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Executive summary 

 

Quantitative study of science, and particularly bibliometrics, is a well-developed 

field of research with its own international community, international journals, 

conferences, institutes and research groups within universities and national 

research organisations. It is also interdisciplinary, characterised by strong 

interactions with fields such as library and communication research, history and 

philosophy of science, computer science, statistics and even physics. Several of the 

institutes and research groups have long-standing, extensive experience in the 

application of bibliometric methods for evaluation purposes. This report is a 

comprehensive presentation of a state-of-the-art, advanced bibliometric 

methodology, fine-tuned to the evaluation of academic research. 

 

The key findings and presentations of the study are outlined below.  

 

1. With a sufficiently advanced bibliometric methodology, it is possible to construct 

an appropriate, coherent set of indicators for assessing research performance in a 

way that is: acceptable for the institutions and research groups that are to be 

evaluated; comprehensive across at least the science-based disciplines; and robust 

and reliable at a whole range of levels, ranging from specific research themes to 

fields, main fields and entire disciplines. Such an advanced bibliometric 

methodology is presented in this report. A further very important feature of this 

methodology, particularly for the institutions and research groups to be evaluated, 

is its absolute transparency and comprehensibility at both the technical and 

methodological level.  

 

2. Empirical studies suggest that peer review committees are able to identify ‘good’ 

or ‘valuable’ research meeting minimum quality standards, but are only partially 

successful in spotting excellence or ‘top-quality’ research. In particular, peers show 

less consensus in the identification of ‘really top-quality’ research. The bibliometric 

methodology presented in this report is capable of identifying scientific excellence 

at a whole range of levels with high probability and allowing discrimination of 

varying degrees of quality, particularly through the construction of ‘quality profiles’. 

We present real-life examples: an institution in one of the basic sciences, and 13 

research groups in electrical engineering.  

 

3. The bibliometric methodology presented here provides an efficient instrument – 

the ‘research profile’ – to measure the diffusion and use of research results 
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produced by universities, institutions and groups. The research profile is a powerful 

indicator of who is using which research results, where (in which fields) and, if a 

further time-dependent analysis is applied, when. Thus it enables empirical analysis 

of knowledge diffusion and knowledge use, as well as indicating interdisciplinary 

bridges, potential collaboration and, in the case of applied research, possible 

markets.  

 

4. This advanced bibliometric methodology also provides a broad range of useful 

solutions and alternatives to the well-known limitations and drawbacks of less 

advanced bibliometric techniques such as journal coverage, statistical issues, 

definition of fields, time lags and US bias. We maintain that a sufficiently advanced 

bibliometric methodology such as that set out in this report has a positive effect on 

reinforcing equal opportunities. We demonstrate that the methodology presented 

here allows control of behavioural effects and system manipulations.  

 

5. Further, the methodology has the potential to provide indicators of research 

quality in subjects other than the typical science-based disciplines – particularly 

computer science, mathematics and statistics, behavioural sciences, economics and 

several humanities fields. In this context, we present a new measure to assess the 

possibilities of applying bibliometric indicators in science fields, including social 

science and humanities. Our concept of ‘target expanded’ and ‘source expanded’ 

bibliometric analysis in relation to journal coverage of the Citation Index (CI) 

system plays a central role in assessing this potential, particularly in the field of 

computer science. However, it is unrealistic to assume that source-expanded 

analyses can be carried out on a large scale in the Higher Education Funding 

Council for England (HEFCE) study. From a pragmatic point of view, it is worthwhile 

considering carrying out at least a target-expanded analysis for fields with 

moderate CI coverage – i.e. taking into account as targets in the citation analysis 

not just those papers published in CI-covered journals, but also articles in 

conference proceedings and books. It needs emphasising, however, that this 

approach would require more effort than a ‘pure’ CI analysis. The main reason for 

this is that a citation analysis of proceedings articles and other types of papers not 

published in CI source journals takes a substantial amount of manual effort, to be 

undertaken using a combined automated and manual approach.  

  

6. On the basis of real-life examples, this report shows how the bibliometric 

methodology can be applied in procedures that suit the academic environment in an 

optimal way. We present practical solutions to crucial problems such as the 
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selection and assignment of staff, definition of fields, interdisciplinarity, data 

collection and data analysis. For accurate data collection in particular – the most 

crucial part of any bibliometric study – it is essential to have sufficient background 

knowledge of the institutions to be assessed, and of their researchers’ publication 

practices. Data on the institutional affiliations of authors publishing scientific articles 

included in the Citation Index are often found to be incomplete and/or inaccurate. 

Not all articles list the institutional addresses of their authors, and the names of 

many organisations may appear in large numbers of variations. From the point of 

view of ‘best practice’ and ‘good policy’, it is therefore appropriate to involve senior 

representatives of organisations subjected to bibliometric analysis in the 

bibliometric study. Thomson Scientific/ISI (Institute for Scientific Information) 

reformats and unifies (i.e. de-duplicates) institutional addresses to some extent, 

particularly for US institutions. However, these internal reformatting and unification 

procedures are not sufficient and have to be improved by bibliometric research and 

design groups. 

 

7. This report presents bibliometric statistics for the whole of UK research, divided 

into six main fields and 35 major fields. These statistics cover all main indicators 

described in the report, including a quality profile.  

 

8. As a suggestion for further work, we also present the basic principles of 

bibliometric mapping. These maps enable us to better define research themes and 

fields that cannot be defined in the context of the journal categories of the Citation 

Index.  
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1. Context of this study 

 

This chapter describes the background and aims of the study. 

  

1.1 Background 

 

The four UK higher education funding bodies – the Scottish Funding Council, Higher 

Education Funding Council for Wales, Department for Employment and Learning in 

Northern Ireland, and Higher Education Funding Council for England (HEFCE) – are 

responsible for funding research in higher education institutions in each part of the 

UK. Since 1986, the four funding bodies have collectively sponsored successive 

Research Assessment Exercises (RAEs) to provide comprehensive UK-wide 

assessments of the quality of research in the institutions they fund. RAE outcomes 

have been used to inform funding allocations and provide important benchmarking 

information about research quality. While the four UK funding bodies all use the 

RAE outcomes to inform funding, their funding policies and methodologies differ. 

 

During 2006, the Government consulted on reforms to the research assessment 

and funding framework, proposing that a metrics-based system should replace the 

RAE after the 2008 exercise. Subsequently, in December 2006 the Government 

announced that after the 2008 RAE, there will be a new framework for research 

assessment and funding. HEFCE, in collaboration with the other UK higher 

education funding bodies, is now beginning to develop this new framework.  

 

An early priority for HEFCE is to develop a new UK-wide measure or indicator of 

research quality, for the science-based fields in the first instance. HEFCE intends 

that the new research assessment and funding framework will produce an overall 

‘rating’ or ‘profile’ of research quality for each main field (such as engineering, 

medicine, physical sciences, biological sciences)1 at each institution.2 HEFCE 

envisages that this will be derived from bibliometric-based indicators, and 

potentially additional data or information. HEFCE also envisages that field-specific 

expert panels will be involved in the process of producing the overall ratings. The 

new quality indicators will need to be capable of informing funding as well as 

providing useful benchmarking information for institutions and the public more 

                                                           
1 This report provides consistent definitions of concepts such as ‘main fields’ and ‘fields’. 
2 In broad terms, the overall rating should reflect the quality of the research of a defined group of staff 
within the relevant field, across a given timeframe. 
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widely. They will also need to be cost-effective to produce, and involve significantly 

less burden on institutions than the RAE.3  

 

1.2 Questions to be answered and elements to be addressed  

 

The services required by HEFCE in this scoping study can be described on the basis 

of the following main project aims: (A) to assess how far bibliometric techniques 

can be used to produce appropriate indicators of research quality; and (B) to 

develop proposals for bibliometric-based indicators that would best suit HEFCE’s 

purposes, and a methodology to produce and use these indicators. These aims are 

elaborated by answering the key questions that can be formulated in the context of 

Aim A, and by proposing approaches to satisfy the basic elements of Aim B. These 

key questions and basic elements are as follows. 

 

Aim A: to assess how far bibliometric techniques can be used to produce 

appropriate indicators of research quality. Key questions to be answered are: 

 

A1 How far can bibliometric techniques provide indicators that are: 

* acceptable and valid measures of research quality 

* comprehensive across the science-based disciplines (science, engineering, 

technology and medicine)4 and all UK higher education institutions 

* robust and reliable when applied at the level of main field 

* capable (at the level of main field) of identifying high-quality research and 

discriminating between varying degrees of excellence  

* transparent and comprehensible  

* cost-effective to produce, involving limited burden on institutions? 

 

A2 What are the broader implications of using bibliometric-based indicators of 

research quality within a new funding and assessment framework, particularly the 

potential: 

* limitations and drawbacks of bibliometric techniques 

* behavioural effects of using bibliometric-based indicators, and scope for the 

system to be manipulated over time 

* implications in relation to equal opportunities, especially for early career 

researchers 

                                                           
3 It has not yet been decided whether the indicators should be produced annually or less frequently. 
4 For the purposes of this study, mathematics and statistics are not included within the science-based 
disciplines. 
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* substantive criticisms from key stakeholders and the strength of the evidence to 

support these 

* solutions or alternatives to address any of the above limitations or possible 

adverse effects? 

 

A3 In the medium term, what is the potential for using bibliometric indicators of 

research quality in the other disciplines (arts, humanities, social sciences, 

mathematics and statistics)? What further work would need to be done in order to 

assess this fully? 

 

A4 What kinds of evidence (such as existing literature, experience from other 

countries, statistical analysis) can be used to support the assessment of each of the 

above questions? 

 

Aim B: to develop proposals for bibliometric-based indicators that would best suit 

HEFCE’s purposes, and a methodology to produce and use these indicators. 

Essential elements of this aim relate to the following. 

 

B1 Context of the analysis: 

* definition of scope, population and timeframes for bibliometric analysis  

* definition and delineation of main fields and fields5

* assignment of staff and/or their outputs to these (main) fields, and options for 

handling interdisciplinary research. 

 

B2 Data collection and construction of indicators: 

* data collection 

* data analysis, particularly in relation to the level at which analysis should be 

conducted, and methods of normalisation and aggregation 

* a consistent set of indicators that optimally meet HEFCE’s requirements (see 

A1) 

* overall ratings or profiles of research quality for each main field, achieved by 

combining indicators 

* accommodation of important differences in research in different (main) fields 

and disciplines. 

 

                                                           
5 HEFCE anticipates somewhere in the region of five to eight groups to cover the sciences, engineering, 
technology and medicine.  
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B3 Costs and workload: assessment of the potential costs to HEFCE and the 

potential workload implications for institutions of implementing the proposals. 

 

B4 Suggestions for further work that HEFCE should consider undertaking or 

commissioning in order to fully develop, test and implement the system. 

 

HEFCE aims Discussed in

A1 Ch.2, Sections 2.1-2.6 
A2 Ch.3, Sections 3.1-3.3, 3.5, 3.6 
A3 Ch.3, Section 3.4
A4 All chapters 

B1 Ch.4, Sections 4.1-4.2 
B2 Ch.4, Sections 4.2-4.6 
B3 Ch.4, Section 4.2
B4 Ch.5

 

 

The main body of this report is a comprehensive presentation of a state-of-the-art, 

advanced bibliometric methodology fine-tuned to the evaluation of academic 

research. We feel supported in this claim by longstanding experience in the 

academic world, including in the UK. The bibliometric methodology presented here 

has been developed as the result of many years of intensive interaction with 

scientists in all fields of research.  

 

We are convinced that this bibliometric approach will meet HEFCE’s requirements in 

all respects. An important objective of the scoping study is to discuss this approach 

and adapt it to the requirements and specifications of HEFCE. To this end, we 

present a detailed discussion of the basics of an advanced bibliometric methodology 

in Chapter 2. This discussion focuses on the issues directly relevant to the key 

questions formulated in Aim A.  

 

Chapter 3 addresses the limitations and drawbacks of bibliometric indicators and 

how solutions can be found. It focuses in particular on journal coverage within the 

Citation Index (CI) system and the potential of bibliometric analysis in computer 

science.  

 

Chapter 4 deals with the applications of indicators in daily practice, in particular 

how the bibliometric methodology can be applied in procedures that suit the 

academic environment in an optimal way. This approach has enabled us to develop 
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concrete, practical proposals for the elements of Aim B. Special attention is paid to 

issues around ranking of universities.  

 

Finally, Chapter 5 presents suggestions for further work, focusing on the application 

potential of bibliometric mapping of research fields.  
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2. Bibliometric analysis of research performance: constructing 

indicators  

 

This chapter discusses the basics of a consistent and coherent bibliometric 

methodology, thereby focusing on the issues directly relevant to the key questions 

formulated in the context of Aim A (see Chapter 1). For each of these issues we 

formulate suitable approaches in which the supporting rationale, a range of options 

and an assessment of the implications are discussed. In addition, we provide the 

reader with clear examples of the proposed methodology.  

 

2.1 Basic concepts of acceptable and valid measures of research quality 

 

The rationale of the bibliometric approach to measuring scientific performance 

presented in this report is as follows. Scientific progress can be defined as the 

substantial increase of our knowledge about ‘everything’. We distinguish between 

basic knowledge (understanding) and applicable knowledge (use). Both types of 

knowledge can be tacit (craftsmanship) or codified (archived and publicly 

accessible). Since the seventeenth century scientists have communicated and 

codified their findings in a relatively orderly and well-defined way. Particularly 

important is the phenomenon of serial literature: publications in international 

journals. Thus communication, i.e. the exchange of research results, is a crucial 

aspect of scientific endeavour. Publications are not the only elements in this 

process of knowledge exchange, but they are certainly very important (de Candolle 

1885; Moravcsik 1975; Cole et al 1978). 

 

Each year about a million publications are added to the world’s scientific archive. 

This number, along with numbers concerning sub-sets of science (fields, 

institutions), is generally sufficiently high to allow quantitative analyses yielding 

statistically significant findings (Braun et al 1988, 1995). Publications offer key 

elements for ‘measuring’ important aspects of science: authors’ names, institutional 

addresses, journal title – which indicates not only the field of research but also its 

‘status’ (Lewison 2002), references (citations) and concepts (keywords, keyword 

combinations). Although not perfect, we adopt a publication as a ‘building block’ of 

science and as a source of data. Thus bibliometric assessment of research 

performance is based on one central assumption: scientists who have something 

important to say publish their findings vigorously in the open international journal 

(serial) literature. The daily practice of scientific research shows that in most cases 

inspired scientists – particularly in the natural sciences and medical research fields 
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– go for publication in the ‘better’ and, if possible, the ‘best’ journals. A similar 

situation is developing in the social and behavioural sciences, engineering and, to a 

lesser extent, the humanities (Garfield 1979a; Moed et al 2002; van Leeuwen 

2006).  

 

Work of at least some importance provokes reactions by colleagues. They make up 

the international forum, the ‘invisible college’, in which research results are 

discussed. Often, these colleagues play their role as members of the invisible 

college by referring in their own work to earlier work by other scientists. This 

process of citation is a complex one (Wouters 1999), and certainly does not provide 

an ideal monitor of scientific performance. This is particularly the case at a 

statistically low aggregation level, such as the individual researcher. But in many 

situations the application of citation analysis to the work – the oeuvre – of a group 

of researchers as a whole over a longer period of time yields a strong indicator of 

scientific performance. For instance, Nederhof and van Raan (1987, 1988) analysed 

the citation impact of PhD candidates in physics and chemistry. They found that the 

citation impact of candidates who received the PhD degree with honours (cum 

laude) was on average significantly higher than that of candidates who did not 

receive this qualification. 

 

The most crucial parameter in assessing research performance is international 

scientific influence. We consider international influence to be an important, 

measurable aspect of scientific quality. In this perspective of international influence, 

standardised, bibliometric procedures can be developed to assess research 

performance. Undoubtedly, the bibliometric approach is not an ideal instrument 

that works perfectly in all fields under all circumstances. But the approach 

presented in this report works very well in a large majority of the natural sciences 

and medical fields, and quite well in applied research fields (van Raan and van 

Leeuwen 2002) and behavioural sciences. 

 

Citation counts can be perceived as manifestations of intellectual influence. 

Citation-based impact indicators may be denoted as objective in the following 

sense: they reflect properties of the cited documents, they are replicable, and they 

are based on the practices and perceptions of large numbers of (citing) scientists 

rather than on those of a single individual scientist (Narin 1976, 1978; Garfield 

1979b; van Raan 1988; Kostoff 1995). During the past decades, numerous studies 

on the validation of bibliometric indicators (e.g. Koenig 1983) have shown that the 

outcomes of citation analysis of basic science research groups tend to correlate 
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statistically in a positive way with peer ratings of the groups’ past performance 

(Moed 2005, p. 234-8). These findings provide a further theoretical justification for 

applying citation analysis in research evaluation. Citation analysis can also be 

applied to patents (Albert et al 1991) and to ‘mixed’ references: citations in patents 

to scientific literature, and citations to scientific literature in patents (Schmoch 

1993; Narin 1994; Narin et al 1997; Glänzel and Meyer 2003). But these 

bibliometric applications for studying technological developments and particularly 

the linkages between science and technology are beyond the scope of this report. 

 

It must be noted that the results of peer review and those of bibliometric 

assessment are not completely separate and independent variables. For instance, 

peers take bibliometric aspects into account in their judgements (the number of) 

publications in the better journals. Thorough studies of larger-scale evaluation 

procedures in which empirical material is available with data on both peer 

judgement and bibliometric indicators are, however, rare. We refer to Rinia et al 

(1998) for a comparison of bibliometric assessment with peer review judgement in 

condensed matter physics, and to Rinia et al (2001) for a study of the influence of 

interdisciplinarity on peer review in comparison with bibliometric assessment. Norris 

and Oppenheim (2003) analysed the past RAE performance of research 

departments in the UK. In several disciplines they found statistically significant 

correlations between the RAE ratings and the bibliometric indicators. In recent 

work, the relationship between bibliometric assessment and peer judgement for 

150 chemistry research groups in the Netherlands (van Leeuwen et al 2002; VSNU 

2002) has been studied. Generally, these studies show considerable agreement 

between the measurement of research performance and the results of peer review. 

But at the same time, remarkable differences are found where not necessarily peer 

judgement has to be considered as ‘right’ (Horrobin 1990; Moxham and Anderson 

1992). For a discussion on peer review in the context of the ranking of universities, 

see Section 4.6.  

 

Today, broad experience of the application of bibliometric methods in academia 

(van Raan 2004a), including in the UK, is characterised by careful data collection 

(including detailed verification), data handling with efficient algorithms, awareness 

of the many possible sources of error, and knowledge about interpreting the results 

of indicators. The following sections discuss the details of a bibliometric 

methodology that can optimally suit the aims of HEFCE.  
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2.2  Comprehensiveness across the science-based disciplines  

 

The previous section stated that citation-based analysis provides indicators of 

international impact or influence, which can be regarded as (at least) one crucial 

aspect of scientific quality and thus a ‘proxy’ of quality. A crucial point here 

concerns the difference in scientific communication practices among the many 

disciplines and fields. A first and good indication of whether bibliometric analysis is 

applicable to a specific field is provided by its publication characteristics, and in 

particular the role of international, refereed journals. If international journals are a 

dominating or at least a major means of communication in a field, then in most 

cases bibliometric analysis is applicable. Therefore it is important to study the 

publication practices of a research group, department or institution in order to 

establish whether bibliometric analysis can be applied.  

 

One practical measure is the proportion of publications in CI-covered journals6 in 

the total number of publications. In most of the natural and medical science fields 

this figure is between 80% and 95%. In the social and behavioural sciences, 

engineering science fields, and particularly in the humanities, the figure may be 

much lower. Exceptions are psychology, where the proportion may vary between 

50% and 70%, and the engineering science fields, with coverage around 50%. An 

effective way to assess the CI-coverage differences among research fields is 

discussed in Section 3.5. For ‘not-CI covered publications’, a restricted type of 

citation analysis is possible insofar as these publications are cited by articles in 

journals covered by the CI (Visser et al 2003; Butler and Visser 2006). 

 

An essential prerequisite of a consistent, coherent bibliometric methodology for 

assessing research performance in science fields is that it should be comprehensive, 

in the sense that a unit to be evaluated is compared with an appropriate 

international standard in the field in which the unit is active. This must be done for 

all units in all fields. Therefore, each unit is compared with an adequate, field-based 

benchmark. The next section (Section 2.3) discusses the details of such field-based 

benchmarking. We discuss a broad range of bibliometric indicators, but with 

recommendations in favour of those indicators in particular that measure the 

impact of research groups in relation to international averages and to positions in 

the international impact distribution of the fields concerned.  

 

                                                           
6 Throughout this report we use the term CI (Citation Index) for the Web of Science-based Citation 
Index, produced by Thomson Scientific/ISI. 
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2.3 Construction of robust and reliable indicators  

 

We discuss the construction of bibliometric indicators with the help of recent, real-life examples 

from different institutions in different fields of science. With these examples we demonstrate 

how the data can be aggregated from their constituent building blocks to form the indicators 

covering the research group or department.  

 

First we focus on the results of a recent analysis of a medical research institution (from 1996 to 

2005). Research output is defined as the number of articles from the institution covered by the 

CI indexes. Under ‘article’ we consider the following publication types: normal articles (including 

proceedings papers published in journals), letters, notes and reviews (but not meeting 

abstracts, editorials, etc.). Table 2.1 shows the numbers of papers published, P, which is also a 

first indication of the size of an institution.7 This number is about 200 per year. Next we find the 

total number of citations, C, received by these P publications in the periods indicated, corrected

for self-citations. There is ample empirical evidence that in the natural and life sciences (basic 

as well as applied) the average peak in the number of citations is in the third or fourth year 

after publication (van Leeuwen et al 1999; van Raan 2007a). A five-year period is therefore 

appropriate as a ‘citation window’ for impact assessment. Furthermore, a trend analysis can be 

constructed by using rolling and partially overlapping five-year periods – a ‘roof-tile’ approach – 

in order to smooth out insignificant annual fluctuations.  

 

 

If longer-term impact is expected to be important – which may be the case for 

fields in the social sciences and humanities – the time-period of the citation window 

and the blocks of time in the trend analysis need to be broadened Using the roof-

tile approach, we can measure output and impact cumulatively during a block of 

five years, based on all publication and citation data relating to this period. For 

instance, for the period 1996-2005, the 1996-2000 block is the first, followed by 

1997-2001, and so on to the last block, 2001-2005.  

 

More specifically, for papers published in the first year of a block – in the last block, 

for instance, this would be 2001 – citations are counted during the period 2001-

2005, then for 2002 papers they are counted for 2002-2005, and so forth. For 

papers published in 2005, only the impact received in 2005 is taken into account. 

For the entire period 1996-2005, citations for 1996 publications are measured up to 

2005. Owing to the final settlement of a database year in the CI and the time 

required to prepare the raw data for careful analysis, a specific year can be added 

                                                           
7 Generally, and particularly for a set of larger groups, P correlates reasonably well with the size of a 
group or institute measured in full-time equivalent staff for research. 
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to the analysis from around March of the following year. Thus, in March 2008 

bibliometric analyses can be extended up to 2008.p 

 

Verification of publications is crucial in order to remove errors and detect 

incomplete addresses or names of research organisations, departments, groups 

and, particularly, individual scientists. A broad range of pitfalls and sources of error 

are lurking in citation analysis. We refer to Moed et al (1995) and van Raan (1996) 

for the many methodological and technical problems that have to be resolved in 

order to conduct an analysis properly.  

 

The next indicators are the average number of citations per publication (c), again 

without self-citations, and the percentage of not-cited papers (p0). We must stress 

that this percentage of non-cited papers, like all other indicators, depends on the 

given time period. It is possible that publications not cited within a time period of 

five years will be cited after a longer time. This can clearly be seen when comparing 

the non-cited indicator for the five-year periods in Table 2.1 (e.g. 2001-2005: 

23%) with that of the whole period (1996-2005: 16%). An extreme case is that of 

the ‘sleeping beauty in science’: a publication that goes unnoticed (sleeps) for a 

long time, then almost suddenly attracts a lot of attention (‘is awakened by a 

prince’). We discuss this phenomenon further in Section 3.2.  

 

How do we know that a certain number of citations or a certain value of citations-

per-publication is low or high? To answer this question we have to make a 

comparison with a well-chosen international reference value, to establish a reliable 

measure of relative, internationally field-normalised impact. Another reason for 

normalising the measured impact (c) of an institution to international reference 

values is that, overall, worldwide citation rates are increasing. We distinguish 

different approaches. First, the average citation rate of all papers (worldwide) in the 

journals in which the institution has published (cj, the mean journal citation score 

of the institution’s ‘journal set’, and cj for one specific journal) is calculated. Thus, 

this indicator cj defines a worldwide reference level for the citation rate of the 

institution. It is calculated in the same way as c, but now for all publications in a 

set of journals. The average impact of journals may have considerable annual 

fluctuations and large differences per article type (Moed and van Leeuwen 1995, 

1996; Moed 2002). Therefore it is essential to take into account the document type 

of the publications (e.g. letters, normal articles, reviews) as well as the specific 

years in which the papers were published.  
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From the above it is clear that the ratio c/cj shows us whether the measured 

impact is above or below the international average (c/cj >1 or <1, respectively). 

However, comparison of the institution's citation rate (c) with the average citation 

rate of its journal set (cj) introduces a new problem related to journal status. For 

instance, although one research group might publish in prestigious (high impact) 

journals, and another group in more mediocre journals, the citation rate of articles 

published by both groups might be equal relative to the average citation rate of 

their respective journal sets. But one would generally argue that the first group 

evidently performs better than the second.  

 

It is therefore necessary to introduce a second, field-specific international reference 

level, cf, and cf for cases where more fields are involved. This indicator is based on 

the citation rate of all papers (worldwide) published in all journals for the field(s)8 in 

which the institution is active, and not just the journals in which the institution’s 

researchers publish their papers. Thus, a publication in a less prestigious journal 

may have a (relatively) high c/cj but a lower c/cf. For a publication in a more 

prestigious journal, a higher c/cf might be expected because publications in 

prestigious journals will generally have an impact above the field-specific average.  

 

Table 2.1: Bibliometric analysis of a medical research institution, 1996-2005 

C c/c p0P  c c/cf  cj/cf  sc 

 

To calculate c/cf, the same procedure is used as for c/cj. Institutions are often 

active in more than one field. In such cases, a weighted average value has to be 

calculated, the weights being determined by the total number of papers published 

by an institution in each field. For instance, if an institution publishes in journals 

belonging to genetics as well as cell biology, then its c/cf will be based on both 

                                                           
8 Here we use the definition of fields based on the classification of scientific journals into categories 
developed by Thomson Scientific/ISI. Although this classification is not perfect, it provides a clear, 
‘fixed’, consistent definition of fields suitable for automated procedures within a bibliometric data 
system. Extensive discussion of the definition of fields is included in Section 4.1. A more real-world, 
user-oriented definition of fields can be provided by the mapping methodology discussed in Chapter 5. 

j
  

 
  

2.01 1.64 1996-2005 58,077 2,283 25.44 16 1.22 16

1996-2000 1,079 12,334 2.09 1.71 11.43 30 1.23 19
1997-2001 1,125 13,340 2.01 1.65 11.86 26 1.22 19
1998-2002 1,130 13,856 2.11 1.65 12.26 25 1.28 18
1999-2003 1,174 16,273 2.23 1.69 13.86 23 1.32 17
2000-2004 1,174 14,641 1.92 1.64 12.47 24 1.17 19
2001-2005 1,204 15,099 1.91 1.65 12.54 23 1.16 19
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field averages. Thus, the indicator c/cf represents a world average9 in a specific 

(combination of) field(s). It is also possible to calculate c/cf for a specific country, 

for the European Union (EU), or for Europe as a whole. 

 

We regard the internationally standardised impact indicator c/cf as the most 

appropriate research performance indicator. This indicator enables us to observe 

immediately whether the performance of a research group or institution is 

significantly far below (indicator value <0.5), below (0.5-0.8), at (0.8-1.2), above 

(1.2-1.5), or far above (>1.5) the international impact standard for the field.  

 

To interpret the measured impact value, it is necessary to take into account the 

aggregation level of the entity under study. The higher the aggregation level, the 

larger the volume of publications and the more difficult it is to have an impact 

significantly above the international level. At the meso-level (e.g. university, 

faculty, large institution or specific research field within a country), a c/cf value 

above 1.2 means that the institution’s impact as a whole is significantly above the 

(Western) world average. With a c/cf value above 1.5, such as in our example 

(Table 2.1), the institution can be considered to be scientifically strong, with a high 

probability of finding very good to excellent groups. The application of bibliometric 

indicators at the level of departments or research groups is discussed in the next 

section. 

 

The ratio cj/cf is also an interesting indicator. If it is above 1.0, the mean citation 

score of the institution’s journal set (cj) exceeds the mean citation score of all 

papers published in the field(s) to which the journals belong (cf). For the institution 

in our example, this ratio is around 1.59. This means that it publishes in journals 

with a generally high impact. The last indicator, sc, shows the percentage of self-

citations. About 30% is normal, so the self-citation rates for our example institution 

are certainly not high (about 20%).  

 

International collaboration is a crucial aspect of scientific enterprise (Beaver and 

Rosen 1978; Borgman 1990; Arunachalam et al 1994; Glänzel 2001; Melin and 

Persson 1996). A breakdown into types of scientific co-operation according to the 

publication addresses provides an important ‘fine tuning’ of the indicators: the 

performance of the work by only the unit itself; of the work in national 

collaboration; and the performance of the work in international collaboration. 

                                                           
9 About 80% of all CI-covered papers are authored by scientists from the United States, Western 
Europe, Japan, Canada and Australia. ‘World average’ is therefore dominated by the Western world.  
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Generally, the highest impact is observed for publications in international 

collaboration (van Raan and van Leeuwen 2002). 

 

Finally, we present below an overview of the bibliometric indicators discussed in 

this section, followed by examples of the application of these indicators to UK 

research in several major fields. 

Overview of bibliometric basic indicators 

 

• Number of publications (P) in international journals by the 

university/institution/department/group in the entire period. 

• Number of citations received by P during the entire period, without and with 

self-citations (C and Cs respectively); 

• Average number of citations per publication without and with self-citations 

(c and cs, respectively). 

• Percentage of publications not cited (in the given time period, p0). 

• Journal-based worldwide average impact as an international reference level 

for the university/institution/department/group (cj, citations per publication 

for a specific journal – journal citation score; cj for a set of journals), without 

self-citations (on this worldwide scale). 

• Field-based worldwide average impact as an international reference level for 

the university/institution/department/group (cf, citations per publication for 

a specific field – field citation score; cf for a group of fields), without self-

citations (on this worldwide scale). 

• Comparison of the international impact of the university/ 

institution/department/group with the world-wide average based on cj as a 

standard, without self-citations, indicator c/cj. 

• Comparison of the international impact of the university/ 

institution/department/group with the worldwide average based on cf as a 

standard, without self-citations, indicator c/cf.  

• Ratio cj/cf as an indicator of journal level, i.e. is the university/ 

institution/department/group publishing in top or sub-top  journals (in terms 

of citedness)? 

• Percentage of self-citations, sc. 

Figures 2.1 to 2.3 present several standard bibliometric indicators for the UK, over 

the period 1997-2006, for the major fields of ‘basic life sciences’ and ‘physics and 

materials sciences’. We can observe the following trends at national level. For both 
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major fields, the absolute number of publications remained more or less constant, 

whereas the absolute number of citations increased. For the normalised impact 

indicators, basic life sciences shows a slight increase during the time period, with a 

more constant trend in recent years. In physics and materials sciences, however, 

after an initial increase we see a slight decrease.  

 

The percentages of not-cited publications and self-citations both decreased over the 

given time period for both major fields. Here we can observe a phenomenon that is 

also apparent internationally. In physics and materials sciences, the percentages of 

not-cited publications and self-citations are both often higher than in the basic life 

sciences. These differences are quite substantial. They illustrate a remarkable 

distinction in scientific communication behaviour between these two major fields, 

which are often considered to be more or less the same in terms of bibliometric 

properties.  

 

 

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

1997 - 2000 1998 - 2001 1999 - 2002 2000 - 2003 2001 - 2004 2002 - 2005 2003 - 2006 

 P
 C+sc

 

P 
C 

(a) Basic life sciences 

 

 21



 

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

1997 - 2000 1998 - 2001 1999 - 2002 2000 - 2003 2001 - 2004 2002 - 2005 2003 - 2006 

 P
 C+sc

P 
C 

 
(b) Physics and materials sciences 

 

Figure 2.1: Trend of output and impact for (a) basic life sciences, UK, 1997-2006; 

(b) physics and materials sciences, UK, 1997-2006 
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Figure 2.2: Trend of normalised impact for (a) basic life sciences, UK, 1997-2006; 

(b) physics and materials sciences, UK, 1997-2006 
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Figure 2.3: Trend of not-cited publications and self-citations for

sciences, UK, 1997-2006;(b) physics and materials sciences, 199
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impact publications, while the other contributes considerably to high-impact 

publications (and also has a larger number of less well-cited publications).  

 

It is therefore important to develop an additional indicator of scientific excellence 

that takes into account the skewing of the citation distribution – i.e. an ‘excellence 

indicator’ of the number of publications within the top 10% (or top 5% etc) of the 

worldwide citation distribution of the field concerned (Noyons et al 2003). For 

identifying research excellence, this approach provides a better statistical measure 

than those based on mean values (for a more detailed discussion on the statistics 

of bibliometric indicators, see Section 3.2). Needless to say, calculation of this top 

10% excellence indicator for all fields is only possible with a data system that 

covers all CI-based publications and citations worldwide. However, this excellence 

indicator has proved to be a powerful tool in monitoring trends in the position of 

research institutions and groups within the top of their field internationally. An 

elaborated example of this excellence indicator is given in Section 4.3. 

 

In conclusion, advanced bibliometric indicators allow a high probability of 

identifying research excellence. Empirical studies suggest that peer review 

committees are able to identify ‘good’ or ‘valuable’ research meeting minimum 

quality standards, but are only partially successful in spotting excellence or ‘top-

quality’ research. In particular, peers show less consensus in the identification of 

‘really top-quality’ research. This finding is in agreement with the results of earlier 

studies on peer judgements of journal manuscripts and grant proposals (Moed 

2005). Of course, it is difficult to assess properly the significance of very recent 

developments in a field. The observed discrepancies between bibliometric analysis 

and peer review should be interpreted from this perspective. A challenge in the set-

up of the RAE is to develop procedures for regulating how to deal with these types 

of discrepancies.  

 

2.5 Distribution of impact within a department or institution: quality profile 

 

The values of the field-normalised indicator c/cf presented in the examples given 

above show the mean values of all the research output produced by the entire 

academic unit (group, department, institution etc.). We have already noted that 

citations are very unevenly distributed over publications and also within groups, 

departments and institutions. The same is true for the calculated impact indicators. 

In order to investigate which publications, and thus which researchers, contribute 

most to the impact of the target academic unit, we need to find the distribution 
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function of c/cf. A straightforward way to establish such a ‘quality profile’ (i.e. 

impact profile) of an academic unit is to calculate the division of the publications 

into five classes of c/cf, as follows: 

 

c/cf < 0.80:  performance significantly below international average, class A 

0.80 < c/cf < 1.20:  performance about international average, class B 

1.20 < c/cf < 2.00:performance significantly above international average, class C 

2.00 < c/cf < 3.00:  very good performance in international perspective, class D  

c/cf > 3.00:  excellent performance in international perspective, class E.  

 

Using this classification of the field-normalised impact indicators allows, for 

instance, the identification of excellent work within academic units that are, 

on average, mediocre. Conversely, it also allows the identification of less influential 

work in units that have, on average, a high impact. We must stress, however, that 

even in excellent groups the distribution of the impact of publications will be 

skewed too. As a recent real-life example of distribution in the above impact 

classes, Table 2.2 presents the results for the FOM Institute of Atomic and 

Molecular Physics (AMOLF, Amsterdam). The table also shows the number of (CI-

covered) publications (P), the percentage of not-cited publications (p0), and the 

mean field-normalised impact indicator (c/cf). AMOLF has a high average c/cf 

value (2.16), but nevertheless the percentage of research output (2000-2005) in 

the lowest impact class (A) is quite substantial at 39.5%. The non-cited 

publications (indicator p0) are included in class A. For AMOLF this percentage of 

non-cited publications (i.e. c/cf = 0) is 24%. We note that 36% of this institute’s 

research output falls in the classes ‘very good’ and ‘excellent’ (classes D and E).  

 

Table 2.2: c/cf classes for the AMOLF institute, and the bibliometric indicators P, 

p0 and c/cf, 2000-2005 

 A B C D E P p0 c/cf

AMOLF 39.5 10.3 14.0 14.8 21.4 592 24 2.16 

 

To show the effect of impact classification in engineering, Table 2.3 presents the 

same indicators as for the AMOLF institute for 13 electrical engineering groups in a 

university in the Netherlands, over the period 1998-2004. We can see a quite 

significant correlation between the number of publications in class E and c/cf, as 

well as between the number of publications in class A and p0.  
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Table 2.3: c/cf classes of 13 electrical engineering groups, and the bibliometric 

indicators P, p0 and c/cf, 1998-2004 

 A B C D E P p0 c/cf

U-1 48.2 8.5 14.9 12.8 15.6 141 29 1.53 

U-2 68.8 11.6 10.7 5.4 3.6 112 35 0.58 

U-3 92.6 0 3.7 0 3.7 27 89 0.4 

U-4  63.2 26.3 5.3 5.3 0 19 58 0.58 

U-5  70.4 7.4 3.7 11.1 7.4 27 67 0.74 

U-6  72 0 8 16 4 25 48 1.04 

U-7  60 10.9 7.3 6.4 15.5 110 40 1.35 

U-8  76.9 15.4 0 7.7 0 13 69 0.3 

U-9  81.8 0 4.5 0 13.6 22 55 1.12 

U-10  83.3 9.1 3 4.5 0 66 52 0.49 

U-11  44.4 7.4 22.2 9.3 16.7 54 31 1.89 

U-12  73.3 6.7 6.7 0 13.3 15 47 2.14 

U-13  44.2 10.5 15.8 17.9 11.6 95 27 1.27 

 

A classification of UK research output in three major fields of science is presented in 

Section 4.4, and for all main and major fields in Appendix A, Table A2. 

 

2.6  Reinforcing transparency and comprehensibility  

 

A further important step is the breakdown of the output of departments or research 

groups into research fields. This provides a clear impression of the research scope 

or profile of the institution, department or group. Such a spectral analysis of the 

output is based on the simple fact that researchers, even within one specific group, 

publish in journals in different fields. We again take the medical research institute 

as an example. The researchers in this institute work in a typical interdisciplinary 

environment (molecular medicine research). By ranking fields according to their 

size (in terms of numbers of publications) in a graphical display, a profile of the 

institute can be constructed.  

 

In addition to the output, the field-normalised measured impact values c/cf of the 

institute’s publications in these different fields can be calculated. Figure 2.4 shows 

the result of this bibliometric spectroscopy. The institute’s papers are published in a 

wide range of fields (biochemistry and molecular biology, neuroscience, oncology, 

cell biology, vascular diseases, and so on), and we can clearly see the fields in 

which the institute has a high (or lower) performance. We also notice the scientific 
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strength of the institute: its performance in the two biggest fields is high to very 

high. We emphasise that this breakdown into fields is not the same as a breakdown 

of the institute into ‘real’ departments. But, given the institute’s profile, it is not 

surprising that its major departments are neuroscience, cancer research, cardio-

vascular research, clinical research and genomics.  

 

A further step is analysis of the ‘knowledge users’ (i.e. the authors of citing 

publications) of the research results of an institution or department. This approach 

enables us to find out who is using which research results and where (in which 

fields). Thus it analyses knowledge diffusion and knowledge use, and may indicate 

interdisciplinary bridges (van Raan 2003b), potential collaboration and possible 

markets in the case of applied research (Van Raan and Van Leeuwen 2002). Figure 

2.5 shows a breakdown of the citing publications of the medical research institute 

into fields of science. Thus a profile of the users of the scientific results (as 

represented by citing publications) is constructed. The field-specific impact indicator 

c/cf of these citing publications can also be calculated (i.e. a ‘second order’ citation 

analysis).  

 

Science indicators, particularly research performance indicators, must provide 

useful information. This profile of knowledge users undoubtedly yields important 

information. First, we can observe that the citing publications are themselves of 

(very) high impact: i.e. the medical institute’s research work is cited by, generally, 

very good research groups. This also applies in other, similar cases: the research of 

good groups is often predominantly cited by other groups of high scientific 

performance. Next, when we compare the ranking of fields in the knowledge users’ 

profile (Figure 2.5) with the field ranking of the institute’s output profile (Figure 

2.4) we see that for instance immunology and, particularly, pharmacology have a 

higher ranking on the ‘citing side’ compared with the institute’s output profile. This 

may reveal interesting differences between the institute’s research priorities and 

the interests of the knowledge users of the institute. A more elaborated example of 

a knowledge users’ profile is discussed in Section 4.3. 

 

The construction of these profiles can also be considered as an empirical method for 

studying interdisciplinary aspects of research. For instance, the distribution of the 

lengths of the field-specific bars in the profile can be used as a measure of 

interdisciplinarity. 
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3. Problems of bibliometric indicators and how to solve them  

 

This chapter focuses on major criticisms of crucial elements of the bibliometric 

methodology, such as accuracy, validity and applicability in research evaluation, 

followed by a discussion of solutions or alternatives.  

 

3.1 Limitations and drawbacks  

 

Life with indicators is not always that easy, and it is important to know the 

limitations of bibliometric analysis. Journal articles are not the main carrier of 

scientific knowledge in all fields; they are not ‘equivalent’ elements in the scientific 

process, as they differ widely in importance; they are being challenged as the gold 

standard by new types of publication behaviour, particularly electronic publishing 

(van Raan 2001), open access (in relation to earlier RAEs: Harnad et al 2003; 

Harnad and Brody 2004; Moed 2006) and other uses of the internet (Björneborn 

and Ingwersen 2001; Bar-Ilan 2001; Thellwall and Smith 2002; Thellwall and 

Harries 2003; Ingwersen and Björneborn 2004).  

 

Thus, the bibliometric method will fail to assess adequately those research activities 

where CI-covered journals play a minor role in the communication of research 

results. Furthermore, assessment of the socio-economic impact of research requires 

other approaches than the bibliometric methodology (Airaghi et al 1999), although 

the previous chapter showed that specific aspects of knowledge use can be 

measured by bibliometric analysis. Nevertheless, analysis of research performance 

on the basis of journals unavoidably introduces a ‘bibliometrically limited view of a 

complex reality’  Truth, as John von Neumann stated, is too complicated to allow 

anything but approximations.  

 

Citation counts can be seen as manifestations of intellectual influence, but the 

concepts of citation impact and intellectual influence do not necessarily coincide. 

Citation impact is a quantitative concept that can be operationalised in an 

elementary fashion or in more sophisticated ways, such as crude citation counts 

versus field-normalised measures. Concepts such as ‘intellectual influence’ are 

essentially theoretical concepts of a qualitative nature, and have to be assessed by 

taking into account the cognitive contents of the work under evaluation. Thus, the 

outcomes of bibliometric analysis must be valued in a qualitative, evaluative 

framework that takes into account the contents of the work.  
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In the application of indicators, no matter how advanced, it remains of the utmost 

importance to know the limitations of the method and to guard against misuse, 

exaggerated expectations of non-expert users, and undesired manipulations by 

scientists themselves (Adam 2002; Butler 2003; Weingart 2003; Glänzel and 

Debackere 2003). Therefore, as a general principle we state that optimal research 

evaluation is realised through a combination of metrics and peer review. Metrics, 

particularly advanced analysis, provides the tools to keep the peer review process 

objective and transparent. Metrics and peer review both have their strengths and 

limits. The challenge is to combine the two methodologies in such a way that the 

strengths of one compensates for the limitations of the other.  

 

Our goal here is to provide potential solutions or alternatives, correct 

misunderstandings and highlight important factors that must be taken into account 

in a proper application of bibliometric indicators and interpretation of their 

outcomes. 

 

3.2  Major criticisms of bibliometric methodology 

 

This section discusses several major conceptual, methodological and technical 

problems often mentioned in criticisms of bibliometric methodology.  

 

Meaning of citations 

Citation analysis is based on the reference practices of scientists. We do not have 

an adequate a-priori theory of citation behaviour. Therefore, we can only build on 

empirical findings from large-scale application of bibliometric indicators in many 

situations (different fields, different levels of aggregation, and so on). The motives 

for making (or not making) a reference to a particular article may vary considerably 

(Brooks 1986; MacRoberts and MacRoberts 1988; Vinkler 1998). The process of 

citation is undoubtedly a complex one, and certainly does not provide an ‘ideal’ 

monitor of scientific performance (MacRoberts and MacRoberts 1996). This is 

particularly the case at a statistically low aggregation level (e.g. individual 

researcher). There is, however, sufficient evidence that these referencing motives 

are not so different or ‘randomly given’ to such an extent that the phenomenon of 

citation loses its role as a reliable measure of impact (van Raan 1998). Important 

empirical support is given by the aforementioned correlation (Section 2.1) between 

peer judgement and outcomes of bibliometric research performance assessments 

(Rinia et al 1998).  
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Journal coverage 

Any index system has, by definition, a restricted coverage. This has advantages, for 

instance a focus on core literature in most of the natural and life sciences. But it 

also has disadvantages such as the aforementioned too limited view of scientific 

communication, particularly in the applied sciences, social sciences and humanities. 

Nevertheless, in these latter disciplines – but to a lesser extent in the humanities – 

researchers also tend to publish more and more in core literature journals (Glänzel 

1996; Hicks 1999; van Leeuwen 2006).  

 

Broader journal coverage of a publication database than the CI system will, 

however, introduce new difficulties. This is because most of the added journals will 

have a considerably lower impact compared with those already covered by the CI 

system. Thus, broader coverage will for instance cause ‘impact dilution effects’, 

particularly in calculating field-specific reference values. The consequence is that 

any large-scale extension of the Citation Index will inevitably lead to an even 

stronger and more status-related distinction between core and peripheral journals. 

New discussions on ‘what is scientific impact?’ in the context of a much broader 

index system will certainly arise. Section 3.5 discusses in more detail empirical 

results of the journal coverage of UK research in the CI system. 

 

Behavioural effects 

In fields where bibliometric analysis can be applied without substantial problems 

(natural science and medical research fields) it is important to study possible 

negative effects of the method on publication practices – for instance, an increasing 

pressure on researchers to publish only in CI-covered journals and thus neglect 

other important channels of communication. Bibliometric investigators, along with 

other members of the scholarly community and research policy arena, are 

becoming increasingly aware of the need to analyse the effects of the use of 

bibliometric indicators for research evaluation (ranging from crude publication 

counts to sophisticated citation impact measures) on the scholarly community and 

scholarly progress in general.  

 

One important issue is the effect of the use of citation analysis on scholars’ 

publication and referencing practices. Evidence of such effects is often informal, or 

even anecdotal. However, recent studies focusing on a formulaic use of bibliometric 

indicators in policies allocating research funds have examined these effects in a 

systematic way (e.g. Woolgar 1991; Warner 2003; Butler 2003; 2004; Moed 2007). 
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These studies make a valuable contribution to deeper understanding of the actual 

and future role of citation analysis in research evaluation. This understanding in 

turn contributes to the further development of the ‘critical’ potential of citation 

analysis as a research evaluation tool. But it should be emphasised that the crucial 

issue at stake is not whether scholars’ practices change under the influence of the 

use of bibliometric indicators, but whether the application of such measures as a 

research evaluation tool enhances research performance and scholarly progress in 

general. 

 

A longitudinal bibliometric analysis of UK science covering almost 20 years revealed 

in the years prior to a Research Assessment Exercise (RAE 1992, 1996 and 2001) 

three distinct patterns that can be interpreted in terms of scientists’ responses to 

the principal evaluation criteria applied. When, for the 1992 RAE, total publications 

counts were requested, UK scientists substantially increased their article 

production. When a shift in evaluation criteria from quantity to quality was 

announced for the 1996 RAE, UK authors gradually increased their number of 

papers in journals with a relatively high impact factor. Along the way towards the 

2001 RAE, evaluated units shifted back somewhat from quality to quantity, 

particularly by stimulating their members to collaborate or at least co-author more 

intensively, and thus increase the number of research-active staff.  

 

Any evaluation system of human endeavour should systematically take into account 

the strategic behaviour of the units under evaluation. Hence, in order to reduce the 

unintended effects of RAE assessment criteria (either formal or anticipated) on UK 

scientists’ publication and authoring practices, sophisticated indicators measuring 

actual citation impact should be applied. This implies that publication counts and 

journal impact factors should not play an important role, and probably no role at 

all. The broad consensus among bibliometric researchers is that journal impact 

factors should not be used as surrogates of actual citation impact (Seglen 1992, 

1994; Moed and Van Leeuwen 1995, 1996; Moed 2002; van Leeuwen 2004; van 

Raan 2004a). An advanced methodology is capable of measuring actual citation 

impact. 

 

However, we would not claim that actual citation impact indicators cannot be 

affected in any way by strategic behaviour. Evaluators, evaluated researchers and 

bibliometricians should keep an eye out for any unintended effects of their use. 

Nevertheless, actual citation impact indicators are far more informative of a group’s 

research performance and less easily manipulated than crude publication counts 
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and indicators based on the number of published papers in journals with a high 

citation impact factor. 

 

Empirical research related to the claim that citation counts are affected by mutual 

citation arrangements faces the difficulty of distinguishing this type of citation 

behaviour from the ‘normal’ citation practices of a small number of groups working 

in narrow specialities. In principle, experts are able to identify excessive mutual 

citation. Citation analysis would be enhanced if citation impact could be assessed in 

a systematic, quantitative way as a function of the socio-cognitive distance between 

citing and cited papers (see for instance Moed 2005, Chapter 25). 

 

Appropriate methods to carry out such analysis need to be developed further in the 

near future. To this end, it is firstly necessary for this issue to obtain a prominent 

place on the research agenda of the research community of practitioners in the field 

of quantitative science and technology studies. Secondly, help from the wider 

scientific scholarly community should be sought in the following way. During the 

upcoming RAE, a contact address could be formally established to which 

researchers could submit cases of what they believe to be ‘suspicious’ citation 

behaviour which may be due to citation arrangements aimed at obtaining higher 

citation impact rates. These cases should be studied in detail, and the outcomes 

published in open scientific literature.  

 

Manipulability of citation indicators proposed in this report 

To what extent are the citation-based indicators proposed in this report, especially 

the ‘crown indicator’ that takes into account the research field, publication year and 

type of article, sensitive to manipulation? Can actual citation impact be increased 

by the following:  

• Increasing authors’ self-citation? In the methodology proposed here, authors’ 

self-citations are not included in citation counts. As a result, increasing authors’ 

self-citation has no effect on the value of citation impact.  

• Publishing in high-impact journals? A case study of 2,000 senior UK authors 

publishing at least 10 articles per year revealed that the average impact factor 

of the journals in which an author publishes explains only 10% of the variance 

in citation impact rates (measured by the crown indicator), and a more 

sophisticated, normalised journal impact factor only 20%. Journal impact 

factors are therefore not good predictors of actual citation impact, at least at 

the level of individual senior authors.  
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• Collaborating more intensively? Some studies report positive correlations 

between a paper’s number of authors and its citation impact, but they ignore 

differences in authoring and citation practices among research fields. It should 

also be kept in mind that authors’ self-citations are not included in the 

methodology proposed in this report. It all depends on who collaborates with 

whom. There is also the issue of causality: ‘good’ research may attract high-

impact collaborators.  

• Publishing with US authors because they over-cite their own papers? The crucial 

issue here is the adequacy of the norm against which the referencing practices 

of US scientists are evaluated. Studies have found no conclusive evidence that 

US scientists excessively cite papers originating from their own country (e.g. 

Moed 2005). 

• Publishing only the very best papers? A higher citation impact per paper (crown 

indicator) would be expected from this strategy. However, the longer-term 

effects of such a publication strategy are uncertain. PhD students need papers 

in their CVs. It may become difficult for a group to attract good PhD students if 

its policy is to let them publish only a few papers. Another factor is that 

publications also enhance the visibility of a group’s research activities. If a 

group starts publishing substantially fewer papers, this may lead to lower 

visibility and hence to a lower citation impact, even per paper (van Raan 

2006b). 

• Making citation arrangements? A high-impact group receives its citations from 

dozens if not hundreds of different institutions. The distribution of citations 

among citing institutions is very skewed. The contribution of the ‘tail’ of the 

distribution to the citation impact is relatively large. Making arrangements with 

a few institutions will not lead to a substantial increase in citation impact.  

 

Implications in relation to equal opportunities 

Why bibliometric analysis of research performance? Peer review is and has to 

remain the principal procedure for judgement of quality. But peer review may have 

serious shortcomings and disadvantages (Moxham and Anderson 1992; Horrobin 

1990). Subjectivity, i.e. dependence of the outcomes on the choice of individual 

committee members, is one major problem. This dependence may result in conflicts 

of interests, unawareness of quality, or a negative bias against younger people, 

women (Prpić 2002; Lewison 2001) or newcomers to the field. In order to 

substantially improve evaluation procedures, an advanced bibliometric method 

needs to be used in parallel with a peer-based evaluation procedure (Rinia et al 
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1998). Bibliometric analysis will make evaluation procedures more transparent and 

objective, and thus contribute to the enhancement of equal opportunities.  

 

A study by Wennerås and Wold (1997) provoked the question of whether gender 

bias is involved in grant awards, promotions, resource allocation, the refereeing 

process and citation rates. To our knowledge, there is no clear empirical evidence of 

such bias. For instance, in the field of ecology, Tregenza (2002) found no 

differences in citation rate relative to gender. Of course, this does not mean that 

the science system is always immune from gender bias. Other studies have shown 

that women tend to produce fewer publications than men, although the gap in 

production is becoming smaller (from 50%-60% in the 1960s to 70%-80% by 1990 

(Xie and Shauman 2003, p. 182). However, Long (1992) found that, per paper, 

women are cited more often than men. The number of citations per paper is clearly 

an important indicator. So this is an instance of how bibliometric analysis 

contributes to promoting equal opportunities.  

 

It is well known that in many science fields, researchers make their main 

contributions to science at an early age (often before they are 30). The statistical 

requirements of citation studies usually necessitate the collection of a sufficient 

body of publications. More established scientists tend to have a higher ‘professional 

age’ (career length) and are therefore more likely to satisfy the level of output 

required statistically. This advantage can be restricted in several ways: 

 

-  Focusing on the scientific output of a limited number of recent years. If this 

were set at eight years, it would reduce the difference in output between 

someone with a professional age of 30 years and a researcher with a 

professional age of eight years considerably. 

-  In principle, a single paper, if highly cited, might be sufficient to make 

someone stand out in an analysis of, say, the 5% most highly cited papers in a 

field.  

 

Thus, a sufficiently advanced methodology as proposed in this report allows the 

identification of rising stars or upcoming young researchers by conducting a trend 

analysis of their short-term impact. The focus is on the impact of papers published 

recently instead of lifetime citation counts of researchers’ total oeuvre (including old 

work). In this way, the advantage of scientists with a long career is substantially 

reduced. Upcoming and established researchers are compared on the basis of their 
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performance during the recent past. For instance, the field-specific normalised 

impact indicator is completely independent of career length. 

 

Language problems  

Recent work (Grupp et al 2001; van Leeuwen et al 2001) shows that the utmost 

care must be taken in interpreting bibliometric data in a comparative evaluation, 

even in the case of national research systems (May 1997). The measured value of 

impact indicators of research activities at the level of an institution, and even of a 

country, depends strongly on whether publications in CI-covered journals written in 

languages other than English are included or excluded. This is because the CI 

covers non-English language journals (particularly French and German) whose 

papers tend to have a considerably lower impact than those in English-language 

journals. So in the calculation of impact indicators, these publications count on the 

output side, but contribute very little, if anything at all, on the impact side. The 

non-English publications ‘dilute’, as it were, the measured impact. This problem can 

be solved by calculating all indicators on the basis of English-language publications 

only. 

 

Skewing of distributions and other statistical properties 

The distribution of citations across publications is far from normal (Gaussian) (Lotka 

1926; Naranan 1971; Haitun 1982; Seglen 1992, 1994; Redner 1998). As a result 

of this skewing of distribution, confidence intervals for bibliometric indicators are a 

particular problem. However, by virtue of the central limit theorem, indicators 

based on mean values of, for instance, the number of citations per paper of 

research groups tend to a more normal distribution (van Raan 2006a). This enables 

us to estimate confidence intervals (Schubert and Glänzel 1983).  

 

In the algorithms for calculating bibliometric indicators it is necessary to test the 

statistical reliability of the measurements, and in particular whether the average 

impact of an institution/group’s oeuvre (c) differs significantly from the journal-

based worldwide average impact (cj) or the field-based worldwide average impact 

(cf). An example of a statistical test is given by Schubert and Glänzel (1983) and 

Glänzel (1992). 

 

Field definitions  

In bibliometric studies, the definition of fields is generally based on the 

classification of scientific journals into categories developed by Thomson 
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Scientific/Institute for Scientific Information (ISI). Although this classification is not 

perfect, it provides a clear, ‘fixed’, consistent definition of fields suitable for 

automated procedures. An extensive discussion on the definition of fields is given in 

Section 4.1, with an example in the field of immunology. For a better understanding 

of scientific development, we need more advanced ways to define fields and 

research themes. A very useful dynamic solution is provided by bibliometric 

mapping (van Raan and Noyons 2002). This is discussed in Chapter 5. 

 

Time lags 

Does bibliometric analysis suffer from a substantial delay in the measurement of 

research performance (Egghe and Rousseau 2000)? Answering this question 

requires a further refinement: delay in comparison with what? The average 

processing time of a publication? The average running time of a project? Peer 

review time cycles? The entire process, starting with scientific activities and leading 

to publishable results, writing an article, submitting the article, publication of the 

article, citations of the article, varies considerably in different fields of science. 

Depending on the type of activities and type of results it may take several years. 

But during that time the work is improved, so the whole process time cannot be 

regarded as a delay or waste of time (van Leeuwen et al 1999). Furthermore, the 

average duration of a major research project is about four years, and the same 

applies to most peer review time cycles. Also, during the publication process the 

awareness of the scientific community (including peers) evolves (e.g. average time 

between field-specific conferences). There are also cases in which the analysis can 

be performed almost in real time, for instance physics papers with citing articles 

published in the same year as the cited publication.  

 

The above implies that bibliometric awareness does not necessarily take more time 

than peer awareness. Moreover, the bibliometric system itself proves empirically 

the robustness of the method simply by showing that in many cases citation 

analysis-based indicators for universities, institutions and larger research groups 

are remarkably stable, as illustrated by the results presented in Table 2.1. We 

conclude that recent past performance is a reliable predictor for near-future 

performance. It must also be borne in mind that the importance of a publication 

does not necessarily appear immediately, even to peers, and that identification of 

quality may take a considerable time. An interesting phenomenon in this respect is 

the aforementioned ‘sleeping beauty in science’ (Garfield 1980; Glänzel et al 2003; 

van Raan 2004b). This is a publication that goes unnoticed (sleeps) for a long time 

and then almost suddenly attracts a lot of attention. 
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Efficiency of research 

It is important to develop research information systems that cover more than just 

publication data – for instance, number of full-time equivalents (FTEs) for research, 

mission and objectives, age distribution data of research personnel, data on 

facilities, supporting personnel, data on funding. Such an extension to non-

bibliometric data or, in general terms, institutional context data, allows us to gain a 

deeper insight into important aspects of research performance, particularly the 

‘efficiency’ of research and its social characteristics (Gläser and Laudel 2001). 

 

US bias 

It has been claimed that US authors excessively cite other US colleagues. This 

would lead to a US bias in the selection of journals for the ISI Citation Indexes and 

would distort the outcomes of citation analysis. The crucial issue here is the 

adequacy of the norm against which referencing practices of US scientists is 

evaluated. It is all a matter of perspective, of how precisely the concepts ‘excessive’ 

or ‘disproportional’ are defined.  

 

A recent study (Moed 2005, Ch. 24) found no conclusive evidence that US scientists 

excessively cite papers originating from their own country. More specifically, the 

following conclusions were drawn: 

 

– All countries over-cite themselves, relative to what one would expect on the 

basis of the size of their publication output. The US self-citation rate is similar to 

that of Japan, somewhat higher than that for major Western European countries, 

but lower than that for Western European countries with smaller publication 

outputs. Thus, at the level of individual countries there is no empirical basis for 

the general claim that US scientists over-cite papers from their own country 

more than scientists from Western European countries over-cite their domestic 

papers. 

 

– US scientists over-cite US papers to a much stronger degree than Western 

European scientists over-cite the total collection of Western European papers. 

Thus, if the rate at which Western European authors cite themselves constitutes 

the norm, it follows that US scientists excessively cite themselves. However, if 

the degree of integration of national research activities within the USA is 

adopted as a norm, it follows that Western European scientists under-cite each 
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other and that their research activities are not yet sufficiently integrated, 

notwithstanding the realisation of a level of co-authorship similar to that within 

the USA.  

 

3.3 Potential solutions or alternatives  

 

An advanced bibliometric data system is more than a very large collection of data 

on hundreds of millions of published, citing and cited publications. Extensive 

research has been carried out on organisational and cognitive structures in science, 

on the characteristics of scientific communication, and on concepts of performance, 

perceptions of quality and evaluation. These research efforts have resulted in 

knowledge that can be encoded in additional information and computer algorithms. 

Thus, an advanced bibliometric data system can be regarded as an ‘expert’ system 

on research performance assessments and monitoring of scientific developments.  

 

The indicators described in this report have proved to be useful and informative in 

many evaluation studies. They provide – particularly at the level of research 

groups, university departments and institutions – an indispensable instrument in 

evaluation studies. For instance, these indicators yield direct information on crucial 

features, particularly whether research performance is above or below the 

international, field-specific average. Time trends for these indicators may also 

reveal characteristics that are important for research management, such as the 

influence of breakthrough work (Moravcsik and Murugesan 1979) and the effects of 

the departure or appointment of key personnel. Thus, bibliometric indicators are 

not only a helpful but often a necessary instrument in determining national and 

institutional priorities. In other words, they can be used as forms of evidence.  

 

All indicators are standardised. Therefore, the outcomes of analysis of a specific 

organisation are compatible with the findings of any other analysis, even if different 

fields of science are involved. Moreover, standardisation ensures effective updating. 

Thus, the bibliometric instrument described in this report allows of regular 

updating. In this way a permanent monitor of strengths, weaknesses and other 

important aspects of research performance can be constructed. We remind the 

reader that the core of the bibliometric data system is built on items published in 

international journals covered by the Thomson Scientific/ISI Citation Index, in most 

cases the Web of Science version. We emphasise, however, that bibliometric 

analyses are not necessarily restricted to these CI-based data.  
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Data from other sources of publications (non-CI data) can also be included in the 

analysis. Other sources of citations have become available in recent times, 

particularly Scopus (Elsevier Science), Google Scholar, NEC Research’s Autonomous 

Citation Indexing (ACI) and ArXiv. Recent and current studies have investigated the 

strengths, weaknesses, overlap and uniqueness of these different citation 

databases (Jacso 2005; Meho and Yang 2007). In order to improve bibliometric 

performance analysis in computer science, Moed and Visser (2007) have described 

a unique study to expand the CI (Web of Science based) data system with source 

data and cited references from publications in proceedings of international 

conferences published by Lecture Notes in Computer Science (LNCS), the 

Association for Computing Machinery (ACM) and the Institute of Electrical and 

Electronics Engineering (IEEE). 

 

The following is a comprehensive compilation of issues, including statements by 

critics of the use of citation analysis and our replies to these critics (from Moed 

2005, pp. 35-9). These questions and replies relate to: data collection and data 

accuracy; coverage and biases of the Thomson Scientific/ISI Citation Index; 

general issues relating to validity; specific issues concerning indicators and their 

validity; and general issues of interpretation and use. For a more extensive 

discussion on CI coverage, with empirical results for the UK, see Section 3.5. 
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Questions and answers on issues regarding the use of citation analysis 

 

Data collection and accuracy 

Question/statement Reply  

 

1. Is citation analysis (CA) easy to 

do because all data is in 

computerised literature databases? 

No. Properly conducted CA requires a bibliometric database with 

special characteristics. 

2. How can one obtain accurate, 

complete publication data? 

Publication lists verified by evaluated scientists constitute a proper 

starting point. 

3. Is it difficult to generate 

publication lists for authors or 

institutions? 

No. All scientists have a complete list in their CV, and most 

institutions publish research reports. 

4. How can one collect accurate 

citation counts? 

Bibliometric data should and can be based on proper citation 

matching procedures. 

5. Does CA count citations to first 

authors only? 

No. Bibliometric indicators are not merely based on first author 

counts, but include co-author counts.  

6. Can CA correct for authors’ self-

citations? 

Yes. Authors’ self-citations can be properly identified and excluded 

from the counts.  

7. Are senior scientists always co-

authors of papers by their research 

students? 

Not always. Include ‘missing’ papers of senior scientists whenever 

appropriate; analyse groups rather than individuals. 

 

Thomson Scientific/ISI Citation Index: coverage, biases 

8. Why use the ISI Citation Indexes 

for CA? 

It is the only database currently available covering all sciences over 

several decades, including for each paper all authors, their institutional 

affiliations and all cited references. 

9. How complete is the coverage of 

the ISI Indexes? 

ISI covers about 7,500 of the most important journals, mainly selected 

on the basis of their citation impact. 

10. Do the ISI Indexes cover mainly 

literature written in English? 

Yes. But in science English is the dominant language on the 

international research front. 

11. How can one assess in an 

objective way the extent to which 

the ISI Citation Indexes cover a 

group’s sub-field?  

Determine from a group’s and similar papers the extent to which they 

cite journals processed for the ISI Index. 

12. How well do the ISI Indexes 

cover written communication in 

science disciplines? 

It is excellent in most medical-biological sciences, physics and 

chemistry, and good in geosciences, mathematics, applied sciences 

and engineering. 

13. How well do the ISI Indexes 

cover written communication in 

social sciences and humanities? 

It is good in psychology, other social sciences related to medicine, and 

economics, and moderate in other social sciences and humanities 

 

14. How should one assess groups in 

science fields with good but not 

excellent ISI coverage, particularly 

in applied sciences and engineering? 

The target (=cited) and source (=citing) universe may be expanded 

with publications in proceedings, books and other important non-ISI 

sources. 
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15. How should one assess research 

performance in fields with moderate 

coverage, particularly in social 

sciences and humanities? 

It is proposed to give the ISI Citation Index a limited role or no role at 

all and to apply other types of techniques. 

 

General validity issues 

16. Scientists have many tasks and 

duties, and CA does not take all of 

these into account. 

Bibliometric analysis assesses the contribution on the international 

research front, but it does not follow that other aspects are irrelevant. 

17. Authors cite from a variety of 

motives, some of which may have 

little to do with research ‘quality’. 

CA does not capture the motives of individuals but their consequences 

at an aggregate level.  

18. Do biases cancel out when 

analysed data samples are 

sufficiently large? 

Individual vagaries in referencing behaviour cancel out, but systematic 

biases must still be taken into account. 

19. Has CA a US bias because US 

scientists excessively cite other US 

colleagues? 

There is no conclusive evidence for this claim. A crucial issue is which 

norm one applies. 

20. Does CA provide an objective 

measure of research quality?  

No. Bibliometric indicators measure impact rather than quality; 

measuring and valuing citation impact are analytically distinct. 

21. Is CA invalid because most 

papers are uncited? 

Uncitedness depends on type of paper, time window and discipline, and 

can be less than 10%. 

22. Does ‘delayed recognition’ or 

‘the Mendel effect’  (van Raan 

2004b) make CA invalid? 

No. Delayed recognition occurs in exceptional cases. Changes in a 

research community’s perceptions are reflected in citation impact. 

23. After some time, fundamental 

scientific work becomes decreasingly 

and then rarely cited (obliteration by 

incorporation). 

This is not a problem if CA relates to citation impact generated over a 

shorter term (e.g. a 5-10 year period). 

24. To what extent are citation 

counts affected by mutual citation 

arrangements? 

This is difficult to assess. New indicators can relate citation impact to 

socio-cognitive distance between citing and cited paper. 

25. Are scientists in large fields cited 

more often than those in smaller 

ones? 

Means tend not to depend on field size, but extremes of citation 

distributions do. 

26. Does CA undervalue 

multidisciplinary or interdisciplinary 

research? 

New bibliometric methods provide dedicated approaches to 

multidisciplinary or interdisciplinary research. 

27. Does CA overvalue 

methodological papers? 

Methodological contributions play an important role in scientific 

research, and many are ‘normally’ cited. 

28. To what extent is CA affected by 

‘negative’ citations? 

Citation context studies have found low proportions of negative 

citations, but controversial papers may be highly cited. Hence, citation 

impact must be valued using expert knowledge. 
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Indicators and their validity 

29. How does CA take into account 

differences in citation practices 

among disciplines? 

A normalised impact indicator relates a group’s citation impact to the 

world citation average in the sub-fields in which it is active. 

30. Can journal impact factors be 

used to assess publication 

strategies? 

Normalised journal impact measures can be used to properly assess a 

group’s journal set. 

31. Is CA of individual papers 

unnecessary and the use of journal 

impact factors sufficient? 

No. Journal impact is a performance aspect in its own right, but cannot 

be used to predict actual citation impact. 

32. Does CA give only a static 

picture? 

No. Application of appropriate publication and citation time windows 

provides informative impact trend data. 

33. Does CA give only a historical 

picture? 

No. CA assesses past performance, but may focus retrospectively on 

accountability of past activities and prospectively on future potential. 

34. Is CA biased in favour of older 

researchers with long scientific 

careers? 

Not necessarily. ‘Lifetime’ citation counts tend to be biased, but 

analysis may focus on performance during the more recent past. 

35. Does CA give only a snapshot of 

a group’s performance?  

Not necessarily. A time period comprising two PhD student generations 

(8-10 years) is generally appropriate. 

36. Citation distributions are 

skewed. 

 

Highly cited papers are flags or symbols of research groups’ ensembles 

and their programmes; other parameters of the citation distribution 

can be calculated as well.  

37. Are aggregate statistics useful? Aggregate statistics are useful for an overview, but breakdowns along 

various dimensions are essential. 

38. Outcomes of CA of science 

groups may be distorted by 

‘national’ journals covered by ISI. 

This is true, although the number of national science journals is 

limited. They can be removed from the analysis. 

39. Which data are indispensable for 

a proper interpretation of 

bibliometric indicators? 

A list with complete bibliographic information about a group’s most 

frequently cited publications. 

 

General issues of interpretation and use 

40. To what extent can CA assess 

the research performance of an 

individual scientist? 

Performance of individual scientists and the impact of the papers they 

have (co-)authored relate to two distinct levels of aggregation. 

41. To what extent are outcomes of 

CA influenced by scientific 

collaboration among research 

groups? 

Bibliometric analysis should and can take into account scientific 

collaboration among individuals and research groups. 

42. Is it appropriate to use CA as 

the principal tool in decisions on 

promotion or salaries of individuals? 

No. This formulaic use of CA should be discouraged. It discredits CA as 

a whole. 

43. What are the important criteria 

for proper use of CA in a policy 

context? 

Use of CA is more appropriate the more it is formalised, open, 

scholarly founded, enlightening and supported by background 

knowledge. 

44. Does CA make expert knowledge On the contrary – interpretation of citation statistics requires expert 
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superfluous? knowledge. 

45. Can CA replace peer 

judgements? 

Not entirely. CA can be a valuable additional tool in peer reviews of 

research performance. 

46. Is CA a tool for peers only? No. CA can also be used by policy-makers to monitor and evaluate 

peer review processes. 

47. What is the role of CA in 

research evaluation? 

CA itself does not evaluate. Evaluating agencies should express their 

notion of scientific quality. 

(all above tables derived from Moed 2005, pp. 35-9) 

 

From experience of the application of bibliometric indicators, including in the UK, 

the following practical conclusions can be drawn: 

 

* Bibliometric evaluations of public research organisations often tend to produce 

fiercely debated outcomes that are politically sensitive, as institutions’ prestige is 

at stake and institutions – especially universities – become more and more 

competitive, particularly within the European context.  

* For accuracy of data collection it is essential to have sufficient background 

knowledge of the institutions to be assessed, and of the publication practices of 

their researchers. 

* Data on the institutional affiliations of authors of scientific articles included in the 

CI are often found to be incomplete and/or inaccurate. Not all articles list the 

institutional addresses of their authors. The names of many organisations may 

appear in large numbers of variations. 

* From the point of view of ‘best practice’ and ‘good policy’ it is appropriate to 

involve senior representatives of organisations subjected to bibliometric analysis 

in the bibliometric study. 

* Thomson Scientific/ISI reformats and unifies (de-duplicates) institutional 

addresses to some extent, particularly for US institutions. These internal 

reformatting and unification procedures are not sufficient, and have to be 

improved by bibliometric research and design (R&D) groups. One typical 

example is that the names of two distinct Belgian universities – the Flemish Vrije 

Universiteit Brussel and the French-speaking Université Libre de Bruxelles – are 

converted into one single entry in the CI system, ‘Free University Brussels’. 

Hence publications from these two institutions cannot be separated merely on 

the basis of addresses appearing in the CI. Such errors cannot be easily 

detected.  

* Even if problems like the above example have been solved, it is often still not 

clear how an organisation must be properly institutionally defined. In particular, 

the role of affiliated institutes or umbrella organisations is problematic. For 

 46



instance, in some countries ‘academic’ hospitals are part of the parent university, 

whereas in other countries they are separate entities.  

* Authors do not always give full information about their affiliations. In some 

cases, authors from research institutes operating under the umbrella of a parent 

research council give only the name of the institute, sometimes just the name of 

the parent organisation, and sometimes both. A similar situation occurs for 

authors in research institutes of a national research council located in a 

university, a common phenomenon in France and Italy for instance. 

* In numerous cases it is extremely difficult to capture all variations under which 

an institution’s name may appear in addresses in scientific publications. Even if a 

bibliometric R&D group has put great effort into unifying institutional names, it 

cannot be claimed that such unification will be free of error; nor do we include 

the most recent name variations and acronyms. 

 

Feller and Gamota (2007) remark that those who have studied the use of metrics in 

science policy have tended to be concerned more with issues of accuracy, validity 

and reliability (Nederhof 1988), and less with asking how metrics is used in 

decision-making. We think this might be the case for the ‘coarser’ science indicators 

such as output and impact trends at national level, but certainly not for the 

bibliometric indicators discussed in this report. As illustrated in this section, 

methodological and technical aspects such as data accuracy and validity are directly 

linked with aspects of applicability. Chapter 4 focuses extensively on issues around 

the application of indicators in everyday practice. 

 

3.4  Implications for the social sciences and humanities 

 

The application of bibliometric indicators is a matter of achieving a balanced 

assessment, particularly in the social sciences and humanities. Here, more than in 

the natural and medical sciences, ‘local’ and ‘national’ orientations (Peritz 1983; 

Nederhof and Zwaan 1991; Kyvik and Larsen 1994) are present, and there may be 

less consensus about what constitutes successful scientific approaches. Scientific 

publication practices are also less standardised in many parts of the social sciences 

and humanities than they are in the exact sciences. The structure of the written 

scholarly communication system does not often show a clear core-periphery 

structure, and the role of international peer-reviewed journals is less important 

than it is in the exact sciences. English is not always a dominant language, and 

journals may even be multilingual. 
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Application of indicators at the level of individual scientists is often statistically 

problematic, but especially in the social sciences and humanities, where the number 

of citations is generally an order of magnitude lower than in the natural and 

medical sciences. Furthermore, what is an acceptable length for the ‘citation 

window’? For some social sciences and most fields in the humanities it may be 

desirable to use a considerably longer citation window (e.g. 5-6 years) than in the 

natural sciences and medical fields (3-4 years).  

 

We also see differences in orientation within the social sciences and humanities, 

and publication and citation characteristics may vary widely among the different 

fields. Often these differences are related to research cultures such as teamwork 

versus individual research. For instance, the internationally oriented publication 

culture of experimental psychologists is in sharp contrast to that of often ‘locally’ 

oriented sociologists. Meertens et al (1992) found in social psychology that books 

and book chapters constitute about one-third of all Dutch social psychology 

publications. These non-CI publications, however, can be quite well cited in articles 

in CI-covered journals. So with appropriate analytical routines, their impact can be 

estimated. Thus, we caution against all-too-easy acceptance of the persistent 

characterisation of the social sciences and humanities as being ‘bibliometrically 

inaccessible’ (van Leeuwen 2006). Furthermore, comparison with a European 

benchmark is an effective means of coping with a possible US bias in the CI, 

particularly for the social sciences and humanities. 

 

As a general principle, monographs, doctoral theses and multi-authored books are 

important sources of written communication in many disciplines of the social 

sciences and humanities, and therefore should not be omitted in a comprehensive 

assessment of publication output. We recommend the following general approach in 

social sciences and some humanities fields: collect complete publication lists of 

academic staff involved, and carry out an expanded citation analysis (Moed 2005). 

Whereas a standard bibliometric analysis takes into account only citations to target 

articles in CI-covered journals, an expanded analysis also determines the citation 

impact of non-CI documents, in particular books and contributions to edited 

volumes such as conference proceedings. Expanded analyses are discussed in more 

detail below.  

 

For the humanities we recommend developing alternative, non-citation based 

measures of impact or availability, e.g. by analysing the extent to which books 

published by an academic staff member are included in the collections of 
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scientific/scholarly research libraries all over the world. Although many databases 

are available covering scholarly output in the social and behavioural sciences and 

the humanities, they have several properties that make them less suitable for 

calculating bibliometric indicators: 

 

* It may be unclear which bibliographic sources are processed. 

* Criteria for selection of sources may be unclear. 

* The database may have national or geographical biases. 

* Large numbers of processed documents do not carry institutional affiliations of 

authors. 

* Even if documents contain authors’ addresses, database producers may not 

include them in the database. 

* Important data elements – even journal titles and country names – may not be 

standardised. 

* To the best of our knowledge none of the major databases include cited 

references. 

* Many databases are available only through host computers that offer only 

limited statistical/counting facilities. Their use may also be expensive.  

 

We propose the following approach to assessing the possible added values of non-

CI sources for comparative bibliometric analyses within the social sciences and 

humanities. First, for all social science fields the CI-coverage needs to be examined. 

In particular, a trend analysis is important to observe changes in publication culture 

in terms of CI coverage. Recent studies (see Section 3.5) show that CI coverage of 

psychology and economics tends to be reasonably good and has been increasing in 

recent years. Secondly, for a selected, limited set of fields other databases than the 

CI can be explored (e.g. ECONLIT, Psychological Abstracts, Sociological Abstracts).  

 

Major parts of linguistics and experimental psychology are nowadays approaching 

more and more the publication behaviour of the natural sciences (Nederhof 2006). 

So to a considerable extent, the problem of the applicability of bibliometric analysis 

in the social sciences and humanities boils down to CI-journal coverage. As an 

illustration of the applicability of bibliometric indicators in the social sciences, 

Figures 3.1-3.3 present the same standard indicators for UK research in the field of 

psychology as Figures 2.1-2.3 in Section 2.3 for the basic life sciences and for 

physics and materials sciences. 
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Figure 3.1: Trend of output and impact for psychology, 1997-2006 
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Figure 3.2: Trend of normalised impact for psychology, 1997-2006 
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Figure 3.3: Trend of visibility for psychology, 1997-2006 
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high proportions in engineering, mathematics and physics. Definitions of fields and 

groupings of fields are discussed in more detail in Section 4.1. 

 

Basic assumptions underlying this study were that the documents cited in CI source 

journals constitute the cognitive base on which papers published in these journals 

are built, and that an analysis of cited references may provide insight into the 

structure of the scholarly communication system and the extent to which it is 

covered by CI source journals. A first attempt was made to operationalise the 

concept of adequacy of coverage of the ISI Citation Indexes in the following way. 

For all CI source papers assigned to a broad domain, the cited references were 

collected – i.e. the documents cited in the lists of references of these papers. The 

next step was to determine the percentage of cited references published in journals 

processed for the CI. This percentage is seen as an internal adequacy of coverage 

indicator. If the CI completely covered a broad domain, one would expect that all 

cited references would be published in journals processed for the Indexes. In such a 

case, the adequacy of coverage indicator would amount to 100%.  

 

Table 3.1: Internal coverage percentages of the Thomson Scientific/ISI Citation 

Indexes 

Internal coverage percentage 

80-100% 60-80% 40-60% <40% 

Mol biol & biochem  Appl phys & chem Mathematics Other soc sci 

Biol Sci – humans Biol sci – anim & plants Economics Humanities & arts 

Chemistry Psychol & psychiat Engineering  

Clinical medicine Geosciences   

Phys & astron Soc sci in medicine   

 

The outcomes are presented in Table 3.1. They show that in the main field 

engineering, the role of journals is less prominent than it is in basic science fields 

such as physics and chemistry, and that the CI source journals cover the former 

field less adequately than the latter two. For instance, in the broad domain 

molecular biology and biochemistry, the internal CI coverage percentage exceeds 

90%, and for physics and chemistry it is between 80 and 85%, whereas for 

engineering it was found to be nearer 50%.  

 

A tentative classification (presented in Table 3.2) was built of four types of 

bibliometric studies as a function of the adequacy of CI coverage in the field of 

inquiry. Essentially, this classification represents a central hypothesis underlying 

past – and particularly future – research and applied work in the field of research 

performance assessment at CWTS. This research includes further operationalising 

 52



the concept of adequacy of CI coverage in various scientific or scholarly research 

fields. In Table 3.2, the categorisations of CI coverage are purely qualitative and 

need to be further quantified in future research. The current study aims at 

providing a substantial contribution in this direction.  

 

Table 3.2: Four types of bibliometric studies 

Type Label Target/cited Source/citing CI coverage Internal 

coverage % 

(tentative) 

1 ‘Pure’ CI CI CI Excellent 80-100% 

2 Target-expanded 

citation analysis 

CI + non-CI CI Good 60-80% 

3 Source-expanded 

citation analysis 

CI + non-CI CI + non-CI Moderate 40-60% 

4 No citation 

analysis at all 

  Poor <40% 

 

In order to further explain this classification, some technical terms need to be 

explained. A citation impact analysis should distinguish a citing or source side and a 

cited or target side. Target articles are those that are subjected to a citation 

analysis. Source articles are documents from which cited references are extracted. 

The total collection of cited references in source articles constitutes the universe 

within which citation counting takes place. Articles not included in this universe 

cannot contribute to the citation counts of a target article, even if they actually cite 

that target, as the citation is not recorded in the database. On the other hand, 

target articles not published in source journals may be cited in other papers from 

the citing or source universe.  

 

According to the tentative classification in Table 3.2, for fields with excellent CI 

coverage, where the internal coverage percentage is typically between 80 and 100, 

it is generally sufficient in a citation impact analysis to take into account as target 

articles only those that are published in CI source journals, and to use the total 

collection of cited references in CI source journals as the citation universe. This 

type of analysis is labelled in Table 3.2 as a ‘pure’ CI analysis.  

 

If a field’s CI coverage is not excellent, but nevertheless qualifies as good, with 

internal coverage percentages typically between 60 and 80, the scheme suggests 

expanding the collection of target articles in the ‘pure’ CI analysis by including 

target articles that are not published in CI source journals. This is a target-

expanded citation analysis (Type 2 in Table 3.2). A recent pilot study on research 
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activities in computer science at the Flemish Free University of Brussels explored 

this approach. The assumption in this approach is that, although the collection of 

source (citing) documents is incomplete, their cited references may still provide 

reliable citation impact estimates, to the extent that the CI source articles 

constitute a representative sample of a wider population of citing sources. For 

instance, if a limited number of important journals or proceedings volumes in a field 

are not covered by CI, but CI coverage still qualifies as good, it can be expected 

that papers published in these non-covered media are on average sufficiently 

frequently cited in CI source journals to be able to assess their impact.  

 

If a field’s CI coverage is moderate, with internal coverage percentages typically 

between 40 and 60, it becomes questionable as to whether an assumption of the 

representativeness of cited references in CI source journals is still valid. For 

instance, if the proceedings of annual international conferences play a dominant 

role in the communication system of a field, there is likely to be heavy citation 

traffic among proceedings of annual conferences from subsequent years. If such 

proceedings are not covered by the CI, these citation relationships remain invisible, 

as citations are merely extracted from CI source journals. In this case, it seems 

appropriate to expand the universe of citing sources to include articles in 

proceedings volumes from a range of subsequent years. Such an approach is 

labelled as a source-expanded citation analysis (Type 3 in Table 3.2). A recent, 

real-life example of a source-expanded bibliometric study in computer science is 

presented in the next section (Section 3.6). 

 

Finally, if CI coverage in a field is poor, with internal coverage percentages below 

40, it is questionable whether it is useful to conduct a citation analysis based on CI 

data, even if the target or source universes are expanded. This is particularly the 

case in fields that are fragmented into schools of thought and hampered by national 

or linguistic barriers. In such fields, alternative approaches not based on citation 

data are likely to be more fruitful than citation impact analyses. 

 

The extent to which cited references in the Web of Science are themselves 

published in journals covered by this database forms an indicator of CI coverage for 

the fields concerned (for a detailed discussion of the definition of fields and 

groupings of fields, see Section 4.1). The procedure is as follows. For all CI-covered 

publications in a specific field, an analysis is made of which references not older 

than 10 years cited in these publications are also CI covered, so that the 

percentage of CI-covered references can be determined. This approach shows that 
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CI coverage tends to be very good to excellent in physics, chemistry, molecular 

biology and biochemistry, biological sciences related to humans, and clinical 

medicine. CI coverage tends to be good in applied physics and chemistry, 

engineering sciences, biological sciences related to animals and plants, geosciences, 

mathematics, psychology and psychiatry, and other social sciences related to 

medicine and health. CI coverage was found to be moderate in other social 

sciences, including sociology, political science, anthropology and educational 

sciences, and particularly in humanities. CI coverage does not normally include 

proceedings of international conferences, although these sources are important 

(written) communication channels, particularly in the applied and technical 

sciences.  

 

Table 3.3: Estimated CI coverage (1991-2006), based on the extent to which 

references within CI-covered publications are also CI covered  

Field 1991 1996 2001 2006 

 

MEDICAL AND LIFE SCIENCES 

AGRICULTURE AND FOOD SCIENCE 66% 66% 73% 75% 

BASIC LIFE SCIENCES 87% 89% 93% 93% 

BASIC MEDICAL SCIENCES 76% 75% 80% 84% 

BIOLOGICAL SCIENCES 72% 74% 80% 82% 

BIOMEDICAL SCIENCES 86% 87% 90% 90% 

CLINICAL MEDICINE 82% 82% 85% 85% 

HEALTH SCIENCES 50% 47% 57% 62% 

 

NATURAL SCIENCES 

ASTRONOMY AND ASTROPHYSICS 75% 79% 82% 86% 

CHEMISTRY AND CHEMICAL ENGINEERING 77% 80% 86% 88% 

COMPUTER SCIENCES 38% 37% 42% 43% 

EARTH SCIENCES AND TECHNOLOGY 60% 60% 69% 74% 

ENVIRONMENTAL SCIENCES AND TECHNOLOGY 46% 46% 55% 62% 

MATHEMATICS 58% 57% 58% 64% 

PHYSICS AND MATERIALS SCIENCE 75% 78% 81% 84% 

STATISTICAL SCIENCES 49% 46% 52% 58% 

 

ENGINEERING SCIENCES 

CIVIL ENGINEERING AND CONSTRUCTION 37% 33% 34% 45% 

ELECTRICAL ENGINEERING AND TELECOMMUNICATION 54% 52% 52% 53% 

ENERGY SCIENCE AND TECHNOLOGY 54% 48% 53% 59% 

GENERAL AND INDUSTRIAL ENGINEERING 42% 37% 44% 54% 

INSTRUMENTS AND INSTRUMENTATION 67% 62% 71% 69% 

MECHANICAL ENGINEERING AND AEROSPACE 58% 53% 57% 64% 

 

LANGUAGE, INFORMATION AND COMMUNICATION 
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INFORMATION AND COMMUNICATION SCIENCES 32% 28% 29% 32% 

LANGUAGE AND LINGUISTICS 26% 33% 43% 40% 

 

SOCIAL AND BEHAVIOURAL SCIENCES 

ECONOMICS AND BUSINESS 35% 36% 35% 43% 

EDUCATIONAL SCIENCES 27% 31% 30% 36% 

MANAGEMENT AND PLANNING 23% 24% 27% 36% 

POLITICAL SCIENCE AND PUBLIC ADMINISTRATION 17% 18% 20% 24% 

PSYCHOLOGY 59% 59% 66% 72% 

SOCIAL AND BEHAVIOURAL SCIENCES, INTERDISCIPLINARY 33% 34% 36% 40% 

SOCIOLOGY AND ANTHROPOLOGY 22% 27% 29% 34% 

 

LAW, ARTS AND HUMANITIES 

CREATIVE ARTS, CULTURE AND MUSIC 17% 14% 16% 14% 

HISTORY, PHILOSOPHY AND RELIGION 24% 23% 25% 27% 

LAW AND CRIMINOLOGY 27% 32% 32% 31% 

LITERATURE 14% 12% 11% 11% 

     

MULTIDISCIPLINARY JOURNALS 78% 83% 87% 87% 

 

Table 3.3 shows the estimated CI coverage in four separate publication years 

(1991, 1996, 2001, 2006). For each of these years, the references covering the 

previous 10 years have been analysed. Over this period of around 15 years (1991-

2006), we see a substantial increase (>10%) of estimated CI coverage for health 

sciences, astronomy and astrophysics, chemistry and chemical engineering, earth 

sciences and technology, environmental sciences and technology, language and 

linguistics, psychology, and sociology and anthropology. Remarkably, a decrease is 

observed for creative arts, culture and music, and for literature. In Figure 3.4, 

graphical presentations of these empirical results are shown for the major fields.  
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(c) Engineering sciences 
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(e) Language, communication and information, and law, arts and humanities 

Figure 3.4: Coverage development of UK research output, 1991-2006 

(a) Medical and life sciences, (b) Natural sciences, (c) Engineering sciences, (d) Social and behavioural 

sciences, (e) Language, communication and information; and law, arts and humanities. 

Purple indicates the percentage of non-CI references, light blue the percentage of CI references. 

 

Most fields show an increasing CI-coverage percentage of references over the 

period 1991-2006. The most recent observations (2006) are summarised in Figure 

3.5. 

 

It is interesting to note that in our recent studies (CWTS 2007), many engineering 

universities figure at the forefront of rankings and highly cited universities (e.g. 

MIT, CALTECH, Carnegie Mellon, Stanford University, Georgia Institute of 

Technology). In the Netherlands, the most-cited university is a technical university 

(TU Eindhoven), while the Technical University of Munich is a very high-ranking 

German instance. Thus, even if overall CI coverage in the engineering main field is 

modest, this does not prevent technical universities from excelling within a ‘pure CI’ 

type of analysis.  
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Figure 3.5: Coverage of UK research output per field, 2006 
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3.6 Case study of source-expanded analysis in computer science 

 

A recent source-expanded citation analysis of Netherlands research papers in 

academic computer science was carried out in the following way (Moed and Visser 

2007). The CI database created by the CWTS was expanded with source meta-data 

and cited references from articles in proceedings of international conferences 

published by: 

  

• Springer, in its Lecture Notes in Computer Science. It should be noted that 

particularly prior to 2003 only a selection of the LNCS volumes were CI covered 

• the Association for Computing Machinery; the proceedings of over 200 recurring 

conferences are made available as part of the ACM Digital Library  

• the Computer Society of the Institute of Electrical and Electronics Engineers 

(IEEE).  

 

Technical processing involved collecting relevant full-text documents mostly in PDF 

format, converting them from PDF to text format, parsing these text documents 

and extracting their reference lists. The bibliographic details uncovered in this way 

were then integrated with the CWTS-CI database. Citations from conference papers 

to journal articles and vice versa were identified, as well as citation linkages within 

the conference literature. Around 160,000 source articles were added covering the 

years 1996-2004, and over 1.6 million cited references contained within them. In 

this way, the total number of computer science articles in the compound database 

articles increased by 66% compared with those already included in the CI.  

 

The pilot study concluded that expanding the CWTS-CI database with conference 

proceedings sources is technically feasible, provided their meta-data (including 

cited reference lists) are available in electronic form. However, it involves a lot of 

elementary data processing. The amount of work depends on the nature and 

quality of the relevant meta-data of articles from these sources. Although 

substantial progress was made in the pilot study, some technical issues related to 

data collection and elementary data-handling have not yet been fully resolved. The 

results obtained in the study underline the importance of conference proceedings – 

particularly ACM, LNCS and IEEE proceedings volumes – in terms of the citation 

impact generated by these volumes on both proceedings and journals. For the 

proceedings volumes analysed in this study, the Source Citation Rate, an ‘impact 

factor-like’ citation impact measure, was on average almost as high as for annual 

journal volumes. 
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The pilot study created a database of the publications of Netherlands academic 

computer scientists during the period 1996-2001. Before the inclusion of additional 

conference proceedings, 25% of Netherlands computer science papers were 

included in the CWTS-CI database. The expansion of the database raised this figure 

to 35%. As the number of additional conference papers by which the database was 

expanded increased sharply over time, the coverage rate increased as well, from 

22% in 1996 to 41% in 2001. The coverage rate of Netherlands computer science 

papers can be expected to increase further for the period 2002-2006. Substantial 

differences in coverage were found among sub-fields of computer science. 

Researchers from sub-fields with a low coverage criticised the study, and claimed 

that more sources should be added to the database. 

 

It is unrealistic to assume that source-expanded analyses can be carried out on a 

large scale in the HEFCE study. From a pragmatic point of view, it is worthwhile 

considering carrying out at least a target-expanded analysis for fields with 

moderate CI coverage, to take into account as targets in the citation analysis not 

merely those papers published in CI-covered journals, but also articles in 

conference proceedings and books. It must be emphasised, however, that this 

approach requires more effort than a ‘pure’ CI analysis. The main reason for this is 

that a citation analysis of proceedings articles and other types of papers not 

published in CI source journals requires a substantial amount of manual effort, to 

be undertaken using a combined automated and manual approach.  
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4. Application of bibliometric indicators in everyday practice 

 

This chapter addresses important issues of how the bibliometric methodology can 

be applied in procedures that most optimally suit the academic environment. It also 

develops concrete, practical proposals for the elements of Aim B.  

 

4.1 Selecting the staff involved, definition of fields and interdisciplinarity 

 

Selecting the staff involved in evaluation 

Bibliometric evaluation of research institutions begins with a clear description of the 

‘target’: which groups or departments; which fields; who are the researchers 

involved in the evaluation and what is their relationship with these groups, 

departments or fields; and what is the time period of the evaluation. To begin with 

the last of these elements: we advise using a timeframe of 8-10 years. Groups or 

departments can be defined on the basis of the institutional structure, which means 

careful assignment of researchers to these groups or departments. In practice, 

however, this is not so simple. A metrics-based RAE has at least the following 

options for selecting staff: 

 

Option 1 – Invite institutions to submit only their ‘best’ researchers, as was done in 

earlier RAEs. 

Option 2 – Ask/require each institution to deliver per department a complete list of 

its permanent scientific staff appointed for at least some part of the time period of 

analysis. 

 

Carrying out Option 2 would undoubtedly involve much more effort than Option 1 

for both data collection and handling, and data analysis. But it would provide a 

more or less complete overview of the research performance of all staff members. 

This overview would enable the distribution of bibliometrically measured research 

excellence among staff members to be characterised in a relatively simple, 

straightforward way.  

 

A policy-relevant aspect also concerns the researchers involved in the bibliometric 

research assessment. Two main modalities can be distinguished: 

 

(1) Assessment based on the past performance of all researchers involved in the 

entire time period of the evaluation. This modality focuses on accountability of 

complete past performance. A further option is to focus only on senior researchers.  
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(2) Assessment based on the past performance of only those researchers who are 

still employed (e.g. at 1 January 2007) and will therefore most probably remain 

active in the near future. This option clearly focuses on assessment of future 

research potential. Here we also have the options ‘all researchers’, ‘only senior 

researchers’, or other choices.  

 

An additional facet of the focus on future research potential is the optional inclusion 

of earlier publications produced outside the target group or department by those 

researchers who have been appointed recently. It is also possible to include 

researchers who are formally retired but still actively contribute to research. Thus, 

the bibliometric research assessment method can be fine-tuned toward the 

objectives of an evaluation procedure.  

 

Definition of fields 

The lowest disciplinary CI-based aggregation level in the Web of Science system is 

the journal category, which we generally refer to as field. It is, by definition, a set 

of field-specific journals. The division of journals into categories (fields) and 

attribution of journals to specific categories are done by the producer of the Web of 

Science, Thomson Scientific/ISI. Journals may be attributed to more than one 

journal category, and thus may belong to more than one field. The basis for 

attributing a journal to a specific field is mainly the title and scope of the journal. 

Once this attribution is established, the journal category (=field) remains practically 

constant (in principle, new journals in a field will be added to the relevant journal 

category as soon as they have the ‘status’ of a CI-covered journal). In this sense, 

the Thomson-Scientific/ISI journal categories are robust and their definition is 

always clear.  

 

Of course, other groupings of journals into fields (for instance, newly emerging 

fields with special journals) are possible, and an interesting way of defining fields is 

to use the citation relationships between journals (van Raan et al 2003c). 

Groupings based on citation relationships, however, are less stable, because 

journals in related fields and multidisciplinary journals often have changing citation 

relationships with the ‘core’ journals of a field over the course of time.  

 

One special journal category is ‘Multidisciplinary Science’, containing journals such 

as Nature, Science, and Proceedings of the National Academy of Sciences of the 

USA. This multidisciplinary journal category is not in fact a field, as for instance 

astronomers may publish their results in Nature. But in a bibliometric analysis, 
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these astronomy publications will be attributed to the ‘field’ ‘Multidisciplinary 

Science’, as clearly illustrated by Figures 2.4, 2.5, 4.2 and 4.4. Therefore, it is 

important to develop data-analysis algorithms to enable attribution of these Nature 

astronomy publications to the correct field, astronomy and astrophysics. These 

algorithms may, for instance, be based on the most frequent field of the cited 

publications (references) in Nature. For an astronomy publication in Nature it is 

reasonable to say that most of its references will be to publications in typical 

astronomy journals, which thus belong to the field astronomy and astrophysics. But 

even here matters are not so simple. Often, the references in publications are in 

the same journals as the citing publications. Generally, ‘journal self-citation’ is a 

dominating part of the citation traffic among publications. Hence it is very possible 

that most of the references in the Nature astronomy publication will also be 

publications in Nature. Thus, field-attribution algorithms must be sufficiently 

sophisticated, and must be able to solve the problem of calculating an appropriate 

journal and field-normalisation.  

 

There are several ways to combine items from the lowest disciplinary aggregation 

level into larger disciplinary entities. There are about 250 fields, such as 

immunology, applied physics, plant sciences, zoology and so on. Next, we have 

aggregations of fields into six main fields, and also into around 35 major fields (see 

Table 4.1). This division into main and major fields is the same as that used in the 

empirical work on CI coverage of UK research presented in Table 3.3.  

 

Other divisions and definitions are possible, but some arbitrariness will always 

remain. Moreover, the system is not static: fields and their relationships will change 

over time, often because of interdisciplinary developments (Porter and Chubin 

1985). As noted above, citation patterns – particularly journal-to-journal citations – 

provide important empirical evidence to define and re-define the structure of 

science in terms of fields (van Raan et al 2003c). But these definitions are more 

dynamic and introduce problems in terms of stability. Nevertheless, it is possible to 

establish main and major fields that are more appropriate for HEFCE’s purposes, for 

instance by separating medical, biological and health sciences into separate main 

fields, and by taking computer science, mathematics and statistics out of the 

natural sciences to form their own main field.  

 

From practical experience (Tijssen et al 2006) we know that the use of 35 major 

fields works well at the national level and for large research institutions and 

organisations because it provides sufficient ‘disciplinary diversity’ without being too 
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detailed. (See Tijssen et al 2006 for a practical example of division into main fields, 

major fields and fields: Science and Technology Indicators 2005 – Netherlands 

Observatory of Science and Technology.) 

 

Field-normalisation always occurs at the level of the 250 fields, so normalised 

values at the level of the 35 major fields are averages over all fields that belong to 

a specific major field. At the highest aggregation level are the six main fields. These 

may be useful for HEFCE’s purposes to construct summary measures at this high 

level.  

 

C L IN IC A L  M E D IC IN E

A L L E R G Y
A N D R O L O G Y
A N E S T H E S IO L O G Y
C A R D IA C  &  C A R D IO V A S C U L A R  S Y S T E M S
C L IN IC A L  N E U R O L O G Y
C R IT IC A L  C A R E  M E D IC IN E
D E N T IS T R Y , O R A L  S U R G E R Y  &  M E D IC IN E
D E R M A T O L O G Y
E M E R G E N C Y  M E D IC IN E
G A S T R O E N T E R O L O G Y  &  H E P A T O L O G Y
G E N E T IC S  &  H E R E D IT Y
G E R IA T R IC S  &  G E R O N T O L O G Y
IN F E C T IO U S  D IS E A S E S
M E D IC A L  L A B O R A T O R Y  T E C H N O L O G Y
M E D IC IN E , G E N E R A L  &  IN T E R N A L
M IC R O S C O P Y
N U T R IT IO N  &  D IE T E T IC S
O B S T E T R IC S  &  G Y N E C O L O G Y
O N C O L O G Y
O P H T H A L M O L O G Y
O R T H O P E D IC S
O T O R H IN O L A R Y N G O L O G Y
P A R A S IT O L O G Y
P A T H O L O G Y
P E D IA T R IC S
P E R IP H E R A L  V A S C U L A R  D IS E A S E
R A D IO L O G Y , N U C L E A R  M E D IC IN E  &  M E D IC A L  IM A G IN G
R E S P IR A T O R Y  S Y S T E M
R H E U M A T O L O G Y
S U R G E R Y
T O X IC O L O G Y
T R A N S P L A N T A T IO N
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U R O L O G Y  &  N E P H R O L O G Y

Major field

fields

Journals:
ACTA GENETICAE MEDICAE ET GEMELLOLOGIAE
AMERICAN JOURNAL OF HUMAN GENETICS
AMERICAN JOURNAL OF MEDICAL GENETICS
ANIMAL BLOOD GROUPS AND BIOCHEMICAL GENETICS
ANNALES DE GENETIQUE
ANNALES DE GENETIQUE ET DE SELECTION ANIMALE
ANNALS OF HUMAN GENETICS
ATTI ASSOCIAZIONE GENETICA ITALIANA
BEHAVIOR GENETICS
BIOCHEMICAL GENETICS
CANADIAN JOURNAL OF GENETICS AND CYTOLOGY
CANCER GENETICS AND CYTOGENETICS
CARYOLOGIA
CHROMOSOMA
CLINICAL GENETICS
CURRENT GENETICS
CYTOGENETICS AND CELL GENETICS
CYTOLOGIA
DEVELOPMENTAL GENETICS
ENVIRONMENTAL MUTAGENESIS
EVOLUTION
GENE
GENETICA
GENETICA POLONICA
GENETICAL RESEARCH
GENETICS
GENETIKA
HEREDITAS
HEREDITY
HUMAN BIOLOGY
HUMAN GENETICS
HUMAN HEREDITY
IMMUNOGENETICS
INDIAN JOURNAL OF GENETICS AND PLANT BREEDING
JAPANESE JOURNAL OF GENETICS
JAPANESE JOURNAL OF HUMAN GENETICS
JOURNAL DE GENETIQUE HUMAINE
JOURNAL OF HEREDITY
JOURNAL OF IMMUNOGENETICS
JOURNAL OF MEDICAL GENETICS
JOURNAL OF MENTAL DEFICIENCY RESEARCH
JOURNAL OF MOLECULAR EVOLUTION
MOLECULAR & GENERAL GENETICS
MUTATION RESEARCH
PLASMID
SILVAE GENETICA
THEORETICAL AND APPLIED GENETICS
THEORETICAL POPULATION BIOLOGY
EGYPTIAN JOURNAL OF GENETICS AND CYTOLOGY
REVISTA BRASILEIRA DE GENETICA
ANNUAL REVIEW OF GENETICS
JOURNAL OF CRANIOFACIAL GENETICS AND DEVELOPMENTAL BIOLOGY
JOURNAL OF INHERITED METABOLIC DISEASE
PRENATAL DIAGNOSIS
ADVANCES IN GENETICS INCORPORATING MOLECULAR GENETIC MEDICINE
CHEMICAL MUTAGENS-PRINCIPLES AND METHODS FOR THEIR DETECTION
DNA-A JOURNAL OF MOLECULAR  & CELLULAR BIOLOGY
EVOLUTIONARY BIOLOGY
TERATOGENESIS CARCINOGENESIS AND MUTAGENESIS
TSITOLOGIYA I GENETIKA
ADVANCES IN HUMAN GENETICS
PROGRESS IN MEDICAL GENETICS
GENETICS SELECTION EVOLUTION
MOLECULAR BIOLOGY AND EVOLUTION
SOMATIC CELL AND MOLECULAR GENETICS
BIOTECHNOLOGY & GENETIC ENGINEERING REVIEWS
EXPERIMENTAL AND CLINICAL IMMUNOGENETICS
GENE ANALYSIS TECHNIQUES
JOURNAL OF MOLECULAR AND APPLIED GENETICS
JOURNAL OF NEUROGENETICS
TRENDS IN GENETICS
DISEASE MARKERS
ANIMAL GENETICS
GENETIC EPIDEMIOLOGY
JOURNAL OF GENETICS
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JOURNAL OF MOLECULAR EVOLUTION

Genetics & Heredity:
185 journals

 

 

Figure 4.1: Structure of a major field, fields and journals. Example: main field is 

medical and life sciences, major field is clinical medicine (from Van Raan 2007a) 

 

Figure 4.1 illustrates how a major field, clinical medicine (which is part of the main 

field medical and life sciences), comprises around 40 fields, and how one of these 

fields, genetics and heredity, is composed of around 185 journals.  

 

Table 4.1: Main (bold) and major fields of science  

MEDICAL AND LIFE SCIENCES 

AGRICULTURE AND FOOD SCIENCE  

BASIC LIFE SCIENCES  

BASIC MEDICAL SCIENCES  

BIOLOGICAL SCIENCES  

BIOMEDICAL SCIENCES  

CLINICAL MEDICINE  

HEALTH SCIENCES  

 

NATURAL SCIENCES 

ASTRONOMY AND ASTROPHYSICS  

CHEMISTRY AND CHEMICAL ENGINEERING  

COMPUTER SCIENCES  

EARTH SCIENCES AND TECHNOLOGY  

ENVIRONMENTAL SCIENCES AND TECHNOLOGY  

MATHEMATICS  

PHYSICS AND MATERIALS SCIENCE  

STATISTICAL SCIENCES  
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ENGINEERING SCIENCES 

CIVIL ENGINEERING AND CONSTRUCTION  

ELECTRICAL ENGINEERING AND TELECOMMUNICATION  

ENERGY SCIENCE AND TECHNOLOGY  

GENERAL AND INDUSTRIAL ENGINEERING  

INSTRUMENTS AND INSTRUMENTATION  

MECHANICAL ENGINEERING AND AEROSPACE  

 

LANGUAGE, INFORMATION AND COMMUNICATION 

INFORMATION AND COMMUNICATION SCIENCES  

LANGUAGE AND LINGUISTICS  

 

SOCIAL AND BEHAVIOURAL SCIENCES 

ECONOMICS AND BUSINESS  

EDUCATIONAL SCIENCES  

MANAGEMENT AND PLANNING  

POLITICAL SCIENCE AND PUBLIC ADMINISTRATION  

PSYCHOLOGY  

SOCIAL AND BEHAVIOURAL SCIENCES, INTERDISCIPLINARY  

SOCIOLOGY AND ANTHROPOLOGY  

 

LAW, ARTS AND HUMANITIES 

CREATIVE ARTS, CULTURE AND MUSIC  

HISTORY, PHILOSOPHY AND RELIGION  

LAW AND CRIMINOLOGY  

LITERATURE  

     

MULTIDISCIPLINARY JOURNALS  

 

As noted above, if organisations want to use their own specific division into 

disciplines into which all academic departments have to be fitted – which is possibly 

the case for the RAE – it is possible to restructure the set of journals into 

alternative fields, and the set of fields into alternative major and main fields. It is 

also possible to make a kind of concordance between a specific client-oriented 

disciplinary division and the bibliometric field structure discussed above.  

 

Interdisciplinarity 

A major problem is how to classify interdisciplinary research departments and 

institutes. As a noteworthy example we take the Netherlands Sea Research 

Institute (NIOZ). Figure 4.2 shows the research profile of NIOZ (van Leeuwen and 

Nederhof 2005). As a general observation, we can see immediately that the 

research performance of this institute is very good. Next, we see in the profile that 
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the two largest fields (in terms of number of publications in a field) are 

oceanography and marine and freshwater biology. Thus, for the biggest field, 

oceanography, the institute ‘belongs’ to the major field earth sciences and 

technology, which in turn belongs to the main field natural sciences. For the second 

largest field, marine and freshwater biology, the institute ‘belongs’ to the major 

field biological sciences, which is part of the main field medical and life sciences. 

And so on…  

 

Clearly, therefore, NIOZ belongs to at least both fields, both major fields and both 

main fields. So if this institute is part of a university (it is partly connected to the 

University of Utrecht), it will contribute to the total university – as well as to the 

Netherlands as a whole – in output and impact for biological sciences as well as for 

earth sciences and technology, as far as major fields are concerned, and for natural 

sciences and medical and life sciences as far as main fields are concerned. The 

obvious question now is whether this is also the intention of the university. In other 

words, would the university like to count such an institute in the medical and life 

sciences in terms of money division (i.e. cost-related) categories? The same 

problem arises at the national level.  
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FIELD 
 c/cf

OCEANOGRAPHY (1.30) 
MARINE & FRESHWB (1.77) 

GEOCHEM&GEOPHYS (1.40) 
ECOLOGY (1.23) 

GEOSCIENCES,MULT (1.56) 
ORNITHOLOGY (3.34) 

ENVIRONMENTAL SC (1.56) 
MICROBIOLOGY (1.74) 

MULTIDISCIPL SC (1.68) 
PLANT SCIENCES (0.93) 
PALEONTOLOGY (1.70) 

CHEMISTRY (3.35) 
BIOLOGY (2.05) 

ZOOLOGY (2.34) 
CHEM, ANALYTICAL (1.53) 

LIMNOLOGY (2.34) 
BIOCH & MOL BIOL (0.28) 
BIOTECH & APPL M (3.33) 

25 0 5 10 15 20

Share of the output (%)

 
 

Figure 4.2: Research profile (output, i.e. relative number of publications per field, 

and impact of these field-specific publications) of the NIOZ sea research institute 

1998-2002 (from Van Leeuwen and Nederhof 2005; Van Raan 2007a) 

 

A sea research institute is a typical interdisciplinary example, but in practice the 

above-discussed problem will show up in almost all academic departments, even 

where it might be thought that research activities take place in a somewhat 

monodisciplinary situation. For instance, in an astronomy department (which might 

be thought of as very monodisciplinary) publications may relate to the creation of 

organic molecules in planetary atmospheres, the existence of pre-biological 

molecules in meteorites, or the detection of X-ray radiation from distant galaxies. 

Thus the work of these astronomers will contribute to the fields of astronomy and 

astrophysics (major field is the same as the field, astronomy and astrophysics; 

main field natural sciences), organic chemistry (major field chemistry and chemical 
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engineering; main field natural sciences), biology (major field biological sciences; 

main field natural sciences) and applied physics (major field physics and materials 

science; main field natural sciences). Citations to the X-ray work of astronomers 

may even come from clinical medicine. 

 

It is reasonable that a university with the above astronomy department would want 

to classify this department, and thus all of its research output, simply as 

astronomy. But the point we wish to stress is that this same astronomy department 

will nevertheless also contribute to the output of the university (and the country) in 

organic chemistry, biology and applied physics. Conversely, an organic chemistry 

department may publish results relevant to atmospheric reactions in an astronomy 

journal, and thus a non-astronomy department may provide its university with an 

astronomy output even though this university does not have astronomy at all, and 

may not even want to have it for strategic reasons or whatever.  

 

It is important to note that the situations outlined above are also relevant for 

computer science and engineering. In other words, a main field such as engineering 

does not necessarily represent all or even most of the output of engineering 

departments in universities.  

 

Scientists are undoubtedly aware of this complicated situation (because they and 

they alone choose the journals, and with that the fields, in which they publish). We 

therefore propose a matrix structure in which mainly cost-related disciplines are 

defined by the universities or HEFCE. In our example the astronomy department 

would belong entirely to astronomy in these cost-related disciplines, or maybe to a 

broader discipline such as physics and astronomy). In the other dimension are 

the bibliometrical fields (or major fields, or main fields); here, the astronomy 

department would also contribute to chemistry etc. We propose using the major 

fields (about 35) as the bibliometric disciplinary entities for future metrics-based 

RAEs.  

 

4.2 Data collection and assignment of researchers to major fields 

  

Data collection is a crucial part of a bibliometric research performance assessment 

project, as the quality of the indicator calculations depends entirely on the quality 

of data collection. We propose allocating each individual researcher to a single 

‘dominating’ major field on the basis of their institutional affiliations and/or 

publication output. For instance, astronomers with some publications in organic 
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chemistry will still have most of their publications in astronomy, so they will be 

allocated to the major field astronomy and astrophysics. In the next step, 

departments/groups can be allocated to fields on the basis of the disciplinary 

categorisation of their staff members. This means that in the disciplinary 

categorisation of the astronomy department example, chemistry and chemical 

engineering will most probably disappear as one of the ‘secondary’ major fields. 

However, this important information will not be lost, because in the research profile 

of this department as a whole all relevant fields (and with them the major and main 

fields) will inevitably show up.  

 

Generally, we can distinguish three basic techniques to collect all relevant data for 

assigning staff and for the subsequent collection of bibliometric data. As these 

approaches have been developed over long experience of bibliometric evaluation 

studies, they can be applied efficiently, thereby decreasing the burden for target 

institutions considerably.  

 

Method A concerns the collection of publication and citation data via a bibliometric 

data system on the basis of the names of all researchers involved, followed by 

verification of the identified publications. Specific allocation codes can be added to 

the names of the researchers to make different aggregations possible, such as unit, 

group, division, department, institute, institution. A simple example is given in 

Table 4.2. Other relevant variables such as academic rank, sex and age can be also 

added to each name, again by use of simple codes. These additional data allow 

further important secondary analyses, particularly correlations between bibliometric 

and non-bibliometric data.  

 

Table 4.2: Example of institutional data collection by method A 

Academic staff Appointment dates Appointment FTE 

(0.0-1.0) 

Main 

institution 

Department/ 

institute 

(code) Surname Initials Starting 

date 

Ending date  

Univ 

Cambridge 

Astron Inst Lowry C.M. 01-10-1999 31-12-2006 0.6 

Etc.       

 

In Method B, citation data are collected for a complete set of publications already 

verified by the institutions. Both methods are suitable for a detailed evaluation.  
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In Method C, publication and citation data are collected on the basis of institutional 

addresses. This method is suitable for a broad survey which allows a first 

assessment of research performance, but not for detailed evaluation.  

 

Method C looks rather simple, but it confronts us with one of the major technical 

problems in bibliometric analysis. Data collection on the basis of institutional 

addresses mentioned in the headings of publications is not at all easy. Universities, 

with their faculties and institutes, are complex organisations with many linkages to 

related institutions. It is a far from simple task to define universities in terms of the 

addresses of all their institutes, often located in nearby suburbs and even in distant 

towns. Even the entire ensemble of all publications of a university never provides 

its full address structure. Therefore, additional information on addresses of 

universities and research institutions has to be collected, for instance via websites.  

 

As well as the publications data of the target research groups, a bibliometric 

analysis needs the following further data collection: 

  

(1) Data on each publication citing the publications of the target groups in the 

given time period.  

(2) Data on each publication citing all publications in the journals in which 

publications of the target groups have been published, in the given time period, 

in order to calculate journal-normalised indicators. 

(3) Data on each publication citing all publications in the fields to which 

publications of the target groups belong, as defined according to the CI-

covered journal categories, in the given time period, in order to calculate field-

normalised indicators.  

 

On the basis of the data collected as described above, we can now calculate all 

standard indicators, for any desired level of aggregation. This process is described 

in the next section. 

 

4.3 Data analysis, normalisation, aggregation level and additional 

indicators 

 

The level of aggregation may range from research groups to departments or 

institutes, as far as is made possible by the allocation codes provided by the target 

institutions, up to the entire country. Additional bibliometric data on journals and 

fields as described in the previous section allow all necessary normalisations. 
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Bibliometric indicators as described in this report are completely standardised, so 

that comparison between different time periods and even between different fields is 

possible. They can also be updated regularly. The ‘roof-tile’ method of overlapping 

year blocks for trend analysis (see Section 2.3) ensures that information on current 

research performance is as recent as possible. Trend analysis is an important part 

of the bibliometric instrument. Even when research is teamwork, a research group 

consists of individuals, and their roles and importance may vary considerably 

(Vinkler 1993). It is therefore a delicate task to fully capture the effects of changes 

in the composition of a group on its past and future performance. A carefully 

designed bibliometric trend analysis can provide insight into these effects.  

 

As well as the basic indicators, we also discussed in Sections 2.4 and 2.5 special 

indicators related to research profiles and scientific co-operation. Below is a fuller 

overview of these additional indicators.  

 

Research profiles 

As discussed in Section 2.6, a breakdown of output and impact into fields yields a 

research profile. The field-normalised impact is given by the indicator c/cf. This 

research profile is a concrete, quantitative indicator of scientific scope and 

interdisciplinarity. It visualises the whole spectrum of research fields covered by the 

publications of various aggregation levels such as group, department, institute or 

entire university. In Section 4.1, Figure 4.2, we presented the research profile of 

the NIOZ sea research institute to illustrate how interdisciplinarity can be assessed.  

 

Scientific co-operation 

Another breakdown of output and impact can be made according to types of co-

operation, on the basis of publication addresses. We distinguish the following types 

of collaboration: 

 

(1) Publications from only the target institution – no collaboration.  

(2) Publications from the target institution and at least one other institution in the 

same country – national collaboration. 

(3) Publications from the target institution and possibly but not necessarily other 

institutions in the same country, but at least one foreign institution – 

international collaboration. 
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Generally, the highest impact is observed for publications in international 

collaboration, as illustrated by the NIOZ example in Figure 4.3.  

 

TYPE 

c/cf

INSTITUTE ONLY 
(1.36) 

NATIONAL (2.02) 

INTERNAT (1.43) 

0 10 20 30 40 50 60
Share of the 
output (% )

 

Figure 4.3: Breakdown of the research output of the NIOZ sea research institute  

by relative share and impact of publications per collaboration type (from Van 

Leeuwen and Nederhof 2005; Van Raan 2007a) 

 

Scientific excellence 

For all target groups, departments or institutes the contribution to the top 10% of 

the worldwide impact distribution of all relevant fields can be calculated, as 

discussed in Section 2.4. This top 10% indicator can be regarded as an indicator of 

scientific excellence in addition to the journal and field-normalised indicators. The 

bibliometric data system must cover all CI-based publications and citations 

worldwide in order to calculate the citation distribution function for all fields of 

science. This indicator has proved powerful for monitoring trends in the position of 

research institutes and groups within the international top of their field (van 

Leeuwen and Nederhof 2005). 

 

Again we take the NIOZ sea research institute as an example. Bibliometric analysis 

shows that in 1998-2000 the institute had 103 CI-covered publications (Pt) 

belonging to the top 20% most frequently cited of all papers in the same 

publication years, document types and fields (see Table 4.3). The expected number 

of publications (Πt) in the top 20% is 20% of the total number of publications of the 
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institute in the given period, Πt = 64.8. The ratio between the actual number of 

publications in the top 20% Pt and the expected number Πt yields the ‘excellence 

indicator’ Pt/Πt. This indicator shows that 59% more publications than expected 

were present among the top 20%, which is well above the world average. The 

measured value of the field-normalised impact indicator c/cf is 1.50. As indicated 

in Section 2.3, this value indicates a scientifically strong institute. And we now also 

see that the institute’s publications belong more often than expected to the top 

20% in their fields. To check the robustness of the method, the Pt/Πt indicator is 

also calculated for the top 10%, 5%, 2% and even top 1%. Table 4.3 shows a 

similar performance as in the case of the top 20%, with a very good performance in 

the top 1%.  

 

Table 4.3: Assessment of research excellence (NIOZ) 

--------------------------------------------------------------------- 

 Pt Πt Pt/Πt

--------------------------------------------------------------------- 

Top 20% 103 64.8 1.59 

Top 10% 55 32.7 1.68 

Top 5% 30 16.3 1.84 

Top 2% 10 6.7 1.50 

Top 1% 8 3.3 2.40 

--------------------------------------------------------------------- 

(from van Leeuwen and Nederhof 2005) 

 

Knowledge users and knowledge diffusion 

We calculated for the NIOZ institute the impact profile of the citing publications 

broken down into fields of science (Figure 4.4), as described in Section 2.6. This 

profile is analogous to the research profile related to the scientific output of the 

institute, which is the ‘cited side’. Here we focus on the ‘citing side’, i.e. the users of 

the scientific results of the institute’s research (as represented by citing 

publications). This impact profile is a powerful indicator of who is using which 

research results, where (in which fields) and – if a further time-dependent analysis 

is applied – when.  
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CITING FIELD 
c/cf

MARINE & FRESHWB (1.46) 
OCEANOGRAPHY (1.46) 

ECOLOGY (1.22) 
GEOCHEM&GEOPHYS (1.39) 
ENVIRONMENTAL SC (1.61) 
GEOSCIENCES,MULT (1.66) 

MICROBIOLOGY (1.63) 
PALEONTOLOGY (1.81) 

ORNITHOLOGY (1.98) 
FISHERIES (1.11) 

CHEMISTRY (1.81) 
ZOOLOGY (1.70) 

MULTIDISCIPL SC (1.35) 
PLANT SCIENCES (0.96) 

CHEM, ANALYTICAL (0.95) 
TOXICOLOGY (1.86) 

LIMNOLOGY (2.28) 
BIOTECH & APPL M (1.92) 

BIOLOGY (1.33) 
GEOLOGY (1.09) 

METEOR&ATMOS SC (1.55) 
GEOGRAPHY (1.54) 
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Share of the output (%)

 

Figure 4.4: Research profile of field-specific ‘knowledge users’ (relative number of 

citing publications per field) and impact of these field-specific citing publications for 

the NIOZ sea research institute (from Van Leeuwen and Nederhof 2005; Van Raan 

2007a) 

 

The impact profile can be used to analyse knowledge diffusion and knowledge use, 

and indicates interdisciplinary bridges, potential collaboration and possible markets 

in the case of applied research. Moreover, a breakdown into knowledge users by 

country can be made, see Figure 4.5. 
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CITING COUNTRY

c/cf

USA (1.58) 
JAPAN (0.74) 

GREAT BRITAIN (1.20) 
GERMANY (0.81) 

FRANCE (1.19) 
ITALY (0.98) 

CANADA (1.19) 
PEOPLES R CHINA (0.31) 

SPAIN (1.45) 
NETHERLANDS (1.99) 

AUSTRALIA (0.78) 
SWEDEN (0.50) 

RUSSIA (0.49) 
SWITZERLAND (1.39) 

INDIA (0.95) 
ISRAEL (0.72) 

TAIWAN (0.63) 
BRAZIL (0.53) 

SOUTH KOREA (0.75) 
BELGIUM (1.03) 
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Figure 4.5: Research profile of country-specific knowledge users (relative number 

of citing publications per country) and impact of these country-specific citing 

publications for the NIOZ sea research institute (from Van Leeuwen and Nederhof 

2005; Van Raan 2007a) 

 

Figure 4.4 shows that nearly 18% of the publications citing NIOZ publications are 

from the marine and freshwater biology field, the second biggest output field of the 

institute (see Figure 4.2). A further 16% of the citing publications originate from 

the oceanography field (the largest output field). The impact of the citing 

publications – given by the field-normalised impact indicator c/cf – is above the 

world field averages in all cases bar five. Four other important ‘user fields’, each 

accounting for 5%-8% of the citing publications for NIOZ, are ecology, 

geochemistry and geophysics, environmental sciences, and geosciences. Note that 

the environmental sciences field seems more prominent among users (a 6% share 

of the institute’s citing publications) compared with the output of the institute 

(3%), and similarly for fisheries, toxicology, and meteorology and atmospheric 

sciences.  

 

This profile of knowledge users shows us that the publications of the sea research 

institute are well cited in several applied fields. Here, there is scope for 
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collaboration and potential markets for applied research. Another important 

observation is that the knowledge users are highly cited themselves. This indicates 

that the work of the sea research institute is used by researchers of high impact, 

which confirms that NIOZ is part of the community at the cutting edge of the 

research frontier.  

 

Figure 4.5 shows the countries citing the institute’s work. The USA dominates with 

nearly 32% of the citing publications, followed by Japan and several major EU 

countries. This is one of many examples to show that the supposition that the USA 

is not very interested in European research is simply not true. The impact of the 

sea research institute is truly international, as nearly 98% of its citation impact 

comes from outside the Netherlands.  

 

Relative international impact weighted by citing journal 

An interesting extension of impact measurement is the re-calculation of the field-

normalised impact indicator c/cf by weighting the citations, i.e. the citing 

publications, with the cj/cf of the journal of the citing publications. This extension 

meets the objection of scientists that not all citations are equal: i.e. a citation given 

by a paper in a top journal is more rewarding than one in a ‘mediocre’ journal.  

 

Hirsch Index 

In a recent paper, J.E. Hirsch (2005) proposed an original, simple new indicator to 

characterise the cumulative impact of the research work of individual scientists: ‘a 

scientist has index h if h of his/her N papers have at least h citations each, and the 

other (N-h) papers have no more than h citations each’.10 From this definition it 

follows that h is a measure of the absolute volume of citations, while h2 provides an 

estimation of the total number of citations received by a researcher. Given the very 

skewed distribution of citations (C) over publications (P) described by a power law 

P(C) = αCγ (van Raan 2006c), particularly for the higher-C tail of the distribution 

(the slope γ and the factor α can be established empirically from the data), it is 

obvious that h2 will be an underestimation of the total number of citations as it 

ignores the papers with fewer than h citations. 

 

Publication of the h-index has attracted the wide attention of the scientific world, 

policy-makers and public media. Scientific news editors (e.g. Ball 2005) have 

                                                           
10For instance, if a scientist has 21 papers, 20 of which are cited 20 times, and the 21st is cited 21 times, 
there are 20 papers (including the one with 21 citations) with at least 20 citations, and the remaining 
paper has no more than 20 citations.  
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enthusiastically received the new index, and researchers in various fields of science 

(e.g. Popov 2005; Batista et al 2005), particularly in the bibliometric research 

community (e.g. Bornmann and Daniel 2005; Braun et al 2005; Glänzel 2006; 

Egghe 2006), have started follow-up work. The idea of ranking scientists by a fair 

measure has sparked great interest. Such rankings could make the election 

procedures of scientific academies more objective and transparent. The first 

ranking based on the h-index (Hirsch 2005; Ball 2005), a list of prominent 

physicists with Ed Witten at the top, suggests similar simplicity for the evaluation of 

scientific performance as in the case of a football (soccer) league. The immediate 

observation that the famous scientists take the lead reinforces this.  

 

The main problem with the Hirsch index, however, is the dominant role of the 

absolute number of citations. This has two crucial, policy-relevant consequences. 

First, the numerical value of the index is strongly dependent on the career length of 

a scientist, as calculation of the index involves ‘life-time’ citation counts. Thus, use 

of the h-index has severe negative implications in relation to equal opportunities. 

Secondly, the index does not take into account the large differences in publications 

and citation behaviour among fields and even sub-fields of science. Extensive 

comments on use of the Hirsch index in the evaluation of academic research are 

given by Van Raan (2006c).  

 

Non-CI citation analysis 

As discussed in Section 3.5, non-CI publications (often books, book chapters, 

conference proceedings, reports) are not a source item in the Citation Index 

system. However, they may be cited in journal articles that are covered by the CI 

system. Obviously, non-CI publications cannot be generated directly by a CI-based 

data system. Therefore, publication lists of researchers must be available. In our 

experience, these non-CI publications may play an important role in the 

international impact of a research institute or group. As discussed earlier, we 

expect that this will be the case to a lesser extent for most natural and life 

sciences, and more important for mathematics and biology, as well as for 

engineering, social and behavioural sciences and the humanities. 

 

Bibliometric analysis of non-CI publications is quite complicated but certainly 

possible (see the work of Butler and Visser 2006). An analysis of non-CI 

publications meets, at least partly, the objections in a number of disciplines to 

‘standard’ bibliometric methods. Moreover, a non-CI analysis allows comparison of 

different aspects of the CI and non-CI components within the entire scientific 
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output of departments, institutes and universities. For an example of an extensive 

non-CI analysis in a bibliometric study of mathematics research, see van Leeuwen 

et al (2007).  

 

4.4 Overall ratings per main field, accommodating differences in disciplines 

 

The core of an advanced bibliometric methodology is the calculation of a series of 

indicators, as reliance should not be placed on one single indicator. Clearly, 

however, this approach poses the problem of how a series of indicators should be 

interpreted, and what weight should be given to each indicator. This can be done 

within a framework that integrates facets of research performance measured by the 

various indicators in relation to the role and importance of each aspect of the 

evaluation. We suggest using the indicators in the following way.  

 

An initial bibliometric ranking or classification of the groups to be evaluated into 

quality categories could be generated, based on a selection and weighting of 

indicators specified by committees responsible for the evaluation. Such a ranking 

could function as a guideline in the formation of research quality judgements. In 

the process of valuing the outcomes of the analysis, these judgements may diverge 

from the initial rankings or classifications. In these cases a committee could 

explicitly consider and state why they do so. In this way, quality judgements can be 

given a more solid foundation, and the evaluation process becomes more 

transparent.  

 

As discussed in earlier sections, advanced bibliometric analysis methodology takes into 

account differences in publication and citation practices among disciplines. Table 4.4 

presents important key statistics: the overall ratings of standard indicators for UK research 

as a whole, and Table 4.5 shows the overall ratings for three of the fields (agriculture and 

food science; basic life sciences; basic medical sciences) in main field medical and life 

sciences. Results for all main fields and fields are given in Appendix 1.  
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Table 4.4: Bibliometric statistics for UK research as a whole, 1997-2006 

          
Period P Cs cs c p0 c/cj   c/cf   cj/cf      sc 
 

1997 - 2000  307,059 1,076,230 3.50 2.59 54% 1.10 1.24 1.12  26% 

1998 - 2001  314,476 1,139,985 3.63 2.71 53% 1.09 1.23 1.12 25% 

1999 - 2002  312,964 1,167,956 3.73 2.80 52% 1.09 1.23 1.12 25% 

2000 - 2003  316,069 1,247,146 3.95 2.99 51% 1.09 1.24 1.13 24% 

2001 - 2004  314,409 1,273,742 4.05 3.09 50% 1.09 1.24 1.13 24% 

2002 - 2005  323,422 1,397,266 4.32 3.31 48% 1.09 1.25 1.14 23% 

2003 - 2006  334,541 1,482,300 4.43 3.41 47% 1.08 1.24 1.14 23% 

 
 

Table 4.5: Bibliometric statistics for the UK, main field medical and life sciences,  

disaggregated over three of seven major fields, 1997-2006 

    

Period P Cs cs c p0 c/cj  c/cf  cj/cf   sc 

MEDICAL AND LIFE SCIENCES         

 

AGRICULTURE AND FOOD SCIENCE  

1997-2000  8,337 19,427 2.33 1.52 57% 1.20   1.18   1.02 35% 

1998-2001  8,240 19,802 2.40 1.60 55% 1.13   1.12   1.02 34% 

1999-2002  8,102 19,364 2.39 1.63 55% 1.10   1.09   1.02 32% 

2000-2003  8,010 21,489 2.68 1.88 51% 1.10   1.11   1.03 30% 

2001-2004  7,614 20,693 2.72 1.93 51% 1.11   1.13   1.03 29% 

2002-2005  7,699 24,326 3.16 2.30 47% 1.13   1.15   1.03 27% 

2003-2006  7,560 25,641 3.39 2.51 45% 1.12   1.16   1.04 26% 

 

BASIC LIFE SCIENCES  

1997-2000  36,527 252,534 6.91 5.35 37% 1.09   1.20   1.10 23% 

1998-2001  37,062 259,481 7.00 5.44 35% 1.06   1.18   1.11 22% 

1999-2002  36,767 265,154 7.21 5.65 34% 1.06   1.21   1.13 22% 

2000-2003  36,982 275,681 7.45 5.89 33% 1.07   1.23   1.14 21% 

2001-2004  37,062 282,090 7.61 6.04 32% 1.08   1.26   1.16 21% 

2002-2005  37,780 304,005 8.05 6.45 30% 1.10   1.30   1.17 20% 

2003-2006  38,143 313,284 8.21 6.62 29% 1.10   1.29   1.17 19% 

 

BASIC MEDICAL SCIENCES           

1997-2000  3,220 8,433 2.62 1.75 53% 1.06   0.97   0.95 33% 

1998-2001  3,525 9,869 2.80 1.88 51% 1.05   0.97   0.97 33% 

1999-2002  3,622 10,515 2.90 1.98 52% 1.05   0.98   0.97 32% 

2000-2003  3,711 11,357 3.06 2.16 48% 1.02   0.95   0.96 29% 

2001-2004  3,827 12,288 3.21 2.28 47% 1.03   0.94   0.95 29% 

2002-2005  3,931 13,504 3.44 2.47 43% 1.03   0.93   0.94 28% 

2003-2006  4,183 15,507 3.71 2.68 44% 1.07   0.98   0.95 28% 
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Table 4.6 shows the distribution of impact (c/cf ) classes (explained in Section 2.5) 

for the above three major fields (agriculture and food science, basic life sciences, 

basic medical sciences) in the UK. As already noted for the examples given in 

Section 2.5, the percentage of research output (period 2000-2005) in the lowest 

impact class (A) is again quite substantial, at about 60%.  

 

Table 4.6: c/cf classes of the above three UK major fields, 1997-2006 

A B C D E
AGRICULTURE AND FOOD SCIENCE 57.3 10.8 13.6 7.8 10.5
BASIC LIFE SCIENCES 57.8 11.8 13.7 7.5 9.3
BASIC MEDICAL SCIENCES 63.9 10.8 11.1 6.4 7.9  
 

Note that non-cited publications (in the given period, indicator p0) are included in 

class A. We can see that for these three major fields about 14-18% of the UK 

research output falls in the classes very good to excellent (classes D and E). Similar 

impact class distributions are presented for all main and major fields in Appendix A, 

Table A2. 

 

4.5 Metrics, research evaluation and funding parameters 

 

In OECD (Organisation for Economic Co-operation and Development) countries 

there is a growing consensus among scientists and research policy-makers that the 

future of research assessment exercises lies in the intelligent combination of 

metrics and expert knowledge. A real challenge in the organisation of future RAEs 

in the UK is therefore the development of a model that aims to enhance the 

research performance of a national research system by making the distribution of 

funds across institutions more dependent on performance criteria.  At the same 

time, this model should facilitate and strengthen quality control and research 

management and policy within a nation’s research institutions.  

 

Important notions underlying such a model and primarily related to the use of 

citation analysis and bibliometric indicators in research evaluation and policy are as 

follows: 

• The use of a sophisticated type of citation analysis in an RAE is necessary 

because it 

a) allows a shift in focus from quantity to quality  

b) reduces unintended effects of using less sophisticated indicators  

c) enables the use of absolute rather than relative standards  
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d) makes the use of bibliometric indicators formal rather than informal and thus 

enhances the transparency of the exercise. 

• Many studies have shown positive statistical correlations between citations and 

qualitative judgements. In principle it is valid to interpret citations in terms of 

intellectual influence, but the concepts of citation impact and intellectual 

influence or research quality do not coincide (e.g. Moed 2005).  

• In research evaluation the outcomes of citation analysis must be valued in 

terms of a framework that takes into account substantive content. Elaboration 

of citation data is evaluative. Background/expert knowledge of evaluated 

research groups and fields is indispensable. The interpretation of citation impact 

involves a quest for possible biases or distortions.  

• Calculating funding parameters for the distribution of research funds among 

institutions and carrying out a thorough research evaluation of an institution’s 

research activities, combining expert knowledge and metrics, are activities of a 

distinct and different nature.  

• As elements in funding parameters for the distribution of funds across 

institutions, bibliometric indicators are the result of statistical operations at a 

high level of aggregation. The elaboration of indicator data is statistical rather 

than evaluative. Random errors and vagaries to some extent cancel out, 

although one must be aware of, and correct as much as possible for, systematic 

biases. 

• In terms of allocation processes for research funds, it is useful to distinguish 

between a central and an institutional (e.g. national versus university) policy 

level. The central level aims to distribute funds across institutions based on 

aggregate statistics. At institutional level, funds are distributed among 

departments and research groups on the basis of the outcomes of an evaluation 

process that combines metrics with expert knowledge.  

• The effects of the use of bibliometric indicators on publication and citation 

practices cannot be neglected and deserve full attention in any system using 

metrics.  

Clearly, an important implication of the above model is the necessity of creating an 

accurate, verified database of research activities, outputs and elementary 

indicators. This could be done by the higher education institutions, with a co-

ordination and verification role by HEFCE. 
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4.6 Rankings of universities: overview, comments, challenges 

 

In the last few years, rankings of universities, though controversial, have become 

increasingly popular (van Raan 2005, 2007a, 2007b). Two rankings have attracted 

the wide attention of policy-makers, the scientific world and the public media: those 

published by the Jiao Tong University in Shanghai from 2003, and those published 

by the Times Higher Education Supplement (THES) from 2004. An entirely 

bibliometric ranking has recently been published by the Leiden group.11  

 

Rankings suggest a similar simplicity for the evaluation of scientific performance as 

in the case of a football (soccer) league, and the immediate observation that the 

well-known top US universities take the lead reinforces this suggestion. Although 

matters are not that simple and the various methodologies used in these rankings 

still have to be discussed thoroughly, the influence of the rankings is striking. 

Rankings have become unavoidable: they are now part of academic life, and 

universities respond enthusiastically if they feel their position is worth publishing. 

General ideas about the international reputation of universities will be influenced 

considerably by rankings. High-ranking universities will ‘advertise’ their position in 

the rankings as proof of their research quality, and so these rankings may guide 

considerably the choice of young scientists and research students. Ranking lists 

have changed the worldwide academic landscape.  

 

In Germany, the Centre for the Development of Universities (Centrum für 

Hochschulentwicklung (CHE)) applies a broad range of criteria to judge the standing 

of German universities, with a focus on specific disciplines, not only in research but 

also teaching. CHE does not provide an ‘overall ranking’, but applies a more 

differentiated approach: which universities are at the top for chemistry, for 

engineering, and so on. More and more ‘ranking producers’ follow this field-specific 

differentiation.  

 

Rankings have strong ‘de-equalising’ effects. They directly confront scientists, 

university board members, policy-makers, politicians, journalists and the interested 

members of the public with inequality. Rankings strengthen the idea of the 

existence of an academic elite, and institutions use the outcomes of rankings, no 

                                                           
11 The Leiden ranking (accessible via www.cwts.leidenuniv.nl) is based on publication and citation data 
for the eight-year period 1997-2004. The ranking is currently being updated (December 2007) to cover 
the period 2000-2006.  
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matter how large the methodological problems, in their rivalry with other 

institutions. Thus, rankings reinforce the ‘evaluation culture’.  

 

There is also an interesting difference between the concepts of ‘reputation’ and 

‘contemporary performance’. On the one hand, any serious peer review committee 

responsible for the evaluation of university research would not even think of using 

long-ago Nobel Prize winners for judging the (current) quality of a university. If 

they did, they would disqualify themselves as evaluators. But on the other hand, 

the history of a university with ‘grand old men’ counts considerably in reputation. 

Universities publish in their websites honorary lists of Nobel Prize winners (if they 

have any) and other famous scientists. Thus, the historical tradition of the scientific 

strengths of particularly the older, classic universities is a strong asset in their 

present-day reputation and power of attraction. 

 

This major problem is strongly related to the central issue of this study: what do we 

want to measure? How does established reputation relate to contemporary 

performance? Established reputation is not necessarily the same as ‘past glory’. 

Often we see that institutions with an established reputation are remarkably strong 

in maintaining their position. They simply have more power to attract the best 

people, which provides these renowned institutions with a cumulative advantage to 

further reinforce their research performance.  

 

As discussed in this report, judgement by knowledgeable colleague-scientists – peer 

review – is the principal procedure for assessing research performance, 

notwithstanding its shortcomings and disadvantages. But the phenomenon of peer 

review has many forms and nuances. In most cases, peer review is applied on a 

relatively small scale, ranging from the review of a submitted paper or research 

proposal by two or three referees, to the review of the record of candidates for a 

professorship by, say, five experts in the field, to the assessment of research 

groups and research programmes within a specific discipline by between five and 

10 peers.  

 

The above implies two important things. First, peers can be regarded as experts 

with respect to the quality of the ‘object’ to be evaluated. Secondly, the object to 

be evaluated has a ‘size’ that is comparable with the usual working environment of 

the peer, namely a research group or research programme and thus surveyable for 

individual peer judgement. In rankings, however, scientists have to judge much 

larger entities, even complete universities, so the ‘cognitive distance’ to the object 
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to be evaluated increases considerably. Therefore, it is questionable whether all the 

individual academics involved in such large-scale surveys can be regarded as 

knowledgeable experts in all those parts of the evaluated entities that really matter. 

In such cases, these ‘experts’ will tend to judge on the more general basis of 

established reputation instead of their own actual knowledge (if they have it) of 

recent past performance.  

 

This awareness, however, is precisely what a peer must have. It is also this 

recognition of recent past performance that forms the strength of bibliometric 

analysis. Indeed, bibliometric indicators can be seen as the aggregate of individual 

peer review. Well-informed colleague-scientists play their role as members of an 

‘invisible peer review college’ by referring in their own work to earlier work by other 

scientists. As this happens for all publications of a university in many disciplines, 

the outcomes of a bibliometric analysis at the level of a university will be 

statistically very significant.  

 

The dependence of outcomes on the selection of experts is a major problem. Such 

dependence may cause bias in fields of expertise. After publication of the first THES 

rankings, The Sydney Morning Herald trumpeted the presence of no less than six 

Australian universities in the top 50, while the German news agency DPA bemoaned 

the absence of Germany in the top positions. Six universities in the top 50 counts 

for 12%, whereas Australia contributes about 2.5% to worldwide scientific impact. 

Germany, meanwhile, contributes around 8% to worldwide scientific impact. Most 

of these Australian ‘top’ universities score low to very low in citations. These 

discrepancies between the results of an expert survey and bibliometric findings 

suggest biases.  

 

However, a university’s strength in engineering, the social and behavioural sciences 

or the humanities may contribute little – or even hardly at all – to the position of 

that university in a ranking based on bibliometric data. This is because of the 

limitations in the bibliometric methodology, as discussed in this report. Smaller 

universities, and particularly those with an emphasis on social sciences and 

humanities, will have a better chance in the peer review element of the THES 

ranking compared with the more bibliometrically oriented Shanghai ranking. A 

striking example is the difference in position of the London School of Economics, 

with a top position in the THES ranking and a low one in the Shanghai ranking.  
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The increasing use of bibliometric data in evaluation procedures, and particularly in 

rankings, underlines the vital importance of a clear, coherent and effective 

presentation to the outside world by universities in their publications. For instance, 

King's College, University of London (KCL), introduced a code of practice to ensure 

that all its publications are properly attributed to the college. This was in light of 

recent evidence that up to 25% of citations from KCL academics in recent years 

were missed because of failure to use 'King's College London' in the address 

mentioned in the publication heading.  

 

Overall, a quite surprising phenomenon can be observed (van Raan 2007a and b): 

it appears that the group of outstanding universities is not much larger than around 

200 members. Most of the top universities are large, broad research institutions. 

For a long time they have been able to attract – on the basis of their reputation – 

the best students and scientists. These universities are the ‘natural attractors’ in 

the world of science and, apparently, around 200 of them are able to acquire and 

hold on to the vast majority of top scientists. After ranking position 200 or so, there 

are smaller universities with excellent research in specific fields of science. 

However, there is not much room beyond this for further ‘powerhouses of science’ 

because no more excellent scientists are available worldwide.  

 

Finally, we emphasise that on the basis of the same data and the same technical 

and methodological starting points, different types of impact indicators can be 

constructed, as discussed in this report. For instance, indicators may focus entirely 

on impact, while others may also take into account scale (size of the institution). 

Although they originate from exactly the same data, rankings based on these 

different indicators are not the same, as the recent Leiden ranking clearly shows 

(CWTS 2007). 
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5 Suggestions for further work: mapping of science  

 

Each year about a million scientific articles are published. How should one keep 

track of all these developments? Are there specific patterns ‘hidden’ in this mass of 

published knowledge at a meta level (Swanson 1986, 1987) and, if so, how can 

these patterns be interpreted (Van Raan and Noyons 2002)? A promising approach 

for tackling these questions lies in the mapping of science – i.e a two-dimensional 

representation that can be interpreted as abstract landscapes of research fields. 

This chapter shows that the bibliometric methodology is particularly appropriate for 

this enterprise. Mapping is closely related to network analysis, and several 

elements of publications can be used as building blocks. We discuss a semantic 

approach, i.e. maps based on concept-similarities, often described as co-word 

mapping (Callon et al 1983; Rip and Courtial 1984). At the end of this chapter we 

also review other approaches, for instance mapping based on citation relationships.  

 

A first and crucial step is the definition of a research field. There are several 

approaches: on the basis of selected concepts (keywords) and/or classification 

codes in a field-specific database, selected sets of journals as discussed in the 

previous chapters, or any combination of these approaches. Along these lines, titles 

and abstracts of all relevant publications can be collected for a series of successive 

years, thus operating on many tens of thousands of publications per field. Next, 

with a specific computer-linguistic algorithm, the titles and abstracts of all these 

publications can be parsed. This automated grammatical procedure yields all nouns 

and noun phrases (standardised) present in the entire set of collected publications 

(Noyons 1999).  

 

An additional algorithm then creates a frequency list of these many thousands of 

parsed nouns and noun phrases while filtering out general, trivial words. The most 

frequent nouns/noun phrases can be considered as the most characteristic concepts 

of the field (this can be, say, 100 to 1,000 concepts: N concepts). The next step is 

to encode each of the publications with these concepts. The code is a binary string 

(yes/no) indicating which of the N concepts is present in the title or abstract. This 

encoding is, as it were, the ‘genetic code’ of a publication. As in genetic algorithms, 

the encoding of each publication can be compared with that of any other publication 

by calculating pairwise the ‘genetic code similarity’ (here: concept similarity) of all 

publications in a specific field. The more concepts two publications have in 

common, the more these publications are related on the basis of concept similarity, 

and thus can be regarded as belonging to the same sub-field, research theme or 
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research speciality. To use a biological metaphor: the more specific DNA elements 

two living beings have in common, the more they are related. Above a certain 

similarity threshold they will belong to a particular species.  

 

The above procedure allows the clustering of information carriers – publications – 

on the basis of similarity in information elements – concepts. This is ‘co-publication’ 

analysis. Alternatively, the more that specific concepts are mentioned together in 

different publications, the more these concepts are related. Thus information 

elements are clustered – ‘co-concept’ analysis. Both approaches, co-publication and 

co-concept analysis, are related by the rules of matrix algebra. In practice, the co-

concept approach (Noyons and Van Raan 1998) is most suited to science mapping, 

i.e. the organisation of science according to concepts.  

 

Intermezzo: For a supermarket, ‘client similarity’ on the basis of shopping lists can 

be translated into the clustering of clients (information carriers, in which the 

information elements are the products on their shopping lists) or products. Both 

approaches are important: the first gives insight into groups of clients (e.g. young, 

old, male, female, ethnic group) while the second is important for the spatial 

division of the supermarket into product groups.  

 

In outline, the clustering procedure is as follows. First, for each field a matrix is 

constructed comprising co-occurrences of the N concepts in the set of publications 

for a specific period of time. This ‘raw co-occurrence’ matrix is normalised in such a 

way that the similarity of concepts is no longer based on the pairwise co-

occurrences but on the co-occurrence profiles of the two concepts in relation to all 

other concepts. This similarity matrix is the input for a cluster analysis. A standard 

hierarchical cluster algorithm including statistical criteria can be used to find an 

optimal number of clusters. The identified clusters of concepts represent in most 

cases recognisable sub-fields or research themes. Each sub-field represents a sub-

set of publications on the basis of concept-similarity profiles. If any of the concepts 

are in a publication, this publication will be attached to the relevant sub-field. Thus 

publications may be attached to more than one sub-field. This overlap of sub-fields 

in terms of joint publications is used to calculate a further co-occurrence matrix, 

now based on sub-field publication similarity.  

 

To construct a co-word map of the field, the sub-fields (clusters) are positioned by 

multidimensional scaling. Thus sub-fields with high similarity are positioned in each 

other's vicinity, while sub-fields with low similarity are distant from each other. The 
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size of a sub-field (represented by the surface of a circle) indicates the share of 

publications in relation to the field as a whole. A two-dimensional structure is not 

sufficient to cover all relationships embedded in the underlying matrix. Particularly 

strong relationships between two individual sub-fields are indicated by a connecting 

line.  

 

The next step (Noyons et al 1999) is the integration of mapping and performance 

assessment. This enables us to position actors (such as universities, institutes, R&D 

divisions of companies, research groups) on the worldwide map of their field and to 

measure their influence in relation to the impact level of the different sub-fields and 

themes. In this way, a strategic map is created: who is where in science, and how 

strongly? A series of maps for successive time periods reveals trends and changes 

in structure, and may even allow prediction of near-future developments by 

extrapolation. Such changes in maps over time (field structure, position of actors) 

may indicate the impact of R&D programmes, particularly in research themes 

around social and economic problems. Hence this mapping methodology is also 

applicable in the study of the socio-economic impact of R&D. 

 

Bibliometric maps provide an instrument that can be used optimally in an electronic 

environment. Moreover, there is a large amount of detailed information behind the 

maps. Hence it is of crucial importance that this underlying information, particularly 

on research performance, can be retrieved in an efficient way to provide the user 

with a possibility of exploring the fields and judging the usefulness of maps against 

the user’s own expertise. Advanced internet-based user-interface facilities are 

necessary (Noyons 1999, 2004) to enable this further exploration of the maps and 

the data behind them.  

 

Bibliometric maps and their internet-based user-facilities will enable users to 

compare the scientific performance of groups/institutes with other benchmark 

institutes. Likewise, the maps can be used to select benchmark institutes, for 

instance institutes chosen by experts. A simple example of bibliometric mapping is 

shown in Figure 5.1. The map essentially represents a relational structure of 

clusters of publications, based on cluster-similarity measures. The clusters can be 

identified as research fields. The closer the clusters are, the more related the fields 

concerned. ‘White’ clusters (here only Cluster 18) are characterised by decreasing 

publication activity (worldwide), dark grey clusters (for instance Cluster 1) by 

increasing activity. 
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Co-citation analysis provides an alternative type of mapping, but unavoidably 

depends on the availability of citation (reference) data. Hence its applicability is less 

general than concept-similarity mapping. Co-citation maps are based on the 

number of times that two particular articles are cited together in other articles. The 

development of this analytical technique is based on the pioneering work of Henry 

Small (Small 1973; Small and Greenlee 1980; Price 1981; Small and Sweeney 

1985; Small et al 1985).  

 

When aggregated to larger sets of publications, co-citation maps indicate clusters of 

related scientific work (i.e. based on the same publications, as far as reflected by 

the cited literature). These clusters can often be identified as research specialities 

(Sullivan et al 1980; White and Griffith 1981; McCain 1984, 1990; Bayer et al 

1990; White and McCain 1998; Small 1999; Prime et al 2002). Their character 

may, however, be of a different kind compared with co-word based clusters: as 

they are based on citation practices they may reflect cognitive as well as social 

networks and relations (Braam et al 1991). Moreover, citations only reflect a part of 

the intellectual structure and are subject to a certain, often field-specific, time lag. 

Nevertheless, co-citation analysis reveals remarkable statistical properties of the 

science system, such as its fractal structure (van Raan 1990, 2000b).  

 

For recent work on co-citation analysis for mapping research themes of socio-

economic importance, see Schwechheimer and Winterhager (2001). The ‘mirror’ of 

co-citation analysis is bibliographic coupling, see for instance van Raan (2003a).  

 

8- Optics; Lasers & 
Masers

12- Optical/ Optoelec 
Mat & Dev10- Tele/Data 

Communication

5- Maths Techniques
15- Micro/ Electromagn 

Waves

11- Measuring & 2- Circuits & Design
Equipment 7- Electron. 9- Computer Theory; 

struct/propert Surfaces Software Eng 1- General Micro-
electronics16- Radio/TV/Audio; 3- Materials

Computer Storage 6- Liquids/Solids 
Structures4- Circuit Theory

13- Control Theory/Appl
18- Supercond; Magn 

Propert/Struct
14- Physical Chemistry 17- Dielectric 

Propert/Mat/Dev
 

 

Figure 5.1: Bibliometric map of microelectronics research (from van Raan 2007a)
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Appendix A  

Bibliometric indicators for the UK, major field level, 1997-2006  

 

 

Table A1: Bibliometric statistics of the UK, main fields disaggregated by major fields,  

1997-2006 

 

--------------------------------------------------------------------------------------------------------------------------------------- 

Period P Cs cs c p0 c/cj  c/cf  cj/cf   sc 

--------------------------------------------------------------------------------------------------------------------------------------- 

MEDICAL AND LIFE SCIENCES         

 

AGRICULTURE AND FOOD SCIENCE  

1997 - 2000  8,337 19,427 2.33 1.52 57% 1.20   1.18   1.02 35% 

1998 - 2001  8,240 19,802 2.40 1.60 55% 1.13   1.12   1.02 34% 

1999 - 2002  8,102 19,364 2.39 1.63 55% 1.10   1.09   1.02 32% 

2000 - 2003  8,010 21,489 2.68 1.88 51% 1.10   1.11   1.03 30% 

2001 - 2004  7,614 20,693 2.72 1.93 51% 1.11   1.13   1.03 29% 

2002 - 2005  7,699 24,326 3.16 2.30 47% 1.13   1.15   1.03 27% 

2003 - 2006  7,560 25,641 3.39 2.51 45% 1.12   1.16   1.04 26% 

 

BASIC LIFE SCIENCES  

1997 - 2000  36,527 252,534 6.91 5.35 37% 1.09   1.20   1.10 23% 

1998 - 2001  37,062 259,481 7.00 5.44 35% 1.06   1.18   1.11 22% 

1999 - 2002  36,767 265,154 7.21 5.65 34% 1.06   1.21   1.13 22% 

2000 - 2003  36,982 275,681 7.45 5.89 33% 1.07   1.23   1.14 21% 

2001 - 2004  37,062 282,090 7.61 6.04 32% 1.08   1.26   1.16 21% 

2002 - 2005  37,780 304,005 8.05 6.45 30% 1.10   1.30   1.17 20% 

2003 - 2006  38,143 313,284 8.21 6.62 29% 1.10   1.29   1.17 19% 

 

BASIC MEDICAL SCIENCES           

1997 - 2000  3,220 8,433 2.62 1.75 53% 1.06   0.97   0.95 33% 

1998 - 2001  3,525 9,869 2.80 1.88 51% 1.05   0.97   0.97 33% 

1999 - 2002  3,622 10,515 2.90 1.98 52% 1.05   0.98   0.97 32% 

2000 - 2003  3,711 11,357 3.06 2.16 48% 1.02   0.95   0.96 29% 

2001 - 2004  3,827 12,288 3.21 2.28 47% 1.03   0.94   0.95 29% 

2002 - 2005  3,931 13,504 3.44 2.47 43% 1.03   0.93   0.94 28% 

2003 - 2006  4,183 15,507 3.71 2.68 44% 1.07   0.98   0.95 28% 

 

BIOLOGICAL SCIENCES       

1997 - 2000  16,805 57,213 3.40 2.35 49% 1.13   1.26   1.12 31% 

1998 - 2001  17,255 61,873 3.59 2.50 48% 1.10   1.25   1.15 30% 

1999 - 2002  17,399 64,169 3.69 2.59 47% 1.09   1.25   1.16 30% 

2000 - 2003  17,714 67,601 3.82 2.72 45% 1.08   1.23   1.14 29% 

2001 - 2004  17,707 71,174 4.02 2.91 44% 1.08   1.26   1.16 27% 

2002 - 2005  18,131 80,339 4.43 3.28 42% 1.10   1.30   1.18 26% 

2003 - 2006  18,349 85,303 4.65 3.47 41% 1.10   1.29   1.17 25% 
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----------------------------------------------------------------------------------------------------------------------------------- 

Period P Cs cs c p0 c/cj   c/cf   cj/cf   sc  

 

BIOMEDICAL SCIENCES       

1997 - 2000  35,408 171,999 4.86 3.63 43% 1.10   1.16   1.07 25% 

1998 - 2001  36,111 182,577 5.06 3.83 41% 1.10   1.17   1.07 24% 

1999 - 2002  35,721 185,878 5.20 3.99 40% 1.11   1.18   1.07 23% 

2000 - 2003  35,899 198,502 5.53 4.29 37% 1.09   1.19   1.09 22% 

2001 - 2004  35,915 205,203 5.71 4.46 37% 1.09   1.19   1.10 22% 

2002 - 2005  36,611 216,513 5.91 4.65 35% 1.09   1.20   1.10 21% 

2003 - 2006  37,532 228,683 6.09 4.83 34% 1.09   1.20   1.10 21% 

 
CLINICAL MEDICINE       

1997 - 2000  93,670 312,845 3.34 2.66 52% 1.13   1.18   1.04 20% 

1998 - 2001  95,502 331,119 3.47 2.78 51% 1.11   1.17   1.05 20% 

1999 - 2002  95,269 341,624 3.59 2.88 50% 1.11   1.15   1.04 20% 

2000 - 2003  95,746 364,654 3.81 3.08 48% 1.10   1.16   1.05 19% 

2001 - 2004  94,026 373,126 3.97 3.23 47% 1.10   1.16   1.05 19% 

2002 - 2005  96,375 421,989 4.38 3.58 45% 1.10   1.19   1.08 18% 

2003 - 2006  98,815 458,277 4.64 3.81 44% 1.10   1.20   1.09 18% 

 

HEALTH SCIENCES       

1997 - 2000  7,874 11,695 1.49 1.12 61% 1.08   0.90   0.85 25% 

1998 - 2001  8,586 13,450 1.57 1.19 59% 1.06   0.89   0.85 24% 

1999 - 2002  8,760 14,290 1.63 1.24 57% 1.02   0.85   0.85 24% 

2000 - 2003  9,256 15,896 1.72 1.32 56% 1.01   0.85   0.85 23% 

2001 - 2004  9,331 17,448 1.87 1.45 55% 1.06   0.88   0.84 22% 

2002 - 2005  9,674 19,654 2.03 1.57 53% 1.05   0.88   0.85 23% 

2003 - 2006  10,187 23,439 2.30 1.81 51% 1.04   0.91   0.88 21% 
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---------------------------------------------------------------------------------------------------------------------------------- 

Period P Cs cs c p0 c/cj   c/cf   cj/cf   sc  

NATURAL SCIENCES       

 

ASTRONOMY AND ASTROPHYSICS      

1997 - 2000  6,160 37,865 6.15 4.38 38% 1.24   1.28   1.04 29% 

1998 - 2001  6,455 43,026 6.67 4.81 37% 1.28   1.34   1.05 28% 

1999 - 2002  6,856 49,369 7.20 5.18 38% 1.31   1.39   1.07 28% 

2000 - 2003  7,274 54,294 7.46 5.34 36% 1.34   1.46   1.09 28% 

2001 - 2004  7,741 62,500 8.07 5.73 35% 1.32   1.46   1.11 29% 

2002 - 2005  8,209 64,795 7.89 5.47 35% 1.22   1.35   1.11 31% 

2003 - 2006  8,573 66,445 7.75 5.25 34% 1.15   1.24   1.08 32% 

 

CHEMISTRY AND CHEMICAL ENGINEERING      

1997 - 2000  29,711 100,530 3.38 2.17 51% 1.11   1.28   1.15 36% 

1998 - 2001  29,917 103,597 3.46 2.25 51% 1.09   1.26   1.15 35% 

1999 - 2002  29,504 105,316 3.57 2.35 50% 1.08   1.26   1.16 34% 

2000 - 2003  29,159 108,386 3.72 2.48 48% 1.06   1.26   1.18 33% 

2001 - 2004  28,713 110,479 3.85 2.60 47% 1.05   1.25   1.18 32% 

2002 - 2005  28,819 121,655 4.22 2.92 44% 1.02   1.25   1.21 31% 

2003 - 2006  28,976 131,243 4.53 3.18 43% 1.01   1.26   1.23 30% 

 

COMPUTER SCIENCES       

1997 - 2000  7,485 8,562 1.14 0.76 72% 1.17   1.16   0.99 34% 

1998 - 2001  8,196 9,785 1.19 0.77 71% 1.11   1.12   1.00 35% 

1999 - 2002  8,419 10,528 1.25 0.83 71% 1.17   1.20   1.02 33% 

2000 - 2003  9,544 12,564 1.32 0.89 70% 1.11   1.19   1.06 32% 

2001 - 2004  10,842 15,601 1.44 0.99 70% 1.09   1.21   1.09 31% 

2002 - 2005  12,212 18,452 1.51 1.04 69% 1.10   1.23   1.09 31% 

2003 - 2006  13,940 21,929 1.57 1.10 68% 1.13   1.26   1.10 30% 

 

EARTH SCIENCES AND TECHNOLOGY      

1997 - 2000  12,035 32,660 2.71 1.75 53% 1.14   1.22   1.08 35% 

1998 - 2001  12,661 35,440 2.80 1.83 52% 1.13   1.22   1.09 35% 

1999 - 2002  12,766 36,819 2.88 1.89 51% 1.14   1.26   1.11 34% 

2000 - 2003  13,046 40,004 3.07 2.04 50% 1.11   1.25   1.12 33% 

2001 - 2004  13,096 40,240 3.07 2.04 49% 1.12   1.23   1.10 34% 

2002 - 2005  13,610 45,158 3.32 2.18 48% 1.14   1.26   1.12 34% 

2003 - 2006  14,551 50,829 3.49 2.29 47% 1.14   1.24   1.09 34% 

 

ENVIRONMENTAL SCIENCES AND TECHNOLOGY     

1997 - 2000  12,602 29,505 2.34 1.58 55% 1.15   1.15   1.02 33% 

1998 - 2001  13,109 31,397 2.40 1.64 54% 1.11   1.12   1.02 32% 

1999 - 2002  13,403 34,231 2.55 1.76 53% 1.10   1.13   1.04 31% 

2000 - 2003  13,625 37,578 2.76 1.95 51% 1.10   1.14   1.05 29% 

2001 - 2004  13,342 38,166 2.86 2.03 50% 1.10   1.15   1.05 29% 

2002 - 2005  13,865 44,707 3.22 2.33 48% 1.11   1.18   1.06 28% 

2003 - 2006  14,587 46,960 3.22 2.33 48% 1.05   1.13   1.08 28% 
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--------------------------------------------------------------------------------------------------------------------------------- 

Period P Cs cs c p0 c/cj   c/cf   cj/cf   sc 

 

MATHEMATICS       

1997 - 2000  5,692 5,965 1.05 0.56 74% 1.06   1.05   1.03 46% 

1998 - 2001  5,893 6,591 1.12 0.62 74% 1.12   1.10   1.02 45% 

1999 - 2002  5,971 6,834 1.14 0.64 73% 1.13   1.12   1.03 44% 

2000 - 2003  6,101 7,478 1.23 0.70 72% 1.12   1.12   1.04 43% 

2001 - 2004  6,107 7,788 1.28 0.75 71% 1.18   1.19   1.04 41% 

2002 - 2005  6,338 8,482 1.34 0.79 70% 1.15   1.14   1.03 41% 

2003 - 2006  6,603 9,590 1.45 0.88 68% 1.19   1.19   1.02 39% 

 

PHYSICS AND MATERIALS SCIENCE       

1997 - 2000  36,986 113,145 3.06 1.88 58% 1.13   1.28   1.12 39% 

1998 - 2001  37,868 119,571 3.16 1.97 57% 1.11   1.27   1.13 38% 

1999 - 2002  37,963 124,280 3.27 2.09 56% 1.11   1.28   1.13 36% 

2000 - 2003  38,073 132,826 3.49 2.29 55% 1.15   1.33   1.14 34% 

2001 - 2004  38,042 134,180 3.53 2.32 54% 1.16   1.34   1.13 34% 

2002 - 2005  39,193 151,591 3.87 2.58 52% 1.15   1.35   1.16 33% 

2003 - 2006  39,889 153,844 3.86 2.55 51% 1.09   1.29   1.17 34% 

 

STATISTICAL SCIENCES       

1997 - 2000  3,196 4,152 1.30 0.88 68% 1.18   1.34   1.11 32% 

1998 - 2001  3,410 5,160 1.51 1.05 66% 1.17   1.39   1.14 31% 

1999 - 2002  3,467 5,601 1.62 1.15 65% 1.22   1.41   1.12 29% 

2000 - 2003  3,548 6,217 1.75 1.25 64% 1.17   1.37   1.13 28% 

2001 - 2004  3,580 6,712 1.87 1.38 64% 1.10   1.37   1.18 26% 

2002 - 2005  3,786 7,578 2.00 1.52 62% 1.12   1.37   1.16 24% 

2003 - 2006  4,072 8,420 2.07 1.55 61% 1.11   1.30   1.13 25% 
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------------------------------------------------------------------------------------------------------------------- 

Period P Cs cs c p0 c/cj   c/cf   cj/cf   sc  

ENGINEERING SCIENCES       

 

CIVIL ENGINEERING AND CONSTRUCTION      

1997 - 2000  2,111 1,772 0.84 0.45 78% 1.21   0.85   0.76 46% 

1998 - 2001  2,175 1,783 0.82 0.46 77% 1.19   0.84   0.75 44% 

1999 - 2002  2,172 1,912 0.88 0.51 76% 1.14   0.88   0.79 42% 

2000 - 2003  2,176 1,927 0.89 0.53 75% 1.12   0.82   0.75 41% 

2001 - 2004  2,142 2,190 1.02 0.62 73% 1.10   0.86   0.78 40% 

2002 - 2005  2,229 2,293 1.03 0.64 71% 1.00   0.82   0.81 38% 

2003 - 2006  2,345 2,670 1.14 0.71 68% 1.06   0.87   0.83 37% 

 

ELECTRICAL ENGINEERING AND TELECOMMUNICATION     

1997 - 2000  9,109 10,502 1.15 0.66 74% 1.00   0.94   0.95 43% 

1998 - 2001  9,179 11,035 1.20 0.69 73% 1.02   0.93   0.93 43% 

1999 - 2002  8,516 10,128 1.19 0.71 73% 1.06   0.95   0.92 40% 

2000 - 2003  8,373 10,239 1.22 0.75 72% 1.01   0.95   0.94 38% 

2001 - 2004  8,262 10,884 1.32 0.82 71% 1.00   0.95   0.94 38% 

2002 - 2005  8,517 11,901 1.40 0.87 70% 0.99   0.95   0.96 38% 

2003 - 2006  9,228 13,166 1.43 0.88 68% 0.94   0.88   0.94 38% 

 

ENERGY SCIENCE AND TECHNOLOGY      

1997 - 2000  4,150 6,117 1.47 0.78 70% 1.29   0.98   0.86 47% 

1998 - 2001  4,201 6,154 1.46 0.81 69% 1.25   0.96   0.84 45% 

1999 - 2002  4,167 6,433 1.54 0.87 68% 1.25   0.97   0.84 44% 

2000 - 2003  4,180 6,607 1.58 0.89 68% 1.19   0.93   0.85 43% 

2001 - 2004  4,012 6,038 1.50 0.85 68% 1.10   0.87   0.87 44% 

2002 - 2005  4,053 6,818 1.68 0.95 65% 1.05   0.85   0.87 44% 

2003 - 2006  4,048 7,652 1.89 1.11 64% 1.08   0.92   0.89 41% 

 

GENERAL AND INDUSTRIAL ENGINEERING      

1997 - 2000  3,117 2,714 0.87 0.50 76% 1.09   1.00   0.94 43% 

1998 - 2001  3,288 2,905 0.88 0.49 75% 1.05   0.93   0.92 45% 

1999 - 2002  3,246 2,968 0.91 0.53 73% 1.05   0.93   0.91 42% 

2000 - 2003  3,285 3,395 1.03 0.63 70% 1.03   0.95   0.94 39% 

2001 - 2004  3,311 3,736 1.13 0.71 71% 1.09   1.03   0.95 37% 

2002 - 2005  3,408 4,306 1.26 0.82 67% 1.09   1.05   0.97 35% 

2003 - 2006  3,636 5,075 1.40 0.93 66% 1.09   1.07   0.98 33% 

 

INSTRUMENTS AND INSTRUMENTATION      

1997 - 2000  2,752 4,841 1.76 0.88 66% 1.13   0.87  0.88 50% 

1998 - 2001  2,720 4,832 1.78 0.92 65% 1.20   0.95   0.89 48% 

1999 - 2002  2,723 5,132 1.88 1.03 64% 1.17   0.93   0.88 46% 

2000 - 2003  2,704 5,358 1.98 1.09 64% 1.20   0.93   0.87 45% 

2001 - 2004  2,779 5,329 1.92 1.04 65% 1.13   0.89   0.88 46% 

2002 - 2005  2,834 5,939 2.10 1.13 63% 1.07   0.87   0.90 46% 

2003 - 2006  2,958 6,612 2.24 1.29 62% 1.09   0.95   0.92 42% 
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----------------------------------------------------------------------------------------------------------------- 

Period P Cs cs c p0 c/cj   c/cf   cj/cf   sc  

 

MECHANICAL ENGINEERING AND AEROSPACE      

1997 - 2000  7,003 8,816 1.26 0.68 73% 1.05   0.98   0.99 46% 

1998 - 2001  7,246 9,402 1.30 0.70 71% 1.05   0.97   0.97 46% 

1999 - 2002  7,121 9,209 1.29 0.71 71% 1.02   0.96   0.99 45% 

2000 - 2003  7,275 10,214 1.40 0.80 69% 1.02   0.99   0.99 43% 

2001 - 2004  7,285 10,530 1.45 0.84 68% 1.05   1.00   0.97 42% 

2002 - 2005  7,532 11,902 1.58 0.92 66% 1.05   0.97   0.95 42% 

2003 - 2006  7,961 13,725 1.72 1.03 65% 1.05   0.97   0.95 40% 

 

 

LANGUAGE, INFORMATION AND COMMUNICATION    

 

INFORMATION AND COMMUNICATION SCIENCES    

1997 - 2000  1,280 1,117 0.87 0.66 69% 1.06   1.08   0.99 24% 

1998 - 2001  1,377 1,163 0.84 0.63 71% 1.00   1.06   1.05 26% 

1999 - 2002  1,419 1,226 0.86 0.61 72% 0.95   0.91   0.99 30% 

2000 - 2003  1,471 1,756 1.19 0.79 65% 1.05   1.03   1.00 34% 

2001 - 2004  1,459 2,032 1.39 0.88 63% 1.08   0.97   0.95 36% 

2002 - 2005  1,384 2,025 1.46 0.91 62% 1.04   0.97   0.98 38% 

2003 - 2006  1,512 2,147 1.42 0.95 62% 1.04   1.00   0.99 33% 

 

LANGUAGE AND LINGUISTICS       

1997 - 2000  959 961 1.00 0.68 74% 1.22   1.12   0.92 32% 

1998 - 2001  1,019 1,136 1.11 0.77 75% 1.27   1.15   0.92 31% 

1999 - 2002  1,012 1,056 1.04 0.72 74% 1.25   1.07   0.87 31% 

2000 - 2003  1,016 1,140 1.12 0.80 70% 1.14   0.99   0.87 29% 

2001 - 2004  990 1,230 1.24 0.90 66% 1.14   1.10   0.95 27% 

2002 - 2005  1,065 1,457 1.37 0.99 68% 1.21   1.14   0.94 28% 

2003 - 2006  1,175 1,852 1.58 1.17 67% 1.28   1.28   1.01 26% 
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----------------------------------------------------------------------------------------------------------------- 

Period P Cs cs c p0 c/cj   c/cf   cj/cf   sc  

SOCIAL AND BEHAVOURIAL SCIENCES      

 

ECONOMICS AND BUSINESS      

1997 - 2000  5,180 6,427 1.24 0.97 65% 1.13   1.18   1.05 22% 

1998 - 2001  5,491 7,127 1.30 1.02 65% 1.11   1.20   1.08 21% 

1999 - 2002  5,547 6,802 1.23 0.95 65% 1.02   1.08   1.07 23% 

2000 - 2003  5,860 7,370 1.26 0.97 64% 0.99   1.04   1.06 23% 

2001 - 2004  5,997 8,269 1.38 1.09 63% 1.06   1.16   1.09 21% 

2002 - 2005  6,188 9,312 1.50 1.20 61% 1.07   1.17   1.09 20% 

2003 - 2006  6,636 11,037 1.66 1.34 59% 1.12   1.19   1.06 19% 

 

EDUCATIONAL SCIENCES       

1997 - 2000  2,927 2,849 0.97 0.72 68% 1.10   0.83   0.77 26% 

1998 - 2001  3,095 3,206 1.04 0.77 67% 1.07   0.90   0.85 26% 

1999 - 2002  3,152 3,718 1.18 0.89 64% 1.06   0.95   0.90 25% 

2000 - 2003  3,276 3,975 1.21 0.90 63% 1.06   0.95   0.91 26% 

2001 - 2004  3,195 3,990 1.25 0.91 63% 1.06   0.92   0.90 27% 

2002 - 2005  3,312 4,469 1.35 1.01 62% 1.09   0.96   0.90 25% 

2003 - 2006  3,397 4,776 1.41 1.06 60% 1.08   0.97   0.91 25% 

 

MANAGEMENT AND PLANNING       

1997 - 2000  3,444 3,386 0.98 0.74 68% 1.11   0.96   0.88 24% 

1998 - 2001  3,468 3,889 1.12 0.87 66% 1.14   1.04   0.93 23% 

1999 - 2002  3,370 3,803 1.13 0.89 65% 1.09   0.99   0.93 21% 

2000 - 2003  3,404 4,325 1.27 0.97 64% 1.04   0.98   0.96 23% 

2001 - 2004  3,300 4,123 1.25 0.96 63% 1.08   1.01   0.94 23% 

2002 - 2005  3,488 4,766 1.37 1.09 60% 1.12   1.05   0.94 20% 

2003 - 2006  3,715 5,422 1.46 1.17 59% 1.11   1.02   0.92 20% 

 

POLITICAL SCIENCE AND PUBLIC ADMINISTRATION     

1997 - 2000  2,600 2,288 0.88 0.70 70% 1.00   0.94   0.97 21% 

1998 - 2001  2,739 2,521 0.92 0.72 70% 0.99   0.93   0.98 22% 

1999 - 2002  2,768 2,608 0.94 0.74 68% 1.00   0.99   1.02 21% 

2000 - 2003  2,804 2,831 1.01 0.80 67% 1.03   1.00   1.00 21% 

2001 - 2004  2,795 2,820 1.01 0.79 66% 1.06   0.99   0.97 22% 

2002 - 2005  2,843 3,098 1.09 0.86 66% 1.09   1.02   0.98 21% 

2003 - 2006  2,969 3,356 1.13 0.89 64% 1.08   1.02   0.96 21% 

 

PSYCHOLOGY       

1997 - 2000  7,725 16,905 2.19 1.53 59% 1.12   1.11   1.01 30% 

1998 - 2001  8,123 19,128 2.35 1.65 58% 1.09   1.09   1.02 30% 

1999 - 2002  8,201 19,866 2.42 1.73 56% 1.07   1.05   1.00 29% 

2000 - 2003  8,472 21,517 2.54 1.83 55% 1.06   1.05   1.00 28% 

2001 - 2004  8,559 22,449 2.62 1.89 54% 1.07   1.04   0.99 28% 

2002 - 2005  9,074 24,895 2.74 1.99 52% 1.07   1.05   1.01 27% 

2003 - 2006  9,794 29,745 3.04 2.25 51% 1.07   1.09   1.04 26% 
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--------------------------------------------------------------------------------------------------------------------------------------- 

Period P Cs cs c p0 c/cj  c/cf  cj/cf   sc 

--------------------------------------------------------------------------------------------------------------------------------------- 

 

SOCIAL AND BEHAVIOURAL SCIENCES, INTERDISCIPLINARY     

1997 - 2000  2,290 3,261 1.42 1.12 62% 1.19   1.23   1.01 21% 

1998 - 2001  2,371 3,413 1.44 1.12 62% 1.13   1.14   1.00 22% 

1999 - 2002  2,471 3,451 1.40 1.09 62% 1.07   1.05   0.96 22% 

2000 - 2003  2,649 3,819 1.44 1.13 60% 1.11   1.07   0.96 22% 

2001 - 2004  2,738 4,275 1.56 1.25 57% 1.16   1.12   0.95 20% 

2002 - 2005  2,998 5,503 1.84 1.48 56% 1.15   1.19   1.00 19% 

2003 - 2006  3,323 6,623 1.99 1.60 54% 1.11   1.20   1.05 19% 

 

SOCIOLOGY AND ANTHROPOLOGY      

1997 - 2000  2,783 3,174 1.14 0.87 65% 1.08   1.05   0.97 24% 

1998 - 2001  2,902 3,399 1.17 0.88 66% 1.07   1.02   0.96 25% 

1999 - 2002  2,978 3,091 1.04 0.79 67% 1.00   0.90   0.90 24% 

2000 - 2003  3,148 3,475 1.10 0.84 66% 1.02   0.92   0.92 24% 

2001 - 2004  3,137 3,604 1.15 0.85 65% 1.04   0.94   0.93 26% 

2002 - 2005  3,334 4,087 1.23 0.93 64% 1.03   0.94   0.93 24% 

2003 - 2006  3,521 5,141 1.46 1.12 60% 1.07   1.06   0.99 23% 
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------------------------------------------------------------------------------------------------------------------ 

Period P Cs cs c p0 c/cj   c/c   cj/cf   sc  

LAW, ARTS AND HUMANITIES       

 

CREATIVE ARTS, CULTURE AND MUSIC      

1997 - 2000  3,249 691 0.21 0.17 88% 1.07   1.17   1.11 21% 

1998 - 2001  3,190 683 0.21 0.17 89% 1.09   1.18   1.11 21% 

1999 - 2002  3,164 662 0.21 0.17 89% 1.10   1.17   1.10 21% 

2000 - 2003  3,010 678 0.23 0.18 88% 1.15   1.24   1.11 18% 

2001 - 2004  2,990 688 0.23 0.18 88% 1.19   1.25   1.09 20% 

2002 - 2005  3,236 872 0.27 0.22 87% 1.20   1.38   1.17 20% 

2003 - 2006  3,282 851 0.26 0.20 87% 1.11   1.41   1.25 22% 

 

HISTORY, PHILOSOPHY AND RELIGION      

1997 - 2000  5,102 3,011 0.59 0.46 76% 1.10   1.21   1.08 23% 

1998 - 2001  5,352 3,046 0.57 0.44 76% 1.06   1.14   1.06 23% 

1999 - 2002  5,391 3,020 0.56 0.44 75% 1.06   1.10   1.02 22% 

2000 - 2003  5,318 2,994 0.56 0.43 75% 1.02   0.99   0.96 23% 

2001 - 2004  5,340 3,172 0.59 0.45 76% 1.03   1.00   0.97 24% 

2002 - 2005  5,469 3,594 0.66 0.51 75% 1.11   1.06   0.96 23% 

2003 - 2006  5,722 4,018 0.70 0.55 75% 1.13   1.08   0.95 22% 

 

LAW AND CRIMINOLOGY       

1997 - 2000  1,368 1,925 1.41 1.05 64% 1.19   0.80   0.69 25% 

1998 - 2001  1,412 1,776 1.26 0.98 63% 1.18   0.75   0.66 22% 

1999 - 2002  1,418 1,792 1.26 0.96 63% 1.14   0.72   0.66 24% 

2000 - 2003  1,445 2,037 1.41 1.06 61% 1.11   0.71   0.67 25% 

2001 - 2004  1,432 1,889 1.32 0.95 63% 1.08   0.67   0.67 28% 

2002 - 2005  1,460 1,801 1.23 0.91 65% 1.07   0.65   0.66 26% 

2003 - 2006  1,553 1,774 1.14 0.83 65% 0.98   0.58   0.65 27% 

 

LITERATURE       

1997 - 2000  2,024 234 0.12 0.08 94% 1.14   0.77   0.74 29% 

1998 - 2001  2,020 230 0.11 0.07 95% 1.06   0.69   0.74 36% 

1999 - 2002  1,996 268 0.13 0.10 94% 1.09   0.91   0.88 28% 

2000 - 2003  1,944 236 0.12 0.09 94% 1.00   0.85   0.89 26% 

2001 - 2004  1,947 265 0.14 0.10 93% 1.07   0.84   0.85 28% 

2002 - 2005  2,190 326 0.15 0.11 92% 1.09   0.89   0.86 28% 

2003 - 2006  2,207 338 0.15 0.11 91% 1.12   0.99   0.92 27% 

 

 

MULTIDISCIPLINARY JOURNALS      

1997 - 2000  4,306 58,649 13.62 11.56 46% 0.99   1.59   1.57 15% 

1998 - 2001  4,226 63,702 15.07 12.88 42% 1.02   1.54   1.48 15% 

1999 - 2002  4,102 61,774 15.06 12.83 38% 0.98   1.41   1.43 15% 

2000 - 2003  4,042 71,334 17.65 15.14 36% 1.00   1.47   1.45 14% 

2001 - 2004  3,861 67,950 17.60 14.97 35% 0.97   1.36   1.38 15% 

2002 - 2005  4,146 72,202 17.41 14.75 35% 0.99   1.34   1.34 15% 

2003 - 2006  4,363 69,142 15.85 13.26 35% 0.96   1.26   1.29 16% 
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Class C: 1.20 < c/cf < 2.00: performance significantly above international average. 
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Class A: c/cf < 0.80:performance significantly below international average. 

Table A2: c/cf classes of UK major fields, 1997-2006 

Class E: c/cf > 3.00: performance in international perspective is excellent.

Class D: 2.00 < c/cf < 3.00: performance in international perspective is very good.  

Class B: 0.80 < c/cf < 1.20: performance about international average. 

 

 

A B C D E
AGRICULTURE AND FOOD SCIENCE 57.3 10.8 13.6 7.8 10.5
ASTRONOMY AND ASTROPHYSICS 60.4 10.1 12.7 6.6 10.3
BASIC LIFE SCIENCES 57.8 11.8 13.7 7.5 9.3
BASIC MEDICAL SCIENCES 63.9 10.8 11.1 6.4 7.9
BIOLOGICAL SCIENCES 54.9 11.6 14.5 8.5 10.6
BIOMEDICAL SCIENCES 58.5 11.6 13.0 7.4 9.6
CHEMISTRY AND CHEMICAL ENGINEERING 58.7 10.8 12.4 7.4 10.7
CIVIL ENGINEERING AND CONSTRUCTION 70.4 7.8 9.1 5.5 7.2
CLINICAL MEDICINE 62.8 9.9 11.4 6.8 9.2
COMPUTER SCIENCES 70.9 6.0 8.4 5.2 9.6
CREATIVE ARTS, CULTURE AND MUSIC 77.6 1.0 3.1 3.6 14.7
EARTH SCIENCES AND TECHNOLOGY 57.3 11.8 12.9 7.9 10.1
ECONOMICS AND BUSINESS 64.3 7.8 12.3 5.7 9.8
EDUCATIONAL SCIENCES 65.8 9.5 10.4 6.8 7.5
ELECTRICAL ENGINEERING AND TELECOMMUNICATION 72.7 7.5 8.4 4.5 6.9
ENERGY SCIENCE AND TECHNOLOGY 70.0 8.3 9.1 5.1 7.5
ENVIRONMENTAL SCIENCES AND TECHNOLOGY 59.6 11.4 12.6 7.3 9.1
GENERAL AND INDUSTRIAL ENGINEERING 67.1 8.7 9.8 6.7 7.8
HEALTH SCIENCES 64.7 10.5 11.6 6.1 7.1
HISTORY, PHILOSOPHY AND RELIGION 67.2 5.5 9.2 5.6 12.5
INFORMATION AND COMMUNICATION SCIENCES 69.6 7.7 9.5 5.5 7.8
INSTRUMENTS AND INSTRUMENTATION 70.4 9.0 9.1 5.1 6.4
LANG 9.6
LAW 5.4
LITE 9.4
MANA 7.7
MATH 10.0
MECH 8.1
MU 12.4
PHYS 10.0
POLI 7.9
PSYC 8.3
SOCI 9.7
SOCI 8.3
STAT 10.0

UAGE AND LINGUISTICS 67.5 8.0 8.9 5.8
 AND CRIMINOLOGY 74.7 7.8 8.1 4.1
RATURE 83.7 0.5 3.3 3.2

GEMENT AND PLANNING 67.0 8.3 11.3 5.7
EMATICS 66.9 7.4 9.6 6.0
ANICAL ENGINEERING AND AEROSPACE 66.6 8.9 10.1 6.4

LTIDISCIPLINARY JOURNALS 64.0 7.5 10.0 6.1
ICS AND MATERIALS SCIENCE 63.6 9.4 10.6 6.5

TICAL SCIENCE AND PUBLIC ADMINISTRATION 68.6 8.0 9.5 6.1
HOLOGY 63.6 10.6 11.1 6.5
AL AND BEHAVIORAL SCIENCES, INTERDISCIPLINARY 61.7 11.0 10.8 6.8
OLOGY AND ANTHROPOLOGY 65.6 9.0 10.7 6.3
ISTICAL SCIENCES 65.4 8.2 10.3 6.1  

 

 



Appendix B  

Structure of main fields, major fields and fields  

 

MEDICAL AND LIFE SCIENCES   AGRICULTURE AND FOOD SCIENCE   AGRICULTURAL ENGINEERING 

   AGRICULTURAL EXPERIMENT STATION REPORTS 

   AGRICULTURE, DAIRY AND ANIMAL SCIENCE 

   AGRICULTURE, MULTIDISCIPLINARY 

   AGRONOMY 

   FOOD SCIENCE AND TECHNOLOGY 

   NUTRITION AND DIETETICS 

   SOIL SCIENCE 

 

  BASIC LIFE SCIENCES   BIOCHEMICAL RESEARCH METHODS 

   BIOCHEMISTRY AND MOLECULAR BIOLOGY 

   BIOPHYSICS 

   BIOTECHNOLOGY AND APPLIED MICROBIOLOGY 

   CELL BIOLOGY 

   DEVELOPMENTAL BIOLOGY 

   GENETICS AND HEREDITY 

   MICROBIOLOGY 

   REPRODUCTIVE BIOLOGY 

 

  BASIC MEDICAL SCIENCES   CHEMISTRY, MEDICINAL 

   ENGINEERING, BIOMEDICAL 

   MATERIALS SCIENCE, BIOMATERIALS 

   MEDICAL INFORMATICS 

 

  BIOLOGICAL SCIENCES   BEHAVIOURAL SCIENCES 

   BIOLOGY 

   ENTOMOLOGY 
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   EVOLUTIONARY BIOLOGY 

   FISHERIES 

   HORTICULTURE 

   MARINE AND FRESHWATER BIOLOGY 

   MATHEMATICAL AND COMPUTATIONAL BIOLOGY 

   MYCOLOGY 

   ORNITHOLOGY 

   PLANT SCIENCES 

   ZOOLOGY 

 

  BIOMEDICAL SCIENCES   ANATOMY AND MORPHOLOGY 

   IMMUNOLOGY 

   INTEGRATIVE AND COMPLEMENTARY MEDICINE 

   MEDICAL LABORATORY TECHNOLOGY 

   MEDICINE, RESEARCH AND EXPERIMENTAL 

   NEUROIMAGING 

   NEUROSCIENCES 

   PHARMACOLOGY AND PHARMACY 

   PHYSIOLOGY 

   RADIOLOGY, NUCLEAR MEDICINE AND MEDICAL IMAGING 

   TOXICOLOGY 

   VIROLOGY 

 

  CLINICAL MEDICINE   ALLERGY 

   ANDROLOGY 

   ANESTHESIOLOGY 

   CARDIAC AND CARDIOVASCULAR SYSTEMS 

   CLINICAL NEUROLOGY 

   CRITICAL CARE MEDICINE 

   DENTISTRY, ORAL SURGERY AND MEDICINE 

   DERMATOLOGY 

   EMERGENCY MEDICINE 
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   ENDOCRINOLOGY AND METABOLISM 

   GASTROENTEROLOGY AND HEPATOLOGY 

   HEMATOLOGY 

   INFECTIOUS DISEASES 

   MEDICINE, GENERAL AND INTERNAL 

   OBSTETRICS AND GYNECOLOGY 

   ONCOLOGY 

   OPHTHALMOLOGY 

   ORTHOPEDICS 

   OTORHINOLARYNGOLOGY 

   PARASITOLOGY 

   PATHOLOGY 

   PEDIATRICS 

   PERIPHERAL VASCULAR DISEASE 

   PSYCHIATRY 

   PUBLIC, ENVIRONMENTAL AND OCCUPATIONAL HEALTH 

   RESPIRATORY SYSTEM 

   RHEUMATOLOGY 

   SURGERY 

   TRANSPLANTATION 

   TROPICAL MEDICINE 

   UROLOGY AND NEPHROLOGY 

   VETERINARY SCIENCES 

 

  HEALTH SCIENCES   GERIATRICS AND GERONTOLOGY 

   GERONTOLOGY 

   HEALTH CARE SCIENCES AND SERVICES 

   HEALTH POLICY AND SERVICES 

   NURSING 

   REHABILITATION 

   SOCIAL WORK 

   SPORT SCIENCES 
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   SUBSTANCE ABUSE 

 

 

 

NATURAL SCIENCES   ASTRONOMY AND ASTROPHYSICS   ASTRONOMY AND ASTROPHYSICS 

 

  CHEMISTRY AND CHEMICAL ENGINEERING   CHEMISTRY, ANALYTICAL 

   CHEMISTRY, APPLIED 

   CHEMISTRY, INORGANIC & NUCLEAR 

   CHEMISTRY, MULTIDISCIPLINARY 

   CHEMISTRY, ORGANIC 

   CHEMISTRY, PHYSICAL 

   ELECTROCHEMISTRY 

   ENGINEERING, CHEMICAL 

   MATERIALS SCIENCE, PAPER & WOOD 

   MATERIALS SCIENCE, TEXTILES 

   POLYMER SCIENCE 

   SPECTROSCOPY 

 

  COMPUTER SCIENCES   COMPUTER SCIENCE, ARTIFICIAL INTELLIGENCE 

   COMPUTER SCIENCE, CYBERNETICS 

   COMPUTER SCIENCE, HARDWARE & ARCHITECTURE 

   COMPUTER SCIENCE, INFORMATION SYSTEMS 

   COMPUTER SCIENCE, INTERDISCIPLINARY APPLICATIONS 

   COMPUTER SCIENCE, SOFTWARE ENGINEERING 

   COMPUTER SCIENCE, THEORY & METHODS 

 

  EARTH SCIENCES AND TECHNOLOGY   ENGINEERING, GEOLOGICAL 

   ENGINEERING, MARINE 

   ENGINEERING, OCEAN 

   GEOCHEMISTRY & GEOPHYSICS 

   GEOGRAPHY, PHYSICAL 
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   GEOLOGY 

   GEOSCIENCES, MULTIDISCIPLINARY 

   IMAGING SCIENCE AND PHOTOGRAPHIC TECHNOLOGY 

   METEOROLOGY AND ATMOSPHERIC SCIENCES 

   MINERALOGY 

   OCEANOGRAPHY 

   PALEONTOLOGY 

   REMOTE SENSING 

 

  ENVIRONMENTAL SCIENCES AND TECHNOLOGY   BIODIVERSITY CONSERVATION 

   ECOLOGY 

   ENGINEERING, ENVIRONMENTAL 

   ENVIRONMENTAL SCIENCES 

   ENVIRONMENTAL STUDIES 

   FORESTRY 

   GEOGRAPHY 

   LIMNOLOGY 

   URBAN STUDIES 

   WATER RESOURCES 

 

  MATHEMATICS   MATHEMATICS 

   MATHEMATICS, APPLIED 

   MATHEMATICS, INTERDISCIPLINARY APPLICATIONS 

 

  PHYSICS AND MATERIALS SCIENCE   CRYSTALLOGRAPHY 

   MATERIALS SCIENCE, CERAMICS 

   MATERIALS SCIENCE, CHARACTERIZATION AND TESTING 

   MATERIALS SCIENCE, COATINGS AND FILMS 

   MATERIALS SCIENCE, COMPOSITES 

   MATERIALS SCIENCE, MULTIDISCIPLINARY 

   METALLURGY AND METALLURGICAL ENGINEERING 

   NANOSCIENCE AND NANOTECHNOLOGY 
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   OPTICS 

   PHYSICS, APPLIED 

   PHYSICS, ATOMIC, MOLECULAR AND CHEMICAL 

   PHYSICS, CONDENSED MATTER 

   PHYSICS, FLUIDS AND PLASMAS 

   PHYSICS, MATHEMATICAL 

   PHYSICS, MULTIDISCIPLINARY 

   PHYSICS, NUCLEAR 

   PHYSICS, PARTICLES AND FIELDS 

 

  STATISTICAL SCIENCES   OPERATIONS RESEARCH AND MANAGEMENT SCIENCE 

   SOCIAL SCIENCES, MATHEMATICAL METHODS 

   STATISTICS AND PROBABILITY 

 

 

ENGINEERING SCIENCES   CIVIL ENGINEERING AND CONSTRUCTION   CONSTRUCTION AND BUILDING TECHNOLOGY 

   ENGINEERING, CIVIL 

 

  ELECTRICAL ENGINEERING AND TELECOMMUNICATION   AUTOMATION AND CONTROL SYSTEMS 

   ENGINEERING, ELECTRICAL AND ELECTRONIC 

   ROBOTICS 

   TELECOMMUNICATIONS 

   TRANSPORTATION 

   TRANSPORTATION SCIENCE AND TECHNOLOGY 

 

  ENERGY SCIENCE AND TECHNOLOGY   ENERGY AND FUELS 

   ENGINEERING, PETROLEUM 

   MINING AND MINERAL PROCESSING 

   NUCLEAR SCIENCE AND TECHNOLOGY 

 

  GENERAL AND INDUSTRIAL ENGINEERING   ENGINEERING, INDUSTRIAL 

 123



   ENGINEERING, MANUFACTURING 

   ENGINEERING, MULTIDISCIPLINARY 

   ERGONOMICS 

 

  INSTRUMENTS AND INSTRUMENTATION   INSTRUMENTS AND INSTRUMENTATION 

   MICROSCOPY 

 

  MECHANICAL ENGINEERING AND AEROSPACE   ACOUSTICS 

   ENGINEERING, AEROSPACE 

   ENGINEERING, MECHANICAL 

   MECHANICS 

   THERMODYNAMICS 

 

 

LANGUAGE, INFORMATION  

AND COMMUNICATION   INFORMATION AND COMMUNICATION SCIENCES   COMMUNICATION 

   INFORMATION SCIENCE AND LIBRARY SCIENCE 

 

  LANGUAGE AND LINGUISTICS   LANGUAGE AND LINGUISTICS 

   LINGUISTICS 

 

 

SOCIAL AND BEHAVIORAL  

SCIENCES   ECONOMICS AND BUSINESS   AGRICULTURAL ECONOMICS AND POLICY 

   BUSINESS 

   BUSINESS, FINANCE 

   ECONOMICS 

   INDUSTRIAL RELATIONS AND LABOUR 

 

  EDUCATIONAL SCIENCES   EDUCATION AND EDUCATIONAL RESEARCH 
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   EDUCATION, SCIENTIFIC DISCIPLINES 

   EDUCATION, SPECIAL 

   PSYCHOLOGY, EDUCATIONAL 

 

  MANAGEMENT AND PLANNING   AREA STUDIES 

   MANAGEMENT 

   PLANNING AND DEVELOPMENT 

 

  POLITICAL SCIENCE AND PUBLIC ADMINISTRATION   INTERNATIONAL RELATIONS 

   POLITICAL SCIENCE 

   PUBLIC ADMINISTRATION 

 

  PSYCHOLOGY   PSYCHOLOGY, APPLIED 

   PSYCHOLOGY, BIOLOGICAL 

   PSYCHOLOGY, CLINICAL 

   PSYCHOLOGY, DEVELOPMENTAL 

   PSYCHOLOGY, EXPERIMENTAL 

   PSYCHOLOGY, MATHEMATICAL 

   PSYCHOLOGY, MULTIDISCIPLINARY 

   PSYCHOLOGY, PSYCHOANALYSIS 

   PSYCHOLOGY, SOCIAL 

 SOCIAL AND BEHAVIOURAL SCIENCES,  

 INTERDISCIPLINARY   DEMOGRAPHY 

   SOCIAL ISSUES 

   SOCIAL SCIENCES, BIOMEDICAL 

   SOCIAL SCIENCES, INTERDISCIPLINARY 

 

  SOCIOLOGY AND ANTHROPOLOGY   ANTHROPOLOGY 

   ETHNIC STUDIES 

   FAMILY STUDIES 

   SOCIOLOGY 

   WOMEN'S STUDIES 
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LAW, ARTS AND HUMANITIES   CREATIVE ARTS, CULTURE AND MUSIC   ARCHITECTURE 

   ART 

   ASIAN STUDIES 

   CLASSICS 

   DANCE 

   FILM, RADIO, TELEVISION 

   FOLKLORE 

   HUMANITIES, MULTIDISCIPLINARY 

   MUSIC 

   THEATRE 

 

  HISTORY, PHILOSOPHY AND RELIGION   ARCHAEOLOGY 

   ETHICS 

   HISTORY 

   HISTORY AND PHILOSOPHY OF SCIENCE 

   HISTORY OF SOCIAL SCIENCES 

   MEDICAL ETHICS 

   MEDIEVAL AND RENAISSANCE STUDIES 

   PHILOSOPHY 

   RELIGION 

 

  LAW AND CRIMINOLOGY   CRIMINOLOGY AND PENOLOGY 

   LAW 

   MEDICINE, LEGAL 

 

  LITERATURE   LITERARY REVIEWS 

   LITERARY THEORY AND CRITICISM 

   LITERATURE 

   LITERATURE, AFRICAN, AUSTRALIAN, CANADIAN 

   LITERATURE, AMERICAN 
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   LITERATURE, GERMAN, DUTCH, SCANDINAVIAN 

MULTIDISCIPLINARY JOURNALS   MULTIDISCIPLINARY JOURNALS   MULTIDISCIPLINARY SCIENCES 

   LITERATURE, BRITISH ISLES 

   LITERATURE, ROMANCE 

   LITERATURE, SLAVIC 

   POETRY 
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Undoubtedly, these achievements are because of the quality of the efforts made by our 

team as a whole.  

 

CWTS is a research institute located within the Faculty of Social and Behavioural Sciences 

of Leiden University. Given its interdisciplinary character, CWTS has strong links with other 

institutes and departments in and beyond Leiden, thus providing focal points for a broader 

spectrum of research in science and technology studies. Our experience, expertise and 

international position enable us to provide students and other interested people and 

organisations with courses of the highest quality. Each year in October we organise our 

five-day graduate course on quantitative studies of science and technology, ‘Measuring 

Science’, for students in masters programmes and for external participants.  

 

Science and technology are the driving forces of our contemporary society. Clear and as 

objective as possible analyses of these forces are indispensable in any science policy and 

research management strategy. This creates a strong motivation on our side to provide 

valid and user-oriented analyses of scientific and technological developments and of the 

interaction of these knowledge domains. These incentives create new opportunities: 

applications are often the primary sources of innovation and new developments. The 

‘market’ presents challenges that are indispensable for maintaining both relevance and 

quality in our basic and applied research.  

 

In 2002 we started a small business company. This company, CWTSbv, commercialises 

most of the products and services based on the R&D and intellectual property of CWTS. 

CWTSbv is part of the Leiden University Business Development Holding Structure and 

100% owned by Leiden University. 

  

The core interests of CWTS fall into four inter-related areas: 

  

Development of methods and techniques for the design, construction and application of 

quantitative, in particular bibliometric indicators on important aspects of science and 

technology. 

 

Development of information systems on science and technology. 

 

Study of the interaction between science and technology. 
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Study of cognitive and socio-organisational processes in the development of scientific and 

technological fields and developmental processes.  

 

These activities and the applications based on the Centre’s R&D relate to virtually all fields 

of science and technology. Nevertheless, given the different communication and 

knowledge-diffusion practices in the various disciplines – particularly publishing in 

international serial literature – our methods are in the first instance applicable to the basic 

and applied natural science and medical fields, increasingly to the engineering fields as 

well as social and behavioural science, and less to the humanities. As far as technological 

developments are concerned, the applicability of quantitative methods depends on 

communication and knowledge-diffusion practices here too, particularly in terms of 

patenting. A start has been made on assessing the societal relevance of scientific research. 

 

CWTS has longstanding experience in quantitative studies of science and technology, 

particularly in research performance analysis and mapping of science fields. We have 

optimal access to all necessary facilities and expertise available in our university 

environment, and thus our R&D benefits from all the experience, entire know-how and 

technical, administrative and other infrastructural facilities of the CWTS institute as well as 

of the main university. The latter is of crucial importance for extensive library and 

computer facilities, and the availability of experts in all relevant fields. Leiden University is 

internationally recognised for its high reputation.  

 

CWTS has highly qualified staff. Two senior staff members (Professor Ton van Raan, Dr 

Henk Moed) have received the Derek de Solla Price Award, the highest international award 

in the field of quantitative studies of science and technology. CWTS is regarded as a centre 

of excellence in its field. Within Leiden University it is one of the institutes with the highest 

quality status. The most recent evaluation organised by the Netherlands Council of 

Universities (VSNU) with an international peer committee qualified CWTS as ‘excellent’.  

 

Key words to characterise CWTS are: science and technology indicators, bibliometric 

analysis, research performance assessment, scientific communication, science-technology 

interface, bibliometric mapping, science and technology landscapes, data-mining, 

interdisciplinarity, growth and differentiation of scientific development, innovation, science 

and socio-economic needs, self-organisation of science. 
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