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The Current and Evolving Landscape of Bibliometric Tools and Technologies Laura Bredahl

What Is Bibliometrics?

A Very Short History

The term bibliometrics is widely attributed to Alan 
Pritchard from his 1969 paper titled “Statistical Bib-
liography or Bibliometrics” (Andrés 2009; Gingras 
2016; Pritchard 1969). However, before the term was 
coined, bibliometrics was already emerging as a viable 
scientific discipline in the 1960s, in large part due to 
the foundation of the Institute for Scientific Informa-
tion (ISI) led by Eugene Garfield and the subsequent 
development of the Science Citation Index (SCI; Mokh-
nacheva and Tsvetkova 2020). The intention in creat-
ing the SCI was to “eliminate the uncritical citation 
of fraudulent, incomplete, or obsolete data by making 
[scholars] aware of criticisms of earlier papers” (Gar-
field 1955). Later, the ISI recognized the power of the 
data available in the SCI for creating networks among 
journals and their citations and developed what is 
now the widely used (and disputed) Journal Impact 
Factor (JIF), the average citations per publication. The 
JIF rose in popularity at Garfield’s suggestion that it 
would be helpful to librarians for managing library 
collections. However, less discussed in the literature 
are Garfield’s other suggested applications, which 
include use by individual researchers for selecting 
reading lists, by editors for evaluating journal perfor-
mance, and in the study of science policy and research 
evaluation (Garfield 1972). Although there have been 
mounting critiques on the limitations of the JIF, many 
of these described applications remain core to biblio-
metrics more broadly, even though the JIF may not be 
the metric of choice. 

Defining Bibliometrics

Despite the continually evolving methods of analy-
sis, the heart of bibliometrics remains the counting 
of documents, their related bibliographic informa-
tion, and their network of citations. The rise and 

widespread adoption of bibliometrics have relied on 
the development of computer-based indexes and data-
bases that enable the capture of the necessary bib-
liographic metadata and allow that metadata to be 
stored, linked, searched, shared, and ultimately ana-
lyzed using mathematical methods. 

What Is Bibliometric Data? 
Bibliographic Metadata as the Input 
to Bibliometrics
As suggested by the history and definition of biblio-
metrics, the core of bibliometric data is based on the 
bibliographic metadata available about a wide range 
of document types. Today, bibliometric data largely 
relies on indexing and citation databases that capture 
an ever-expanding and robust set of bibliographic 
metadata and are therefore also constrained by it. 
Table 1.1 lists the most common bibliographic meta-
data that underpins most bibliometric calculations. 
There is often confusion between what is considered 
bibliographic data and what is considered bibliometric 
data. Although there is certainly overlap, data transi-
tions from bibliographic data into bibliometrics when 
it is aggregated, counted, or used in some mathemati-
cal formula. In other words, bibliographic data is the 
input, and bibliometrics is the output.

Something should also be said about the types of 
documents that are included in bibliometric analy-
sis. Since bibliometrics is dependent on the databases 
that capture the needed data, the types of publica-
tions available in these databases dictate what can be 
included. Typically, indexing and citation databases 
(such as Web of Science, Scopus, etc.) include these 
publication types: journal articles, review articles, 
conference proceedings papers, books, book chap-
ters, editorials, and letters. Some also capture errata, 
corrections, and preprints. However, there are also 
an increasing number of new document types being 

Introduction to Bibliometrics 
and Current Data Sources

Chapter 1

http://alatechsource.org


6

Li
b

ra
ry

 T
ec

h
n

o
lo

g
y 

R
ep

o
rt

s 
al

at
ec

hs
ou

rc
e.

or
g 

N
o

ve
m

b
er

/D
ec

em
b

er
 2

02
2

The Current and Evolving Landscape of Bibliometric Tools and Technologies Laura Bredahl

captured, including data papers and short surveys.1 
The set of publication types is ever-expanding as 
institutions and researchers recognize the biases in 
bibliometrics when it focuses on only a discrete set of 
publication types.

More generally, almost any metadata field that 
is supplied about a document has the potential to be 
added into a bibliographic data set; therefore, biblio-
metric systems or tools are continually adding to the 
complexity of the available data. 

What Are the Major Sources of 
Bibliometric Data?

There are surprisingly few data sources of biblio-
graphic metadata that include the full suite of data 
required to perform robust bibliometrics. The chal-
lenge lies in providing extensive citation linking 
between the source document, reference lists, and 
those that cite it. This exponentially expands the size 
of the data set and poses an insurmountable challenge 
(or at least a pretty large challenge) for many biblio-
graphic databases. The network (or citation mapping, 
as it is often called) created through this linking is 
the fundamental power of the data sources used for 
bibliometric analysis. 

To date, only a few bibliometric sources provide 
citation linking within their bibliographic data. These 

include the following (Visser, van Eck, and Waltman 
2021):

• Web of Science: Owned by Clarivate Analytics, 
Web of Science is a very large multidisciplinary 
database that is made up of several indices to 
which an institution can subscribe selectively. 
These indices are made up of a curated list of jour-
nals and publications that are reviewed against 
quality standards for inclusion. Although the sub-
ject areas covered are still heavily focused on the 
sciences, Web of Science continues to grow its 
coverage of social sciences, arts, and humanities.

• Scopus: Owned by Elsevier, Scopus is a very large 
multidisciplinary database that is largely made 
up of a curated list of journals and publications, 
which are reviewed against quality standards for 
inclusion. The subject areas covered are still heav-
ily focused on the sciences, with approximately 
27 percent (as of April 2022) of its content on the 
social sciences (which include arts, humanities, 
business, economics, decision sciences, and psy-
chology; Scopus 2022). 

• Dimensions: Owned by Digital Science, Dimen-
sions is a very large multidisciplinary database 
that ingests metadata from freely available online 
sources such as Crossref, PubMed, and PubMed 
Central and then supplements the database with 
licensed content directly from publishers. The 
Dimensions platform is also a bibliometric assess-
ment tool, making it different from Web of Science 
and Scopus, which offer primarily the bibliographic 
source data with limited analytical tools. Dimen-
sions also provides some free access to its system 
and noncommercial access to its data via API. 

• Crossref: Owned by Publishers International Link-
ing Association, Crossref is a not-for-profit meta-
data service that allows its members—made up of 
publishers, institutions, funding agencies, and gov-
ernment agencies—to register their content and 
mint DOIs for the purposes of reference linking. It 
provides free access to their metadata and encour-
ages ingest into external systems for wide use.

• OpenAlex: As a response to Microsoft Academic 
pulling the plug in late 2021 (a huge blow to 
open-source systems engineers; Singh Chawla 
2021; Microsoft 2021), the nonprofit company 
OurResearch developed OpenAlex. It adheres 
to its open-source principles making its index 
of research entities—such as scholarly papers, 
authors, and institutions—available openly on its 
web application via API and an entire local data-
base download snapshot for offline access.

There is a difference between the bibliographic 
sources listed above and the bibliometric tools used to 
analyze the data. This section focuses on the sources 

Table 1.1: Bibliographic metadata used in bibliometrics

Bibliographic  
Metadata Types Metadata Fields
Document Document title

Journal/book/source title
Publication year
Volume/issue
Page numbers
ISSN/ISBN
Document level identifiers 
(DOI, PMID, ArxivID, etc.)
Publication type
Source type
Language
Open access status

Author Author names
Author identifiers
Affiliation name
Affiliation address
Affiliation country

Content Abstract
Author keywords
Indexed keywords
Journal level classifications
Article level classifications

Citation Reference list
Document level citation count

Funding Funding body name
Funding body address

http://alatechsource.org
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of bibliographic data that feed into the bibliometric 
tools that will be further explored in chapter 2. How-
ever, for many of these data sources and bibliometric 
tools, the lines are becoming blurred as more data 
sources are integrated into existing systems and as 
new companies emerge and form new innovative tools 
and integrate existing ones. 

There is also a growing number of systems that 
provide robust bibliometric data but are not consid-
ered sources of bibliometric data because they are not 
primarily used to feed into external systems for addi-
tional analysis. Systems such as Lens.org (Cambia), the 
Leiden Ranking (Centre for Science and Technology 
Studies), and Scite.ai use external data sources, then 
supplement the data with in-house reference linking 
intended to enhance their citation analysis capabilities. 

Although many bibliometric tools are available, 
nearly all draw on at least one of the bibliographic 
sources Web of Science, Scopus, Crossref, or OpenAlex 
(and previously Microsoft Academic). However, the 
distinction between the data sources for bibliometric 
systems is further blurred as new, highly intelligent 
multipurpose systems emerge, such as Scite.ai, Lens 
.org, and Bibliometrix (see chapter 2 for even more 
systems), that integrate ever-expanding types of data 
sources. Bibliometric tools no longer simply produce 
bibliometrics based on citation linking between schol-
arly documents such as journal articles, conference 
proceedings, or books. They now provide metadata 
on grants, patents, clinical trials, research data sets, 
policy documents, and more. An increasing number 
of tools are linking this complex data together from 
across content types to provide more complete pro-
filing opportunities at the institution, department, 
and researcher levels. For example, many of the tools 
link patents and articles to provide a count of articles 
that have received patent citations (see chapter 3 for 
a use case). These articles can then be analyzed by a 
number of factors, such as research areas, top author, 
coauthorship, geographic distribution, and so on. 

Google Scholar has yet to be mentioned. This is 
primarily due to its virtual lack of usefulness as a data 
source. Google Scholar provides a massive searchable 
database of scholarly materials, including citation 
linking and citation counts that often outnumber other 
systems; however, it does not allow the data to be eas-
ily exported to other systems or linked to from other 
systems for use, thereby disqualifying it as a practi-
cal bibliometric data source. With that said, Harzing’s 
Publish or Perish (PoP) does pull Google Scholar data 
into its system (using an API access token) and offers 
a number of citation indicators. Still, PoP has to deal 
with the annoying issue of Google Scholar sending 
CAPTCHAs when the PoP system sends queries at too 
high a rate, just to make sure there is an actual person 
using the PoP and it is not just a massive data har-
vester (Harzing.com 2022). This roadblock is likely 

why every other system out there does not attempt to 
ingest Google Scholar data. 

What Are Bibliometric Indicators?

Bibliometric indicators are the output of bibliometrics 
built from bibliographic metadata. Indicators make 
visible otherwise invisible phenomena. Bibliomet-
rics is intended to answer questions about research 
productivity, impact, excellence, collaboration, net-
works, and more. However, these phenomena are 
largely unobservable unless proxies are used to rep-
resent them. Therefore, observable measures—such 
as counts of authors, documents, citations, affiliation, 
and so on—are used to represent the unobservable 
phenomena to be examined (Sugimoto and Larivière 
2018). Cassidy Sugimoto and Vincent Larivière, as 
well as Yves Gingras (Gingras 2016), offer excellent 
further reading on the validity of indicators, which is 
beyond the scope of this report. 

Bibliometric indicators are typically divided into 
several groups:

• Productivity indicators give insight into the 
activity of an entity,2 measured through publica-
tion/document counts.

• Impact indicators give insight into the atten-
tion given to a document or set of documents 
of an entity, usually measured through citation 
counts, including citations in other research out-
put, policy, clinical trials, knowledge syntheses, 
or patents.

• Collaboration indicators give insight into the 
amount of overlap between two entities and the 
nature of this overlap, usually measured by coau-
thorship and affiliation data.

• Interdisciplinarity indicators give insight 
into the overlap of research areas by looking 
at research outputs resulting in collaborations 
between authors from different disciplines or at 
research outputs citing or spanning more than 
one discipline. 

• Alternative metrics are a growing set of indi-
cators that may eventually evolve into separate 
standard categories on their own. However, this 
report groups them together not because of their 
newness but because the selections of indicators, 
their data sources, and the ways these indicators 
are grouped and presented are so different among 
the various bibliometric tools that it is difficult 
to describe with any consistency. However, in 
general, alternative metrics include the following 
indicators:

 ❍ social media attention, measured through 
tweets, likes, blog post links, and so on

 ❍ views and use, measured through database/

http://alatechsource.org
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Table 1.2: Introductory bibliometric indicators

Productivity Indicators

Metric Description Variations Caveats

Number of 
documents

The total number of documents from a 
specific entity (e.g., country, institution, 
group, etc.). 

Temporal analysis options are com-
mon (e.g., number of documents 
per year).

The selection of publication types 
included will impact counts.

Avoid making comparisons across 
disciplines, author at different career 
stages, and entity size.

Suggest using productivity alongside 
other normalizing indicators and/or 
with trend information.

The data source determines the pub-
lications that are included.

Impact Indicators

Metric Description Variations Caveats

Number of 
citations

Total number of citations received from 
a subset of documents (e.g., country, 
institution, group, etc.).

Include or exclude self-citations.

Percent of the total number of docu-
ments.

Expected to trend downward toward 
most current years. Citations take 
time to accumulate. 

Avoid making comparisons across 
disciplines, author at different career 
stages, and entity size.

Number of 
documents 
cited

Total number of documents that have 
received at least 1 citation.

Include or exclude self-citations.

Percent of the total number of docu-
ments.

Avoid making comparisons across 
disciplines, author at different career 
stages, and entity size.

Number of 
citations 
per paper

Total number of citations divided by the 
number of documents within an entity 
(e.g., country, institution, group, etc.).

Include or exclude self-citations. Expected to trend downward toward 
most current years. Citations take 
time to accumulate. 

Avoid making comparisons across 
disciplines, author at different career 
stages, and entity size.

Number of 
documents 
in the top-
most cited 
documents 
worldwide

Calculates the total number of docu-
ments from an entity (e.g., country, 
institution, group, etc.) that are in the 
top percentages of all cited documents.

Most often available as top 1%, 
10%. 

Percent of the total number of docu-
ments.

Can be field- or subject-weighted.

Temporal analysis options are com-
mon.

Include or exclude self-citations.

Can be a relatively small number 
causing large variances in trend data.

Normalized 
citation im-
pact

Normalization usually occurs by disci-
pline/subject/field, publication year, 
and publication type. The normalized 
value is then compared to an expected 
normalized global value, and the metric 
is represented as an index relative to 
1 that indicates the expected global 
value.

Include or exclude self-citations.

Journal normalization uses the jour-
nal the document is published in for 
normalization rather than the sub-
ject, year, and publication type.

Small entities, such as individual au-
thors or small groups, will see large 
variances in trend data.

Collaboration Indicators

Metric Description Variations Caveats

Number 
of docu-
ments with 
coauthor 
at another 
institution

Total number of documents with co-
authors at another institution or entity 
type.

Percent of the total number of docu-
ments.

Corporate or industry/academic co-
authorship.

National/domestic coauthorship.

International coauthorship.

Institutional coauthorship.

Collaboration practices vary among 
disciplines, institution type, and geo-
graphic regions.

http://alatechsource.org
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reference manager clicks, downloads, and 
saves

 ❍ media attention, measured through news 
media coverage

 ❍ recommendations, measured through post-
publication peer review 

There is a wide variety of bibliometric indica-
tors, too many to provide a comprehensive overview 
here. However, table 1.2 provides an overview of the 
main indicators commonly presented in bibliomet-
ric assessment tools. These are largely descriptive 
analyses, which must be distinguished from more 
rigorous statistical analyses. Ana Andrés’s book Mea-
suring Academic Research: How to Undertake a Biblio-
metric Study provides excellent in-depth guidance on 
selecting specific indicators to apply to a bibliomet-
ric research study (Andrés 2009). However, for more 
detail, see chapter 3 of this report, which will provide 
some guidance on general applications of bibliometric 
indicators.

The indicators presented in table 1.2 are derived in 
large part from the bibliometric tools SciVal (Elsevier 
2019), Incites (Clarivate 2022), Dimensions (Dimen-
sions 2021), and Lens.org (Lens.org 2022). These tools 
are pervasive within the global bibliometric commu-
nity and provide a bridge between bibliometric prac-
titioners, who typically provide bibliometric services 
to their institutions and academic staff with an entry 
or intermediate level of experience with bibliometrics, 
and expert-level bibliometric services or researchers, 
who conduct more advanced calculations and method-
ologies that require data science or statistical knowl-
edge (Lancho Barrantes, Vanhaverbeke, and Dobre 
2021; Cox et al. 2019). This is an important distinction, 
as bibliometrics is a complex historied field, and prac-
titioners (often librarians within academia) can feel 
adrift when faced with the mathematical complexities 
of the statistical analyses presented in bibliometric 

research papers. In addition to these tools, the Univer-
sity of Waterloo’s white paper “Measuring Research 
Output through Bibliometrics” was also used as a 
guiding information source (Byl et al. 2016). 

Responsible Use of Metrics
A highly effective bibliometric practitioner is . . . value-
led, not data-led.

—Gadd 2020

It is essential that bibliometrics be approached with 
a duty to responsible use. This becomes particularly 
salient when working with individuals holding deci-
sion-making power at all levels throughout academia. 
The INORMS Research Evaluation Group (2020a) out-
lines several reasons senior leaders should be inter-
ested in responsible evaluation of research, which 
include maintaining institutional autonomy, mak-
ing better decisions, ensuring return on investment, 
establishing operational readiness, and managing 
reputational risk and enhancing staff well-being (table 
1.3). The work coming out of INORMS is crucial for a 
bibliometric practitioner to understand. Its work is a 
response to the vast amount of professional experi-
ence of its members and integrates learnings from the 
impacts of the UK Research Evaluation Framework 
and leading internationally recognized statements 
of principles such as the Leiden Manifesto (Hicks et 
al. 2015), the San Francisco Declaration of Research 
Assessment (DORA 2012), and the Metric Tide report 
(Wilsdon et al. 2015; see also table 1.4). Therefore, 
the resulting INORM SCOPE Framework (INORMS 
Research Evaluation Group 2020b) is intended to be 
a bridge between the ideals stated in these principles 
and the business of doing bibliometrics. 

SCOPE is an acronym for Start, Context, Options, 
Probe, and Evaluate, and the SCOPE Framework is 

Table 1.3: Why leaders should care about responsible metrics

Arguments Description
Maintain institutional autonomy Take control of what is actually being measured to align with your institution’s values, as 

opposed to being reactive to external evaluations.

Make better decisions Ensure that what you intend to evaluate is really being measured, aligning the indicators 
with the phenomena of interest. Make sure bibliometrics is truly needed for the evaluation, 
and include other, qualitative approaches.

Ensure return on investment Ask whether the bibliometrics approach is the best way, and if it is, ensure that there is suf-
ficient investment to pursue meaningful evaluation.

Establish operational readiness Understand what responsible research evaluation policies and external expectations exist 
or are in development.

Manage reputational risk and enhance 
staff well-being

Get ahead of poorly used metrics, especially where they impact individual reputations and 
well-being. Too much attention to metrics begets too much attention to metrics. Balance 
in the evaluation and assessment should include a compassionate approach to the impact 
on scholars’ work and life.

Source: Adapted from the INORMS Research Evaluation Group documentation. For full descriptions, see INORMS Research Evaluation 
Group 2020a.

http://alatechsource.org
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meant to guide the practitioner through a series of 
steps that help with adherence to responsible use of 
metric principles. These steps walk through funda-
mental questions helping the practitioner to first ques-
tion the reasons for using metrics, match the level of 
analysis to the need, identify appropriate methodolo-
gies, dig deeper into the potential and known effects 
of the analysis, and finally evaluate whether the goals 
of the analysis were achieved. Following these steps is 
practical, and beyond setting up any bibliometric proj-
ect with sound judgments, they can also be used as a 
communication tool for establishing standard expec-
tations for research evaluation within institutions. 

Notes
1. These are new document types from Scopus (Elsevier 

2020): data papers are short descriptive papers about 
data sets; errata report errors, corrections, and retrac-
tions of published papers; and short surveys are short 
(only a few pages) reviews of research.

2. Entities can represent a person, group, institution, 
region, etc., and can be subdivided by subject, disci-
pline, years, etc.
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