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Session overview 
• What is bibliometrics? 
• How to perform bibliometric analyses 
• Limits of bibliometrics 
• When and when not to use bibliometric 

approaches  
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Learning outcomes 
• Learn about the main types of indicators 
• Learn what questions to ask vendors of 

bibliometric expertise/information products 
• Identify the purpose of using bibliometrics 
• Identify when this method is appropriate to use 

for an assessment 
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Definitions 
• Scientometrics – measure of science 
• Technometrics – measure of technology 
• Bibliometrics – measure of bibliographic 

records such as records on books, papers, 
patents 

• Metadata – information contained in 
bibliographic records 
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References

Metadata in bibliographic records 
Bibliographic information 
• Counts of papers by year 

(trends) 
• Delineation of scientific 

fields/subfields 
• Counts of papers by 

researcher 
• Counts of papers by 

institution, province, region 
and country 

• Citations counts, i.e., 
number of times paper 
appears in references of 
other papers to measure 
scientific impact 
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A continuum from macro to micro 
• World level – overall trend in research, overall 

trend in specific fields (e.g., material sciences) 
• Country level – how do countries compare, 

how is a country doing (e.g., in biotechnology) 
• Regions – states, provinces, counties 
• Organisations – universities, government, 

health, companies 
• Individuals  
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Choice of database 
• Database should comprise a comprehensive 

set of high-quality relevant metadata 
• Authors, authors’ address, journal name, paper 

title, abstract, keyword, year, issue, number, 
pages, references 

• Database constitution must be documented 
and transparent 

• Local access to metadata vs. web access  
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Choice of database (continued) 
• In practice, very few databases present all 

these features 
• Web of Science by Thomson Reuters 
• Scopus by Elsevier 

• Bespoke use 
• Medline 
• Inspec 
• Etc. 
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Field/topic delineation 
• Having a notion of fields (i.e., subject areas for 

research) is essential 
• One use is for analytical purpose – what is 

happening in “green energy” 
• The other is normalization – how do I compare 

researchers in maths to those in radiology 
• Several types of field and/or delineation 

• Journal-based classification 
• Article-based clustering 
• Bespoke queries 

•   
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Bibliometric indicators 
• Publication count – number of publication (full 

or fractional) from entity in given time period 
• Beware of differences between research fields: 

mathematicians publish papers less frequently 
than researchers in biomedical research 

• Do not compare researchers/institutions from 
different fields of research based on raw 
number of publications – apple vs. orange 
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Bibliometric indicators 
• Specialization Index (SI) – indicates the 

relative intensity of an entity in a given 
research field relative to the world 

SI = 
% of [local] papers in field 

% of [world] papers in field 
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Bibliometric indicators (continued) 
• Growth Ratio and Growth Index (GR, GI) 

• GR compares the output of an entity over two 
time periods to assess growth in output 

• GI compares the growth of an entity (i.e., its 
GR) with the growth of the world  

• Percentage of growth can be obtained by 
regression/geometric mean 
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Bibliometric indicators (continued) 
• Growth Ratio and Growth Index (GR, GI) 

• Growth Ratio more convenient with noisy data 
• Use GI for more robust comparisons between 

research fields 

GR = Ratio (or percentage) change in output 
between recent period (b) compared to 
prior period (a) 

GI = Ratio (or percentage) change in output 
between recent period (b) compared to 
prior period (a) 
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Bibliometric indicators (continued) 
• Citations/Average citations – number 

/average number of times outputs are cited 
• Beware of differences between research fields: 

mathematicians publish & cite less frequently 
than researchers in biomedical research, thus 
reducing the size of the citation network 

• Do not compare researchers/institutions from 
different fields of research based on raw 
number of citations – apple vs. orange 
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Bibliometric indicators (continued) 
• Average of relative citations (ARC) – 

scientific impact based on average number of 
citations of an entity relative to average 
number of citations received by world papers, 
normalized by field to account for differences 
across fields 
• Prefer this measure to number/average number 

of citations as it reflects differences between 
research fields 
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Bibliometric indicators (continued) 
• Average of relative citations (ARC) (cont’d) 

• Allows comparisons across fields of research 
• Commonly used in bibliometric analyses as a 

proxy for research impact or quality 
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Bibliometric indicators (continued) 
• Impact factor/average of impact factor – 

measure of scientific journal citedness based 
on Thomson Reuters Journal Citation Report 
• Beware of differences between research fields: 

mathematicians publish & cite less frequently 
than researchers in biomedical research, thus 
altering the value of impact factors between 
fields 

• Do not compare researchers/institutions from 
different fields of research based on IF 
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Bibliometric indicators (continued) 
• Average of relative impact factors (ARIF) – 

modified impact factor that corrects for a 
number of deficiencies in the IF, and 
normalized for difference between fields 
• Prefer this measure to number/average number 

of IF as it reflects differences between research 
fields 

• Requires access to whole database to compute 
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Bibliometric indicators (continued) 
• Collaboration – 

number/percentage of 
co-authored papers 
between entities  
(e.g., country, 
universities) 
• Provides basic data 

for Social Network 
Analysis 
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Bibliometric indicators (continued) 
• Data should be  

presented in a  
user-friendly  
manner 
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Limits of bibliometrics 
• All indicators are proxies 

• They represent a construct that reflects reality—
not reality itself 

• Never lose sight that knowledge production and 
diffusion, which are presented in a highly 
reduced form in bibliometric measurement, are 
complex phenomena 

• Publications not indexed in databases are not 
included in analyses (e.g., books, certain types 
of papers, briefing papers, white papers) 
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Limits of bibliometrics (continued) 
• Although best practices exist, there is also: 

• Lack of standardisation of indicators’ names 
• Terms and concepts are also used rather loosely 

(production and productivity, quality, performance, 
demand) 

• Lack of standardisation of methods 
• Variations between databases produces 

different results 
• Results are indicative rather than definitive 
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Limits of bibliometrics (continued) 
• Development/use of bibliometrics in web-

service 
• Instantly gave access to thousands of bibliometric 

users 
• “Black-boxing” of bibliometric statistics and blind faith 
• Growth of “subliminal bibliometrics” in peer-review 

• There can be perverse incentives associated 
with bibliometric measures 
• E.g., altered publication behaviours 
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Limits of bibliometrics (continued) 
• Still vast problems of data “ambiguity” 

• Very difficult to determine how many papers 
published by Smith, Tremblay, Wang, Lee and 
Kumar 

• Accuracy is a direct result of care placed in data 
cleaning and dataset preparation 
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Limits of bibliometrics (continued) 
• Data 

“ambiguity” 
illustration 
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When to/not to use bibliometrics 
• More robust use is in the presence of the law 

of large numbers 
• Smaller datasets more prone to show 

exceptional as opposed to regular behaviour 
• Use in proper context or avoid absolute 

indicators as much possible 
• OK to compare Western countries in the NSE, 

not OK to compare a medical to a sociology 
faculty  
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When to/not to use bibliometrics 
• Very good in the natural and health sciences, 

acceptable in engineering (proceedings ideally 
included) 

• Careful use in social sciences, language, and 
local biases 

• Extreme caution when used in the humanities 
and the arts – books and other forms of 
knowledge diffusion and expression count 
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When to/not to use bibliometrics 
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When to/not to use bibliometrics 
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Learning activity 
• Individual work, 

followed by table 
discussion 

• Answer the questions 
in the learning activity 
handout 

• You will need to use 
the calculators on your 
table or on your 
smartphones 

• 15 minutes 
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Key messages 
• Be careful with non-normalized indicators – 

papers, citations, impact factor, H-Index 
• Having access to numbers does not mean they 

are adequate for the job 
• Be critical of database coverage 

• Databases used in bibliometrics were designed 
for bibliographic search 

• Databases are used for convenience, not 
because they are ideal 
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Key messages  (continued) 
• Use with great care outside the natural and 

health sciences 
• Bibliometrics is a complex science and 

technological undertaking 
• If you’re not comfortable fixing your car’s fuel 

injection system, you shouldn’t be 
uncomfortable asking experts to diagnose your 
research engine 
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comparisons. Scientometrics, 54(1), 15–30. 
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Recommended readings  
(continued) 
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(continued) 
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Thank you! 
Éric Archambault 
Science-Metrix 
eric.archambault@science-metrix.com  
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