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Abstract

Introduction: While bibliometrics is frequently used as a tool for research assessment
and is thought of as objective, quantitative and unobtrusive, the usability of
bibliometric indicators has seldom been properly assessed and their value therefore
been questioned. The aim of this thesis is to explore and develop the utility of
bibliometrics as a research assessment tool. This is done through four studies that
address the validity of bibliometrics as a research assessment tool. The issues that are
further investigated are related with field delineation (Study I), collaboration (II) and
research performance (I/III/IV).

Materials and methods: The thesis is primarily based on data from the citation indices
(CI) produced by Thomson Scientific. In the different studies bibliometric indicators
are calculated based on 24 223 (I), 62 104 (II), 6 142 055 (III) and 596 (IV) publications.
To assess the validity of bibliometric indicators calculated using the CI, these are
combined with data from PubMed (I) and compared with data from manual
assessments (I), financial data (II) and a Swedish system for identification and early
assessment of new methods in health care (IV). Three new indicators are developed
based on theoretical reasoning (III).

Results: Frequently used bibliometric methods do not allow valid assessment of the
development of research areas (I) or collaboration between academia and industry (II).
There are also flaws associated with the current state-of-the-art performance indicator
(III). At the same time, there are bibliometric methods available that can be used for
identifying research areas (I) and there are certain types of collaboration between
academia and industry that accurately can be described using bibliometric indicators
(IT). New performance indicators, which assign equal weight to all publications and
control for the skewed and differing distribution of citations over publications, have
been developed (III). Publications related to health care technologies that are deemed as
very promising by clinical experts receive high scores using these indicators (IV).

Discussion: The results of this thesis show that uncritical assessments of research areas
based on rudimentary article identification strategies or collaboration analyses based
solely on co-authorship data may be misleading and thus provide incorrect information
for decision-making. At the same time, a correct use of refined bibliometric indicators
may provide valuable background information for decision makers.

Keywords: Bibliometrics, research assessment, tool, collaboration, citation, indicator.
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1 Prelude

The work with this thesis can be compared to a long journey. It did not start from the
shoulders of giants. I did not even know who or where the giants were. After some struggling
I found two giants in the bibliometric countryside. On the way up trying to reach their
shoulders I realized that the two giants would not provide the same view. One of them told
me that bibliometrics was objective, quantitative and unobtrusive. The method was based
on one of the most important outputs of the research process and did not require
additional work from the researchers that would steal more time away from their already
limited time for research. Bibliometric analysis could provide answers to questions asked
by research managers across the globe: Who knows what? Who does what? Who knows
who? It would enable us to assess the development over time and benchmark ourselves
against our international competitors. The other giant told me that bibliometric methods
reduced the endless frontier called science and human behaviour such as collaboration, to
mere numbers. Being based on scientific publications it excluded other important outputs
of the research process such as the training of PhD students and the development of new
products. And what about implementation? Does the responsibility of a university end
with the publication of results in scientific journals? Not even within its supposed
stronghold, objective assessment of scientific publications, did bibliometrics seem
applicable. The indicators were biased in favour of basic science in the western world. 1
decided not to choose path and climbed up to the top, placing one foot on the shoulder of
each giant. ..



2 Introduction
2.1 The concept

Bibliometrics as a term was introduced by Pritchard in 1969." At the same time
Nalimov and Mulchenko introduced the term scientometrics.” Pritchard defined
bibliometrics as “the application of mathematical and statistical methods to books and
other media of communication”, while Nalimov and Mulchenko defined scientometrics
as “the application of those quantitative methods which are dealing with the analysis of
science viewed as an information process”. Today the two terms are used almost as
synonyms. The more general term informetrics is used when talking about
quantitative analysis of various communication processes in science, i.e. not only
scientiﬁcSarticles or books, but also electronic media and the aspects of information
retrieval.

The history of the field goes back further than the definition of the term. The earliest
bibliometric studies took place in the 1920s when Alfred ] Lotka investigated
frequency distribution of scientific productivity (the number of people producing n
papers is proportional to 1/n°) and Gross and Gross published on the subject of using
citations as a basis for selecting what journals should be acquired by a university
library."’ In the midst of the 20" century, important theoretical contributions for the
development of the field were made by among others Derek deSolla Price, Robert
Merton and Eugene Garfield.”" One of the most important practical contributions
was made by Eugene Garfield through his creation of the Science Citation Index in
1964."

In the 1970s methods for (1) co-citation analysis for mapping scientific fields, (2)
scientific collaboration, (3) growth of science, (4) citation patters for assessing
scientific progress and (5) mobility in science were developed.”"” Francis Narin’s
development of the concept ‘evaluative bibliometrics’ (as compared to ‘descriptive
bibliometrics’) was also important for the development of the field in the 70s.™ "
Evaluative bibliometrics concerns the application of bibliometrics with a focus on
evaluation of science and more specifically on quality of scientific performance.” In
1978 the first journal with a specific focus on the field, Scientometrics, was founded by
Tibor Braun. Other important journals for researchers within the field include
Research Policy, Journal of the American Society for Information Science and Research
Evaluation. A more recent addition to field is the Journal of Informetrics. In the 1980s
(6) co-word techniques were developed and (7) the first comparisons between peer
opinion and bibliometric indicators were made.” ™ The first application of science
indicators at the level of research groups was also made in the early 1980s.”

Today bibliometrics is closely related to research within the areas of library science,
information retrieval and sociology of science (Figure 1). Research within in these
areas are used as the basis for services for librarianship, scientific information and
science policy.’ Bibliometrics has also been used as a research management tool and a
tool for research into research management.”

Figure 1 - Links of bibliometric with related fields and application services (modified from

Glanzel’)
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2.2 Bibliometric theory

An important basic assumption within the field of bibliometrics is that scientific

literature represent scientific activity.” A requirement for this assumption to hold is

that researchers Eublish. Publishing papers has been a way to settle priority conflicts
9

for a long time."

" These priority conflicts occur since although some discoveries

come by surprise, many more are more or less expected and a lot of people are
working on them at the same time.” These conflicts have mainly been settled by claim
staking rather than avoiding conflicts by sharing information. It has thus been
suggested that researchers have a strong urge to write papers but a milder urge to read

them.’

From a research management perspective (especially within the medical and natural
sciences) the main focus of bibliometric studies are on publications in scientific
journals. It is assumed that although there are other forms for communicating
science, all important research findings are sooner or later reported in the serial
literature.” This also implies that fields where internationally oriented scientific
journals are not the main carrier of science communication, evaluative bibliometrics

is less applicable.”

2.2.1 Reasons for giving citations

Garfield suggested that at least fifteen reasons exists for giving citations and Duncan et
al. later suggested 26 different relations between cited and citing document (Table

1 ) 29,30
Table 1 - Reasons for giving citations / Relations between cited and citing documents
Garfield” Duncan et. al’’

1. Paying homage to pioneers 1. paying homage

2. Giving credit for related work (homage 2. background reading
to peers) 3. historical;

3. ldentifying methodology, equipment, 4. bibliographical leads
etc. 5. narrative

4. Providing background reading 6. definition

5. Correcting one’s own work 7. clarification

6. Correcting the work of others 8. illustration

7. Criticising previous work 9. example

8. Substantiating claims 10. experimental detail

9. Alerting to forthcoming work 11. theory

10. Providing leads to poorly 12. data
disseminated, poorly indexed, or 13. methodology
uncited work 14. description

11. Authenticating data and classes of fact ~ 15. current concerns
- physical constants, etc 16. development of ideas

12. Identifying original publications in 17. disputing
which an idea or concept was 18. criticism
discussed 19. corroboration

13. Identifying original publications or 20. disclaiming
other work describing an eponymic 21. substantiation
concept or term 22. similar research

14. Disclaiming work or ideas of others 23. contradictory research
(negative claims) 24. further detail

15. Disputing priority claims of others 25. same paper
(negative homage) 26. statistics

More recently Shadish et al. and Case and Higgins have conducted large-scale surveys
investigating motives for citation.”” Shadish showed that highly-cited articles are
more likely to be thought of as exemplars.” Case and Higgins’ asked researchers on
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what was most important for the decision to cite another study. The statement “this
reference reviews prior work in this area” was the most commonly selected statement. It
was followed by “this reference is a ‘concept marker”™ and “this reference documents the
source of a method or design feature”.” Neither Shadish nor Case found many
‘negotional’ types of citations (5%-9% were at least partly negative). These results are
a bit higher than Chubin and Moitra and Oppenheim and Renn’s findings of 2%-4%
partially negotional citations, but lower than the 14% identified by Moravcsik and
Murugesan.” ™ The negotional citations most often refers to poor research and this
gives rise to a J-shaped relation between research quality and citedness. Nicolaisen
showed this J-shaped relation between quality of sociology monographs and their
citedness, i.e. poor research was more highly cited than mediocre or ordinary
research.” An early notion of this citing behaviour was made by Gilbert in 1977. “The
participants in a mature field will share a belief that some published work is important
and correct, some other work is trivial, perhaps some is erroneous, and much is irrelevant
to their current interests. Hence, authors preparing papers will tend to cite the ‘important
and correct’ papers, may cite ‘erroneous’ papers in order to challenge them, and will avoid
citing the ‘trivial’ and ‘irrelevant’ ones.”” The existence of various motives for citing
other documents seems obvious, but in the application of citation indicators it is
assumed tgat given sufficiently large numbers, different motives for citing articles
evens out.

There is an ongoing debate on whether researchers give references (1) to register
intellectual property and peer recognition and that counting citations thus measures
intellectual influence, or (2) primarily for rhetorical purposes, i.e. to advance the
interests of a researcher, defend his or hers claims against attack, convince others and
thus gain a dominant position in their scientific community.”* The former has been
called a ‘normative’ or ‘Mertonian’ view, while the later has been called a ‘social
constructivistic’ or ‘Latourian’ view.” The two viewpoints could either be considered
as two extreme positions in the debate on citation theory, or as two perspectives
representing two different dimensions of the scientific process. The basic assumptions
guiding the sub studies of this thesis are closer to the ideas of the Mertonian
dimension than the Latourian. Notions such as “if one’s work is not being noticed and
used by others in the system of science, doubts of its value are apt to rise” are supported.”
It should be noted that this thesis is not concerned directly with referencing
behaviour, but rather deal with various bibliometric indicators of which some are
based on citations. A linkage to citation theory makes such indicators more
interpretable, but the indicators are intended to be tested against empirical data.
Different indicators may be used for answering different hypotheses. Some citation
measures might be indicators of ‘research quality’ others are more likely to be
indicators of ‘influence’ or ‘impact’ on the scientific community. The author therefore
only partially agree with Cole and Coles notion that citation measures should be
conceived as socially defined quality.” Other citation measures might measure
innovativeness, self-centeredness, degree of internationalisation etc. Taking a broader
perspective on bibliometrics, indicators exists that are supposed to test hypotheses on
for example collaboration between academia and industry or development of research
areas.

2.3 Bibliometric indicators

An ‘indicator’ can be defined as “that which serves to indicate or give a suggestion of
something; an indication of”.” The indicator in it self does not represent an ‘absolute
truth’ and the definition also signals that the results describe a complex reality that
can not measured merely by a single statistics or numbers. Hold stated “to start with,
by definition the measurement process extracts just one aspect of the object it is measuring
and assigns a number to that aspect. But things in the real world are not described by a
single aspect.”™ Another definition of indicator is: “1.A measure used to determine, over
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time, performance of functions, processes, and outcomes. 2. A statistical value that
provides an indication of the condition or direction over time of performance of a defined
process or achievement of a defined outcome.”” This is similar to how the word is used
in bibliometrics. When discussing what constitutes an indicator, it is useful to also
consider the term data. The number of citations of one publication at a certain time is
data, while the result of a mathematical operation with data to address some
assumption is an indicator. As van Raan concluded “indicators must be problem driven,
otherwise they are useless.”"

Science and technology indicators originated in the United States where the first
Science Indicators report was published in 1973. The early indicators where focused
on input and throughput indicators but lacked output and impact indicators. Even
though publication based indicators are often referred to by science policy makers,
there have been no accord of cases when policy decisions were solely based on
publication (or patent) indicators. Instead the indicators have been used to justify
decisions or as support in disputes.”

2.3.1 Performance indicators

Performance indicators are generally concerned with input, process or output
measures. Bibliometric performance indicators can be considered as output indicators
from the research process, while for example funding indicators are input indicators.
Most bibliometric performance indicators are intended to assess performance along
two dimensions: quality and quantity. Quantity indicators often involve the total
number of publications that a unit has produced, while quality indicators concern
various kinds of average citation rates. Indicators like total number of (field
normalized) citations combines the two dimensions into something that gives an
indication of the total impact that a unit has had on the scientific community. With
regards to bibliometric indicators the focus of this thesis is on normalized citation
indicators. The ISI impact factor and the h-index, two of the most heavily discussed
bibliometric indicators, are also briefly discussed. An extensive literature review of
quantitative indicators for research assessment has been carried out within the ARC
Linkage Project in Australia and can be accessed on-line.” The literature review
contains detailed descriptions and definitions of most bibliometric indicators used
world wide.

2.3.1.1 TheISI Journal Impact Factor

The impact factor is a measure based on the average number of citations received the
last year by articles published in a journal during the two preceding years (Box 1).™™
The indicator is thus focused on the assessment of journals. One could imagine
transferring the calculations to other assessment units (e.g. universities or research
groups), where the publications included in the analysis are the ones of the unit
instead of those in a journal.

Box 1 - Calculation of the ISl Journal Impact Factor®

C, = Citesin year x to articles published in the two
preceding years

P_,, =number of articles published in years x-1 and
X-2

I, = C/P_ ,=Impactfactor in year x

12



The strength of the indicator includes it’s independence of the size of the journal, that
its comprehensible, stable and seemingly reproducible (it has been shown to be quite
difficult to reproduce).” At the same time several problems associated with the impact
factors have been identified™ ™"

e Inaccurate definition of citable documents

e Lack of differentiation between publication types
e Short citation window

e Not comparable between fields

¢ Hides variation in article citation rates that results from a very skewed distribution

The greatest problem with the indicator though, is not its definition or calculation,
but rather it’s utility in evaluations of scientists, a matter for which it was not
designed. The use of indicators outside their context is a general problem when
discussing their validity. As Hand has stated “one might even go so far as to say that the
measurements or measurement procedures themselves are not really the subject of the
validation at all. Instead it is the use made of the measurement which may or may not be
valid. An 1Q test will not be valid as a measure of social anxiety, for example.”" The
validity of using the impact factor for ranking journals is thus higher than the validity
of using impact factors for ranking researchers. It has been concluded that “impact
factors in their undifferentiated form are outdated and should not be used as measures in
any evaluative context at all. Yet, they are probably the most popular bibliometric
measure of all.””

2.3.1.2 h-index

The h-index was suggested in 2005 by Hirsch.” The h-index is defined as “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.” A study by Bornmann and Daniel
supported that the index might be useful. In their study the h-index was compared
with peer review of applications for long-term fellowships to post-doctoral
researchers. The authors concluded “For every year, the h-indices of approved
applicants are on average higher than those of rejected applicants” Even though the
mean was higher for the approved group, the standard deviation was high which
suggest that the h-index might not be suitable for assessing research on low
aggregation levels. Another study by van Raan also partially supported the h-index by
stating that it discriminated well between research groups rated excellent or good on
the one side and less good (satisfactory) on the other. The index discriminated less
well between groups rated good and excellent.” van Raan also noted that the ‘crown
indictor’ (discussed later) relates better to the peer judgement than the h-index.” The
h-index does neither take time nor research field into account.

2.3.1.3 Normalized indicators

Beyond basic calculations like raw citation counts and the h-index, new indicators
have been developed where citation rates are controlled for research field, publication
year and document type. The reason for controlling for the first two factors is shown
in Figure 2. As can be seen in the figure articles in different research fields and from
different publication years have varying average citation rates. Articles in Cell Biology
journals on average receive about five times as many citations as do articles in
Crystallography journals. The difference between fields is quite consistent over time.
The older a publication is, the more likely it is that it has been cited (regardless of
field). As seen in the figure, articles in the displayed areas on average are cited between
six (Biochemistry & Molecular Biology) and eight (Clinical Neurology) times more
often if they were published in 1998 than if they were published six years later.

13



Figure 2 - Average citation rates for articles published in year 1998-2004 for articles in Cell
Biology, Biochemistry & Molecular Biology, Clinical Neurology and Crystallography. Data from
the citation indices produced by Thomson Scientific, self citations are included and whole
counting is performed.
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In Figure 3 an example is shown of why it is important to control for document type.
Publications classified as Articles receive about two fifths as many citations as
publications classified as Reviews (35%-40% during the year 1998-2004). Letters in
turn receive one fifth as many citations as Articles (17%-21% during the years 1998-
2004). In summary, there are obvious differences in average citation rates for

publications of different types, of different age, published in journals within different
fields.

Figure 3 - Average citation rates for articles, letters and reviews in Cl published in 1998-2004.
Data from the citation indices produced by Thomson Scientific, self citations are included and
whole counting is performed.
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The first suggestions on how to control for these factors and calculate ‘normalized’
citation rates were made in the 1980s.”* In general, all proposed normalization
methods are computed by dividing the actual number of received citations for a group
of publications with the number of citations that could be expected for similar
publications. Currently the state-of-the-art indicator is the so called ‘crown indicator’,
developed at the Centre for Science and Technology Studies (CWTS) at Leiden
University ”. The indicator is calculated by dividing the average number of received
citations for a group of publications with the average number that could be expected
for publications of the same type, from the same year, published in journals within the
same field.

2.3.1.3.1 Control for research area

It could be discussed whether to control for research field or to consider research
fields with high average citation rate as being of higher quality than research fields
with low average citation rate. One might argue that research performed within fields
such as cell biology or biochemistry (with high average citation rates) on average is of
higher quality than research within the fields of nursing or clinical neurology. One
should then remember that the clinical neurologists easily could increase their average
citation rate (and thus their ‘quality’ as measured by raw average citation rate) by
starting to write longer reference lists. This would of course not increase the quality of
research in clinical neurology.

2.3.1.3.2 Control for document type

Another question is whether to control for document type. That review and ‘normal’
journal articles differ in average citation rates as well as in type of research is
uncontroversial. A more contentious issue is whether to control for the document
type letter, as these publications simply could be seen as short normal journal articles.
Their average citation rate is however much lower than the citation rate of normal
articles. In the suggested indicators, letters and normal articles are separated in the
normalization procedure and the choice of which document types to include is made
when calculating the final indicator of a researcher, group or department. One could
simply choose to omit letters from the calculation of the final indicator values or
display indicators for each publication type separately.

2.3.1.3.3 Current state-of-the-art bibliometric performance indicator

It can be argued that the current state-of-the-art bibliometric performance indicator
(the CWTS crown indicator) has flaws. The first is that citation rates are not
normalized on the level of individual publications, but on a higher aggregation level
where the average citation rate of a researcher, group or department is compared to
the average citation rate of the fields in which the researcher or group has published.
This way of calculating gives more weight to older publications (particularly reviews),
published in fields with dense citation traffic. Another problem is that the distribution
of citations over publications differs between ‘normalization groups’ (publications of
a specific type, within a specific research field, published a specific year). Therefore
not only does the average citation rate differ, but also the standard deviation. Further
is the distribution of citations over publications is highly skewed. The skewed
distribution has been seen for fields and journals, as well as for individual scientists.”
An example for life science articles published in 2000 is shown in Figure 4. Ten
percent of the articles are still uncited six years after publications (including self
citations). Sixty percent have received ten or less citations. At the same time, ten
percent of the publications have received fifty percent of the citations, with some
articles receiving more than 1000 citations. As with all positively skewed distributions,
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the mean is higher than the median. In this example the mean (16 citations) is twice
as high as the median (8 citations).

Figure 4 - Distribution of citations over publications for 424 480 articles within 57 life science
areas published in 2000 and citation received 2000-2006 (includes self-citations). 3052
publications (0.7%) have received more than 150 citations and are aggregated in the graph as
'>150'.
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2.3.2 Structural indicators

There are numerous ‘structural’ indicators that can be calculated. These include the
character (basic or applied) of a unit’s research, the fields in which a unit publishes
and the fields in which it is cited. Further one can make descriptions of the cognitive
structure of the units research field, or of their co-authors and the co-authors
affiliations (organizations, countries etc).”

2.3.3 Collaboration indicators

A research collaboration can be defined as “a system of research activities by several
actors related in a functional way and coordinated to attain a research goal corresponding
with these actors’ research goals or interests.”” This definition of research collaboration
has been further divided into six categories by Laudel”: 1) Collaborations involving a
division of labour; 2) service collaboration, 3) transmission of know-how; 4)
provision of access to research equipment; 5) trusted assessorship; and 6) mutual
stimulation. Laudel showed that it is collaboration involving a division of labour that
primarily results in co-authored publications.” Laudel’s definition is narrower than
what was suggested by Katz and Martin, who suggested that such a definition is
impossible since research collaboration has ‘fuzzy’ borders and potential borders are
drawn as a matter of social convention.” They instead provided a checklist for how to
distinguish ‘collaborators’ from other researchers. The criteria for who should be
considered as collaborator included for example people working together on a
research project for a large part of its duration, people appearing on the original
research proposal or people responsible for main or key elements of the research. Katz
and Martin further suggested that those who make only minor contributions to the
project or are not ‘proper researchers’ (e.g. technicians) normally should not be seen
as collaborators.
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Analysing co-authored publications has become the standard way of measuring
research collaborations.””” Studies of publications co-authored between
organizations, i.e. analyses of multiple affiliation addresses given in journal articles,
are used to assess links between organizations and for carrying out quantitative
studies of collaboration patterns.” Co-authored publications grant access to an often
informal network, can be viewed as successful scientific collaboration and indicate
diffusion of knowledge and skills.” "™ Other advantages of assessing research
collaborations through co-authorships are that the indicator is quantifiable and
invariant, the measurement does not effect the collaboration process and the analysis
is relatively inexpensive.” " Based on these advantages, co-authorship analysis has
become one of the most frequently used indicators in bibliometrics.

At the same time, bibliometric researchers have advised that co-authorship based
indicators should be handled with care as a source of evidence on actual scientific
collaboration.” ™" Katz and Martin noted that few authors have examined the
adequacy of measuring collaboration through co-authorship and that there are few
systematic studies assessing the validity of the co-authorship indicator.” Katz and
Martin also cautioned researchers from using co-publication as a sole indicator of
collaboration since there are many cases when collaboration will not result in a co-
authored paper.” University researchers might for example publish results of joint
efforts without mentioning the direct involvement of industrial researchers.” These
collaborations would not be identified using a bibliometric approach. It can also be
that publications appear to be inter-institutionally co-authored when no
collaboration has taken place. This could occur when a researcher has moved from a
university to industry and in his/her publication lists both the prior and current
affiliation. Melin and Olsson concluded that even though there is a risk of omitting
collaborations in co-authorship studies, the tendency is rather that collaboration will
be overrepresented when studying co-authorships.”

2.4 Methodological considerations in bibliometric assessments

There a number of methodological considerations to deal with when carrying out
bibliometric assessments. The notion that indicators extract one single aspect of a
complex reality™ together with the fact that data sources are imperfect and that there
is a choice of what indicators to use in assessments all underline the importance of
critically discussing issues related to bibliometric methods.

2.4.1 Field delineation

Bibliometric analysis has been performed within and across national, institutional and
individual levels in the evaluation of research areas.”” An early step in bibliometric
analysis is the identification of relevant scientific articles. For analysis of research areas
this step concerns the identification of articles belonging to the area under study. Co-
citation and co-word techniques have been developed and also been used in
combination with citation analysis in bibliometric evaluations."”***” Still researchers
and analysts often use either journal classifications or keywords as the basis for their
article identification strategy.” ™ ””*”” The most frequently used journal categories
are the ISI Subject Categories. A general concern with using this method is that it has
been shown that publications within one field are often published in journals that are
categorised as belonging to another field.” "™ A related matter concerns articles
published in multidisciplinary journals such as Science or Nature. Keyword searches
may be based on free text searches in titles and abstracts, or based on searches of
keywords assigned to articles by experts. Within the medical field the controlled
vocabulary named Medical Subject Headings (MeSH) is the most frequently used
expert assigned keyword system."” Another frequently applied strategy to identify
relevant articles is the use of names of researchers within the specific area.
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2.4.2 Quality or quantity?

Research assessments most often need to consider quantity as well as quality.
Calculation of composite indicators has been suggested by for example Lindsey."” In

this thesis a Zc, is suggested that gives an indication of the total international impact
that an assessed group, organisation or country has had (III). It should be noted that
extreme ’quality’ indicator values (both low and high) are to be expected for units
with a low number of publications. This is of importance when using the suggested
indicators for comparing units of different size (for example small and large research
groups within a university).

2.4.3 Aggregation level

The level of aggregation should be based on what one intends to measure. If the aim is
to evaluate universities this ought to be the aggregation level chosen for the
bibliometric assessment. A more difficult question could be whether to assess research
within a university on the level of individual researchers or that of research groups. A
research group contains more than one researcher and thus provides a larger base for
statistical analyses. In general a research group produces 10 to 20 publications per year
which have been considered as a sufficient number."” Furthermore, discrepancies
exist in publication behaviour where some group leaders tend to require co-
authorship on all publications within their group, while other group leaders do not. It
could thus be considered as more fair to analyse senior researchers on the level of
their groups. At the same time, it might be the case that research group leaders under
such conditions would ‘free-ride’ on the work of independent scientists within their
group. The decision of aggregation level is important since it influences the results of
the bibliometric assessments. The decision might also influence publication practice
within the studied entity. If the choice is made to conduct analyses on the individual
level, research group leaders have incentive to require co-authorship from their group
members.

244 Time frame

In general a time frame of five to ten years is used in bibliometric analyses, but this
should be decided based on the objectives of the study." The impact of the time
frame on the validity or predictive value of bibliometric indicators has not been
thoroughly assessed.

2.4.5 Retrospective or prospective focus

Depending on the question the bibliometric assessment is intended to assist in
answering a decision must be made on whether to use a ‘retrospective’ or ‘prospective’
focus. This decision is illustrated by the example in Figure 5. In this example the
aggregation level ‘university’ and the time frame 1995-2005 are chosen. There are
three researchers (I-1II) at the universities in the example. Researcher I resided at
University A during the whole time period. Research II moved from University A to
University B in 2000 while Researcher III moved from B to A in the same year. If we
whish to assess university A, then what publications must we include? If we are
interested in the past performance of the unit of analysis, for example how many
articles University A has published per $ spent on research during the time period we
should include everything that all researchers have produced while being at the
university. We would thus include all publications from Researcher I, publications
between 1995 and 2000 for Research II and publications between 2000 and 2005 from
Researcher I1I (Figure 6). The assessment in this case has a retrospective focus. If
instead we are interested in predicting what a university will perform the next year or
set out to assess the competence level of University A, we should disregard
publications by Researcher II since this researcher no longer is affiliated with the
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university. Instead we should consider all publications by Researcher III, even though
the publications 1995-2000 where not produced at University A (Figure 7). If this
kind of focus is chosen it can be called prospective, or directed at the future. Thus, the
choice of retrospective or prospective focus is not a matter of right or wrong but
rather a decision to make dependent on what question the bibliometric assessment is
intended to assist in answering.

Figure 5 - lllustration of the difference between retrospective and prospective focus of
bibliometric assessments. When evaluating the two universities (A&B) what publications by
researchers I-11l should be included?

o Researcher |
University A

Researcher |l

4@ Researcher Il

2000 1995

University B

Figure 6 - Publications to include when using a retrospective focus (publications to exclude are
shadowed)

University A

Figure 7 - Publications to include when using a prospective focus (publications to exclude are
shadowed)
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@ Researcher Il
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24.6 Counting scheme

Before carrying out a bibliometric assessment a decision is made on what counting
scheme to use. There are three main counting schemes that are used within the
bibliometric community: (1) fractional counting (2) first address count and (3) full
counting (Box 2).” One could also imagine the use of weighting publications by where
in the author list researchers appear. For example could first and last authors be given
higher credit for a paper than researchers appearing somewhere in the middle. This
would be based on the notion that in some research areas in certain countries (e.g.
medical research in Sweden) it is a convention that the junior scientist who have
carried out the main part of the work in a research project is first author, while the
senior scientist responsible of for example funding of a project is put last in the
sequence of author. Note that this is not the case for all research areas. Therefore it is
only applicable in specific contexts. Exactly how different counting schemes affect the
validity of different bibliometric indicators is poorly assessed, but there is currently a
trend within the bibliometric research community towards an increased use of
fractional counting.

Box 2 - Three common counting schemes’

1. Fractional counting — if n units (authors, institutions,
countries, etc.) have contributed to the paper, each
takes the value 1/n for the paper.

2. First address count — a paper is assigned to one unit
only, on the basis of the first address in the address list
of a paper as included in the database.

3. Whole counting (also called full or integer counting) —
assigns a publication fully to each contributing unit.

An interesting case of fractional counting was seen in a report from the Swedish
Research Council in 2006." In the report was not only fractional counting conducted
for calculating quantity indicators such as total publication volume, but also for more
quality oriented indicators such as the ‘crown indicator’. It is not unreasonable to
believe that high quality research involves a larger number collaborating organisations
(or countries) than low quality research. A low quality article by a single author at a
university would therefore have a higher impact on the assessment of a university
than would a high quality publication that involves multiple universities. It is
statistically appealing to use fractional counting, but its effect on the validity of
bibliometric indicators needs further assessment. Both fractional and whole counting
can have an impact on the behaviour of scientists. The use of whole counting is likely
to stimulate collaboration, but also less positive behaviours such as honorary or false
co-authorship.

2.4.7 Self-citations

Another important subject is self-citations. It has been shown that the share of self-
citations is higher in co-authored papers and even more so in internationally co-
authored papers." Lately a decrease in self-citations has been noted. Between 1991
and 1999 the share of self-citations decreased from 29.1% to 26.7%."" Studies have
shown that self citations do not signiﬁcantly influence analysis results when you study
a sufficiently large number of publications.” On the level of research groups it can
have an effect and self-citations are therefore often removed (as much as possible) in
modern bibliometric analyses.
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2.4.8 Citation window

A citation window is the selected period during which citations to publications are
counted. A two-year citation window for example means that for publications made
in 1990, citations made during the year 1991 and 1992 are counted and for
publications made in 1999, citation made during the years 2000 and 2001 are counted.
A three-year citation window has been suggested to be suitable. This provides a
compromise between areas where publications gets obsolete fast (e.g. life sciences and
experimental physics) and slowly aging topics like theoretical physics."™"” If
normalized indicators are used, such as those suggested in this thesis, it is not
necessary to use a citation window.

2.4.9 Data quality

Before proceeding with any bibliometric assessments an important (and often time
consuming) step is required: validation and quality improvement of the data. One of
the most important quality improvement steps is related to the existence of
homonyms, synonyms and misspellings.

When working with assessments of individuals (and in some cases also organizations)
it is important to note the existence of both homonyms and synonyms. By homonyms
instances are meant where the same name represents two or more different things.
This can happen when two different authors share the same name. By synonyms we
mean instances when two different names represent the same thing. This can occur
when scientists get married and change their last-name. Assessing researchers based
on their current name would thus risk omitting important publications made prior to
marriage.

Manual validation is also necessary to correct misspellings. Names can be (or become
in the data handling process) misspelled on various levels, not least on an
organizational level. Looking at Karolinska Institutet in the CI we have found among
others the following spellings: ’'KAROLINSKA INST’ (correct!), ' KAROLINSA INST’,
‘KAROLINSK INST’, ‘KARDLINSKA INST’, ‘KAROLINSKI INST HOSP’,
‘KAROUNSKA INST’, ‘KAROLINSK INST & HOSP’, ‘ROYAL KAROLINSKA INST’,
‘HOSP KAROLINSKA INST’, ‘KAROLINKA INST & HOSP’, ‘KARMINSKA INST’,
‘KAROLINKSA INST’, ‘HISTOLOGEN KAROLINSKY INST’, ‘KAROLINSKI INST’
etc.

The validation of bibliometric data is of great importance when conducting
bibliometric analysis. Van Raan has given a clear statement on this matter, to which
the author of this thesis subscribe."”

“Bibliometric analysis for evaluation purposes, or for studies of science in
general, is and must be much more than just using what is readily
available in databases. This is a crucial element of advanced bibliometric
research, development and practical application. Scientists write their
publications for communication and knowledge dissemination. Again,
they are not responsible for the use of their publications for a completely
different goal, namely evaluation of scientific performance. So
‘bibliometric evaluators’ have their own, specific responsibility that is
different from and beyond that of an individual author, particularly as far
the attribution of publications concerns, as precisely this attribution is one
of the most crucial elements in the whole evaluation process! This is simply
a matter of ethical conduct as an evaluator.”

2.4.10 Journal coverage

Bibliometric indicators are reliable only in research areas where publishing in
scientific journals is the main mode of communication. This is often the case in
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natural sciences, technology and medicine, but for analyses of areas within the
humanities or social sciences other methods must be applied as well.”

2.4.11 Citation indicators and clinical research

There is a concern that there is a lack of recognition for applied disciplines and that
there is a bias against clinical research in bibliometric assessments. ™"’ Therefore it
would be valuable to know whether publications of importance for improving the
health system and its technologies are also highly cited intra-scientifically.

2.5 Bibliometrics and peer review

When assessing the validity of bibliometric indicators that are used for assessing
research, the indicators are generally compared with peer review. As Roessner stated
“Peer review remains the backdrop against which all other types of research evaluation
appear, and often the standard against which their validity is judged.”" The correlation
between peer review and citation counts was first identified by Clark in 1957."" In his
study a panel of experts within psychology were asked to name those who contributed
most to the field. The number of times a person was nominated was then correlated
with various performance indicators. The highest correlation was seen for citation
counts. The first comparisons between peer opinion and bibliometric indicators were
made in the 1980s.” Many studies have since confirmed the correlation between
bibliometrics and peer judgements.” Bibliometric indicators have been shown to be
especially useful for discriminating between high and low quality, but less successful
in discriminating within the large group of units of average research quality."”*

Most bibliometric researchers are eager to stress that quantitative analyses of research
performance should enhance rather than replace peer review. The need for enhancing
the peer review process stems from notions such as peer evaluation “...diverge, they
contradict each other, and they do not remain consistent over time.”” The increased
demand for research evaluations have also shown the limitations of traditional peer
review, for example is the capacity for peer review, i.e. peers that are suitable for
reviewing research, finite."’

The complementing use of peer review and bibliometrics has been explained by
Weingart:

“The unique contribution of bibliometrics to the collective
communication process in science and their greatest value to the
scientific community itself as well as to policy makers and the
public is in providing this ‘greater picture’. However,
bibliometric analysis and evaluation do not replace peer review
for an obvious reason: The interpretation of these patterns, of
unexpected contradictions to the common wisdom of the
community or other irregularities must be left to the experts in
the respective fields or at least assisted by them. Peer judgment
must complement bibliometric analyses wherever necessary.””
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3 Study rationale, aim and objectives

3.1 Study rationale

As described in the preceding section there are many issues associated with
bibliometrics. The effects of these matters on the utility of bibliometric as a research
assessment tool were in many cases unknown at the time of planning and carrying out
this doctoral project. Not all concerns could be dealt with as part of this thesis project,
but rather are a few questions selected to provide insight into different areas. The
selected issues are related to research performance (I/11I/IV), collaboration (II) and
field delineation (I) as well as developing new (III) and validating existing

indicators (III/IV). The knowledge gaps associated with these matters are summarized
below.

Journal categories are frequently used for research area identification in bibliometric
assessments. It has been shown that publications within one field are often published
in journals that are categorised as belonging to another field.” ' It is therefore of
interest to know whether the choice of article identification strategy impact analysis of
the development of research areas (I).

Also in the area of collaboration assessment the utility of bibliometrics has been
questioned. Bibliometric researchers have advised that co-authorship based indicators
should be handled with care as a source of evidence on actual scientific collaboration.
""" Katz and Martin cautioned researchers from using co-publication as a sole
indicator of collaboration since there are many cases when collaboration will not
result in a co-authored paper. They also noted that few authors have examined the
adequacy of measuring collaboration through co-authorship and that there are few
systematic studies assessing the validity of the co-authorship indicator.” Additional
studies of the validity of co-authorship is thus needed, as is the development (and use)
of indicators that could complement co-authorship as an indicator of collaboration
(ID).

Another area in which bibliometric methods are applied is performance assessment.
As described in the section on normalized indicators (p. 13) the current state-of-the-
art indicator has flaws. These include that citation rates are not normalized on the
level of individual publications and that the indicator neither takes the varying
distribution of citations over publications between ‘normalization groups’ nor the
highly skewed distribution of citations over publications into account. It could be
argued that at least in theory, the validity of the indicator would be increased if the
mentioned issues are dealt with (III).

Last is the issue of a potential lack of recognition for applied disciplines and the
potential bias against clinical research in bibliometric assessments.”™""" This question
needs further investigation to more clearly set the boundaries for bibliometric
assessments. Therefore it would be valuable to know whether publications of
importance for improving the health system and its technologies are also highly cited
intra-scientifically. A way to explore this is to calculate bibliometric indicators for
publications related to health care technologies that are deemed as very promising by
clinical experts (IV). If bibliometric assessments are biased against clinical research it
needs to be controlled for. On the other hand if they are not, it would increase the
utility of bibliometrics as a research assessment tool.
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3.2 Main aim

The aim of this thesis is to explore and develop the utility of bibliometrics as a
research assessment tool.

3.3 Specific objectives

e Assess whether the choice of article identification strategy has an impact on
bibliometric analyses of the development of research areas (I).

e Assess how well university-industry collaborations can be identified and
described using co-authorship data (1I).

e Introduce new bibliometric indicators that deal with flaws related to the
current state-of-the-art indicator (II1).

e Assess whether publications of importance for improving the health system
and its technologies are highly cited intra-scientifically (IV).
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4 Materials and methods

4.1 Data sources

The main data sources of this thesis are the citation indices produced by Thomson
Scientific (formerly Institute of Scientific Information).” These include the Science
Citation Index (SCI), Social Science Citation Index (SSCI) and the Arts & Humanities
Citation Index (AHCI) and are jointly referred to as the Thomson Scientific Citation
Indices (CI). The CI are the most widely used data sources for bibliometric analysis.
Even though the CI have some important limitations, they still contain unique
information that is relevant when conducting a bibliometric analysis. This includes
references (enables citation analyses), full addresses (all addresses listed by the authors
of the publications are listed in the database) and multidisciplinarity (CI covers most
research fields with best coverage of the life sciences, natural sciences, mathematics
and engineering). The CI are most readily available through their common on-line
interface — Web of Science®. More complicated analyses, e.g. calculation of
normalized citation indicators requires direct access to world-wide citation data. At
Karolinska Institutet the development of a bibliometric analysis system (with CI data
imported into a MySQL database) has taken place during the course of this thesis
project. Therefore the first two studies (I/II) are based on data from the Web of
Science®, while the last two (III/IV) are based on the bibliometric system at
Karolinska Institutet. It could be noted, that normalized citation rates of individual
publications (III) could be calculated and published by Thomson Scientific on their
Web of Science®. Until this occurs the calculation of the suggested indicators requires
direct access to world-wide citation data. In the four studies references to 24 223 (I),
62 104 (II), 6 142 055 (I1I) and 596 (IV) publications in CI served as the main basis for
analysis.

In the first study of this thesis CI data was combined with data from PubMed.
PubMed is a service of the National Library of Medicine (USA) that includes over 16
million citations from MEDLINE and life science journals for biomedical articles back
to the 1950s."” PubMed contains value adding information, e.g. MeSH-terms
(Medical Subject Headings) and is available free of charge. Limitations of using
PubMed as a data source for bibliometric analyses include that before the year 2002
only corresponding author addresses are listed and that PubMed does not contain
information on cited references. In study I 24 223 articles published during the years
1994-2003 by researchers affiliated with Karolinska Institutet, included in both
PubMed and Web of Science®, were used to assess whether the choice of article
identification strategy has an impact on bibliometric analyses of the development of
research areas.

In the second study, financial information from the economic system of Karolinska
Institutet was used as the source for a comparison of co-authorship data with
industrial funding. Information on all 813 organizations (both companies and other
organizations) that provided funding to Karolinska Institutet during the years 1993
and 2004 were collected. Companies working in R&D related areas were selected for
the study. Companies within the areas of insurance, publishing or real estate and
government-owned companies were excluded. Other inclusion criteria included that
each company should have provided at least 50,000 SEK' in funding between 1993

" Certain data included herein is derived from the 1995-2005 Science Citation Index Expanded, Social
Sciences Citation Index and, Arts & Humanities Citation Index Tagged Data prepared by the Thomson
Scientific Inc (TS), Philadelphia, Pennsylvania, USA: ©Copyright Thomson Scientific Inc® 2006. All
rights reserved.

"SEK = Swedish Kronor, 1 SEK = 0,12 US$ (November 18" 2005)
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and 2001. Companies were then grouped to the level ‘current parent company’. In the
end, 95 ‘current parent companies’ were identified that met the inclusion criteria.

In the fourth study the 50 SBU Alerts published (or released in new versions) 2001-
2004 were used to identify publications related to health care technologies that are
deemed as very promising by clinical experts. Within the 50 SBU Alerts a total of 953
references were given. To calculate normalized citation scores for the references, these
where matched with corresponding references in CI. After removal of references to
items not included in CI and publications that were not of the types journal articles,
reviews or letters, 596 references remained for further assessment. More details on the
matching procedure are given in study I'V.

4.2 Study Methods

421 Studyl

Assessing the accuracy of a test most often concerns exploring its recall (or sensitivity)
and precision (or positive predictive value). Recall is the proportion of cases in which
the test is positive out of all cases where the outcome did occur. Precision in turn is
the proportion of cases in which the test was positive and the outcome occurred out
of all cases where the test was positive (Figure 8). From an information retrieval
perspective recall can be defined as the proportion of relevant documents that are
retrieved, out of all relevant documents available. Precision is the proportion of
retrieved and relevant documents to all the documents retrieved.

Figure 8 - Calculation of recall and precision. Recall = a/c1; Precision = a/r1

Outcome | Outcome did
‘occurred (+) | notoccur(-) Totals

Test positive (+)

Test negative (=)
Total{

When assessing the accuracy of article identification strategies recall is the proportion
of relevant articles that are retrieved through a search strategy and precision the
probability that an article that is identified through a search strategy actually belongs
to the area. To know whether an article belongs to an area (if the ‘outcome’ occurred)
a ‘golden standard’ is used. For article identification strategies actual article
assessment performed by researchers within the areas under study (cancer/hearing)
was used as golden standard. The calculations of confidence intervals for recall and
precision were based on constant chi-square boundaries'* using John C. Pelluzo’s 2-
way Contingency Table Analysis software."”

To assess whether the choice of article identification strategy has an impact on
bibliometric analyses of the development of research areas, the development of two
different areas (cancer and hearing) with regards to total number of publications per
year, mean impact factor and average number of citations received two years post
publication is described based on articles identified through three different strategies:
journals, MeSH and author. The null-hypothesis was that the choice of strategy would
not influence the assessments. If the different strategies result in varying assessments
with regards to the development of average number of citations received, average
impact factors and total number of publications the null-hypothesis should be
rejected.
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422 Studyll

In the second study the level of funding from a company to a university was used as a
comparative indicator of research collaboration (II). Other methods that would be
suitable for comparative analysis are interviews, surveys or observation. Collaboration
analysis using both co-authorship and surveys has been performed for example by
Laudel.” The reasons for choosing funding as the comparative indicator are that
funding is readily available (at least in a Swedish context), reliable (other researchers
would yield the same results), possible to measure over time and quantifiable.
Further, funding has to our knowledge not previously been used as a comparative
indicator to co-authorship when measuring collaboration. When funding has been
studied in relation to co-authorship, the focus has been on the correlation between
number of authors involved in a paper and the level of financial support.” The choice
of indicator is also based on the assumption that funding is a relevant indicator of
collaboration between a university and industry and that companies primaril)f fund
universities when engaging in research partnerships and not for public good.”
Moreover, observation, interviews or surveys have been suggested as unsatisfactory
for determining the precise nature and magnitude of collaboration.” Funding might
be a ‘golden standard’ for identifying collaborations or at least a valuable comparison
to co-authorship as collaboration indicator.

423 Studylll

The third study is a critical assessment of the state-of-the-art bibliometric
performance indicator. The development of three new indicators is based on
theoretical reasoning, which is elaborated in the results section (page 33).

424 StudylVv

The aim of the fourth study of this thesis was to assess whether publications of
importance for improving the health system and its technologies are highly cited
intra-scientifically. This was done by assessing the ‘bibliometric impact’ of
publications used as sources in a Swedish system for identification and early
assessment of new methods in health care developed by the Swedish Council on
Technology Assessment in Health Care (SBU): SBU Alert. Normalized citation scores
were calculated for all articles, letters and reviews published since 1995 that have been
used as sources in SBU Alerts published (or released in new versions) 2001-2004 and
are included in CI.

A general bibliometric analysis of the science base of SBU Alert was also conducted.
The analysis include answering the questions of how old the used sources are, where
the research was carried out, what countries that are over-/under represented, in what
journals the research was published and to what subject categories the journals
belong.
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5 Results

5.1 Studyl

The specific objective of the first study of this thesis was to assess whether the choice
of article identification strategy has an impact on bibliometric analyses of the
development of research areas."”

5.1.1 Using journal categories for article identification has low recall but high
precision

Journal-based strategy had the lowest recall and, together with the MeSH strategy, the
highest precision within the area of cancer research (Table 2). The MeSH strategy had
the highest recall. For hearing research the recall was highest for the MeSH-strategy
which also, together with the hearing-journal strategy (referred to as Journal,, in the
study), had the highest precision.

Table 2 - Recall and precision (with 95% confidence intervals) for
different search strategies - journals, authors, MeSH-terms - and
research areas - cancer and hearing. Journal, includes only specific
hearing research journals. Journal , includes all journals belonging to
the otorhinolaryngology category.

Area Strategy Recall (95% CI) Precision (95% CI)
Cancer Journal 0.47 (0.43-0.50) 0.89 (0.81-0.94)
Cancer Author 0.57 (0.51-0.63) 0.50 (0.44-0.55)
Cancer MeSH 0.87 (0.83-0.89) 0.93 (0.89-0.96)
Hearing | Journal, 0.38 (0.27-0.38) 1.00 (0.70-1.00)
Hearing | Journal ,, 0.57 (0.39-0.72) 0.52 (0.36-0.66)
Hearing | Author 0.86 (0.70-0.94) 0.75 (0.61-0.83)
Hearing | MeSH 1.00 (0.91-1.00) 1.00 (0.91-1.00)

5.1.2 In what journals do cancer and hearing researchers publish?

The 370 cancer researchers included in the study published their results in at least 675
different journals during the period of 1994-2003. These journals belonged to 110
different ISI subject categories. 14 of the 25 most frequently used journals did not
belong to the ISI subject category ‘oncology’ (Table 3). In total 73% of the articles
published by cancer researchers at KI were published in journals that do not belong to
the ISI Subject Category ‘oncology’. When looking at impact factors, only one of the
25 journals with the highest impact factor (2002) in which cancer researchers at KI
published their results was categorised as oncology.
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Table 3 - The twenty most common journals for cancer researchers at Karolinska Institutet

Journal Journal category
1 Journal of biological chemistry Biochemistry & Molecular biology
2 International journal of cancer Oncology
Haematology
3 Bone marrow transplantation Icl)ﬂmunology
ncology
Transplantation
4 PNAS Multidisciplinary sciences
Biochemistry & Molecular biology
5 FEBS Letters Biophysics
Cell biology
6 Blood Haematology
7  Carcinogenesis Oncology
8 Biochemical and biophysical research Biochemistry & Molecular biology
communications Biophysics
9  Cancer research Oncology
10  Acta oncologica Oncology
11 British journal of cancer Oncology
12 European journal of cancer Oncology
13 British journal of haematology Haematology
14 Journal of immunology Immunology
Biochemistry & Molecular biology
Cell biolo
15 Oncogene Genetics ngeredity
Oncology
16  European journal of biochemistry Biochemistry & Molecular biology
17  Anticancer research Oncology
18 Genes chromosomes & cancer Genetics & Heredity
Oncology
19  Genomics Genetics & Heredity
20  Experimental cell research Cell biology

The 34 hearing researchers published their results in at least 53 different journals
between 1994 and 2003. Five of the 17 most frequently used journals did not belong to
the ISI Subject Category ‘otorhinolaryngology’. Further, eleven of the 17 most
frequently used journals were not specifically devoted to hearing research. In total,
40% of the articles published by hearing researchers at KI were published in journals
that do not belong to the ISI Subject Category ‘Otorhinolaryngology’ and 64% of the
articles were published in journals not specifically devoted to hearing research. When
looking at impact factors, none of the 25 journals with the highest impact factors in
which hearing researchers at KI published their results was categorised as
‘otorhinolaryngology.

5.1.3 The choice of search strategy for article identification has an impact on
evaluation and policy analysis of a research area

The different search strategies result in varying assessments with regards to the
development of citations received (-13% — +27% cancer / -40% — +74% hearing),
average impact factors (-4% — +8% / +43% — +126%) and total number of
publications (+52% — +74% / +64% — +225%) (example in Figure 9). The seemingly
most similar development indicated by the three strategies was seen for the total
number of publications within the cancer research (Figure 10).
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Figure 9 - Development of the average number of citations received the first two years post
publication, for cancer publications at Karolinska Institutet between 1994 and 2001, using three
different article identification strategies - MeSH-terms, journals and authors (indexed with the
number for 1994 = 100).
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Figure 10 - Development of number of cancer research publications per year at Karolinska
Institutet between 1994 and 2002, using three different article identification strategies - MeSH-
terms, journals and authors (indexed with the number for 1994 = 100).

—— MeSH
- Journal
175 r  ——Author

150 -

1256 -

100

75 r

50

25

Number of publications (indexed 1994 = 100)

1994 1995 1996 1997 1998 1999 2000 2001 2002
Year

To summarize, the results of the first study of this thesis show that researchers often
publish in journals which are not categorized as belonging to their own research areas.
Furthermore, the choice of search strategy for article identification has an impact on
evaluation and policy analysis of research areas.
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5.2 Studyll

The aim of the second study of this thesis was to assess how well universitzf—industry
collaborations can be identified and described using co-authorship data.”

5.2.1 Both co-authorship and funding indicators provide incomplete results in
assessments of industry-university collaboration

In study II co-authorship data and industrial funding to a medical university were
compared. In total 436 companies were identified through the two methods (Table 4).
The results show that one third of the companies that provided funding to the
university had not co-authored any publications with the university. Moreover, the
funding indicator only identified 16% of the companies that had co-authored
publications with the university.

Table 4 - Companies identified through co-authorship and/or funding
Funding (+)  Funding(-) Total

Co-authorship (+)‘

Co-authorship (—)‘
Total

Most of the 31 companies that had provided funding but not co-authored any
publications were small- or medium sized biotechnology companies, but also larger
pharmaceutical- and tobacco companies were among these companies. The 341
companies co-authoring publications without providing funding included a wide
variety of companies. The ten companies that had co-authored more than ten
publications without providing funding primarily were medical technology- and
pharmaceutical companies.

5.2.2 Co-authorship and funding indicators does not always indicate the
similar development of collaborations

A case of conflicting trends between funding and co-authorship indicators was
observed in the study as shown in Figure 11 and Figure 12. The number of co-
authored publications during the years 1999 and 2002 decreased (Figure 11).The
corresponding decrease was not found in the level of funding. These conflicting trends
became even more evident when looking at the average number of co-authored
publications per million SEK (adjusted for inflation) in research funding from
‘Pharmalnc’ to KI (Figure 12). Even though there has been a general increase in
funding per publication it does not explain the rapid change in average funding per
publication.

31



Figure 11 - Development of funding from and co-authored publications with ‘Pharmalnc’
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Figure 12 - Average number of co-authored publications per million SEK (adjusted for inflation)
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5.2.3 The distribution of the number of companies by number of co-authored
publications is skewed

Seventy-two percent of the companies identified through co-authorships had only co-
authored one or two publications with the university during the years 1995-2003.
Sixteen percent of the companies had co-authored more than five publications, nine
percent more than ten publications and one percent (six companies) had co-authored
more than fifty publications during the same time period.

In summary, the results of study II demonstrate that both co-authorship and funding
are incomplete indicators of collaboration. In some cases the two indicators might
even signal contradictory trends.

5.3 Study llI

The aim of study III was to introduce new bibliometric indicators that deal with flaws
related to the current state-of-the-art indicator."

5.3.1 Assigning equal weight to all publications

When calculating the state-of-the-art indicator, citation rates are not normalized on
the level of individual publications, but on a higher aggregation level where the
average citation rate of a researcher, group or department is compared to the average
citation rate of the fields in which the researcher or group has published. This way of
calculating gives more weight to older publications (particularly reviews), published
in fields with dense citation traffic. In order to give each publication equal weight the
normalization should take place on the level of the individual publication. The

calculation of such an item oriented field normalized citation score average - ¢ s - is
described in detail in the third study of this thesis.”” Here, instead of first calculating
the actual average citation rate and then divide that with the average expected citation
rate, each publication (or item) is normalized individually (hence ‘item oriented’).
The field normalized citation scores can also be summed in order to calculate a total
field normalized citation score (Xc,) for a research group, university or country. An
example of Z¢, calculation for publications from five countries 1998-2003 is shown in
Figure 13.
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Figure 13 - The total field normalized citation score 1998-2003 for 1 416 912 publications in 57
life science related subject categories, co-authored by researchers affiliated with organisations
in USA, Germany, France, China and Russia. Data from the citation indices produced by

Thomson Scientific, self citations are included and whole counting is performed.
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5.3.2 Controlling for skewed and differing distribution of citations over
publications - citation z-score

The distribution of citations over publications differs between ‘normalization groups’
(publications of a specific type, within a specific research field, published a specific
year). Therefore not only does the average citation rate differ, but also the standard
deviation. It could thus be argued that it would be appropriate to use a z-score in the
normalization procedure. A z-score expresses how far a value is from the population
mean in terms of the number of standard deviations by which it differs.”* A second
issue that needs to be dealt with is that the distribution of citations over publications
is highly skewed. The skewed distribution has been seen for fields and journals, as well
as for individual scientists.” Since the distribution is skewed it could be an alternative
to use the geometric mean or median value as comparison when calculating
normalized citation rates. Another alternative is to make normalizations using
logarithmically transformed citation rates. We chose not to use the median value since
the median for most normalization groups would be just one or a few citations. The
step between for example zero and one or one and two would have a very large impact
on the normalized citation rates, even though the difference between the groups
would not be significant. For this reason the median value was not used in the study.
The geometric mean was considered but abandoned in favour of using logarithmically
transformed citation rates. This in order to reduce the impact of the very skewed
distribution not only on the average for the normalization group, but also on the
average normalized citation rate for a group, department or university.

Combining the observations above, it could be argued that it would be appropriate to
use a logarithm based citation z-score as a complementary indicator to the item
oriented field normalized citation score average. A citation z-score would compare the
logarithm of the number of citations which a publication has received with the mean
and standard deviation for the logarithms of the citation rates for all the
corllzg:sponding reference publications. Details on the calculation are given in study

III.
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In comparison to the crown indicator, which distribution starts to approach normal
on aggregated levels (such as distribution of research groups over classes of crown
indicator values), the distribution of field normalized logarithm-based citation z-
scores (c,,,) over publications starts to approach normal distribution already within
low aggregation levels such as research groups (Figure 14). ¢,  valuesare
approximately normally distributed within department or university level (Figure 15).
On aggregated levels the citation z-score is approximately normally distributed on the
level of research groups (Figure 16).

Figure 14 - Distribution of publications over classes of ¢, . The figure is based on 453
publications by the 20 research groups at a department at Karolinska Institutet, published
between 1998 and 2003. Each line represents the publications by a research group. The lines
are placed on top of each other. Data from the citation indices produced by Thomson Scientific,
self citations are included and whole counting is performed.
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Figure 15 - Relative distribution of publications over classes of ¢, foradepartment at KI, Kl as a
whole and all Swedish publications within 57 research areas (1998-2003)
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Figure 16 - Distribution of research units over classes of citation z-scores. The figure is based on
data for 334 research units at Kl (at least 30 publications 1995-2004). Bars including groups with
citation z-score < -0.2 are coloured grey, citation z-score -0.2 and +0.2 white and citation z-
score> +0.2 black. Data from the citation indices produced by Thomson Scientific, self citations
are included and whole counting is performed.
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To sum up, the results of study III show that the current state-of-the-art bibliometric
indicator has flaws and some of these could be dealt with using a citation z-score.

5.4 StudylIV

The objective of the last study of this thesis was to assess whether publications of
importance for improving the health system and its technologies are highly cited
intra-scientifically.

5.4.1 Publications used as sources in a Swedish system for identification and
early assessment of new methods in health care are also highly cited
within the scientific community

The results of the study showed that the publications used as sources in SBU Alert

were highly cited compared to publications of the same type, from the same year,

published in journals within the same field. On average they are cited eight times

more than the world average (Ef =7.79). The citation z-score is 1.7 standard
deviations above the world average (Efz[ln] =1.69). The high bibliometric score is
consistent over the whole assessed time period, with the highest value seen for
publications used as sources in SBU Alerts published in 2003 (¢ =10.3;¢ £ =1.9)

and the lowest for SBU Alerts published in 2002 (E_/' = 4.7;2_,"2[111] =1.4). Only 12% of
all articles had received fewer citations than the world average within their field.

The sensitivity (or recall) of using positive normalized citation score to identify
articles used as sources in SBU Alert is 0.88. 73% of the publications had a citation z-
score more than one standard deviation above the world average. The distribution of
publications over classes of ¢, is shown in Figure 17. Only two of the 50 SBU Alerts
used publications as sources that on average have received fewer citations than the
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world average. No SBU Alert used sources with citation z-score below the world

average.

Figure 17 - Distribution of publications over classes of ¢,
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5.4.2 The science base in SBU Alert is dominated by the United States and the

United Kingdom

Co-authors of the publications cited in SBU Alerts 2001-2004 most frequently had an
affiliation in the United States (31%) or the United Kingdom (12%). The figure for
USA was in line with the expected (0.9), while the UK was overrepresented by 1.6
times. The highest overrepresentation, according to the method used, was seen for

Sweden (5.1 times more than expected), Denmark (2.4)

and the Netherlands (2.3).

Japan (0.2) and Taiwan (0.2) were the two most underrepresented countries out of

countries with at least one publication used as source in

SBU Alerts. It could be noted

that researchers affiliated with organisations in India and Russia had not been co-

authors of any publications used as sources.

In summary, the results of the fourth study of this thesis showed that publications
used as sources in a Swedish system for identification and early assessment of new
methods in health care are also highly cited within the scientific community. It was
also noted that important results are published in high impact medical journals as

well as in field-specific journals with low impact factors.
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5.4.3 Articles used as the scientific basis for SBU Alerts are published in high
impact medical journals as well as in field-specific journals with low
impact factors

The New England Journal of Medicine was the most frequently used source for

information, followed by Circulation and the Lancet (Table 5). There was a

considerable range in the impact factors of the journals.

Table 5 - Journals in Cl, being cited at least five times in SBU Alert reports 2001-2004. I .;: ISI

'iournal impact factor 2005.

46 New England Journal of Medicine 44.0
35 Circulation 11.6
30 The Lancet 234
17 Radiology 54
16 JAMA 233
12 International Journal of Oral & Maxillofacial Implants 14
11 Clinical Oral Implants Research 1.9
9 Pediatrics 43
8 American Journal of Cardiology 31
8 British Journal of Surgery 37
8 Clinical Therapeutics 30
8 European Journal of Vascular and Endovascular Surgery 2.0
7 Diseases of the Colon & Rectum 23
7 Journal of Vascular Surgery 32
6 Annals of Thoracic Surgery 2.2
6 Archives of Internal Medicine 8.0
6 British Medical Journal 9.1
6 European Heart Journal 7.3
6 Movement Disorders 2.8
5 Artificial Organs 1.9
5 Brain 7.5
5 European Journal of Heart Failure 35
5 European Urology 35
5 Gastroenterology 12.4
5 International Journal of Artificial Organs 0.9
5 Journal of Clinical Endocrinology and Metabolism 6.0
5 Journal of Thoracic and Cardiovascular Surgery 37
5 Neurology 4.9
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6 Discussion

The results of this thesis show that uncritical assessments of research areas based on
rudimentary article identification strategies or collaboration analyses based solely on
co-authorship data may lead to misinterpretation of the development and thus
provide incorrect information for decision-making. At the same time, a correct use of
refined bibliometric indicators may provide valuable background information for
decision makers.

6.1 Isit better or just the same?

Different search strategies result in varying assessments with regards to the
development of citations received, average impact factors and total number of
publications (I). Therefore the choice of search strategy for article identification can
have an impact on evaluation and policy analysis of research areas. As a consequence,
uncritical analysis based on rudimentary article identification strategies may lead to
misinterpretation of the development of research areas and thus provide incorrect
information for decision-making.

Using a journal based search strategy limits the number of identified articles and
increases the possibility that relevant articles are not included in further analysis (I).
These findings are in line with the results of a study by Ugolini and co-workers.""
They showed that using a journal based search strategy to identify cancer publications
has several shortcomings. Many cancer research articles are published in non-
oncology journals and some policy related analyses such as country rankings of mean
impact factors and publications per GDP show different ranking orders when using a
broader search strategy."™ In a case study of ophthalmology research by van Leeuwen,
a partial overlap between journal categories and field-specific addresses was shown.”
He showed that the journal strategy shared about 70% of the references with the field-
specific address strategy. These findings support the results from our study where the
journal category does not cover all important articles within the areas. These results
support the conclusion by Lewison that a search strategy limited to journal categories,
risks omitting many relevant articles.” At the same time, less specific search strategies
increase the likelihood of irrelevant articles being included. In finding the best
identification strategy one must come to a decision based on the relative importance
of recall and precision in each particular case.” Since the MeSH-strategy in general
had high recall as well as precision, this strategy is to be recommended over the other
two. At least the identification of research areas should be performed on the level of
individual publications rather than on the level of the journal. The author based
strategy can be useful for assessing or mapping developing areas or areas with unclear
borders. In this case the definition of a complex area such as cancer would be “cancer
research is what cancer researcher does”. This definition may be useful for mapping or
internal assessment purposes, but becomes difficult when comparing cancer research
between two universities, or trying to normalize citation rates within the area. A fixed
definition would probably be more useful.

6.2 Collaboration uncovered

Co-authorship and funding are incomplete indicators of collaboration (II). One third
of the companies that provided funding to the university had not co-authored any
publications with the university. Further, the funding indicator only identified 16% of
the companies that had co-authored publications. This can be explained by the idea
that collaboration should be considered as a complex phenomenon with fuzzy
borders.” Therefore input- (like funding) and output indicators (like co-authorships)
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will only reveal parts of the actual collaborations. According to Laudel, primarily
collaboration involving a division of labour result in co-authored publications and
people are included as collaborators only if they conduct research activities.” Only to
provide funding is not included in Laudel’s definition of research collaboration, nor
in any of the six specific types of research collaboration. This is reasonable since we,
for example, generally do not consider funding agencies as collaborators in research
projects. Does this mean that industrial funding to universities should be considered
as a new type of research collaboration? In the second study of this thesis it was
suggested that funding should not be considered as a type of research collaboration in
itself, but rather as an additional indicator of research collaboration.” When a
company is involved in setting the research agenda for a research group (could be
considered as collaboration of the type ‘mutual stimulation’), provides access to
research equipment or is involved in the transmission of know-how, this
collaboration is not likely to result in co-authored publications.” Though these types
of collaboration probably involve that the company provides funding to the project.
Thus funding could be an indicator of collaboration which is often not detectable
through co-authorship analysis. Still it is important to note, that since funding is not
collaboration in itself, it is possible that a funding indicator will show collaborations
that are not ‘real’. A summary of how co-authorship and funding could measure
different aspects of research collaboration is shown in Figure 18."

Figure 18 - Summary of how co-authorship and funding could measure different aspects of
university-industry collaboration. DOL: Collaboration involving a division of labour; SER:
Service collaboration; TKH: Transmission of know-how; ARE: Provision of access to research
equipment; MUS: Mutual stimulation; TRA: Trusted assessorship.
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6.3 Lifting the crown

The current state-of-the-art bibliometric indicator has flaws, but some of these could
be dealt with using a citation z-score (III). The three new indicators suggested in this
thesis build on earlier research which has shown how citation rates could be
normalized for research field, publication year and document type.” The item

oriented field normalized citation score average (¢ ) is an incremental improvement of

the current state-of-the-art indicator (the crown indicator). It differs from the crown
indicator in so much as it assigns equal weight to each included publication. That
normalization takes place on the level of individual item also makes it possible to

calculate total field normalized citation score (Xc,). The more radical improvement (or
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complement) is the item oriented field normalized logarithm-based citation z-score

average (¢ gqny or citation z-score). This indicator assigns equal weight to each included

publication and takes into account the citation rate variability of different fields as
well as the skewed distribution of citations over publications. In comparison to the
crown indicator, which distribution starts to approach normal on aggregated levels
(such as distribution of research groups over classes of crown indicator values), the
distribution of field normalized logarithm-based citation z-scores (c,, ) over
publications starts to approach normal distribution already within low aggregation
levels such as research groups (Figure 14, p. 35). Since the citation z-score is based on
logarithmic transformations of citation rates, extreme values have less impact on this
indicator. This is both the strength and the weakness of this indicator since one often
is interested in precisely those extreme values when assessing research.” The citation
z-score thus provides a complementary view to other indicators which are more

heavily influenced by extreme citation rates (e.g. cr)or solely concern very highly

cited publications (e.g. share of publications in top 1% of the citation distribution).
Therefore it seems appropriate to provide information on both types of indicators as
input to informed peer review.

6.4 Breakthroughs and bibliometrics

The publications that are used as sources in SBU Alert are cited eight times more
often than the world average (IV). This is a very high value considering that in
assessments of research groups of similar size (~50 publications per year) an average
citation rate of three times the world average signals excellence.”

There was no a priori theory on whether publications used as sources in a system for
identification and early assessment of new methods in health care also should be
highly cited. Intuitively this is to be expected since high quality publications often are
highly cited and it is reasonable to believe that publications serving as basis for
technologies judged as promising and important are also of high quality. It has been
argued that there is bias against more clinically oriented research in bibliometric
assessments based on the CL.™ """ The bias would exist since the CI are based on
citations given in scientific journals and not on documents more closely related to
patient care, such as guidelines or systems for identification of emerging technologies
in health care. The results of this thesis contribute to this discussion. It is possible that
the use of field normalized bibliometric indicators (IV) reduces some of the bias
against clinical research earlier shown to exist when using for example impact factors.

Articles in a few high impact medical journals often served as the scientific basis for
SBU Alert (IV). However, several of the articles were published in field-specific
journals with low impact factors (Table 5, p. 38). This finding argues against
mechanical use of impact factors in assessment of clinical research. Impact factors
may hide the very variations they are believed to display and are also much dependent
on the 5céomposition of document types in a journal and the subject category it

covers.

Most articles used in SBU Alerts were published by authors based in the United States
or the United Kingdom (IV). Publications from Sweden and from countries with
similar health systems, such as Denmark and the Netherlands, were overrepresented
as science base in SBU Alert. This is natural since local adaptation often is necessary
when turning research into practice.” It is also in line with a study on the scientific
basis of British clinical guidelines which showed UK papers to be represented two and
a half time more than expected."™

Eight percent of the sources (published 1995-2004) used in SBU Alert were articles
published in journals not covered by the CI (IV). It is not unreasonable to believe that
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some medical researchers may publish considerable parts of their work in such
journals and thus be unsuitable for bibliometric assessments based on CI. The results
also show that the journals outside the scope of CI play an important role in medical
research.

6.5 Methodological considerations

This thesis may, in itself, be considered as a discussion of methodological
consideration related to bibliometrics.

In all four studies substantial work has been put into data correction and validation.
Authors who have changed names have been identified, as have alternative spellings
(and misspellings) of their names (I). Organization names have been corrected to the
level of ‘current parent company’ (II) and company publications have been identified
through manual assessment of 17 117 addresses (II). For data on research group level,
data was used from a manual validation of publications by over 600 research group
leaders (III). This validation process was conducted during six months in 2005. A
manual matching of all 953 references given in SBU Alerts 2001-2004 with items in CI
was also conducted within the scope of this thesis project (IV).

In the first study the use of expert opinion as ‘golden standard’ is a weakness. In this
case two cancer researchers assisted in the assessment of whether publications should
be classified as oncology. It is likely that other researchers would have made different
categorizations. There is room for improvement of the list of MeSH-terms used for
article identification. The list in the study was developed to include relevant and
specific terms (high recall and high precision). Some terms were deemed as too
general and therefore excluded. Additional work on the list as well as a different group
of researchers selected as ‘golden standard’ might have resulted in altered assessments
of the recall and precision of the article identification strategies. However, it is not
likely that it would have changed the results, since the MeSH-based strategy had a
much higher recall than the journal based strategy.

Another limitation of the first study is that non-normalized indicators were used. It is
not certain that the varying article identification strategies would have the same
impact on assessments using modern indicators such as the crown indicator or
citation z-score. However, the three methods used in the study (total number of
publications, average impact factor and citations two years post publication) are in
many cases standard indicators in practice. The study is, therefore, raising additional
doubt on the usefulness of these bibliometric indicators, especially of the two latter.

Some limitations of second study involve the use of funding as comparative indicator.
Even though this indicator proved to be useful it would have been valuable to add a
qualitative method to the study to triangulate the phenomenon under study. This
could have provided interesting details on how and why collaboration which does not
involve co-author or funding takes place. An alternative ‘golden standard’ could also
have assisted in assessing the recall and precision of co-authorship as a measure of
collaboration.

The three suggested indicators have been used on example data (III). Their usefulness
has primarily been shown from a theoretical point of view. Publications related to
promising health care technologies in general received high indicator values (IV). The
validity of the indicators needs to be further addressed. First of all the correlation
between peer judgments and the indicators must be investigated. Second of all their
predictive value must be attended to. It would have been valuable if this had been
done already within this thesis project. Unfortunately it was impossible for practical
reasons, within the scope of this project. Nevertheless, an important first
contribution is simply to develop and explain the new indicators.
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A main drawback of the fourth study was that all cited items were considered as equal
regardless of whether they were referred to in a negotional or confirmatory way.
Additionally it would have been an advantage to conduct additional analysis on
publications similar to SBU Alert in organizations from other countries. Study I and II
would also have benefited from international comparisons. With regard to the last
study another important methodological consideration is that the conclusions are
drawn based on the assumption that technologies selected for SBU Alert are to be
considered as ‘deemed as promising by clinical experts’. In addition, the predictive
value of ‘deemed as promising by clinical experts’ for future patient benefit has not
been assessed. If the predictive value is low, this would decrease the merit of the study.

6.6 Reflections and future research

6.6.1 Use and misuse of bibliometric indicators

Bibliometric methods can be used to test a vast number of hypotheses of scientific and
practical importance. From a scientific point of view the methods can assist in the
description and exploration of both the social and cognitive development of science.
Their main applications are, though, probably as tools for science policy and research
management. From a science policy perspective it is valuable to monitor the
development of supported science. The results of interventions such as increased or
reduced investments, or new research strategies could be observed in terms of

research volume (number of publications), international influence (2c) average
influence (citation z-score) or collaboration (co-authorship). There is also a
considerable range of application areas of bibliometrics for research managers. An
almost automatically updated view on the status of the research that is carried out
within the organisation is a first step. This can be supplemented by, for example, more
detailed views on the strengths and weaknesses of research areas or the effect of
management decisions on research practice.

As stated earlier the results of bibliometric analyses should be viewed with a critical
mind and eyes open to indicator limitations and alternative explanations to
measurements. Each bibliometric indicator has a specific limitation. This is one of the
reasons why these types of evaluations should incorporate more than one indicator.”
There is also substantial room for manipulation by selection, weighting and
aggregating indicators.” It is possible that the average citation rate of a research unit is
high because one article of the group is highly cited, with other publications receiving
very few. Concerns relating to this skewed distribution are most critical if the number
of publications is small, i.e. less than 50 publications. Misuse of bibliometric
indicators includes neglecting their limitations. Grupp and Mogee exemplified four
such misuses: (1) Reliance on single indicators; (2) The use of an indicator that is
inappropriate for the studied technology, system, or stage of the R&D process; (3)
Drawing conclusions which are too strong, given the ‘indicative’ nature of indicators;
and (4) Making inferences that are inappropriate, based on the indicator and its
relationship to the phenomenon of interest.” van Leeuwen warned that even though
the creator and direct user of a bibliometric study may be confident in what
conclusion that could be drawn based on the results, it is possible that other users who
are not knowledgeable in bibliometrics in general or in the specific study may
overlook the limitations of the study."

Direct linking between bibliometric assessments and resource allocation can be
dangerous. Any system used to assess research that affects money and/or prestige is
likely to affect the behaviour of researchers. When bibliometric indicators are related
to resource allocation or other types of sanctions, they become ‘reactive measures’, i.e.
people will react to the implementation of the measures by altering their behaviour.”
On the surface this is of course what the decision makers want (to have an impact on
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the researchers), but it can result in ‘goal displacement’ i.e. high scores in the
measures become the goal rather than a means of measuring whether an objective has
been achieved.”” Another unintended consequence might be that the research process
itself is modified as researchers adapt their behaviour in response to the evaluation. It
has for example been noted that based on the focus on bibliometric evaluations,
scientists have changed their publication strategy by publishing more in international
journals which has made it more difficult for nationally oriented journals to attract
enough manuscripts. Although a stronger international orientation in publishing can
be desirable, it could lead to the neglect of nationally important topics. It could also
be the case that the utility of bibliometrics as a research assessment tool is diminished
by incorporating it to much into resource allocation systems. The theoretical
foundation of the validity of citation based performance indicators is that in some
sense “good research get highly cited”. If scientist knows that their (and their
colleagues) are being assessed by citation rates and that money is being allocated, this
is likely to promote behaviours such as “if you cite me, I'll cite you” or “you’d better cite
me, or else...” These behaviours will increase the citation rates of some people without
increasing the importance or influence (or even less so the quality) of their work.

The area of ‘measurement burden’ should also be discussed. It must be remembered
by managers and policy makers that “if the aim of measurement is to lead to an
improvement of some process one must be certain that the cost of taking that
measurement does not outweigh the gains to be made through knowing it.”* This in
general favours indicators that are part of the everyday running of an organization.
Bibliometric indicators, being based on an important everyday output of science can
be considered as such indicators, but the collection, correction and validation of data
must be performed in such a way that it limits the amount of double work that must
be performed by individual scientists when reporting their progress to different
actors. This also calls for an increased collaboration between bibliometric researcher
and openness towards sharing corrected data.

6.6.2 Should citations be interpreted differently in medicine than in the social
sciences?

As was mentioned in the introduction there is an ongoing debate in the bibliometric
community on whether researchers (1) give references to register intellectual property
and peer recognition and that counting citations thus measures intellectual influence
or (2) that references are primarily used for rhetorical purposes, i.e. to advance the
interests of a researcher, defend his or hers claims against attack, convince others and
thus gain a dominant position in their scientific community.”" This dichotomy
might be the result of differing scientific traditions between fields. It could be
hypothesized that researchers in more experimental and quantitative fields, such as
the natural sciences or medicine, are prone towards referencing papers that were first
with reporting a new method or uses of a certain dataset. Thus the reference is given
based on priority or data quality. In the social sciences and more qualitative fields
references are more often given to strengthen the argument of the author. The
references do not have to be made to a certain methodology or result, but rather to
the argumentation or model presented by a certain researcher. If this is true, it would
increase the interpretability of citation based indicators, but also reduce the
applicability of combining results from different fields into single indicator values
(e.g. for a university). This does not reduce the importance of field normalization
since the normalization procedure enables comparisons of related disciplines over
time. In the actual assessment of individual papers or researchers it is worth to bare in
mind the words of Sidney Brenner “what matters absolutely is the scientific content of a
paper and that nothing will substitute for either knowing it or reading it”."””
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6.6.3 Does citation based performance indicators measure ‘quality’?

Citation based indicators are not likely to measure one concept such as ‘quality’ and a
wider spectrum of bibliometric indicators even less so. Instead bibliometric indicators
may be valid indicators of different concepts under specific conditions. For example,

consider two of the indicators proposed in this thesis, Ef and 2c. The c 7 is in this
case likely to be related with the concept ‘quality’ or other concepts which are not

heavily influenced by sheer size. The 2t,on the other hand is more likely to be related
to concepts such as ‘influence’. Similarly the citation z-score, which reduces the
influence of single extremely highly cited publications, is more likely to be related to
the ‘quality’ concept. People, groups or universities that are thought of as ‘excellent’
will probably be associated with extremely highly cited publications.

6.6.4 Isthere only room for excellent science?

In one sense, single publications — or rather the discoveries presented in those
publications — may have a larger impact on the scientific community or society as a
whole, than the rest of the publications from an organization or a country during the
same year. Still, it is important to note that these single paradigm altering publications
are based on the work of others. Without the global production of ‘normal science’
(and the history of science) there would hardly be any major discoveries at all. I
therefore support the idea of science as a collective effort and the old notion of
“standing on the shoulder of giants”. Those who want to take bibliometrics hostage in
order to put all resources into only one or a few groups believing that they are ‘best’
should remember that as soon as the ‘worst groups’ are removed, someone else will be
worst. Continuing this process only the ‘best” will be doing research and — sorry to say
— becoming the 'worst’.

6.6.5 When will bibliometrics disappear?

Bibliometrics as we know it today is in many ways threatened. For example, will a
widespread misuse of bibliometric methods diminish the confidence put in it and
reduce all resources spent on both development and analysis to zero. If the way we
communicate science changes fundamentally, bibliometrics will also have to change
or sink into oblivion. The main carriers of scientific communication today are the
articles published in peer-reviewed journals, which might not last for long. One
should remember that the original reason for starting to publish research findings in
journals instead of books is suggested to be that “there were too many books”." When
will there be too many journals? In the future journals will be replaced by something
else. If this ‘something else’ will be more or less measurable than journals, -who
knows? At the same time it is likely that all of this will take time. The journal article is
built into so many structures that it is impossible to reduce its importance in haste.
For example, articles are used for establishing priority, communicating science and
building up the résumés of most distinguished scientists.

6.6.6 Impact beyond the impact factor?

The subtitle of this thesis was given for three different reasons. First of all to stimulate
other scientists to read it. Second, the new indicators described in this thesis, as well as
the validity work done in the other sections, show that bibliometric methods have
developed beyond the impact factor. There are indicators available that can be used
for more valid research assessments. Thirdly, I think it is time that we start to move
beyond bibliometrics. The fourth study in this thesis was one step to bring
bibliometrics closer towards impact of research beyond the scientific community.
This was just a first step and more work is necessary in order to establish where the
borders of bibliometrics are located. Beyond those borders we must find other
indicators measuring the true impact of research.
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7 Conclusions and policy implications

The utility of bibliometrics as a research assessment tool has been explored and
developed through the results of this thesis. This has been done by identifying the
limitations as well as new possibilities, and includes four conclusions:

e The choice of search strategy for article identification has an impact on
evaluation and policy analysis of research areas.

¢ Both co-authorship and funding indicators provide incomplete results in
assessments of industry-university collaboration. Uncritical use of the two
indicators may lead to misinterpretation of the development of collaborations
and thus provide incorrect information for decision-making.

e The current state-of-the-art bibliometric indicator has flaws, but some of these
could be dealt with using a citation z-score. Still, it should not be used as a sole
indicator of research performance but rather as one of many indicators used as
input for informed peer review.

e Publications used as sources in a Swedish system for identification and early
assessment of new methods in health care are also highly cited within the
scientific community. This increases the appropriateness of using bibliometric
indicators in evaluations of clinical research.

There are some policy implications of these results.

First earlier views on the development of research areas should be reconsidered. For
example, thoughts on the comparative strength of research within certain areas in
different universities might not be accurate. When requesting new analysis of research
areas it is recommended that they are performed by using research area assignment on
the level of individual publications rather than journals.

Second, there is currently a trend of using co-authorship data as evidence in
collaboration assessments. This is for example done when assessing the integration of
the European research area, or the level of industry-university collaboration. The
results of this thesis have shown that important collaboration may not result in co-
authored publications. Further co-authored publications may not be the results of
actual collaborations. Therefore co-authorship data should be used with a critical
mind and requests for additional indicators based on complementing data sources be
made which makes triangulation possible.

Third, there is still no perfect citation based performance indicator available. The
normalized indicators represent an improvement compared to basic bibliometric
indicators, but there are still flaws associated with them. Policy makers should
demand analysis using normalized citation rates and also instruct (and help) the
bibliometric community to continuously work on the validity and reproducibility of
these indicators.

Last, as was shown in the fourth study, bibliometric indicators may be utilised in
research assessments, even in more applied (or clinical) areas.

In conclusion, bibliometric methods can be a useful tool in research assessment. The
validity and appropriateness of using the methods may be increased by the use of
refined bibliometric indicators. Uncritical assessments of research areas based on
rudimentary article identification strategies or collaboration analyses based solely on
co-authorship data may lead to misinterpretation of the development and thus
provide incorrect information for decision-makers. Further research on the validity of
bibliometric indicators and the implementation of such indicators in practice is
needed in order to contribute to the development of science world wide.

46



8 Postlude

...it was a great view. This work on exploring and developing the utility of bibliometrics
as a research assessment tool has taken its stance in the research performed by scientists
before me. Standing on shoulders of giants I have tried to tell you what I saw from up
there. The bibliometric landscape which appeared in front of me was remarkable and in
many cases beautiful. I also saw that it could potentially be harmful and that much
uncharted territory remains. It has been an inspiring journey and the story has just begun.
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9 Sammanfattning pa svenska

Bibliometri har definierats som appliceringen av matematiska och statistiska metoder
péd bocker och andra kommunikationsmedia. Bibliometriska metoder har genom dren
anvénts i en rad olika ssmmanhang. Framst for att beskriva och bedoma forskning.
Vidare har indikatorer som syftar till att ge en bild av hur stort inflytande ett
universitet eller en forskargrupp har pa vetenskapssamhallet utvecklats.
Berikningarna &r oftast baserade pd hur ofta forskare runt om i virlden refererar till
universitetet eller forskargruppen i fraga. Hur ofta en grupp citeras av andra har i vissa
sammanhang likstéllts med “forskningskvalitet”. Ytterligare bibliometriska
indikatorer anvinds for att beskriva utvecklingen av dmnesomrdden (genom att rikna
antalet publikationer inom dessa filt) eller samarbeten mellan individer eller
organisationer (genom berdkningar av hur ofta dessa skriver vetenskapliga artiklar
tillsammans). Den 6kade anvindningen av bibliometri grundar sig i att metoderna
anses vara objektiva och kvantitativa samt att matningarna i sig sjdlva inte stor
forskningsprocessen. Dock har bibliometrins virde ifragasatts eftersom metoderna
sdllan blivit ordentligt utvirderade.

Syftet med denna avhandling ér att utforska och utveckla anvindbarheten av
bibliometri som verktyg for att gora bedomningar av forskning. Detta sker pé
grundval av fyra delstudier vilka belyser olika aspekter av bibliometri. De &mnen som
studeras i detalj 4r relaterade till hur forskningsomraden identifieras (I), samarbeten
mits (II) och framgéngsrik forskning kan bedémas (I/I1I/IV).

Analysen baseras primirt pd data frn de citeringsindex (CI) som produceras av
Thomson Scientific. I de olika delstudierna berdknas bibliometriska indikatorer
baserat pé 24 223 (I), 62 104 (II), 6 142 055 (III) respektive 596 (IV) publikationer.
For att utvirdera validiteten hos bibliometriska indikatorer baserade pa CI-data
kombineras dessa indikatorer med data frdn PubMed (I) och jamf6rs med data fran
manuell granskning (I), finansiell information (II), och ett svenskt system for
identifiering och tidig utvirdering av nya metoder i sjukvdrden (IV). Tre nya
indikatorer utvecklas ocksd baserat pa teoretiska resonemang.

Vanliga bibliometriska metoder tillater inte sikra uppskattningar av forsknings-
omrddens utveckling (I). Bedomningar av samarbeten mellan akademi och industri
baserat pd samforfattade artiklar dr inte heller heltickande (II). Det finns ocksa
begrinsningar relaterade till den nuvarande state-of-the-art indikatorn for
identifiering av framgangsrik forskning (III). Samtidigt finns bibliometriska metoder
tillgdngliga som kan anvindas for identifiering av forskningsomrdden (I) och for att
beskriva specifika typer av samarbeten mellan akademi och industri (II). Nya
indikatorer péd framgangsrik forskning som hanterar nagra av de problem som
identifierats hos befintliga indikatorer har utvecklats (III). Publikationer relaterade till
sjukvardsteknologier, vilka av klinisk expertis bedoms som lovande, erhéller mycket
hoga métvirden med dessa indikatorer (IV).

Resultaten visar att bedomningar av forskningsomraden riskerar att bli miss-
bedomningar om identifieringen av omradena sker baserat pd rudimentira metoder.
Om exempelvis tidskriftsomraden anvinds for att bestimma artiklar inom omradet sa
utelamnas samtliga artiklar i de multidisciplinéra tidskrifter dar utomordentliga
forskningsresultat ofta publiceras. Darmed ges felaktig information som underlag for
beslutsfattande. Detsamma giller analyser av forskningssamarbeten med utgangs-
punkt i samforfattarskap eftersom det finns exempel pd samarbeten som inte leder till
samforfattade artiklar och artiklar som dr samforfattade utan att ndgot faktiskt
samarbete har gt rum. Vidare bor noteras att bibliometriska indikatorer, vid korrekt
anvdndning, kan bidra med virdefull bakgrundsinformation till beslutsfattare. Detta
giller sdvil utvecklingen av forskningsomrdden som forskningssamarbeten. Slutligen
kan paverkan pa forskarsamhallet ses som en forsta indikator pé framtida nytta for
patienter och samhillet.
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