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Abstract

This paper describes a general methodology for conducting bibliometric analyses at the micro-level. It combines
several indicators grouped into three factors or dimensions which describe different aspects of scientific
performance. Different profiles of scientists are described according to their research performance in each
dimension. Some results based on the outcomes of the methodology applied to the study of CSIC scientists in
three thematic areas in Spain are presented. The main advantages and possibilities of the methodology for
supporting research assessment and management are pointed out. The classification approach proposed can be a
useful tool for exploring potential determinants of research success.

Introduction

Micro-level analyses are highly demanded by policy makers, research managers and even by
researchers themselves. However, bibliometric indicators at micro-level present several
limitations and their calculation is a complex task. Special care is required for collecting the
data, calculation of indicators and final interpretation of results (Costas & Bordons, 2005).
Among the difficulties to be faced in the collection and management of data, we can mention:
the lack of normalization of author and center names (Borgman & Siegfried, 1992; Fernandez
et al, 1993; Ruiz-Perez et al, 2002); problems in the identification of scientists due to common
names (Wooding et al, 2006) or mobility of scientists (Canibano et al, 2008); and inaccuracy
of data gathered by databases (Araujo Ruiz et al, 2005).

Another crucial issue is the fact that the abuse and uncritical use of bibliometric indicators at
the individual level can cause changes in the behavior of scientists (Weingart, 2005). In this
sense, it is important to understand that the introduction of wrong research assessment
methodologies and especially the misuse of bibliometric indicators can cause unintended
changes in the behaviour of scientists, such as changes in their selection of topics of research
(selecting more secure topics and less risky fields, more disciplinary approaches instead of
interdisciplinary ones, etc.), fostering quantity instead of quality and encouraging
inappropriate publication strategies (massive publication, hyper-authorship, honorific
authorship, salami slicing, etc.). In spite of these important warnings, bibliometrics at this
level are frequently used from very uncritical perspectives, due to the pressure over the
importance of analysing objectively the research performance of scientists. A response from
the bibliometric community is necessary in order to prevent negative consequences for
science as well as for scientists themselves.

The most common and rational suggestion is to combine different indicators in order to
provide larger pictures of the scientific performance of researchers (Martin, 1996; van
Leeuwen et al, 2003) and it is also suggested to combine indicators with peer review in what
is called “informed peer review” processes (Nederhof & van Raan, 1987; Aksnes & Taxt,
2004). It is also crucial to differentiate when analyses are carried out from a “Top Down” or
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“Bottom up” approaches (van Leeuwen, 2007), because the use of the indicators is very
different according to these two perspectives. In this line, “Top Down” analyses start from a
country, institutional or a scientific field level, and they can “go down” up to the micro-level.
However, their utility is only descriptive and never can be used for evaluative purposes. On
the other side, “Bottom up” approaches start on the individual level and “go up” up to the
level of institutions or even countries. At individual level, “Bottom up” approaches can be
used for evaluative purposes as the data has been validated by scientists and there are
guarantees that they represent properly their scientific performance. Another important aspect
mentioning here is the larger degree of transparency on the latter type of bibliometric studies.

It must be said that, up to the moment, there are not clear methodologies or suggestions on
how to use bibliometric indicators at micro-level, neither there are clear conclusions on what
bibliometric indicators should be used to support properly the evaluation of scientists and
research teams (van Raan, 2005). According to this, there is an important necessity of
methodologies and instruments which could support individual research assessment, avoiding
as much as possible the limitations previously mentioned; and providing useful and handy
information for research managers in order to inform properly their decision processes.

In this paper, a general methodology for informing analysis of research performance of
individual scientists is presented, showing its main advantages and properties, by means of its
application to the study of a set of scientists working at the Spanish CSIC. In a previous paper
(Costas & Bordons, 2007a) a preliminary classificatory scheme for the analysis at micro-level
was introduced, now that methodology is improved with the introduction of new indicators
and the simplification of the dimensions finally included.

Objectives

The main aim of this paper is to describe a general methodology for obtaining bibliometric
indicators useful for the research assessment of individual scientists. Secondary objectives are
to detect and to describe different profiles of scientists and to analyze the different scientific
classes obtained through classificatory schemes. Special emphasis is put in the identification
of Top researchers as well as in the description and study of their main characteristics. In this
sense, our aim in not only to provide information on who are the “best” scientists from a
bibliometric point of view, but also to determine some of their main features, including those
related to personal aspects, such as their age and experience.

Methodology

The starting point of this work is a list of 1064 researchers working at the Spanish National
Council for Scientific Research (CSIC). These scientists are organized in three main scientific
areas: Natural Resources (349); Biology and Biomedicine (388) and Material Sciences (327).
All researchers are included in one of the three scientific professional categories at the CSIC
(Tenured Scientists — the basic category; Research Scientists — medium category; and
Research Professors — upper category).

For every researcher, all his/her documents have been downloaded to build his/her
bibliometric profile. All documents have been considered, including documents published
both in Spain and abroad. In this sense, a careful methodology of detecting documents and
classifying researchers has been applied; the main steps of this methodology are presented
below.

1. Data downloading and document assignment
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Documents published by these scientists during the period 1994-2004 were downloaded from
the Web of Science and gathered in a relational database (Fernandez et al, 1993). Almost all
scientists were active during the entire 11-year period. For those who joined the institution at
any year within the analysed period their production before entering CSIC was collected. To
ensure that the whole production of scientists was retrieved all different scientists’ signing
forms were included in the search strategy following the methodology suggested by Costas &
Bordons (2006). A sample of scientists was checked against their CVs on the Internet, and a
98% of accuracy was detected in the document assignment process.

2. Individual bibliometric profiles
For every researcher, a bibliometric profile comprising the following indicators was obtained:

a) Total number of documents (P), including all types of documents.

b) Total Number of Citations (C), including citations received by documents during the period
1994-2004. Author self-citations have been excluded.

¢) Citations per Document (CPP), this is the citation per document rate for every researcher.
d) Percentage of Highly Cited Papers (%HCP). Highly Cited Papers are those documents
whose citations are above the Percentile 80 in their respective research areas.

e) h-index, following Hirsch (2005) methodology.

f) Median Impact Factor of documents, that is for every researcher the median value of the
Impact Factor of their publication journals.

g) Normalized Journal Position (NJP), this indicator takes into account the position of
journals in descending order of impact factor within WoS subject categories (Bordons &
Barrigon, 1992). This is a measure of the average position of the publication journals in their
fields.

h) CPP/FCSm, this indicator, suggested by the CWTS in the University of Leiden (van Raan,
2004), measures the impact of a research unit (in this case individual researchers), compared
as to the world citation average in the subfields in which the researcher is active.

1) JCSM/FCSm, the impact of the journals in which a research unit has published (the
research unit’s journal set), compared to the world citation average in the subfields covered by
these journals. This is a measure of the real impact of the publication journals within their
scientific fields.

For the last two indicators, only documents considered in the WoS as normal articles, letters
and reviews (no book reviews) are included and only external citations (citations that are not
produced by the authors of the source document) were considered.

3. Indicators reduction

The number of initial indicators has been grouped with Factor Analysis in order to simplify
the study (Table 1).
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Table 1. Factor Analysis. Rotated component matrix.

Component
Indicators 1 2 3

%HCP .876
CPP/FCSm .831
CPP 770

Median Impact Factor 871

NJP .866

JCSM/FCSm 765

Indicators were grouped in three factors or dimensions, which explain the 87% of the total
variance. The following dimensions were found: 1) One first dimension dealing with the
“Observed impact”, comprising the percentage of Highly Cited Papers (%HCP), the
internationally normalized impact (CPP/FCSm) and the citations per document rate (CPP). 2)
The second dimension can be labelled as “Journal Visibility dimension” and includes the
Median Impact Factor, the Normalized Journal Position (NJP) and the JCSm/FCSm. This
dimension is very interesting as it includes two general concepts, on the one hand the
“sociological” success in selecting journals (trying to publish documents in the best journals
of the different fields), and on the other hand the real quality measured through the citations
that journals receive in their scientific fields (JCSmM/FCSm). 3) Finally, the most quantitative
dimension (“Production dimension™) that is related with the total number of documents (P),
the total number of citations (C) and the h-index. This dimension gives a general idea of the
absolute production of scientists.

It is important to highlight that the same analysis has been performed in the three scientific
areas, and the same results as regards to reduction of indicators and final dimensions were
obtained in the three areas.

4. Indicator standardization
Since the different indicators presented above have different scales, standardization is
necessary in order to have all of them in the same range of values. Every value of each
indicator was divided by the maximum value in that indicator. As a result, all standardized
indicators ranged between 0 and 1. Afterwards, the following composite indicators were built
for each scientist:

Quantitative dimension= P-ST + C-ST + h-index-ST

Observed Impact dimension= %HCP-ST + CPP-ST + CPP/FCSm-ST
Journal Quality dimension= Median IF-ST + NJP-ST + JCSm/FCSm-ST
(“~ST” stands for standardized indicators)

5. Classification of researchers
Percentiles 25 and 75 were calculated for each composite indicator and researchers were
classified into 3 zones according to the following criteria:

e Zone 1: values lower or equal P25. Final score=1;

e Zone 2: values greater than P25 and lower or equal P75. Final score=2;
e Zone 3: values greater than P75. Final score=3
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As a result of this methodology, every scientist was classified according to his/her position
(zone 1, 2 or 3) within each dimension (see Table 2).

Table 2. Three-vector scheme for classification of scientists.

Scientists Production Observed Impact Journal Quality
Dimension Dimension Dimension
Researcher 1 3 3 3
Researcher 2 2 3 3
Researcher 3 2 2 2
Researcher 4 2 1 2
Researcher 5 1 1 2
Researcher 6 1 1 1

In Table 2 is shown how every scientist can be classified. As it can be seen, researchers can
get “pure” vectors having the same score in the three dimension (i.e. Researchers 1, 3 and 6 in
Table 2) or they can achieve “mix” scores (mixing 3/2/1, i. e. Researchers 2, 4 and 5) in their
final classification. This detailed classification of scientists has a great value from the
individual evaluation point of view, being a research assessment tool in itself with validity
and clear utility for research managers and research decisions. It is also useful for researchers
themselves as they can know very easily what their main strong and weak points are.

In order to simplify bibliometric analysis, the previous classes were grouped into eight
different classes (General Classification 2) as well as into a broader scheme with only three
classes (General Classification 1) (Table 3).

Table 3. General classificatory schemes of scientists.

General General General Class 2 General Classl
Class 1 Class 2 Criteria No. Scientists % No. Scientists %
TOP TOP1 All 3 scores 73 6.86
CLASS TOP2 Two 3/one 2 133 12.50 206 19.36
MCl1 Two 2/one 3 170 15.98
MCELIX[SJéVI MC2 L2 seoes 217 2039 596 56.02
MC3 Two 3 or 2/one 1 209 19.64
LOW LC1 One 2 or 3/two 1 127 11.94
CLASS LC2 All 1 scores 90 8.46 262 24.62
LC3 Any blank 45 4.23
Total researchers 1064

As it can be seen in Table 3, “General Classification 1” is composed by 3 main classes (Top
Class, Medium Class and Low Class) and “General Classification 2” is composed by 8 main
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classes (Top 1, Top 2, Medium Classl [MC1], MC2, MC3, Low Class 1 [LC1], LC2 and
LC3).

These different scientific classes have been analysed taking into account personal data such as
age, years working at the CSIC, etc., in order to explain some of the main features of
scientists.

Results

General description of areas and researchers

The three areas account for a total of 24982 documents: 9660 in Material Sciences, 9318 in
Biology & Biomedicine and 6102 in Natural Resources; receiving 80546, 189699 and 56940
citations respectively. In Table 4 a general description of the three areas from the individual
perspective is presented by means of the introduced indicators.

Table 4. General indicators at micro-level for the three areas.

Scientific Area P C h-index | %HCP | CPP | CPP/FCSm | Median IF | NJP | JCSm/FCSm

24.17 | 242.21 8.03 22.59 7.31 0.89 1.273 0.64 0.99
Natural Resources +19.69 | £282.32 | +4.55 | +15.11 | +5.11 +0.54 +0.541 +0.14 +0.36
(349) 21 163 8 19.84 6.63 0.83 1.18 0.67 0.98

30.64 627.4 11.82 2497 | 19.03 1.17 4.645 0.8 1.39
Biology & Biomedicine | £23.33 | +610.89 | +5.73 | £15.21 | £16.66 +0.89 +2.223 +0.1 +(0.55
(388) 25 466.5 11 21.37 14.21 0.97 4.12 0.82 1.34

47.83 | 427.44 9.96 20.22 6.3 1.02 1.576 0.72 1.2
Material Sciences +38.68 | +508.4 | +5.16 | +11.51 | +5.13 +0.81 +0.756 +0.11 +0.39
(327) 40 261 9 18.68 4.89 0.84 1.44 0.74 1.21

33.8 441.66 10.03 22.69 | 11.36 1.04 2.626 0.72 1.21
Total +29.64 | £518.14 | £5.43 | £14.19 | £12.43 +0.78 +2.136 +0.13 +0.47
(1064) 27 270 9 20 7.86 0.87 1.81 0.75 1.15

Data expressed as Mean+SD
Median

According to Table 4, researchers in Material Sciences present the highest average number of
documents, while Biology & Biomedicine researchers exhibit the highest values of impact,
including both absolute and relative indicators (such as the h-index, %HCP, CPP, etc. and
also Median Impact Factor, NJP or JCSm/FCSm). Finally, Natural Resources researchers
present the lowest scores in all indicators, but the highest increment in relative impact
(CPP/FCSm) during the last years (Figure 1). Although Biology & Biomedicine presents the
highest values in CPP/FCSm, it shows a downward trend at the end of the period.

CPP/FCSm

1.6
1.4

o] T T~

1.0 /—\.—. —-Biology & Biomedicine
0.8 kA

— Material Sciences
0.6 —+ Natural Resources

0.4
0.2

0.0 \ \ \
1994 1995 1996 1997

1998 1999 2000 2001

1997 1998 1999 2000 2001 2002 2003 2004

Figure 1. CPP/FCSm evolution in the three research areas.
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Who are Top researchers?

To start with, as a preliminary statement it can be said that Top researchers are those scientists
with the highest scores in all indicators, not just in one or two, but in all indicators included in
the analysis. Then it can be said that they present a high and well balanced research
performance (Table 5).

Table 5. General indicators at micro-level by Scientific Class.

Class P C h-index | %HCP | CPP | CPP/IFCSM Mﬁ?:'a” NJP | JCSm/FCSm
To 4772 | 944 15.1 3782 | 2262 1.92 3776 | 0381 1.65
Qony 123627 | 471331 | 251 £11.98 | +20.01 |  +1.06 £2.702 | +007 | 049
375 | 7165 14 3636 | 14.56 1.56 2711 | 081 1.57
Modium | 3695 | 4061 | 1029 1942 | 1037 0.97 2589 | 0.74 121
(Sog) | 2801 | 438553 | 244 £1062 | £7.79 | 4047 £1.968 | +0.1 +0.36
30 283 10 17.39 771 0.88 1678 | 0.75 115
Low | 1568 93 4.79 1024 | 404 0.45 1.635 0.6 038
oy L1383 | 13420 | 288 | #1226 | 4334 | 030 £1.285 | +0.17 |  +0.34
12 60.5 4 6.98 3.1 0.40 1042 | 0.63 0.78
Toml | 338 | #4166 | 1003 2269 | 11.36 1.04 2626 | 072 121
(1064 2004 | #518.14 | £543 | 41419 | +1243 | <078 £2.136 | +0.13 £0.47
27 270 9 20 7.86 0.87 1.31 0.75 .15
Mean+=SD
Median

Researchers classified in Top, Medium and Low classes have also been described by means of
their age, experience at the institution and time in the same professional category.

- Age

The distribution of the age of researchers by scientific class in the three areas analysed is
shown in Figure 2. It can be seen how Top scientists are the youngest in all areas.

70 . Top
- . Medium
65 D Low
60
S
S 55
N
S50
(5]
D145
<
407
35
T T

[ele}

000

307

Natural Biology &  Material
Resources Biomedicine Sciences

Figure 2. Age distribution of researchers by Scientific Class.

Statistical significant differences were found among scientific classes (p<0.05). As we can see
Top researchers are around 45 years old, Medium class researchers are between 50 and 45,
and Low class researchers are around 55 years old.

- Experience at the institution and time in the same professional category
The years of experience at the institution (Years at the CSIC) and the number of years at the
same professional category are shown in Figure 3. According to this figure, Top class
researchers not only present the shortest experience at the institution but also the shortest
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permanence at the same professional category. In other words, Top researchers have entered
the institution or have been promoted more recently than the other researchers.

— — o
50 B 40 i M Top
45 o - Medium 5’35_ - Medium
o 8 Low o o 8 [ Low
401 °© o o o (@] e o *
O 2 30 g
354 . 8 8 @ °
) 35 ° o o o o
O, | ¢ 8 © 257
o 30 £
+— o5 © 20—
25 b 20 R :
C - o 8 :
0?2 S5 8
@S 15+
g 15 I I = 1o °
10 n
O £
5 o S ° *
> 8
0 0 °
T T T T T T
Natural  Biology &  Material Natural  Biology &  Material
Resources Biomedicine Sciences Resources Biomedicine Sciences

Figure 3. Experience at CSIC and Years at the same category by Scientific Class.

The fact that Top researchers also present more documents published from foreign countries
(i.e. without any Spanish address) (Figure 4) can be related with the youth of these scientists,
since these documents were mostly published during the postdoctoral period of research in
foreign countries as we can deduce from Figure 5 (all areas combined).
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Figure 4. Percentage of documents abroad of researchers by Scientific Class.
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Figure 5. Percentage of documents abroad by age of researchers.

Figure 5 shows how younger researchers present a higher share of their output published
abroad. Nowadays, postdoctoral research stays in international centres of prestige constitute
an essential stage of the scientific career. These stays may contribute to increase the
productivity and impact of researchers and constitute one of the explanations of the better
performance of young researchers.

Discussion and Conclusions

The use of bibliometric indicators at macro and meso levels is widely extended among the
scientific community. However, their use at micro level for the assessment of research
performance of teams or individuals have always been surrounded by controversy and debate,
especially due to the limitations that these indicators have at this level (Bordons et al, 2003;
Costas & Bordons, 2005). In spite of their shortcomings, bibliometric indicators at micro and
particularly at individual level have an especial interest for policy makers and research
managers. On the one hand they are useful for assessing the research performance of
scientists, and on the other hand they are useful tools for studying the scientific behaviour of
researchers, being possible to detect their different strategies of work (Nederhof, 2008) as
well as to identify research teams or invisible colleges (Bordons et al, 1995).

However, the use of bibliometric indicators is not free of limitations. Since all indicators
present drawbacks and bias, we cannot rely on a single indicator for research assessment (van
Leeuwen et al, 2003), this statement being valid even for very new indicators such as the h-
index or g-index (Costas & Bordons, 2007b, 2008; Vinkler, 2007; van Leeuwen, 2008).
Although the use of several indicators combined has been frequently suggested by different
authors (Lewison et al, 2007) up to the moment there are no practical suggestions or concrete
methodologies on how to use bibliometric indicators at micro-level. This paper seeks to shed
some light on this matter.

The methodology developed in this paper for the classification of scientists according to their
bibliometric profile presents three main advantages: completeness of the data,
multidimensionality in the analysis and simplicity in its use and interpretation. Moreover, it
can hardly be manipulated and encourages better publication habits among researchers. This
methodology is useful not only for experts and policy makers but also for researchers
themselves, providing information about their main strengths and weaknesses and also allows
the development of studies for descriptive (“Top-down”) and evaluative purposes (“Bottom-
up”). It is interesting to remark that this methodology could also be applied at the research

825



Rodrigo Costas, Thed N. van Leeuwen and Maria Bordons

team level, which can be very relevant due to the basic role of teams in the development of
research in many disciplines.

However, the methodology is not free of limitations, such as the fact that some dimensions
related with scientific performance of individuals are not included (such us innovative
activity, locally-oriented production, PhD training, teaching, etc.) aspects that also need to be
considered in the evaluation of scientists.

Considering the general classification of researchers developed (Top, Medium and Low), it is
possible to identify Top researchers as those who obtain the best results in all indicators, what
can be related to balanced strategies of publication. The main characteristics of Top
researchers can be described and different determinants of their research success can be
explored, being this information very useful for research managers and policy makers in order
to create new scientific and management policies.

This study highlights several important features of Top researchers. Firstly, it has been
observed that Top researchers tend to be younger than scientists in other classes. Other
authors (Rey-Rocha et al, 2006) have also detected that younger researchers at CSIC present
the best scientific performance. This fact can be linked to the reduction of new positions
offered at the CSIC during last years, which resulted in an increased competitiveness for
entering the institution. On the other hand, the most recent CSIC strategic plans stress the
importance of recruiting the “best” researchers with the aim of enhancing excellence and
consolidating the position of the institution at the international level. This means that
newcomer researchers need more competitive CVs in the most recent years; normally
including high productivity, high visibility of research and research stays abroad (Sanz-
Menendez, 2003). At present, experience abroad is considered a key factor in the professional
career of researchers, since scientific mobility has beneficial effects over training and
productivity of researchers (De Filippo et al, 2007). Under this assumption, different
programs of mobility such as Acciones Integradas (Granadino et al, 2005) or Ramon y Cajal
(Canibano et al, 2008) have been set up in Spain to help researchers to get international
experience, establish valuable contacts and get involved in the international networks within
their disciplines.

Another interesting result in our study is that the experience of Top researchers at CSIC is
shorter than that of the Medium or Low class researchers. Moreover, Top researchers present
the shortest time at the same professional category, what means that they have entered very
recently the institution or that they have been promoted during last years. This result suggests
that promotion has a positive effect over research performance of scientists, something that
has also been suggested by other authors (Allison & Long, 1990; Tien & Blackburn, 1996;
Carayol & Matt, 2004).

In relation to the lower performance of older researchers, several explanations can also be
considered, such as the following:

- As researchers get older they are involved in more different tasks (administration,
teaching, research assessment, project management, funding, supervision of PhD
students, etc.), reducing the time that they can devote to conduct research.

- The lack of incentives can also contribute to the lower performance of some scientists
(Turner & Mairesse, 2002); in fact Cole (1979) suggested that the relationship
between age and scientific performance is more influenced by the reward system than
by a real loss of productivity with age.
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A final conclusion is that the methodology suggested can be a useful tool to study the main
characteristics and determinants of research performance of scientists in the different
scientific classes. The information provided can be very helpful for research institutions not
only for research assessment purposes but also for implementing research policies considering
the different types of researchers.

Future lines of research include in-depth study of determinants of research performance as
well as the improvement of the methodology developed, since new dimensions and indicators
might provide better understanding of the scientific process on work floor level.
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