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In the last three decades bibliometrics has evolved to a standard tool of science policy and research management. As a consequence, a vast array of indicators to measure and to map scientific and technological activity, their progress and their outcomes, has been developed. All significant compilations of science indicators heavily rely on publication and citation statistics and other, more sophisticated bibliometric techniques. Unfortunately there is a common misbelief on bibliometrics according to which such sophisticated statistical techniques are unnecessary, and the tasks of bibliometrics might be reduced to simple counting activities in order to replace qualitative assessment by impact factors and to set publication output off against funding. In fact, bibliometrics is much more than a simple publication and citation based gauging of scientific performance or than compiling of cleaned-up bibliographies on research domains extended by citation data. At present scientometrics is a powerful, multifaceted endeavour encompassing subareas such as structural, dynamic, evaluative and predictive scientometrics. Structural scientometrics came up with results like the re-mapping of the epistemological structure of science based, for instance, on co-citation, “bibliographic coupling” techniques or co-word techniques. Dynamic scientometrics constructed sophisticated models of scientific growth, obsolescence, citation processes, etc. Most recently, there are also applications at the borderline of bibliometric research, for instance, in the context of studying the linkage between science and technology, or applications to related fields such as information science and most recently also Webometrics. 

In what follows, we will provide a systematic discussion of limitations and the pitfalls related to the use of bibliometric indicators in a policy relevant context. We will discuss opportunities and limitations of bibliometric methods along the following issues. 

First we answer the question of what bibliometrics is designed for, what bibliometrics can be used for and what bibliometrics cannot be responsible for. This question basically determines both, its tasks and its borderlines. At the same time we discuss the interaction of bibliometrics with related research fields and application services pointing to its particular target groups.

The second issue is concerned with the data sources used in bibliometrics. The data sources themselves offer unique opportunities but are essentially responsible for significant limitations as well. Bibliographies – such as sufficiently large publication list compiled and issued, e.g., by a scientific institution – as well as bibliographic databases are the main sources. Features and shortcomings of the big specialised or multidisciplinary databases are briefly discussed.

In the third part we deal with the elements and units of bibliometrics. Elements and units are basic objects (or structures) and their aggregations to be measured in bibliometrics. Scientific publications and authorship are such elements of analysis. Publication behaviour and habits – also being subject for bibliometeric studies – considerably differ among the individual science fields. Aggregations like research institutes or university, regions, countries or supranational aggregations such as the European Union are important units of analysis. The authors show at which levels of aggregation and in which science fields co-authorship can be used as a reliable measure of collaboration in science. 

The perhaps most controversial issue in bibliometrics is the question how scientists relate their research findings to previous results published by others or by themselves. This is usually expressed by appropriate references/citations. The authors introduce different notions of citations as well as motivations for giving citations. These notions reach from the ‘rhetoric-first model’ over ‘utilisation of information’ to ill-taken interpretations considering citations being part of a rewarding system or even being a quality measure. In this context the role of author self-citations is discussed, too. 

The fifth issue is devoted to the necessity of normalisation and standardisation as a consequence of the variety of factors influencing publication and citation behaviour of scientists. Relative indicators can be used to compensate for this influence and thus to make comparative studies possible. In this context also important questions of validity and reliability are tackled.

In the context of the utilisation of citation measures we lay a special focus on the journal impact factor and both, its appropriate and uninformed use. Also seemingly contradicting ‘visibility’ and ‘targeting’ strategies in several fields, e.g., in clinical medicine and (pure) mathematics are discussed. Finally the myth of ‘delayed recognition’ – sometimes used as argument against citation analyses – is dismantled.

The seventh and last part of this paper is concerned with the use and impact of bibliometrics outside the community. Possible uninformed, tendentious use and misuse of bibliometric data is discussed. This part also concerns the changes in the publication, citation and collaboration behaviour of scientists (both positive and negative) that the consistent policy use of bibliometric indicators might potentially induce. Since bibliometric tools have already an effect on decision-making in science policy and research management and the scientific community recognises the feedback in terms of their funding, there might be measurable repercussions on the scientists’ behaviour, too. The paper is concluded by several examples for this effect.
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