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Abstract

In this report we describe a general bibliometric methodology developed with the aim of mining bibliographic data
to detect different types of “talented” researchers. This case study is focused on the Life Sciences at the worldwide
level, but with the particular aim of detecting ‘Dutch’ and ‘Belgian’ scholars. This methodology involves different
steps that are thoroughly described in this report and also some general results are presented. We also present a
discussion of the main advantages and limitations of this methodology as well as possible further research
developments are set forth.

1. Introduction

Individual researchers are the nuclear agents of the scientific system and this is the reason why is it so important to
study their behavior and performance. Research organizations can change or disappear and, although facilitators,
they are not the real producer of the new scientific knowledge. These are the scholars that work and do research.
Therefore sometimes individuals need to be considered on their own in order to be able to deeply study the
production of scientific knowledge. For the previous reason, the individual is also frequently the object of research
evaluations and analysis, and in general it is accepted that it is also important to motivate and to encourage
individual productivity in order to improve the research system as a whole (Costas, van Leeuwen, & Bordons, 2010).
In general, the evaluation of researchers is vital for the improvement of scientific systems, and bibliometric
indicators can contribute to inform this process, although this is not completely free of limitations and problems.
Most of them will be discussed in this report.

In general, bibliometric indicators must be handled with great care and their limitations should be considered in
any study. However, this is even more important at the level of individuals. The use of bibliometric indicators at the
individual level has been an important topic in the bibiometric field for many years (e.g. Costas, 2008; Jiménez-
Contreras et al, 2011; Lariviere, 2012; de Sousa Vieira, 2013) and recently the debate on the use of bibliometric
indicators at this level has been revived in the scientometric scientific community (see for example the ‘dos and
don’ts in individual level bibliometric indicators’ recently promoted by Wolfgan Glanzel and Paul Wouters).

One of the main arguments to take into account in this debate about the use of bibliometrics at the individual level
is that science is a multidimensional activity and it should not be evaluated through just one indicator’. For this

! This study was funded by the Crucell Vaccine Institute, Janssen Center of Excellence for Immunoprophylaxis, Johnson &
Johnson.



reason, in our research we propose a combination of several indicators and we support the recommendation of
using them with expert judgments (van Leeuwen, Visser, Moed, Nederhof, & van Raan, 2003).

At the level of individuals, it is also important to pay attention to the underlying data, since small losses of
information may have large influence on the final results, particularly when comparing individuals on the basis of
raw indicators. Problems related with the lack of normalization of data in the databases (mistakes in the
references, duplications, homonyms among the authors, etc.) can cause problems and need to be understood
properly to consider bibliometrics at the level of individuals (Angelo, 2011; Costas & Bordons, 2005). In addition to
the previous, probably one of the most important important problems in the application of bibliometric indicators
to the analysis of individuals is the low reliability of statistics at this level. This basically means that even with
completely accurate counting of publications and citations, small differences in the values are not necessarily
meaningful due to the fact of the ‘noisy’ meaning of citations with small numbers. For this reason, we have a
problem of ‘uncertainty’ in the meaning of the indicators at the individual level. Thus, relying on raw values to
compare individuals is an important limitation of bibliometric indicators (but not only, e.g. altmetric indicators or
even peer review scores would suffer from the same problem) when applied to the evaluation of individual
scholars.

In spite of the above mentioned concerns, individual-level bibliometrics can significantly help to understand better
the scientific landscape, and therefore its development is important. In the development and application of
bibliometric indicators for the analysis of individual scholars, there are two main analytical perspectives. On the
one hand, a more descriptive perspective devoted to the detection and analysis of the main individual actors, as
well as the aspects that characterize their scientific performance (e.g. ‘who are the scholars active in a scientific
field or discipline?’, ‘where do they come from?’, ‘how are they collaborating?’, ‘how does their production evolve
over time?’, etc.); and on the other hand there is a more evaluative perspective with more assessment purposes
(‘who are the most productive scholars in a field?’, ‘who is publishing in the most impact journals?’, etc.) as well as
practical ones (e.g., ‘who could be a suitable candidate for my organization?’). Very frequently these two
perspectives (descriptive and evaluative) interact, and sometimes the descriptive and evaluative perspective go
hand in hand. This is the case of this report, as it combines in the descriptive approach (who are the scholars active
in the Life Sciences worldwide and how may come from the Netherlands or Belgium?) with a more evaluative one
(who and how many are the researchers with a given bibliometric performance level?). With this report we seek to
contribute to the debate about the use of bibliometric indicators at the individual by providing a first broad
development that can help to detect active researchers in a given scientific domain and also to characterize their
different types of bibliometric performance from a more evaluative point of view, considering the most important
limitations in the use of bibliometric indicators at this level.

The rest of the report is organized as follows. Chapter 2 presents the main objectives of the report, chapter 3
describes the methodology developed in detail, chapter 4 presents the main and general results of the analysis of
the data and information obtained through the methodological development. Finally, chapter 5 discusses the main
advantages and limitations of this methodology also sketching some future possible improvements for this
methodology.

2 For example, the h-index is one of the most popular ‘single indicators’ for measuring individuals but is very inappropriate from
different perspectives. It has been proved to be an inconsisten indicator (cf. Waltman & van Eck, 2012) and also to be on the
detriment of “selective scholars” (Costas & Bordons, 2007) and younger researchers (van Leeuwen, 2008).
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2. Objectives

The main objective of this report is to describe a new bibliometric methodology that has been developed at CWTS
in order to detect different types of performances (or “talented”) researchers (from a bibliometric point of view) in
the field of Life Sciences, with a ‘Dutch/Belgian’ origin or strong linkages with an affiliation in these countries during
their scientific careers.

In order to achieve this main objective, three concrete sub-objectives are targeted:

1) To develop a methodology in order to mine bibliographic data from the Web of Science that allows
detecting active scholars in the Life Sciences.
2) To detect as many as possible Dutch/Belgian scholars, either by origin or by showing a strong linkage

with any research institutions in the Netherlands or Belgium.
3) To bibliometrically model different types of scientific performance, based on the combination of

different bibliometric indicators and the position of the different scholars in the international
scientific landscape, thus being possible to create typologies of researchers with different types of
bibliometric performance (or ‘talents’).

It is important to highlight that he proposed methodolgy in this study is probably one the first ones in which a huge
sample of Life Science® (LS) researchers is considered for analysis and that bibliometric indicators are considered in
such a broad scale.

® As it will be explained later on in the methodology, this is just a definition of the Life Sciences but not an absolute definition of
the field.



3. Methodology

In this section we present the main data sources, conceptual assumptions, indicators and methodological steps we
considered in the development of this methodology. The methodology is rather detailed to clearly describe the
different steps that have been followed but also to demonstrate the complexity and sophistication of the
methodology. In some steps, given the technical complexity of the explanation, only general lines are presented,
and future publications on the topic will provide more detailed explanations about them.

3.1. Datasources and periods of time

The database used for the development of this methodology is the in-house CWTS version of the Web of Science
database (not including the Conference Proceedings Index). The analysis covers all publications and authors from
1980 to 2011. Citation indicators are calculated over the period 1980 to 2012, hence including one extra year for
citations.

3.2. Conceptual assumptions
In the methodological approach we adopt the following starting points elaborated into conceptual assumptions:

- We consider only Web of Science publications. This means that other scientific outputs are not considered
in the detection and analysis of the different scholars. No external sources have been considered and
therefore all analysis must be assumed as be limited by the data source employed. However, in the fields
of Life Sciences, we consider the WoS to sufficiently cover the important scientific output of the most
important scholars active in the field.

- Limitations in the data. Bibliographic meta-data has been used in order to describe the different scholars.
In all cases, this has been done algorithmically and possible mistakes from the database (e.g. wrong e-mail
inclusion, wrong linkages of authors to addresses, incomplete fields, typos, lack of information, etc.) need
to be taken into account and some degree of inaccuracy/incompleteness in the results must be
contemplated when analyzing the results. In any case, we assume that these omissions are relatively
minor (particularly in the broad framework considered in this study) and therefore should not undermine
our analysis and outcomes.

3.3. Methodological steps
In this section we describe the main methodological steps implemented to render the main results and to meet the
proposed objectives:

Step 1. Field delineation of the Life Sciences (LS core) in the Web of Science

The first step consists on the delineation of the “Life Sciences” within the entire Web of Science. In order to
perform this step, we used a recently developed classification of publications classification (Waltman & Eck, 2013)
(http://www.ludowaltman.nl/classification system/).

This classification is paper-based. This means that every publication is classified in only single field at each level. In
this classification scheme we discern three levels: the top level of 21 main fields (macro-classification), the
intermediate level of 784 fields (meso-classification) and the bottom level of around 22,000 topics (micro-
classification). The classification used for this study covers the period 1993 to 2011. In this study the intermediate
level of the classification (i.e. the meso-classification of 784 fields) is used (hereafter referred to as the ‘meso-
fields’). This meso-classification is composed by 784 meso-fields and their main outline in terms of main disciplines



is presented in Figure 1. The map shows the citing relations among the 784 meso-fields. The map uses two
dimensions to represent their relations. The closer two meso-fields are, the stronger their citation relation. As only
the distance among the meso-fields matters, we can rotate or mirror the map as much as we like, as long as the
distances remain the same. A clustering of meso-fields is added to enhance the interpretation of the map. The
clustered meso-fields represent major disciplines in the entire science landscape.

Figure 1. Map of all 784 meso-fields classification (period 1993-2011)
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Figure 1 shows that the meso-fields associated with the Life Sciences are on the left-hand side of the figure, dealing

mainly with (Bio) medical sciences, the cognitive sciences and to some degree also with the Earth and
Environmental Sciences.

Two experts from the Crucell Vacinne Insitute went through the whole meso-classification (i.e. the 784 meso-fields)
selecting those that they considered to have relevance for the delineation of the Life Sciences domain. A total of
373 meso-fields were finally selected. Their publications were considered to represent the Life Sciences core (‘LS
core’). Figure 2 presents the results of that selection. The yellow meso-fields are the ones selected by the two
experts to represent the LS core. As it can be seen, the fields that conform the LS core belong to the three main
fields previously mentioned, having the main concentration in the (bio) medical sciences. The blue meso-fields
positioned among yellow and the yellow ones positioned among blue ones were the discussed in more detail
before taking a final definition of the LS core.



Figure 2. Meso fields selected for the creation of the LS core
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As a result fo the selection of the meso-fields, more than 8 million publications have been considered to represent
the LS core, thus forming a solid base for the detection of all the scholars active in the Life Sciences.

Step 2. Identification of active researchers in the LS core and their full oeuvres

This step consists basically of detecting all individual scientists who have been at some point active in the LS core
set of publications. This is one of the most difficult tasks of the methodology as it has to deal with problems such as
the homonymy and synonymy of author names (Angelo, 2011; Costas & Bordons, 2007; Wang et al., 2011). In order
to minimize this problem, we have profited from an algorithm for author-name disambiguation developed and
carried out at CWTS (Caron & van Eck, 2013). This algorithm, which has proven to be very accurate (however not
perfect) in the detection of the oeuvres of the authors, has been applied to all the different author name included
in the Web of Science data base from the period 1980 to 2012. Documentation on this new algorithm will be
published soon (Caron & van Eck, 2013) although preliminary test have shown values of 95% precision and 90%
recall.

Step 3. Filtering of scholars active in the LS core

Based on step 2, over 10 million individuals active in the LS-core were detected. We reduced” this huge amount of
scholars to be included in the analysis by applying several filters.

* More than 60% of all the scholars identified have only 1 publication in the LS core.
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Step 3.1. Selection of those with >5 publications in the LS core

In the first step, we selected only those scholars that have at least 5 publications in the LS core. This filter ensures
that we are working only with scholars that have a minimum meaningful scientific production activity in the Life
Sciences. By this selection we focus on the 14% of scholars with the highest activity in the LS core (see more details
in table 1).

Step 3.2 Selection of those with > 50% of their output in the LS core

This second filter regards the selection of those researchers having at least 50% of their production in the LS core.
This filter selects only those researchers having a substantial part (i.e. the majority) of their scientific production in
the Life Sciences, hence excluding scholars with only occasional or accidental papers in LS.

For this step, we collected the full oeuvres of the scholars selected in step 3.1. Thus it was possible to calculate the
output share of a scholar in the LS core. Hence, we focus on the scholars whose main focus is on the LS, although
their full oeuvres will be considered for the subsequent analysis.

Step 4. ‘Dutchness/Belgiumness’ identification

One of the objectives of the project is also to be able to detect scholars that are considered to have a
Dutch/Belgian linkage. This is a very difficult step as here we try to detect scholars not only that have worked in the
Netherlands or Belgium but also those that may have a Dutch/Belgian origin. In order to solve this problem we
used the full Web of Science database as a demographic database in order to algorithmically detect the potential
origin of all the surnames of the database. The execution of this step involves several sub-steps that were applied
to all Web of Science data from 1980 onwards.

Step 4.1. Trusted author-country linkages

For all the surnames in all the publications covered in the Web of Science we detected all the trusted linkages with
countries. By a trusted linkage we mean a surname-country relationship that is unambiguously registered in a
papers. This step aims at creating all possible and proper linkages between authors and countries according to
bibliographic data in the Web of Science. For this purpose we focus only on trusted linkages between authors and
countries. This means that only in those cases that there is strong evidence that an author is linked to a country,
the link is created and the combination is taken into consideration for the statistical analysis. Steps 4.2 to 4.5
describe these trusted ‘author-country’ linkages.

Step 4.2. Author-country linkage through the Reprint Author provided in the Web of Science.

The Web of Science contains a bibliographic field where the reprint (or corresponding) author of a publication is
directly linked to his/her affiliation (Costas & Iribarren-Maestro, 2007). Using this information it is possible to get
another set of trusted linkages between authors and affiliations (and countries).

Step 4.3. Registered combinations of author and affiliations contained in the database

*ltis important to keep in mind that for most publications in the Web of Science, not all the authors are directly linked to their
affiliations in the paper, therefore it is very difficult to establish to which affiliation (and country) belongs every author.
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From 2008 onwards Thomson has started to record the linkage between authors and countries as they appear in
the WoS publications (some previous publications also show this linkage, but these data are more reliable from
2008 onwards). Taking advantage of such a linkage it is possible to create combinations of authors, countries and
publications.

Step 4.4. First author - First country combinations.

In a previous study (Calero, Buter, Cabello Valdés, & Noyons, 2006) it was shown that the linkage of the first author
with the first address of the publication is quite reliable. Therefore, we considered it also a trusted linkage to
attribute the first author of the publcations to the first affilation.

Step 4.5. All authors — only one country combinations.

In those publications where there is only one country (although maybe more than one affiliation) all the authors of
the publication can be linked to this country. This type of linkage is somehow different from the others, because in
this case we do not link an author to a concrete address but only to a country. In other words, we know the country
of the author but we do not always know which one of the affiliations is his/hers. This is the reason why in some
occasions we know that a scholar had a linkage with the Netherlands or Belgium but we don’t know exactly in
which organization.

Step 4.6. Calculation of the Kullback-Leibler divergence measure and a normalized Gini Index for all the surnames in
the Web of Science database®.

This step focuses basically in trying to determine the country of origin of a given surname present in the WoS
database. The Kullback-Leibler (KL) divergence was applied in bibliometric research for other purposes (Torres-
Salinas, Rodriguez-Sanchez, Robinson-Garcia, Fdez-Valdivia, & Garcia, 2013). Particularly in this paper we use it in a
similar way as by Waltman & van Eck, who used this indicator to determine the international/national orientation
of scientific journals based on the distribution of countries of the authors of the publications. In this case, we use
exactly the same approach, but instead of scientific journals we consider surnames.

Besides determining the international orientation/localness of the surnames we also need to estimate the country
to which a surname is most probably linked. For this we took a very straightforward approach: the country with the
highest number of publications for a surname is considered to be the most ‘natural’ of that surname.

A problem that we may face with this previous KL approach is that if we take a surname that appears 10 times in
country A and 9 times in country B the KL can still be very high, but in fact the possibilities of the surname to be
from the second country are also very high. To estimate better this point, we calculated a normalized Gini index
(Carpenter, 1979). This index gives an indication on the concentration of a surname over countries. Thus a surname
with a strong concentration in one country would have a high Gini index, while a country that is very evenly
distributed over countries would have a lower Gini index. Thus, although we can find surnames that belong to only
a few countries (and thus having a high KL divergence), we can measure as to how concentrated they are in only
one country (thus discarding the possibility of this being natural of another country).

Finally, in order to determine if a surname is ‘Dutch’ or ‘Belgian’ we calculated the percentiles of all the surnames in
the database by the KL and Gini index. In those cases that the surname has the Netherlands or Belgium as the most
important/probable country and the surname is within the Percentile 80 of the distribution of both measures

®we expect to publish this methodology in more detail in the future.

8



internationally. In those cases, authors with a surname falling within this threshold are considered to have a ‘Dutch’
or ‘Belgian’ origin although their affiliation may be outside the Netherlands or Belgium.

We realize that this methodology is quite exploratory and novel. Therefore, more research, tests and potential
refinements will be developed in the future. Still, all the manual checks of surnames of our algorithms (e.g.
Wikipedia Dutch and Belgian surnames, other surnames known by the authors, etc.) proved that the approach
yields reliable results so far.

Step 4.7. Final identification of ‘Dutch’/’Belgian’ scholars

Based on all the previous sub-steps it is possible to identify those scholars that have a Dutch or Belgian linkage. This
identification is based on two main criteria:

1. The scholar has a ‘Dutch/Belgian surname’ (based on the KL — Gini index algorithms), or;

2. The scholar has at least 10% of his/her publications with a ‘trusted linkage’ with a Dutch/Belgian
affiliation (based on all the author-country ‘trusted linkages’ created in previous steps).

Step 5. Identification of the meta-data for all the individuals finally selected

Apart from detecting individual scholars active in the LS core, it was also important to find with some degree of
certainty, other personal information elements that can help to better identify who these scholars are. For this
identification we used all the meta-data available through the Web of Science database. The elements considered
for the identification of the scholars are the following:

- Author name: among all the author names (including surname and initials, e.g. ‘Goudsmit, J’) that were
attributed to the scholar we chose the one that appears in most of the publications (e.g. if an author
appears 20 times with ‘de Jong, JB’ and 2 times as ‘de Jong, B’, we will chose the first one. In case of ties,
we chose the one with most characters).

- First author name’: as for the author name, we selected the most frequent first name of the author, and in
case of a tie we chose the longest one in terms of number of characters.

- E—Lailsz whenever available, we detected the most common e-mail address of the scholar. If different e-
mails were found across years, we selected the most recent one. In case of ties, again the variant with
more characters is selected.

- Most Common Address (MCAD): based on all the previously explained ‘trusted linkages’ between an

author and the affiliations in the publication, we detected the most common address (in terms of number
of publications) of every author. If there are no trusted linkages between a scholar and any affiliation, this
field is missing.

- Most Probable Recent Address (MPRAD): this is basically the MCAD of every scholar in the last year of
publication. Thus we were able to estimate where the scholar has been working in the most recent period.

7 Web of Science occasionally includes the full first name of the author. This is not available for all the authors but we have used
it whenever it was available.

® E-mail data is also occasionally available in the Web of Science, particularly for reprint authors. This means that not in all cases
we have been able to detect an e-mail for every scholar identified.
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Step 6. Calculation of standard bibliometric indicators and age-related indicators

For all the relevant scholars active in the Life Sciences (i.e. the 1,309,458 set of scholars finally identified) we
calculated standard bibliometric indicators based on their full oeuvres (i.e., their LS-core publications + publications
outside the core). The period of time for publication spans from 1980 to 2011; citations up to 2012. Only article,
reviews and letters’ were considered. For a description of the CWTS standard bibliometric indicators, see Waltman,
Van Eck, Van Leeuwen, Visser, & Van Raan (2010); Waltman, van Eck, van Leeuwen, Visser, & van Raan (2011).

For every scholar identified we calculated the following indicators:

- P:total number of publications

- TCS: total number of citations (excluding self-citations)

- MCS: mean citation score.

- MNCS: mean field" normalized citation score

- TNCS: total normalized citation score (P*MNCS)

- P_uncited and PP_uncited: number of publications not cited and its proportion (pp)

- Ptopl10and PPtop10: number of publication within the top 10% of the publications in the same field(s) and
their proportion.

- MNJS: mean normalized journal score

- h-index: following the methodology by Hirsch (2005). For this indicator we have considered all outputs
(not only articles, reviews and letters).

In addition to the previous indicators and based on the ‘full oeuvres’ of the scholars detected we were also able to
determine ‘age’ related indicators. They involve the following:

- First year of publication: first year when the scholar published his/her first publication. This is useful to
create cohorts based on scientific age.

- Last year of publication: last year when the scholar published his/her last publication.

- Scientific life: difference between the last and the first year of publication. It is an estimation of the period
of scientific life of the scholar (the scientific age).

Step 7. Modeling ‘scientific performance’

In this step ‘scientific performance’ in terms of bibliometric indicators is modeled. This modeling is inspired by a
similar approach previously developed at CWTS (Costas et al., 2010). In this approach, bibliometric indicators are
related to three different dimensions of performance that can be captured through bibliometric indicators:

- Total performance of total production dimension. Here we have the size dependent indicators both of
production and impact (e.g. P, TCS, or the h-index). We selected the indicator P as being the most

descriptive of the overall production of the scholars. This dimension measures the production capacity of a
scholar.
- Average impact dimension. These are the indicators that measure the average impact of the publications

of the scholars, both normalized or non-normalized (e.g. MCS, MNCS, or PPtop10). In this case we selected
the PPtop10 indicator as the most representative of this dimension and also the less sensitive to outlier

® Letters are weighted 0.25, where normal articles and reviews are weighted 1
1% Here “fields’ are the Web of Science Journal Subject Categories.
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publications (e.g., isolated publications with a very disproportionate number of citation could influence
indicators such as MCS or MNCS, but less the PPtop10 indicator). This dimension describes the ability of
the scholars to keep a sustainable high level of impact in most of his/her publications and not only on a
few of them.

- Journal quality impact. This dimension refers to the impact of the journals in which scholars publish (e.g.,

the journal impact factor-like indicators or our MNJS). In a way, this dimension refers to the ability of a
scholar to place his/her publications in high visible journals. We considered the MNJS indicator as the best
representative of this dimension.

Taking into account these three indicators per scholar and considering all the scholars in the LS worldwide (not only
the Dutch/Belgian scholars), we calculated the top percentiles 25 and 50 for distribution of the 3 indicators across
all the scholars worldwide. Thus, based on the presence of the individuals across the different percentiles it is
possible to classify individual scholars depending on their performance in these three dimensions, contextualized
by the all other scholars worldwide (cf. Costas et al, 2011).

Based on this approach, we identified three types of bibliometric performers:
1) Top producers

These are all the scholars that are within the top 25 percentile of the distribution of researchers by the indicator P.
In other words, they are among the 25% most productive LS researchers worldwide (see figure 3)

Figure 3. Definition of ‘Top producers’

P PPtop10% MNJS
Highest

Lowest

The advantage of this type of performers is that it is very simple to explain and to understand. On top of that itisin
line with the general perception of performance (e.g. it is strongly related to the same group that we would detect
by ranking the scholars by the h-index). The main limitation is also that it is too simplistic. It is primarily one
dimensional and easy to manipulate. The number of publication says nothing about the quality of the papers. The
ability of the scholars to produce high impact publication and in high impact journals is not recognized. For this
reason, we have the second type.

2) Top toppers
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This is a more competitive type of performance. Basically to be a top topper, the scholar must be within the
percentile 25 of production (i.e., he/she must be a top producer) but also within the percentile 25 of the dimension
of average impact (i.e. the PPtop10%) and among the percentile 25 of the journal impact quality (i.e. the MNJS
indicator). In other words, they must be among the 25% most productive individuals, among the 25% of the best
producers of highly cited publications and among the 25% of the best publishers in higher impact scientific journals
(see Figure 4).

Figure 4. Definition of ‘Top toppers’

P PPtop10% MNJS
Highest

Lowest

3) High impact / high potential

Clearly, top toppers represent a very competitive type of researchers. However, we could still foresee a type of
scholars who, without having published the same amount of publications as the top toppers (or the top producers),
still would represent an interesting type of performers. These are the scholars that have a more ‘selective’
publication strategy (cf. Costas & Bordons, 2005; Rodrigo Costas et al., 2010) or that are more ‘perfectionist’ in
their work (publishing slightly less publication than other colleagues, but still of high impact and in very good
journals). These performers are defined as presented in Figure 5. In essence, in our modeling they must have a level
of production between the percentile 75 and 50 of the most productive of the world. In order words, they still need
to have some level of production, although not that high as to be a top producer. Simultaneously they also must
have a high share of highly cited publications (i.e. they must be among the 25% of the world in the PPtop10%
indicator) and publish in high impact journals (i.e. among the 25% of the world in terms of the MNJS indicator).

12



Figure 5. Definition of ‘High impact’ or ‘High potential’

P PPtop10% MNJS
Highest

Lowest

In this group we can also distinguish 2 types of performers, depending on the time when they have been active. In
this sense, if they have been active before the year 2000, they are considered as being ‘high impact’, while if they
belong to the most recent cohort (i.e. they started to publish between 2000 and 2011) then they are considered as
‘high potential’, due to their relatively recent incorporation to the scientific publishing community.

It is important to mention that these three typologies are not the only ones that can be extracted from our
methodology. Other typologies could be also possible to define (e.g. in Costas & Bordons (2008) other typologies as
‘big producers’ or ‘low producers” were also envisioned) but for the purpose of this report these have been
considered the most relevant typologies of bibliometric performance. In any case, clearly the methodology opens
the door to the exploration of other types of typologies.

Step 6. Final selection (250 researchers and validation list)

Based on the previous modeling we selected the final list of candidates based on the following criteria. This is in
order to present a more detailed analysis of a selection of scholars. For this selection we have applied the following
filters:""

1. Only researchers within the P25 of P (i.e. scholars among the 25% most productive LS researchers in the
world), within the P25 of MNJS (i.e. scholars among the 25% scholars publishing in the best journals) and
within the P50 of PPtop10% (i.e. scholars among the 50% of scholars that have the highest shares of
Ptop10% publications).

a. Top 150 researchers sorted by Ptop10% (i.e. the total number of highly cited publications of the
scholars) from the full period with a Dutch/Belgian origin/linkage.

b. Top 100 researchers sorted by Ptop10% from the most recent cohort with a Dutch/Belgian
origin/linkage.

Mitis important to note that we do not assume any normative qualitative value in this selection. This selection was just in order
to get a better and deeper view of the finally identified scholars, but we do not assume that this is the “best” selection that
could have been done.
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4. Main results

In this section we outline the main results regarding the data collection and identification of scholars, as well as the
main results regarding the different types of performance previously discussed. The results only involve numbers.
In this report we will not discuss individuals as such and our main objective is more to exemplify other new types of
possible results that this type of development would allow in bibliometric studies at the individual level.

Main figures in the selection of scholars

Table 1 presents the summary of the main data processed during the development of the project.

Table 1. Main figures regarding the identification of scholars active in the Life Sciences

Scholars in LS worldwide 10,008,311
Scholars in LS > 5 pubs 1,388,080
Scholars > 50% in LS 1,309,458
Dutch/Belgian scholars in final se 58,281

* All percentile calculations are based on this set!

We estimate that more than 10 million scholars have published at least one publication in the Life Sciences in the
period 1980-2011. However, only 1,388,080 (14%) have 5 or more publications in the field. After collecting their full
oeuvres (i.e. the outputs for every scholar within and outside the LS-core) we discarded 78,622 cases of scholars
that didn’t meet the requirement of having at least 50% of their output in the LS-core. As a result a total of
1,309,458 individual scholars were identified and this is the list of scholars that was used for the calculation of
percentiles and the modeling of the different types of bibliometric performance.

Main values regarding Dutch / Belgian scholars

In this section we focus on those researchers with a Dutch or Belgian origin or a strong link with any of the two
countries. In total we found a total of 58,281 cases representing around 5% of all the scholars in the final
population of LS active scientists worldwide. In the following tables (tables 2 and 3) we present the main results
regarding the affiliation linkage of these scholars considering their Most Common Address (MCAD) and their Most
Probable Recent Address (MPRAD). It is important to know that through Web of Science data it is not always
possible to attribute the exact affiliation to an author. This is the reason why there is a number of cases for which
we cannot attribute a proper country to the authors (i.e. row “‘Dutch/Belgian’ scholars with a NL/BE linkage, but
not certainly defined”).
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Table 2. ‘Dutch’ or ‘Belgian’ scholars active in the Life Sciences and affiliation based on the MCAD

Do T,

Scholars with their MCAD in NL 26,083 45
Scholars with their MCAD in BE 12,008 21
‘Dutch/Belgian’ scholars outside NL or BE 11,022 19
‘Dutch/Belgian’ scholars with a NL/BE linkage, ot certainly defined 9,168 16
Total 58,281

In Table 2 we can see how in total 26,083 identified individuals (45%) have the Netherlands as their most common
address, 12,008 (21%) have an affiliation in Belgium. For 11,002 individuals we found that they have a
Dutch/Belgian surname and/or were inked at least in 10% of their papers to the Netherlands or Belgium, but their
most common affiliation is outside the Netherlands or Belgium. In other words, either they have a Dutch/Belgian
surname or they lived/worked at some point in any of these two countries but their current affiliation is abroad.
Finally 9,168 scholars have a Dutch/Belgian surname (or were linked to the country in at least 10% of their
publications) but we were not able to attribute a definite affiliation (nor in NL/BE or abroad). Therefore, they don’t
have a proper address. This is true both for the MCAD and the MPRAD.

Table 3. ‘Dutch’ or ‘Belgian’ scholars active in the Life Sciences and affiliation based on the MPRAD

Do T,

Scholars with their MPRAD in NL 25,728 44
Scholars with their MPRAD in BE 11,918 20
‘Dutch/Belgian’ scholars outside NL or BE 11,467 20
‘Dutch/Belgian’ scholars with a NL/BE linkage, butt certainly definetd 9,168 16
Total 58,281

Regarding the Most Probable Recent Address of the scholars, the main results are presented in Table 3. The values
in the two tables (2 and 3) show relatively small differences. Roughly the groups have the same size in MCAD and
MPRAD. We calculated that the number of researchers abroad (i.e. the number of “’Dutch/Belgian’ scholars outside
NL or BE”) has slightly increased by 400 cases. For now, it is early to conclude that this indicates a decreasing
mobility of researchers in the Netherlands or Belgium. It needs to be investigated in more detail first.

12 Researchers with a Dutch or Belgian surname but their MCAD outside the Netherlands or Belgium.

13 Researchers with a Dutch or Belgian linkage but for whom is not possible to algorithmically detect their NL/BE MCAD
affiliation (e.g. because they do not have enough publications directly linked to a concrete affiliation in these countries, etc.)
1% Researchers with a Dutch or Belgian surname but their MPRAD outside the Netherlands or Belgium.

13 Researchers with a Dutch or Belgian linkage but for whom is not possible to algorithmically detect their NL/BE MPRAD
affiliation (e.g. because they do not have enough publications directly linked to an affiliation, etc.)
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Main values regarding the different typologies of performance — Global analysis

In this section we present the main figures regarding the different performance typologies of the scholars
previously identified. Table 4 presents the results for the whole population of worldwide identified scholars in
order to present the main figures that later on can work as a reference value.

Table 4. Distribution of top performers for the full list of LS scholars finally identified

Full period 1,309,458 100 327,375 25 61,567 4.7 49,109 3.8
Cohort 614,318 100 153,593 25 25,573 4.2 24,782 4.0

As table 4 shows, not surprisingly we have a 25% of top producers (as they are defined by the percentile 25 of the
most productive scholars worldwide) in both periods of time. Focusing on the full period analysis we have that only
4.7% (for the full period) and 4.2% (for the most recent cohort) of all the researchers worldwide qualify as “top
toppers”. This lower share of researchers as top toppers is not a surprise if we take into account that this is a very
‘though’ selection of researchers. They have to perform high not only in output, but also in their share of highly
cited publications and in the impact of their publishing journals. Finally the “high impact” typology represents
around 3.8% of the international scholars and 4% among the most recent cohort. The “High impact” or “High
performance” group is an interesting one because is hardly difficult to identify with the most common size-
dependent indicators (i.e. h-index, total production, number of highly cited publications, etc.) that normally detect
the most productive ones but not those that are moderate in production but whose publications are highly cited.

Main values regarding the different typologies of performance — Dutch and Belgian researchers

In this section we focus on the presence of Dutch and Belgian researchers across the three types of performance
previously described. Table 5 presents the results.

Table 5. Distribution of top performers for the Dutch/Belgian LS scholars finally identified in the full period

Total NL/BE identified scholars 58,281 100 15,393 26 2,821 4.8 2,737 4.7
Scholars with their MCAD in NL 26,083 100 7,561 29 1,576 6.0 1,253 4.8
Scholars with their MCAD in BE 12,008 100 3,511 29 486 4.0 410 34
Dutch/Belgian' scholars outside NL/BE 11,022 100 2,622 24 606 5.5 601 55
Dutch/Belgian' scholars with a NL/BE 9,168 100 1,699 19 153 1.7 473 5.2
linkage, but not certainly defined

Table 5 shows the results for the scholars that have a Dutch/Belgian linkage (i.e., 58,281 scholars). Comparing their
results to those in table 4, we can see how Dutch/Belgian scholars overall are proportionally more represented
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among the Top producers (26% vs. 25%). Also regarding high impact (4.7% vs. 3.8%) they are better represented.
The share of top toppers is quite similar as for the whole population (4.8% vs. 4.7%).

If we focus on those with a most common affiliation in the Netherlands (26,083 scholars), we see that they are
even better represented not only among the top producers (i.e. 29% vs. 25%), but also among the top toppers
(6.0% vs. 4.7%) and among the high impact scholars (4.8% vs. 3.8%). However, if we focus on those scholars with an
affiliation in Belgium we can see how in this case they are above the international level in terms of top producers
(i.e. 29% vs. 25%) but underrepresented among the top toppers (i.e. 4.0% vs. 4.7%) and among the high impact
scholars (i.e. 3.4% vs. 3.8%).

‘Dutch/Belgian’ scholars with an affiliation outside the Netherlands or Belgium are slightly underrepresented
among the top producers (24% vs. 25%) but they are overrepresented among the top toppers (5.5% vs. 4.7%) and
even more so among the high impact researchers (5.4% vs. 3.8%).

Finally, those scholars for whom we were not able to attribute a Dutch or Belgian affiliation, are underrepresented
)16

among the top producers (19% vs. 25%) ", and even more among the top toppers (i.e. 1.7% vs. 4.7%). Still, they are

overrepresented among the high impact scholars (5.2% vs. 3.8%).

18 This is actually not a surprise. If we take into account that the linkage of authors-affiliations is based on algorithmic and
probabilistic methods, it makes sense that for those who was not possible to find an affiliation their production is relatively
lower, being this the reason why it was not possible to find for them a trusted affiliation.
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5. Discussion

In this section we discuss the methodology developed, paying special attention on the assets, limitations and future
challenges. Furthermore, research lines regarding this methodology are set forth.

5.1. Assets of the methodology developed

The methodology developed regards novel and strong points, particularly compared to developments in the field of
bibliometrics so far. To the best of our knowledge there hasn’t been similar approaches in analyzing the
performance of scholars in the Life Science at this level and particularly not at this scale (worldwide).

In this section we discuss the main assets of the methodology developed.

1. Novel and robust field delineation. For the delineation of this project we have used a novel field classification

available at CWTS (Waltman & van Eck, 2013). This novel classification has two strong advantages compared

to other approaches:

- Paper-based classification. This means that publications are individually classified in fields, thus avoiding
the common problems of classifications based on journals (e.g. Journal Citation Reports classification)
that pose the intrinsic problem of considering all publications in a journal to belong to the same field,
without this not necessarily being true. Considering that this is a study at the individual level, counting
with such classification is a strong advantage because it is also possible to detect authors that are
publishing in LS but outside the LS journals.

- Very detailed classification. Another important advantage is that this novel classification is very detailed.
It is composed by more than 700 fields, thus making the delineation of the LS core more accurate (as
shown in our analysis).

2. Broad scale of the analysis and robustness. This analysis is unique, including elements such as its coverage
over time, its scope (all active scholars), number of ‘scholars’ detected and analyzed (over a million), etc.
Although without claiming to be perfect (as it will be explained in the limitations section) we can consider that

given the huge amount of data (publications as well as individuals) the results are robust and informative.
3. Novel consideration of a bibliographic database as a demographic databases. In the developed methodology

we made an attempt to estimate the country of origin of the surnames of the author in the database. To the
best of our knowledge this has been rarely done before. Previous studies (Kissin & Bradley, 2013; Kissin, 2011)
focused on other groups (e.g., Israeli researchers), but never on the same scale as in this project, thus proving
the possibilities of bibliographic databases also as kind of demographic databases.

4. Construction of indicators based on the mining of bibliographic data to characterize individuals: among these

new indicators we have age-related new indicators (e.g. scientific age, number of gap years, etc.), and also the
possibility of estimating elements such as the most common affiliation of a scholar (in our terminology
MCAD), the most recent affiliation (in our terminology MPRAD), trusted e-mail addresses, etc.

5. Multidimensional approach in the analysis of scientific performance. This is one of the most innovative

elements of this report. We considered multiple bibliometric dimensions (particularly size dependent and size
independent dimensions) vs. other approaches that are basically size dependent (e.g. h-index). Given this
multidimensional approach, we developed a very competitive analysis of the different scholars, in the sense
that for researchers to perform high in all dimensions they need to be good not only in terms of numbers of
publications, but also regarding their share of highly cited publications and regarding the quality of the
journals where they are publishing. This multidimensionality of the approach also suggest the difficulty in its
potential manipulability by the individuals.

6. International and contextual performance analysis. Another important innovative element of this
methodology is that we benchmark all the scholars internationally and not among small sets of individuals
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(e.g. not only the Dutch or Belgian scholars). This is a strong advantage of the methodology because it allows
to contextualize the performance of a scholar globally. In essence, it means that if a researcher in a country
(e.g. the Netherlands) would have a lower performance compared to his/her compatriots but still high
internationally, the methodology would reveal this. Thus, we avoid the narrower perspective that other
approaches have focusing on limited sets of researchers (e.g. a single unit, university or country).

Percentile approach for the determination of types of performance. This is also an important asset of this

methodology. Relying on raw bibliometric scores for the bibliometric analysis of individuals is problematic. In
the first place, we have the more technical problem of the data collection and data quality (e.g. it is very easy
to omit some publications for a scholar that would represent changes in his raw indicators); secondly the
problem of the lower reliability of bibliometric indicators at this level. Therefore raw counts of publications
and citations can only be considered proxies of the actual performance values for every author. In order to
mitigate this problem of the lack of reliability of bibliometric indicators at this level, the use of percentiles help
to better contextualize the scores obtained for the different individual. In essence, if we can expect that the
raw values of the indicators of the different scholars can be slightly different (e.g. due to mistakes in the data
collection, author name disambiguation, or the more conceptual problem of the meaning of citations) we can
fairly expect that a given scholar won’t change that much his/her percentile position if we work with relatively
broad percentile classes (as done in this methodology). Finally, the use of percentiles also helps to easily
discuss the results at the individual level in a lay person language (i.e. the understanding of percentages is
easier than sometimes the more complex meaning of individual raw indicators) by being able to make
statements such as ‘this scholar belongs to the 25% most productive group of LS scholars worldwide as
measured by the Web of Science’.

5.2. Limitations of the methodology developed
As discussed in the previous section, the developed methodology has strong advantages making it a unique tool for

mining bibliometric data and characterizing the performance of individual scholars from a bibliometric perspective.

However, this methodology is not completely free of problems and still poses some limitations that need to be

taken into account when considering the results.

3.

Only bibliometric performance as covered in the Web of Science is here presented. This methodology is

limited to the Web of Science database which basically is focused on English-language scientific journals. This
means that no other outputs (e.g. books, book chapters, articles in local languages, etc.), scientific or not, are
considered, and also no other types of impact apart for the citation impact (e.g. social impact, educational
impact, health impact, economic impact, etc.) are considered.

Only scientific publishing activities are considered. It is important to remark the idea that with this

methodology and type of studies we are focusing on only one part of the scientific activities of scholars. This
means that other activities such as teaching, training, patenting, funding acquisition, consultancy, media
outreach, etc. are not considered at all. Thus it is important to bear in mind that this analysis is only limited to
a type of output and activity (i.e. the publication of scientific articles). In addition, we only focus on
publications that are covered by the Web of Science, this meaning that other scientific outputs covered in
other databases are not considered.

Data quality. In this methodology all data and results have been obtained algorithmically (e.g. author
identification, author-affiliation/country linkage, characterization of the individuals, etc.). This means that
data errors can still happen and that all results and particularly raw values need to be considered with some
care and caution. No strong arguments should be made based on raw values of indicators, linkages between
authors and addresses, e-mails, etc. In the same line, the algorithms tend to work better when the authors are
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productive and do not have a very common name, therefore when dealing with authors with relatively low
levels of production or very common names, caution should be higher.
4. Conceptual problems. The methodology here presented also poses several conceptual problems that need to

be acknowledged. These problems can be summarized as follows:

a. Thresholds: along the methodology and particularly in the selection of the percentiles there are
thresholds that are established (e.g. percentile 25, percentile 50, etc.). These are necessary choices but
that are not free of some degree of arbitrariness (e.g. why P25 and not P33?) and still based on them we
can make some “unfair” differences (e.g. a scholar just below the percentile 25 of one of the chosen
indicator would not qualify as a ‘top topper’). Other thresholds are set in some of the steps of the
methodology (e.g. 5 publications, 10% of the publications with trusted linkage with the Netherlands or
Belgium, etc.), and although they have been conveniently tested (i.e. several tries have been performed
with other test, and they normally were considered the best choice), they still could be improved.

b. The real age of the scholars is not known: although we consider the first year of publication of a scholar
her scientific ‘birth’ (i.e. from there onwards we count her ‘scientific life’), that does not mean that this is
the real age of the researcher and therefore we can consider them only as proxies of the age of the
scholars.

c. Multidisciplinary scholars. Another important conceptual problem is that those scholars that have a very
multidisciplinary profile (i.e. that they are active in several fields of science apart from the LS-core) could
fail in their detection as active scholars in the LS.

5. General problems of bibliometrics also apply at the individual level. Finally, it is important to keep in mind that

general problems related with bibliometrics also apply at the individual level. Among these problems and
particularly important for this project are the following:

a. Normalization of indicators. The normalization of indicators is based on the Journal Citation Reports
Subject Categories of the Web of Science. Although convenient (as this brings a common and well known
framework for the normalization of the indicators) this normalization is not free of limitations. In the first
place, these classifications are based on journals (not on individual articles), secondly the more basic
areas of the different disciplines (which normally have higher citation densities) have an advantage
compared to clinical research (van Eck et al, 2013).

b. Limited value of citation analysis. Citation analysis as such is not free of limitations, the meaning of
citations (e.g. negative citations, perfunctory citations, etc.), the possibilities of manipulation (by scholars
or journals) or the determination of the actual contribution of the scholars to the papers (e.g.
behavioural problems such as ‘Honorary authorship’ or ‘salami slicing’) also (and particularly) apply to
the analysis of individual scholars. Therefore general cautions regarding bibliometric analysis also need
to be observed when considering the results of bibliometric studies at the individual level.

5.3. Future challenges and research lines

Based on the previous limitations, we can argue that this study opens many opportunities for research on
bibliometric analysis at the individual level. Here we summarized some of these research lines, focusing first on that
research that is necessary in order to overcome the main limitations of this methodology, and secondly in order to
highlight other lines of research that could be developed and/or reinforced with these methodologies.

7 For example suppose a scholar with 40% of her output in the LS-core, 30% in Chemistry, 20% in Physics and 10% in the Social Sciences,
although the scholar has a majority of her output in the LS-core, her production in other fields is higher and therefore it would left out of this
study.
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Challenges (solutions to the limitations previously presented):

- Inclusion of other sources (e.g. other databases) and other types of impact (e.g. altmetrics, funding

acknowledgments, webometrics, etc.) in the analysis of individual scholars. This would enrich the analysis

and the set of dimensions considered in the analysis of the individuals, thus giving the opportunity to
detect other profiles of researchers not detected before, as well as other types of performance (e.g. highly
influential scholars in the social media) not studied until now.

- Data quality. After the development of the methodology, there are several aspects and steps of the
methodology that are subject of continuous improvement. Here we can mention:

(0]
(0]

Improvement of the author disambiguation algorithm.

Improvement of author-affiliation linkage algorithm. Clearly, this is something that will improve
overtime as databases such as Web of Science or Scopus record better the addresses and the
linkage of the authors with their affiliations. Based on the existence of more certain data we
could more easily estimate the quality of our algorithm and to improve it accordingly.
Improvement of surname origin/linkage detection. An interesting idea would be to study a
validated ‘golden set’ of surnames for which we unambiguously know their origin and test it with
our results. Unfortunately, so far, we are not aware of the existence of such validated gold
standard.

- Investigation of the more conceptual problems. Conceptual problems are the most difficult ones. This is
because they are not caused by technical or data-related (only) problems, but by more fundamental
issues. Anyway, some research lines targeted to solve these problems are presented below:

o

Research lines:

Improvement of the percentiles approach. An interesting alternative to the percentile approach
(which involves the need of choosing some thresholds) could be the introduction of approached
more based on ‘laws’ or general properties of the populations of researchers across disciplines
(e.g. the Lotka, Characteristic Scores Scales, etc.). Also, the consideration of bootstrapping
techniques in order to better determine the degree with which a scholar belongs to a particular
percentile class will be explored in the future.

Discovery of other performance dimensions of scholars and their perception. This line consists on
the study of other dimensions of performance related to scholars (not possible to capture
through bibliometrics) and that can be analyzed through other informetric techniques such as
Altmetrics or Webmetrics.

Inclusion of other bibliometric elements in the analysis of scholars: collaboration, network
analysis and development of new indicators (e.g. fractional countings, etc.) and exploration of
other multivariable approaches.

In addition to some of the previous lines of research targeted to improve the methodology and the bibliometric

analysis of individuals, we can also point out some lines of research that can be developed or strongly supported by

this methodology (and its improvements) and the collection of bibliometric data and indicators at the individual

level:
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- Investigation of age effects over the productivity of individuals and potential adaptation of
indicators/benchmarks accordingly. Also the study of the individual determinants of scientific
performance.

- Research on the real possibilities of bibliometrics at the individual level and suggestion of proper uses. This
is still an open debate in the scientometric community.

- Gender analysis.

- Mobility studies (including demographics/migrations) and refinement of the algorithm for surname origin.

- Bottom-up and individual bibliometrics evaluations.

0 Are all the scholars or an organization of high level? Outliers? How are the scholars of one
country/university compared to another?

0 We can easily analyze the performance of a university based on the publications that carry the
address of such university. However, universities ‘do not produce research’, persons linked to
some degree to those universities actually produce the research. Therefore it makes sense that
also looking at the human and personal perspective of those units makes sense. How are
producing the scholars of a given institution is also of relevance for the whole performance of the
university.

0 Asshown in this report it is also possible to study the difference of the countries, universities, etc.
based on the number of top performers that can be (with some degree of certainty) linked to
them. In this sense, an interesting indicator could the share of top toppers of a given country or
university, comparing it with the international distribution as a benchmark.

Clearly, the development of individual level bibliometric studies has a strong potential and future not only for
research evaluations but also for a better understanding of the scientific process and the generation of new
knowledge. However, we don’t want to finish this report without recommending once more the need of paying
special care and caution when working with bibliometrics at the individual level. In this case, the reading of
publications such as Bornmann & Marx, (n.d.); Costas & Bordons (2005); Costas et al. (2010) and particularly the
new proposal of ‘Do’s and don’ts in individual level bibliometrics’
(http://www.slideshare.net/paulwouters1/issi2013-wg-pw) recently promoted by the Scientometric community,

are strongly recommended. In all cases, common sense are expected from the users of bibliometric results at the
individual level.
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