, with a very
slight FWRI advantage. Nevertheless, variations per country observed overall tend to
hold true per OECD field. For instance, China’s FWCI advantage holds true for each
of the six OECD subject categories.
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Fig. 4. Number of publications (size of circle), field-weighted citation impact (y-axis), field-
weighted readership impact (x-axis); for world and per country with 100,000+ publications, over-
all and per OECD field; 2015; sources: Scopus & Mendeley.

Looking at absolute comparisons of FWCI vs. FWRI as in Fig. 5 however reveals
different patterns. While global values are close to 1 overall and for most subject areas,
in most of fields except for the Humanities, there is a very slight FWRI advantage. The
FWRI is however notably higher than the FWCI in the Agricultural Sciences and espe-
cially in the Social Sciences, in which the FWRI is 20% higher than the FWCI. There
are also differences per country: in absolute terms, FWRI values tend to be higher than
FWCI values across fields for prolific established western nations like the USA, the
UK, Germany, and France, while the reverse is true for prolific Asian countries like
China, Japan, or India.
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Fig. 5. Field-weighted citation impact (red) versus field-weighted readership impact (teal); for
world and per country with 100,000+ publications; 2015; sources: Scopus & Mendeley.

4 Conclusions

Our analyses show there is a strong correlation between number of papers cited and
read per country, which doesn’t appear to be a function of size. Specific regional pat-
terns may be influenced by the geographic distribution of Mendeley readers. The cor-
relation between field-weighted citation impact and field-weighted readership impact
is lower but still strong. Overall and per subject area, and for most prolific countries,
FWCI and FWRI values tend to be close. Variations per country observed overall tend
to hold true per field.

FWRI appears to be a robust metric that can offer a useful complement to FWCI, in
that it provides insights on a different part of the scholarly communications cycle. More
detailed analyses are welcome to further test the metrics at different aggregation levels.
It would also be interesting to see how it compares to other indicator types (e.g. down-
loads, views, altmetrics).
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Abstract. Artificial Intelligence is currently a popular research field. With the
development of deep learning techniques, researchers in this area have achieved
impressive results in a variety of tasks. In this initial study, we explored scientific
papers in Artificial Intelligence, making comparisons between papers authored
by the top universities and companies from the dual perspectives of bibliometrics
and altmetrics. We selected publication venues according to the venue rankings
provided by Google Scholar and Scopus, and retrieved related papers along with
their citation counts from Scopus. Altmetrics such as Altmetric Attention Scores
and Mendeley reader counts were collected from Altmetric.com and PlumX. Top
universities and companies were identified, and the retrieved papers were classi-
fied into three groups accordingly: university-authored papers, company-au-
thored papers, and co-authored papers. Comparative results showed that univer-
sity-authored papers received slightly higher citation counts than company-au-
thored papers, while company-authored papers gained considerably more atten-
tion online. In addition, when we focused on the most impactful papers, i.e., the
papers with the highest numbers of citation counts, and the papers with the largest
amount of online attention, companies seemed to make a larger contribution by
publishing more impactful papers than universities.

Keywords: Citation Analysis, Altmetrics, Industrial Research, Academic Re-
search.

Introduction

Artificial Intelligence is currently a widely discussed topic, not only in scientific re-
search community but also in daily life, especially after a significant milestone was
accomplished when a computer program called AlphaGo defeated a human profes-
sional player in a five-game Go match in 2016 [1]. Both academia and industry have
made a lot of efforts in this research area, and achieved impressive results in a number
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of tasks including computer Go program, machine translation, speech recognition, ob-
ject detection, to name a few [1, 2, 3, 4, 5, 6, 7]. Typically, deep learning is one of the
most popular and the most impactful techniques employed in these studies. However,
deep learning requires a huge amount of training data and powerful computing re-
sources [1, 8, 9]. Compared to universities, influential companies such as Google could
have more advantages on these two requirements. Hence, in the current study, we are
interested in evaluating the research outputs produced by academia and industry in the
research field of Artificial Intelligence.

In this paper, we conducted a comparative investigation on citation counts and alt-
metrics between scientific papers published by the top academic universities and indus-
trial companies in the research fields of Artificial Intelligence. From Scopus, we ex-
tracted papers published in the relevant top publication venues that were determined
through Google Scholar and Scopus, for the years 2015 and 2016. Amongst these pa-
pers, we identified the top universities and companies. Comparisons of bibliometrics
and altmetrics were made among three groups of papers: university-authored papers,
company-authored papers, and co-authored papers. Comparative results showed that
only a small difference in citation counts among the three groups of papers was ob-
served, while company-authored papers received much more attention online than uni-
versity-authored papers.

In the following sections, we will describe data collection and data processing pro-
cedures, followed by results of a variety of comparisons. Finally, we will conclude this
paper with a discussion.

2 Data

We considered the data sources Scopus, Google Scholar, Altmetric.com and PlumX.
Details of data collection and data processing are presented in this section. Data collec-
tion was completed in August 2017.

2.1 Publication Venue Selection

Artificial Intelligence research field is the main focus of this study. First we identified
related publication venues. Different from other research fields, Artificial Intelligence
has given conference papers an equal or even higher value than journal papers, and thus
both conference papers and journal papers were considered in current study. As one of
the most prevailing academic search engines, Google Scholar provides top publication
venue lists for different research fields. For Artificial Intelligence, Google Scholar lists
the top 20 publication venues consisting of journals and conference proceedings based
on the h5-index, the h-index for articles published in the last five complete years [10].
In the top 20 publication venues, we excluded arXiv venues since papers uploaded on
arXiv are mostly preprints. We also removed venues in which the paper DOI was not
available since paper DOIs are required for fetching altmetric data. Finally, we obtained
a list of top 10 venues from Google Scholar.
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We also selected publication venues from Scopus. However, the research fields in
Scopus have been classified into broad categories, and Artificial Intelligence is classi-
fied under Computer Science. Thus, we selected the top 10 journals and the top 10
conference proceedings based on the Scopus CiteScore which measures average cita-
tions received per document published in the venue [11]. We also removed venues that
did not contain the paper DOI.

Since the h5-index is used in ranking the venues on Google Scholar, the publication
venues which publish more papers are benefitted by it. But on the other hand, the Sco-
pus CiteScore played a similar role as journal impact factor. As a result, by combining
both Google Scholar and Scopus, a total of 30 publication venues without overlaps were
identified as the venues related to Artificial Intelligence in the current study.

Subsequently, we retrieved all research papers published in these 30 venues in 2015
and 2016 from Scopus. There were 14,647 retrieved papers in total, and the exported
information of each paper included title, DOI and affiliations. Table 1 gives a summary
of the selected venues.

Table 1. Summary of selected venues.

SIN  Venue Source  # of papers
1 Expert Systems with Applications GS 1,393
2 IEEE Transactions on Neural Networks and Learning Sys- GS 542
tems
3 IEEE Transactions on Fuzzy Systems GS 330
4 Knowledge-Based Systems GS 68
5 Applied Soft Computing GS 1,198
6 Neurocomputing GS 2,901
7 Neural Networks GS 93
8 Engineering Applications of Artificial Intelligence GS 385
9 Neural Computing and Applications GS 321
10  Robotics and Autonomous Systems GS 249
11 IEEE Transactions on Pattern Analysis and Machine Intelli- Scopus 386
gence
12 IEEE Transactions on Evolutionary Computation Scopus 124
13 Wiley Interdisciplinary Reviews: Computational Molecular ~ Scopus 32
Science
14 ACM Computing Surveys Scopus 111
15 International Journal of Computer Vision Scopus 150
16 IEEE Communications Magazine Scopus 526
17 IEEE Internet of Things Journal Scopus 162
18 IEEE Journal on Selected Areas in Communications Scopus 477
19 IEEE Wireless Communications Scopus 181
20 IEEE Signal Processing Magazine Scopus 125

21  Proceedings of the IEEE Computer Society Conference on  Scopus 1,245
Computer Vision and Pattern Recognition
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22 Proceedings of the IEEE International Conference on Com-  Scopus 600
puter Vision

23 International Conference on Architectural Support for Pro- Scopus 102
gramming Languages and Operating Systems

24 Proceedings of the ACM SIGKDD International Conference  Scopus 455
on Knowledge Discovery and Data Mining

25  Proceedings of the Annual ACM Symposium on Theory of  Scopus 185
Computing

26 Proceedings of the ACM SIGMOD International Conference  Scopus 390
on Management of Data

27  Proceedings - International Conference on Software Engi- Scopus 582
neering

28  Proceedings of the Annual International Conference on Mo-  Scopus 223
bile Computing and Networking, MOBICOM

29  Proceedings - IEEE INFOCOM Scopus 1,004

30  Proceedings of the ACM SIGPLAN Conference on Pro- Scopus 107
gramming Language Design and Implementation

2.2 Prestigious Affiliation Identification

This study intends to explore the comparisons between papers authored by the academic
institutes and papers authored by industry in terms of bibliometrics and altmetrics.
Since the top publication venues were selected in the last subsection, we considered the
prestigious affiliations, due to our assumption that less prestigious affiliations might
publish fewer papers in those top venues.

In the 14,647 retrieved papers, an affiliation could be recorded in different names.
For example, “Google” also had another recorded name as “Google Inc.”. We used
string match to consolidate the affiliation names, so that every affiliation entry has a
unique name. We sorted the affiliations by the number of affiliated papers, and identi-
fied the top 10 universities and the top 10 companies. These identified affiliations pub-
lished the most papers in the selected venues. In general, academic universities are more
engaged in the research community, and thus we additionally included the top 10 uni-
versities on the QS World University Rankings 2015 for Computer Science [12]. Since
there was an overlap between the two lists of top 10 universities, we finally obtained
19 unique universities and 10 companies, which are summarized in Table 2.

Table 2. Summary of identified universities and companies.

Affiliation Type # of papers
MIT University 175
Stanford University University 181
University of Oxford University 47
Carnegie Mellon University University 210

Harvard University University 58
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University of California, Berkeley University 211
University of Cambridge University 39

The Hong Kong University of Science and Technology  University 108
ETH Zurich - Swiss Federal Institute of Technology University 119

Princeton University University 75
Tsinghua University University 450
Harbin Institute of Technology University 229
Southeast University University 198
Nanyang Technological University University 203
Huazhong University of Science and Technology University 205
Xidian University University 194
Shanghai Jiao Tong University University 210
Zhejiang University University 180
National University of Singapore University 173
Microsoft Research Company 318
IBM Research Company 136
Google Company 121
Huawei Technologies Company 88
NEC Laboratories America Company 61
Ericsson Research Company 59
Nokia Company 59
Samsung Electronics Company 57
Yahoo Labs Company 51
Adobe Research Company 49

2.3 Retrieval of Bibliometric and Altmetric Data

We collected citation counts of the retrieved papers using the Scopus API. Out of the
total 14,647 papers, citation counts could be extracted for 14,474 papers (98.8%), while
access errors were encountered when fetching citation counts of the remaining 173 pa-
pers. Please note that an available citation count simply meant that the citation count of
the particular paper could be retrieved from Scopus via the API, but it did not mean the
number was necessarily greater than zero.

We harvested altmetric data from two predominant sources: PlumX and Altme-
tric.com. Most of the papers had been indexed in PlumX, since PlumX and Scopus both
belong to Elsevier. When we used Altmetric.com API, the number of papers with re-
trieved data was much lower. However, we found that if the preprint version of a paper
was uploaded to arXiv, then the preprint version could be also indexed in Altme-
tric.com, which meant that a particular paper could have two different records on Alt-
metric.com: one for the preprint version and the other for the print version. It was also
found that for some of the papers, only the preprint versions were indexed in Altme-
tric.com. Thus, we used full title match to obtain arXiv ids for all the papers if they
were uploaded to arXiv, and fed their arXiv ids to the Altmetric.com API to retrieve
altmetric data.
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From PlumX, we collected four types of metrics: usage data (e.g., views count and
downloads count), captures data (e.g., Mendeley readers count and bookmarks count),
mentions data (e.g., blog mentions count), and social media metrics data (e.g., Face-
book posts count and tweets count), all of which were the main indicators in PlumX.
From Altmetric.com, we collected three metrics: Altmetric Attention Scores, Mendeley
readers, and tweets. The Altmetric Attention Score is an indicator of the amount of
attention the paper has received online [13]. It is a weighted count of the online attention
a paper has received, such as references in Wikipedia and mentions in social networks.
In addition, we also collected Mendeley readers count and tweets count, since both
metrics were available for relatively more papers. For a certain paper, if it had two
records in Altmetric.com, we selected the higher value for each metric.

3 Results

Comparisons of collected citation counts and altmetrics were made between papers
published by the 19 identified universities and papers published by the 10 companies.
In the comparisons, if there was an author affiliated with the identified university or the
identified company, then the corresponding paper was defined as a university-authored
paper or a company-authored paper. Additionally, a paper was defined as a co-authored
paper, if its associated affiliations involved both the identified university and company.
Comparison results are presented in this section.

3.1  Comparison of Citation Counts

Figure 1 compares citation counts among the three paper groups: university-authored
papers, company-authored papers, and co-authored papers. The left subfigure of Figure
1 shows citation counts in a boxplot in which the line in the box indicates the median
of citation counts. According to the left subfigure, papers published by universities had
slightly higher citation counts, but overall there was not much difference among the
three groups. The right subfigure of Figure 1 compares means of citation counts among
the three paper groups, where the company-authored paper group obtains the highest
mean of citation counts. From Figure 1, the results revealed that in general, whether the
paper was published by the university or by the company, it had a limited impact on the
citation count. However, when considering highly cited papers, companies may have a
larger contribution. By counting the number of highly cited papers which were defined
as papers with at least 100 citations, it was validated that there were in total 20 highly
cited papers, consisting of 10 company-authored papers, 9 university-authored papers,
and 1 co-authored paper.
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Fig. 1. Comparison of citation counts among three paper groups.

3.2 Comparison of Altmetrics

Comparisons of altmetric data collected from PlumX are first presented. The four types
of metrics collected from PlumX were sparse. While capture data was available for
most of the papers, usage data was available for around half of the papers, and for men-
tions data and social media metrics data, the percentages of papers with non-null rec-
ords were lower than 10%. According to Figure 2, it is observed that co-authored papers
achieved the best performance for both usage and captures data. In addition, there is no
major difference between the university-authored paper group and the company-au-
thored paper group in the left subfigure of usage data, but company-authored papers
indeed outperform university-authored papers in the right subfigure of captures data.
Regarding mentions and social media metrics data, the comparison results were insuf-
ficiently representative, since only a very small number of papers had non-null records,
but we found that the papers with the highest values of mentions and social media met-
rics data were published by companies.
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Fig. 2. Comparisons of usage and captures collected from PlumX.
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Figure 3 illustrates comparisons of the three metrics collected from Altmetric.com.
We can see in Figure 3 that company-authored papers consistently achieved more at-
tention online than university-authored papers. Specifically, the differences of median
values between company-authored papers and university-authored papers are relatively
small, while there are considerable differences in terms of upper range of percentiles.
Similar to citation counts, the distribution of altmetrics of individual papers is also
skewed, meaning that only a few papers received high attention online while a large
number of papers did not. We also counted the number of most popular papers whose
Altmetric Attention Scores were higher than 100. Out of the 12 most discussed-online
papers, eight were published by companies, three by universities, and the last one was
co-authored.

In the center subfigure of Mendeley readers, co-authored papers attracted the most
readers, followed by company-authored papers and university-authored papers. How-
ever, the Altmetric Attention Score does not take Mendeley readers count into account,
which could be a reason why the comparative pattern in the center subfigure is different
from the patterns in the other two subfigures.

Altmetric Attention Score Mendeley readers Tweets

=

I~

Number of tweels

Valucs of Altmetric Attention Score
-~
Number of Mendeley readers

50
2
0 0

Univ. (692) Comp. (200) Coau. (86) Univ. (647) Comp. (181) Coau. (82) Univ. (184) Comp. (77) Coau. (19)
Paper groups Paper groups Paper groups

Fig. 3. Comparisons of the three metrics collected from Altmetric.com.

4 Conclusion

In this study, we explored the performance difference between scientific papers pub-
lished by the top academic universities and industrial companies in the research fields
of Artificial Intelligence, from both the perspectives of bibliometrics and altmetrics. A
total of 30 publication venues were selected from Google Scholar and Scopus, and the
papers published in these venues in 2015 and 2016 were retrieved from Scopus. Based
on the retrieved papers, we identified 19 top universities and 10 top companies in Arti-
ficial Intelligence. While most of the papers were published by universities, around
20% by companies, and the remaining were co-authored by universities and companies.
Citation counts and various types of altmetrics of the papers were extracted from Sco-
pus, PlumX and Altmtric.com.
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Comparisons of citation counts among the three groups of papers showed that uni-
versity-authored papers received slightly higher citation counts but the difference was
relatively small. On the contrary, comparisons of altmetrics revealed that company-
authored papers and co-authored papers obtained considerably more attention online
than university-authored papers. However, the comparison results could be affected by
the unbalanced numbers of the top universities and companies. In addition, some im-
portant venues in Artificial Intelligence such as the International Conference on Ma-
chine Learning (ICML) were not included in the current study due to the lack of DOIs
of the papers published in these venues.

Most Internet users might not be scientific researchers, and thanks to the diverse
products and services provided by companies, people would be more familiar with the
large, well-known companies and would pay more attention to them online. In addition,
research conducted by companies could be more product-oriented and closer to daily
life. These factors may motivate people to discuss more about papers authored by com-
panies online. However, regarding paper citation count, it depends essentially on the
academic quality, rigor and novelty of the paper. Hence, there was not much difference
in citation counts between university-authored papers and company-authored papers.
This is simply our intuitive explanation, while a deep understanding should be acquired
through a series of well-designed surveys and interviews.

Although there is a consistent growth of studies on altmetrics, the relationship be-
tween bibliometrics and altmetrics has not been fully revealed [14]. In our study, we
focus on the papers published by industries, since this typical category of papers would
probably have advantages in receiving more attention online. In future work, we plan a
thorough investigation of the relationship between citation counts and altmetrics for
company-authored papers. A larger set of company-authored papers would be collected
and investigated on the content of their altmetrics. We would also look into the quali-
tative differences between altmetrics for company-authored papers and university-au-
thored papers.
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Abstract. This paper assesses the performance of African countries in selected
field of Science and Technology (S&T) over the last twenty years. The purpose
is to determine the readiness of these countries in aligning to the strategic direc-
tion set by African Union (AU 2063) agenda. The AU 2063 aims to emplace a
paradigm shift from the current structure where its members’ dependence on nat-
ural resources to drive their economies to one that is knowledge-based. It thus set
pillars for archiving this feat and they include; building and/or upgrading research
infrastructures; enhancing professional and technical competencies; promoting
entrepreneurship and innovation; and providing an enabling environment for STI
development in the African continent. Data used for the study were retrieved
from the SCImago database which comprises a total of seven subject areas cut-
ting across 126 subject categories. In SCImago database, information was also
searched on S&T performances with respect to publications in the World and
Africa, over the last 20 years period starting from 1996-2015. Microsoft Excel
was used to analyse the data collected. Results were presented in tables and fig-
ures on the top 10 most productive African countries in the field of S&T in all
the seven selected subject areas. The paper suggested an intra-African collabo-
rative effort between low and high performing countries in Africa as an option
for developing the needed knowledge capacities for realising its regional devel-
opmental agenda (AU 2063).

Keywords: Scientometrics, Performance, Science and Technology

1 Introduction

African leaders have seen the need to emplace the continent on a pedestal aimed to-
wards self-reliance capable of promoting economies of its member states that is more
sustainable and in tune with what is obtainable in the developing world. In 2014, to
reaffirm its vision of “an integrated, prosperous and peaceful Africa, an Africa driven
and managed by its own citizens and representing a dynamic force in the international
arena”, the African Union under its AU agenda 2063 recognized Science, Technology
and Innovation (STI) as multi-functional tools and enablers for achieving continental
development goals. Hence, the Science, Technology and Innovation Strategy for Africa
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2024 (STISA-2024), was initiated. The STISA-2024 is the first of the ten-year incre-
mental phasing strategies to respond to the demand for science, technology and inno-
vation to impact across critical sectors such as agriculture, energy, environment, health,
infrastructure development, mining, security and water among others. The strategy is
firmly anchored on six distinct priority areas that contribute to the achievement of the
AU vision. These priority areas are - Eradication of Hunger and Achieving Food Secu-
rity, Prevention and Control of Diseases, Communication (Physical and Intellectual
Mobility), Protection of our Space, Live Together- Build the Society; Wealth Creation.
The strategy further defines four mutually reinforcing pillars which are considered as
prerequisite conditions for its success. These pillars include - building and/or upgrading
research infrastructures, enhancing professional and technical competencies, promoting
entrepreneurship and innovation, and providing an enabling environment for STI de-
velopment in the African continent. It anticipates that continental, regional and national
programmes will be designed, implemented and synchronized to ensure that their stra-
tegic orientations and pillars are mutually reinforcing, and achieve the envisaged de-
velopmental impact as effectively as possible.

Every positive-oriented society today needs skilled and talented individuals to gen-
erate new ideas, products, processes and commercial enterprises. Therefore, existing
studies have shown that accessing performance on the basis of STI, African countries
performance is rated poorly if measured on indicators as tertiary education institutions,
intellectual property and innovativeness and productivity and competitiveness [1]. This
position was also supported and explained by the United Nations Economic Commis-
sion for Africa (UNECA) in its African Science, Technology and Innovation Review
2013 report document. The review was done to assess STI status and performance in
the African context with a view for describing the innovation ecosystem in Africa. It
looks at the innovation value chain from the perspective of training and research and
development; technology development, acquisition, use and application.

In the last decade, Africa has recorded an annual growth rate of about 15% in terms
of enrolment rate in tertiary institutions while in 2008, the figure for Sub-Saharan Af-
rican countries on this same indicator was only 6% which is lower when compared with
statistics on other continents - Asia (26%), Latin America and the Caribbean (38%).
Furthermore, in terms of researchers involved in R&D, Africa’s performance is still
relatively poor. For instance, in a survey conducted in 13 countries by African Science,
Technology and Innovation Indicator Initiative (ASTII), the result shows that more than
half of these countries have fewer than 1000 R&D researchers in total. However, only
Gabon, Senegal and South Africa have more than 20% of their total R&D personnel
with PhD qualifications while Mozambique and Kenya reported less than 2% for this
indicator [2].

To ascertain these claims, different tool for assessing performance and productivity
of a system such as scientometrics can be employed. Though there are other tools for
assessing scientific production, however, scientometrics is very useful for this purpose.
In the field of Science and Technology Studies (STS), scientometrics is a useful tool
for measuring the scientific and technological performance of a knowledge system. Sci-
entometrics involves measurement of scientific publications using a method referred to
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as bibliometrics [3]. Scientometrics is restricted to the measurement of science com-
munications, whereas bibliometrics is designed to deal with more general information
processes [4]. Scientometrics is for science what econometrics is for economics [5].
The advent of Scientometrics journal in 1978 from a research unit in the Hungarian
Academy of Science and Scientific conferences, led to the development of Scientomet-
rics as a discipline [6]. They stated that it was developed around one core notion (cita-
tions) though the discipline can study (to some extent) many aspects of the dynamics
of science and technology. The citation is not only important in scientometrics but pro-
vide a quantitative metrics for measuring research impact. Mingers and Leydesdorff
[citation ?] further buttress this position and state that “The act of citing another per-
son’s research provides the necessary linkages between people, ideas, journals and in-
stitutions to constitute an empirical field or network that can be analyzed quantita-
tively”.

This paper seeks to use scientometrics to analyze research performance of African
countries in selected subjects within the field of S&T.

2 Methodology

The research was designed based on the need to find the best approach that could lead
to a logical route to addressing the objectives of the research. The focal objective of
this study was specifically to study how African countries perform in S&T over the last
twenty years (1996-2015). To this end, the research design approach upon which this
study was built, rests on the previous research works of [7] and [8] where in both cases,
scientometrics analysis of publication output on S&T in India between 1989-2014 and
1996-2011 respectively were carried out by these scholars. Therefore, in this study, the
sample population from the SClmago database used in this study comprises a total of
seven subject areas having a total of 126 subject categories. They include; Agricultural
and Biological Sciences (14), Biochemistry, Genetics and Molecular Biology (17),
Chemical Engineering (9), Computer Science (13), Engineering (17), Material Science
(9), Medicine (47). On SCImago database, information was also searched on S&T per-
formances with respect to publications in the World, Africa, Asia and Nigeria over the
last 20 years period starting from 1996-2015. But for the purpose of this paper, only
data on Africa was used for analysis. On the SCImago database, the search query used
was (Search = “World”) AND (Year = 1996-2015); (Search = “Africa”) AND (Year =
1996-2015); (Search = “Asia”) AND (Year = 1996-2015); (Search = “Nigeria”’) AND
(YYear = 1996-2015), each done separately. The fata was retrieved between the fourth
week of May 2017 and second week of June 2017. To analyse the data retrieved, Mi-
crosoft Excel was used. Results obtained were presented in tables on the top 10 most
productive African countries in the field of S&T in all the seven selected subject areas.
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3 Data Analysis and Discussion

The ten most productive countries in Africa in the field of Science are shown in Table
1. Their corresponding ranking in the world is also shown to reflect their position be-
yond the continent. South Africa is ranked first in Africa and 34™ position in the world
having produced 188,104 documents out of which 91.66% of it is citable. Ranked sec-
ond in Africa is Nigeria with a world ranking of 52" position, a wide margin from that
of South Africa. Nigeria produced 59,372 documents between the years under review
out of which 95.38% of them are citable. Nigeria, including South Africa and Tunisia,
records a high percentage of self-citation in the region having more than 21%. Egypt
supposed to stand at the second position in Africa considering its position of 42" in the
world; however, following the ranking list as obtained from the SCImago, the country
was not included on the list. In terms of h-index, South Africa has the highest ranking
followed by Kenya and Nigeria. Interestingly, in terms of citation per paper, Kenya
recorded the highest score in this category despite its 61 position in Africa. This shows
that despite the low volume of documents produced during the period under review, it
was able to attract attention within the academic community. Overall, the Northern Af-
rican countries prove to be very strong in the production of scientific knowledge in
Africa having displayed more countries from the region according to the ranking. The
performance of these North African countries may be as a result of their collaboration
with their fellow countries in the Arab region such as Saudi Arabia and the Emirates
where they also receive grants to promote their research activities. The overall perfor-
mance of Africa as ranked in the world calls for improvement and the need to address
those challenges that researchers in this part of the world face which directly impact on
the number and quality of publications from the region.

Table 1. Top 10 most productive countries in Africa in the field of Science (all subject areas)

Rank Rank Country Docs Citable % Citations Self-ci- % Citations H
(Af- (World) docs cita- tations self-ci- per doc- in-
rica) ble tations ument dex
docs
1 34 South Af- 188104 172424 91.66 2125927 454537 21.38 11.3 320
rica

2 52 Nigeria 59372 56630 95.38 334059 72718 21.77 5.63 131
3 53 Tunisia 58769 55904 95.12 342429 73636 21.50 5.83 123
4 55 Algeria 42456 41544 97.85 215922 43297 20.05 5.09 106
5 56 Morocco 40737 38371 9419 279731 51031 18.24 6.87 129
6 67 Kenya 24458 22347 91.37 379560 57594 15.17 15.52 179
7 78 Ethiopia 13363 12625 94.48 118656 24840 20.93 8.88 101
8 84 Tanzania 11964 11140 93.11 170144 25866 15.20 14.22 122
9 86 Ghana 11543 10578 91.64 111205 13874 12.48 9.63 105
10 87 Uganda 11528 10599 91.94 171367 26995 15.75 14.87 128

*Egypt ranked 42 in the World but it was not included the ranking list in Africa as obtained from source

Source: SCImago, Author analysis, 2017

In the field of Agricultural & Biological Science, South Africa and Nigeria still
maintained the top two positions in Africa. Nigeria has the highest percentage of citable
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document (99.51%) as shown in Table 2 and is closely followed by Ethiopia which
records 99.10%. South Africa has the highest case of self-citation (28.75%) followed
by Ethiopia (25.37%) and Nigeria (24.34%). In terms of citation per document, Kenya
tops this section having recorded 13.9% citations per document produced. Kenya has
also performed well as indicated by the h-index having 103 behind South Africa which
is ranked the first position in the field of Agricultural & Biological Science.

Table 2. Top 10 most productive countries in Africa in Agricultural & Biological Science

Rank  Country  Docu- Citable % citable  Cita- Self-ci- % Self  Cita- H
ments docu- docu- tions tations  cita- tions in-
ments ments tions per dex
docu-
ment
1 South 34375 33575 97.67 444511 127778 28.75 12.93 165
Africa
2 Nigeria 14339 14269 99.51 82412 20055 24.34 5.75 69
3 Kenya 8053 7894 98.03 111942 20305  18.14 13.9 103
4 Tunisia 6427 6341 98.66 58160 13936  23.96 9.05 76
5 Ethiopia 4223 4185 99.10 34820 8834 25.37 8.25 58
6 Morocco 3392 3347 98.67 40130 5532 13.79 11.83 67
7 Tanza- 3029 2965 97.89 34235 5377 15.71 11.3 65
nia
8 Algeria 2955 2914 98.61 17994 3433 19.08 6.09 46
9 Came- 2845 2818 99.05 27540 5451 19.79 9.68 55
roon
10 Uganda 2646 2598 98.19 28944 5335 18.43 10.94 59

Source: SCImago, Author analysis, 2017

According to the data presented in Table 3, recording a total of 18,946 in terms of
document produced, South Africa ranked the highest position within the field of Bio-
chemistry, Genetics and Molecular Biology between the periods under review. In terms
of quality of documents produced, there is a fair distribution in the percentage of citable
documents across all the 10 countries between the ranges of 98.74% being the highest
from Nigeria and to the lowest coming from South Africa (96.57%). With 20.06%,
Nigeria tops other countries in the case of self-citations. This is not to its credit as cita-
tions should be assessed from other researcher and not a function of authors citing their
own work so as to boost its citation counts. The case of self-citation in Nigeria calls
for concern if considering that despite being ranked 2™ in the continent in terms of
number of documents produced, it has the lowest (7.64) citation per document and
highest percentage of self-citation so far. Overall, South Africa’s productivity in this
subject field can be said to be balanced, having received the highest h-index in this
category, over a double figure for the rest of the countries in the ranking.

Table 3. Top 10 most productive countries in Africa in Biochemistry, Genetics and Molecular

Biology
Rank  Country Docs Citable % Citable Citations  Self-ci- % Self Citations Hin-
documents documents tations citations per docu- dex
ment
1 South Af- 18946 18297 96.57 327073 59190 18.10 17.26 162

rica
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2 Nigeria 6344
3 Tunisia 6243
4 Morocco 3104
5 Kenya 2823
6 Algeria 2168
7 Cameroon 1477
8 Ethiopia 1386
9 Uganda 1190
10 Tanzania 1105

6264
6113
3047
2764
2133
1451
1371
1171
1091

98.74
97.92
98.16
97.91
98.39
98.24
98.92
98.40
98.73

48489
70516
42632
47119
22552
17555
14208
15938
15126

9728
12936
4955
5915
2805
3257
2131
2537
1723

20.06
18.34
11.62
12.55
12.44
18.55
15.00
15.92
11.39

7.64
11.3
13.73
16.69
10.4
11.89
10.25
13.39
13.69

68
84
78
81
57
49
47
53
54

Source: SCImago, Author analysis, 2017

Research in the field of Chemical Engineering shows that South Africa tops the rank-
ing list of publications in Africa (Table 4). Unlike in the other subject categories con-
sidered earlier, there is a departure from the usual in the percentage of citable docu-
ments produced where Sudan has 100% of its documents citable. Cameroon recorded
the highest percentage of self-citation of 19.65% followed by South Africa. In terms of
citations per documents, Morocco recorded the highest figure in the region. Chemical
Engineering is an important field that plays a significant role in the production of chem-
icals for industries alike, Africa’s research in this direction is commendable.

Table 4. Top 10 most productive countries in Africa in Chemical Engineering

Rank  Country Docu- Citable % citable Cita- Self-ci- % self- Citations H-in-
ments docu- docu- tions tations cita- per Docu-  dex
ments ments tions ment
1 South Af- 4993 4928 98.70 69063 12622 18.28 13.83 90
rica
2 Algeria 2649 2624 99.06 24591 3777 15.36 9.28 58
3 Tunisia 2576 2542 98.68 28698 4956 17.27 11.14 60
4 Nigeria 1635 1624 99.33 14886 2706 18.18 9.1 57
5 Morocco 1463 1453 99.32 25609 4210 16.44 175 68
6 Libya 288 286 99.31 1338 85 6.35 4.65 17
7 Cameroon 223 222 99.55 1588 312 19.65 7.12 20
8 Kenya 146 142 97.26 2789 95 341 19.1 22
9 Sudan 142 142 100.00 882 72 8.16 6.21 17
10 Ghana 131 125 95.42 951 66 6.94 7.26 14
Source: SCImago, Author analysis, 2017
Table 5. Top 10 most productive countries in Africa in Computer Science
Rank  Country Docu- Citable % citable Cita- Self-ci- % self- Citations Hin-
ments docu- docu- tions tations cita- per docu-  dex
ments ments tions ment
1 South Af- 10644 10456 98.23 50791 7854 15.46 4.77 7
rica
2 Tunisia 9787 9666 98.76 23571 6161 26.14 241 49
3 Algeria 8168 8091 99.06 21501 4635 21.56 2.63 50
4 Morocco 4664 4618 99.01 10690 2451 22.93 2.29 36
5 Nigeria 2597 2574 99.11 4528 1160 25.62 1.74 24
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6 Libya 492 487 98.98 1283 57 4.44 261 20
7 Ghana 375 370 98.67 747 94 12.58 1.99 15
8 Kenya 357 354 99.16 1280 166 12.97 3.59 19
9 Mauritius 335 330 98.51 635 76 11.97 1.9 12
10 Sudan 321 321 100.00 870 48 5.52 271 13

Source: SClmago, Author analysis, 2017

Computer Science as a field of Science is very important in the world today. Virtu-
ally all human activities are dependent on one form of technology or the other. Over
the years, Asian countries have built capacities and enforce their superiority in the field
of Information and Communication Technology (ICT) over other developing countries.
A look at figures in Table 5 shows that Africa’s productivity in this subject area is still
dominated by South Africa with a total of 10,644 documents produced. The North Af-
rican countries appear to be more formidable in this subject field having displaced Ni-
geria to the 5% position in the ranking. In terms of citations per paper, Kenya standing
at the 8" position is closely ranked with South Africa having received 3.59 citations per
document. Considering the total figure of documents produced, African researchers
need to improve on their publication activity within this subject field since the relevance
of Technology cross-cut all sectors of human endeavour today.

In today’s world, Engineering concepts and applications have continued to react to
the dynamics of the society. Either in Construction, Design, Machine fabrication or
Industrial input, Engineering is an important field that is as old as humanity itself. South
Africa is still the dominant country in this field has produced a total of 19,163 docu-
ments so far (Table 6). The North African countries (Tunisia and Algeria) are closely
ranked after South Africa in terms of documents produced, citations per document and
even in h-index received. Worthy of note here is that Tunisia and Algeria have more
cases of self-citation in the region, an indication that is not favourable to the quality of
publications.

Table 6. Top 10 most productive countries in Africa in Engineering

Rank  Country Docu- Citable % citable Cita- Self-ci- % self- Citations  Hin-
ments docu- document  tions tations cita- per doc- dex
ments tions ument
1 South Af- 19163 18819 98.20 107903 19301 17.89 5.63 93
rica
2 Algeria 13678 13566 99.18 58389 13228 22.65 4.27 69
3 Tunisia 12038 11924 99.05 52116 12671 2431 433 63
4 Nigeria 5586 5544 99.25 16924 3737 22.08 3.03 48
5 Morocco 5536 5465 98.72 30741 6337 20.61 5.55 57
6 Libya 956 950 99.37 3362 153 455 3.52 29
7 Ghana 789 774 98.10 2973 445 14.97 3.77 26
8 Cameroon 680 677 99.56 3233 771 23.85 4.75 25
9 Sudan 642 638 99.38 1502 151 10.05 2.34 21



118

10 Kenya 574

566

98.61

3249

239

7.36

5.66

29

Source: SClmago, Author analysis, 2017

Research in the field of Material Science is also important to a nation’s technological
development. It connects with the industries in terms of quality of material resources
needed for production. Besides, the engineering field also relates with this field as a
form of support for the production of technology-oriented outputs needed as inputs in
other sectors of the economy. Table 7 shows South Africa still topping the chart in
Africa having produced a total of 10,956 documents. Algeria, Tunisia and Morocco are
next ranked to South Africa. Notably in this field is the introduction of Cote d’Ivoire
and Senegal to the table for the first time even though they occupy the bottom position
in the ranks. West African countries are more engaged in research in this field of sci-
ence. In terms of self-citation, the North African countries recorded the higher percent-

age in this analysis.

Table 7. Top 10 most productive countries in Africa in Material Science

Rank  Country Documents  Citable % citable Citations Self-cita- % Citations Hin-
documents  documents tions self-ci- per docu- dex
tations ment
1 South Africa 10956 10816 98.72 107086 18712 17.47 9.77 84
2 Algeria 8254 8194 99.27 57403 13266 23.11 6.95 69
3 Tunisia 6944 6839 98.49 48937 13668 27.93 7.05 59
4 Morocco 5717 5675 99.27 48726 10354 21.25 8.52 77
5 Nigeria 2485 2462 99.07 16032 3608 22.50 6.45 56
6 Cameroon 466 463 99.36 2819 613 21.75 6.05 24
7 Libya 396 392 98.99 2524 160 6.34 6.37 27
8 Ghana 320 314 98.13 1655 159 9.61 5.17 19
9 Cote 314 314 100.00 1204 147 12.21 3.83 16
d’Ivoire
10 Senegal 287 285 99.30 2397 423 17.65 8.35 26
Source: SCImago, Author analysis, 2017
Table 8. Top 10 most productive countries in Africa in Medicine
Rank  Country Docu- Citable % citable Cita- Self-cita- % self Citations Hin-
ments docu- docu- tions tions cita- per docu-  dex
ments ments tions ment
1 South Af- 46656 40847 87.55 744980 136527 18.33 15.97 239
rica
2 Nigeria 19456 18421 94.68 134820 28891 21.43 6.93 104
3 Tunisia 15890 14211 89.43 101060 14291 14.14 6.36 89
4 Morocco 11773 10179 86.46 55312 6723 12.15 4.7 79
5 Kenya 9828 9225 93.86 191588 31385 16.38 19.49 143
6 Uganda 6522 6100 93.53 124757 20499 16.43 19.13 119
7 Tanzania 5899 5638 95.58 104297 17546 16.82 17.68 106
8 Ethiopia 4763 4582 96.20 47508 9552 20.11 9.97 71
9 Ghana 4248 4016 94.54 65276 7966 12.20 15.37 90
10 Cameroon 3850 3631 94.31 46576 7607 16.33 121 75

Source: SClmago, Author analysis, 2017



119

In Africa, Medicine is a field that still needs improvement in terms of research and
human capacity development. Africans are the most travelled for medical attention in
the world presently, according to the statistics on Medical tourism. Mostly, the desti-
nation is to Asian countries especially India, and some other countries such as Saudi
Arabia, Germany, Israel etc. It can be deduced that in the field of medicine, as shown
in Table 8, aside South Africa, research into this field is relatively low in West African
countries. Considering the quality of publication among authors from these countries
in the region, South Africa, Kenya, Nigeria and Uganda received higher h-index over
all other countries.

4. Conclusion

The purpose of this paper which is to assess research performance of African countries
in selected fields of S&T with respect to seven subject areas has been undertaken and
with revealing inferences. Relating this outcome to realizing the AU 2063 agenda by
member countries, there is a ray of hope in its attainment, although more commitment
in the area of research and funding is needed. A particular case is that of the Medicine
field where most of the citizens of countries such as Nigeria and others still embark on
medical tourism to Asia and other European countries. Although the case of South Af-
rica is different from that of other African countries in this regard, the country has ca-
pacities and physical infrastructure to attend to medical issues of his citizens, hence
record low figure in medical tourism. South Africa tops the chart of the most productive
countries in Africa in all the S&T field and occupy a position of 34™ in the world. A
closer look on the country next to South Africa, which is Nigeria, occupies 52" position
in the world. It can be deduced from the outcome that countries such as South Africa,
including some North African countries like Morocco, Tunisia, Algeria, etc., enjoy ad-
equate funding and maintain a clear strategic direction towards aligning their national
developmental priorities to their research orientation. Besides, they have been able to
structure and functionalize their National Innovation Systems (NIS) such that industrial
needs inform their research priorities and knowledge acquisition.

In conclusion, the overall performance of African countries as it concerns this paper
is promising and could be said to align towards realizing the regional goal. However,
there is need for more coordinated and collaborative effort across the regions where it
seems to be more productive. To this end, intra-African collaboration that is geared
towards promoting knowledge development between researchers from low and high
performing countries in Africa should be encouraged.
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