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Preface

This year, the Science and Technology Indicators (STI) conference is held in Leiden, the
Netherlands, in collaboration with the European Network of Indicators Developers (ENID).
The conference takes place in a period of historic transformations to the scientific and
scholarly system. The conference motto “Context Counts — Pathways to Master Big and Little
Data” aptly captures some of the most important changes.

First, we are witnessing the rise of new paradigms with respect to the economic and societal
role of research. This is for example visible in the emphasis on societal relevance, the policy
speak about Grand Challenges in Europe and the US, and the practices of new (and older)
generations of researchers who try to combine breakthrough fundamental work with
contributions to the solution of urgent problems. Although blue-sky research will remain
crucial for scientific and scholarly progress, the new generations of researchers will work in a
very different context from the generation that came out of World War 1.

Second, the cumulative creation of data-generating machines and scientific instruments has
led to a flood of data -- all challenging, not all meaningful. This data flood also has
ramifications for our own field. With the shift towards web-based and computer-supported
work in virtually all disciplines, the traces researchers leave in their daily work can
increasingly be turned into data and indicators. In addition, social media are creating more
(pressure on) the communicative activities of researchers, as exemplified by the rising sub-
field of altmetrics.

Combined, the changing economic and societal role of research and the increasing availability
of digital information lead to a rising demand for scientometric expertise. The present hunger
for data and for indicators also lays bare a need for a meaningful interpretation.
Scientometricians can no longer merely be data providers or indicator builders. They need to
be able to put the data in the right context. And increasingly, they will also need to self-
critically examine the use of their own products by the scientific and scholarly communities at
large.

Indeed, context counts — in more than one way.

For the STI-ENID 2014 conference 125 papers were submitted. We accepted 70 oral
presentations and 30 posters. Along with the regular indicators topics, the two trends
discussed above are well represented in various sessions and in the 5 special events we
scheduled on top of the regular program.

We are grateful to all authors for submitting their papers, posters and special events as well as
to all members of the scientific committee for reviewing them. We also wish to thank Suze
van der Luijt for producing and editing this book of proceedings.

Paul Wouters (Conference chair)
Ed Noyons (Editor)
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Abdulhayoglu & Thijs

Enrichment of Bibliometric Databases by Assigning Region
Information by means of the Web

Mehmet Ali Abdulhayoglu* and Bart Thijs*

*Mehmetali.abdulhayogIu@kuleuven.be
“Bart.thijs@kuleuven.be
Centre for R&D Monitoring (ECOOM) and Dept. MSI, KU Leuven, Waaistraat 6, Leuven, 3000 (Belgium)

Introduction

Promising are the recent experiments to use the Web as a tool for cleaning and correcting of
address information. It is now possible to use various geographical open data sources such as
GeoNames, GooglePlaces and Wikipedia to construct geographic information systems. Van
Canneyt et al. (2013) states that the databases mentioned above have become increasingly
popular to identify given user-specified places.

In this study, we aim at retrieving regional information through web services for a given place
by using city name, postal code and country name indexed in Web of Science. Boulos, M.N.K
(2012) studied such a similar work by enhancing the PubMed by means of GeoNames. We
applied GeoNames and GooglePlaces both providing data that can easily be processed.
Besides these services, we use Wikipedia when they fail to assign given address component to
aregion.

Data

Data in this study stems from a project where we provide indicators on sixteen regions in nine
countries. All addresses from publications indexed in WoS for these countries in the period
1991-2011 were processed and about 10% (1.7 million addresses) could be assigned to one of
the selected regions through a manual cleaning procedure. Our aim is to automate this
process by applying unique combinations of country name, city name and postal code that
occur at least in ten different addresses. This results in 28.488 combinations which represents
97.6% of all addresses.

Sources

GeoNames

The GeoNames offers some Web services to access regional data such as postalCodeSearch
or Search. More information can be accessed via http://www.geonames.org. Figure2 gives the
result for the query *3000, Leuven, Belgium’.

Figure2: Result of the GeoNames postalCodeSearch

w<geonames>

<adminName3>Leuven<,/adminMName 3>
</ code>
</ geonames>


http://www.geonames.org/

Abdulhayoglu & Thijs

To retrieve the correct match from the XML-formatted results, first postal code and country
must exactly match with the ones in the query. Second, we control the city name since the
result might not always give identical city name or the city name indexed in the database
might be erroneous. To grab the similarity, we apply the Jaro-Winkler string similarity which
is effective especially for short strings (Bilenko et al., 2003). We observe that matches with a
Jaro-Winkler score of at least 0.80 are reliable. On the other hand, GeoNames might return a
town of the city given in the query depending on the postal code or might return the city name
in its own language which might result in a very small score.

GooglePlaces

It is applied as a complementary application to GeoNames for those records could not be
matched by GeoNames postalCodeSearch. The website of this service is
https://developers.google.com/places/. Figure3 shows an XML-formatted result.

Figure3: Result of the GooglePlaces

w<address component>

<long name>3000</1long name>

ng_name>
hortc_ name>

<twpe>poli
</ /address_

wv<address=s omponent>
<long name>Belgid</long name>

As in the previous application, the postal code with city and country names is checked. Only
the region information for exact matches having identical postal codes and country names are
retained. These region data are also matched with the GeoNames Search service for the same
cities and countries. Among those only the records having the identical region names are
taken as correct assignments.

Wikipedia

To obtain region and postal code information for South Korea and Finland, we use the related
links in the  Wikipedia  pages containing list of  postal codes
(http://en.wikipedia.org/wiki/List_of postal codes in_South Korea and

http://en.wikipedia.org/wiki/List_of postal codes_in_Finland). In these pages the
corresponding areas for each postal codes are given with their related Wikipedia link. By
parsing these pages first, we get the corresponding Wikipedia page link. After accessing the
Wikipedia page of the related places, we try to retrieve the region information by parsing the
XML format of the page and confirm it by GeoNames Search service. Only those results
matching with our database records and having exact region matches are accepted as a correct
assignment. Figure4 gives an example of the XML-document containing the country and
region name.



https://developers.google.com/places/
http://en.wikipedia.org/wiki/List_of_postal_codes_in_South_Korea
http://en.wikipedia.org/wiki/List_of_postal_codes_in_Finland
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Figure4: A sample XML part of a Wikipedia page

<tr clagg="mergedtoprow™>

<th scope="row" style="text-zlign:lsft;"»Countrye/th>

<tdyBelgiume/tdy

ey

<tr clagg="mergedrow">

<th scope="row" style="text-align:left;"><a ‘.'uref="/wiki/C0rrrr'mities,_regiuns_and_langJage_areas_uf_EelgiJ:r" title="Communities, regions and language areas of Belgium">Community</a»</thy
<tdx<a href="fuiki/Flenish Conmunity" title="Flemish Community"sFlemish Community</as</tds

ey

<tr class="mergedrow"y

<th scope="row" style="text-align:left;"><a nref="/wiki/C0rrrr'mities,_regiuns_and_langJage_areas_uf_EelgiJ:r" title="Communities, regions and language areas of Belgium"»Region</a»</thy
<cdx<a href="/wiki/Flenish Region" title="Flemish Region">Flemish Region</ax</td>

¢fery

<tr class="mergedrow">

<th scope="row" style="text-align:left;"»<a nref="/wiki/Provinces_of_ielgi‘m” title="Provinces of Belgiun">Province</ay</thy

{tdx<a href="/uiki/Flenish Brabant" title="Flemish Brabant">Flemish Brahant</ax/td>

<ftrr

Figure6 gives an overview of our methodology.

Figure6: Summary of the Process of Retrieving
Regional Information

WOS DATABASE
elty
country *Exact country name match contral
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Results

We obtain promising results by applying GeoNames, GooglePlaces and Wikipedia parsing
methods on retrieving regional information. Tablel and Table2 give the total number of
combinations in its “Total”” column.
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Tablel. Retrieved number of addresses and their percentages by
GeoNames and GooglePlaces.
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Australia 1004 366 1460 2305 52.40 82.06
Austria 165 58 223 399 44.07 96.85
Belgium 322 Q3 415 599 67.17 02.82
Germany 2571 197 2768 | 5674 54.17 60.43
Netherlands 1785 - 1785 2275 82.06 82.06
Poland 1033 - 1033 1326 83.41 83.41
Spain 2178 274 2452 2939 83.37 83.60

The second, the third and the fourth columns of the Tablel give the number of combinations
for which correct regional information could be retrieved by using GeoNames, Google and
their sum, respectively. The percentages of addresses related to the matched postal code-city-
country combinations are also given in the last two columns. Tablel shows that the
application of GeoNames and GooglePlaces are powerful to retrieve correct region
information for those countries except for Germany with more than 82% accuracy.

Table2. Retrieved number of addresses and their percentages
through Wikipedia parsing (Step3).

= m

5%
3 S22 - £
Ew 2 YD A

- EEER| = =

2 [S%If|E |E

| = -
U o 22| = w
South Korea 2120 3025 | B4.25
Finland 023 1092 | 99.73

Table2 gives the results for South Korea and Finland whose regions are assigned by parsing
Wikipedia with a confirmatory service, Geonames Search. Table2 shows that the results are
promising as 84.25% of the addresses from South Korea can be correctly assigned to a region
while that is 99.73% for Finland.
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Conclusion

We developed a promising method applying GeoNames, GooglePlaces and Wikipedia
parsing to assign precise region information to the addresses from a set of countries on
publications indexed in our WoS database. The percentages of the correct assignments for
each country are high. Finally, the results based on our suggestions for retrieving region
information are highly consistent with our previous study.
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Introduction

Several citation-based indicators of journal impact exist. Perhaps the most well-known of
these is the Journal Impact Factor (JIF). A major drawback of JIF, however, is its lack of
field (subject) normalization. Differences in citation volumes between different fields are not
taken into account. Recently, the Centre for Science and Technology Studies (CWTS), Leiden
University, presented a field normalized citation-based indicator of journal/series impact,
source normalized impact per paper (SNIP) (Moed, 2010; Waltman, van Eck, van Leeuwen,
& Visser, 2013). SNIP belongs to a set of indicators that are based on the idea that citations to
publications should be normalized against the length of the reference lists of the citing
publications (e.g., Glanzel, Schubert, Thijs, & Debackere, 2011; Leydesdorff & Bornmann,
2011; Zitt, 2010). These source normalized indicators utilize the fact that the typical reference
list length vary across fields. Clearly, this citing side normalization contrast with the
traditional approach to field normalization, where a classification scheme is used (e.g., Braun
& Glénzel, 1990; Moed, De Bruin, & van Leeuwen, 1995; van Raan, 1996). In this approach,
each publication is assigned to one or more of the fields of the scheme. An example of an
indicator that relies on a classification scheme is the mean normalized citation score (MNCS)
(Waltman, van Eck, van Leeuwen, Visser, & van Raan, 2011a, 2011b). For this indicator,
citation scores of the target publications (the publications under evaluation) are compared to
expected citation scores for publications in the fields to which the publications belong. The
fields used are the Thomson Reuters subject categories of journals. Source normalized
indicators do not require a field classification scheme, which might be their main advantage.
Instead, the field of a source is determined by publications that cite the source.

In the remaining part of this work, we let the term “source” stand for journals and series.
SNIP is a quotient of which the numerator, the raw impact per paper (RIP), gives the average
number of citations to the publications of a given source, where the publications are published
in one of the years n, n + 1 and n + 2, and where the citing publications are published year n +
3 (the year of analysis) in sources covered by the database under consideration.

The denominator of SNIP is the database citation potential (DCP) of the source. DCP is
based on the idea that sources such that their citing publications tend to have long reference
lists have a higher potential to be cited compared to sources such that their citing publications
tend to have short reference lists. In the definition of DCP, only active references are taken
into account. An active reference in a publication, published in the year of analysis in a source
covered by the database, is defined as a reference to a publication, published in a source
covered by the database, during the three preceding years, relative to the year of analysis. For
both RIP and DCP, cited and citing publications are included only if they are of the document
types article, conference paper or review. Moreover, citations originating from certain
sources are not counted in the calculation of SNIP values. Examples of such sources, non-

! The author would like thank Ludo Waltman for valuable remarks.
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citing sources, are trade journals and sources with a small amount of references to other
sources. For details on DCP and on the source exclusion rules, we refer the reader to Waltman
et al. (2013).

The Norwegian model for evaluation of publications is applied yearly in Norway. The
subjects of the evaluation are the Norwegian universities and university colleges. Research
resources are distributed to these entities according to the result of the evaluation.

The Norwegian model can be said to combine production and impact. For the latter, though,
citations are not used. Instead, the model considers the extent to which publications are
published in channels, like journals, with large scientific prestige. A large number of channels
have been assessed in Norway and assigned to exactly one of three levels:

0: Non-scientific publishing channel.
1. Scientific publishing channel.
2: Publishing channel with extra large scientific prestige.

For more information on the model, see Schneider (2009) and Sivertsen (2010).

One of the criteria used in Norway when journals are manually assigned to levels is the extent
to which journals are cited. In earlier research, it has been shown that field normalized journal
citation impact, measured on the basis on the subject categories of Thomson Reuters, correlate
rather well with the manual assignments of journals to levels that are performed in Norway
(Ahlgren, Colliander, & Persson, 2012). However, taken into consideration that the approach
to field normalization underlying SNIP is considerably different from the approach that uses
the subject categories of Thomson Reuters, it is reasonable to ask whether the SNIP values of
sources tend to correspond to the levels of the sources, where we in this study, in addition to
the three levels, take into consideration sources that have not been assessed in Norway. These
sources form a separate category in the study. The purpose of the study, which involves more
than 15,000 sources, is to investigate the relation between SNIP and the levels of the
Norwegian model/the category of non-assessed sources within different subject area
categories and across such categories.

Data and methods
Three lists of sources were utilized in the study:

e CWTS Journal Indicators list, September 2013 (CWTSList)
e Scopus title list, September 2013 (ScopusL.ist)
e The Norwegian list, March 2013 (NoL.ist)

CWTSList reports, among other things, SNIP values per source and year. All sources in
CWTSList are indexed in Scopus. The list does not give subject information for the sources.
However, such information is present in ScopusList. Each source in this list has been assigned
to one or more of Scopus’ subject area categories, 27 in number. NoList is a list, updated one
time per year, over sources that have been assessed in Norway. Each entry in the list is
associated with a level (0, 1 or 2).

From CWTSList, each source (a) with a SNIP value for year 2012, (b) with a print ISSN, and
(c) classified as a citing source was extracted. The extracted sources were matched against
ScopusList in order to get the subject area categories for each source. 15,177 sources are
included in the dataset. Of these are 14,972 journals and 205 series (139 book series and 66
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conference proceedings). These sources were matched against NoL.ist in order to get levels for
the sources. If a source was not found in NoList, the source was assigned the value -1. In this
study, we regard -1 ("not in NoList”) and the levels 0, 1 and 2 as categories on a nominal
variable. The extraction and matching operations resulted in a list in which each source has a
SNIP value, is associated with exactly one of the categories -1, 0, 1 or 2, and is associated
with one or more subject area categories.

In the first part of the study, the SNIP value for a given source was weighted on the basis of
the number of publications, of the three types referred to in the preceding section and
published in the period 2009-2011, belonging to the source.? Let S be a subject category and
C one of the four categories. We define the weighted SNIP mean for S with respect to C,
SNIP(S, C), as

SNIP(S,C) = ZSGSmc X/ mg)nsSNIP(s)
| ZSGSmC(]'/ms)ns

1)

where s is a source, ms the number of subject area categories for s, ns the number of
publications belonging to s, and SNIP(s) the SNIP value for s.

Weighted SNIP means were obtained also for the four categories without regard to subject
area categories. Such a mean is given by Equation (1), if “S~ C” is replaced by “C” and the
leftmost factors of the numerator and denominator are deleted.

In the second part of the study, a multinominal logistic regression analysis was performed in
order to investigate the ability of SNIP to predict Norwegian model level/category of non-
assessed sources.

Results

Figure 1 visualizes, for each subject area category, weighted SNIP means for the categories -1
("not in NoList”), 0 (non-scientific publishing source), 1 (scientific publishing source) and 2
(publishing source with extra large scientific prestige). Also weighted SNIP means for the
four categories without regard to subject area categories are indicated (“Total” on the vertical
axis). For the latter, it is evident that the SNIP means increase consistently when we move
from category -1, via the categories 0 and 1, to category 2.

For the 27 subject area categories it holds that the SNIP means for category 2 are consistently
higher than the corresponding values for category 1, whereas the category 1 SNIP means are
consistently higher than the corresponding values for category 0. The subject area category
Neuroscience stands out: its SNIP mean for category -1 is about 30% higher than its mean for
category 0 and not much lower than the corresponding value for category 1. The two prestige
journals Nature (SNIP = 8.58) and Science (SNIP = 8.06) give rise to the high SNIP mean for
the subject area category General and category 2, a combination with only three sources.

2 Mathematically, the ability of SNIP to properly correct for field differences assumes weighted SNIP means
(Waltman et al., 2013).
? 3,451 of the 15,177 sources (22.7%) belong to category -1 and are thus absent from NolList.
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Figure 1: Weighted SNIP means for 27 subject area categories for the four categories -1, 0, 1
and 2. ”Total” concerns the SNIP means for the four categories without regard to subject area
categories.
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Percentiles at p = 0.05, 0.06, ..., 0.99 were calculated for the four distributions of SNIP values
corresponding to the four categories -1, 0, 1 and 2, in order to complement the picture given
by the means. Note that the SNIP value for a source s occurs ns (the number of publications
belonging to s) times in the distribution for the category of s. Figure 2 shows the outcome of
the calculations. The curve for category 2 lies consistently above the curve for category 1, and
the latter curve lies consistently above the curves for categories 0 and -1. The median, i.e. the
percentile at p = 0.5, for category 2 is 1.67, whereas the medians for the categories 1, 0, and -
1 are 0.96, 0.53 and 0.43, respectively. The same pattern is thus obtained as in the case of
means.
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Figure 2: SNIP percentiles at p = 0.05, 0.06, ..., 0.99 for all four categories.
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Several interesting observations regarding deviating cases can be done. The journal
Foundations and Trends in Machine Learning belongs to category -1, and thereby does not
occur in NoList. The category has the weighted SNIP mean 0.51, and the journal has the
SNIP value 12.40, which corresponds to rank 9 when the 15,177 sources are ranked after
SNIP values. Further, the two humanistic journals Antiquite Tardive and Revue Romane, both
in category 2, have the SNIP value 0.

Multinominal logistic regression analysis

7,589 sources were randomly selected from the set of 15,177 sources. The sources in the
resulting set were used as training data for the generation of the regression model, whereas the
remaining 7,588 sources were used to test to which extent the model correctly classifies them.

Since we have four categories on the dependent variable, the regression model contains three
regression coefficients for SNIP. The category -1 (”not in NoList”) was used as reference
category, i.e. the category to which the other categories are compared. Let P(category = x) be
the probability that a source belongs to category x, where x =0, 1, 2, and let P(category = -1)
be the probability that a source belongs to category -1. A given regression coefficient for
SNIP, g, estimates how much In(P(category = x)/P(category = -1)) changes when SNIP
increases by 1.

In(P(category = 2)/P(category = -1)) increases with £ = 3.21 when SNIP increases by 1 (95%
CI1[3.03, 3.39]), and the odds becomes about 25 times greater with such an increase of SNIP.
S for In(P(category = 1)/P(category = -1)) is equal to 2.34 (95% CI [2.18, 2.50]).
Interestingly, also £ for In(P(category = 0)/P(category = -1)) is positive, 0.52 (95% CI [0.14,
0.90]).

Figure 3 shows how the regression model predicts probabilities for category membership for
sources at different SNIP values (0, 0.1, 0.2, 0.3, ..., 53). For a given SNIP value, the model
predicts four probabilities, one for each category, and the sum of these probabilities is equal to
1. At SNIP = 3.4 are the model predicted probabilities for membership in categories 1 and 2
approximately 0.5, and thereby are the predicted probabilities for membership in the other two
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categories close to 0. When SNIP increases from 3.4, the predicted probabilities for
membership in category 1 decrease, while the corresponding probabilities for category 2
increase.

Figure 3: Predicted probabilities for category membership over SNIP values (0, 0.1, 0.2, 0.3,
..., 53).
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In Table 1, the classification accuracy of the regression model, with respect to the 7,588
sources in the set that was not used for model generation, is reported. For a given source with
its SNIP value, the model predicts four probabilities, one for each category, and the source is
assigned to the category with the highest predicted probability. 69.2% of the sources are
correctly classified (last row/last column). For comparison with chance, the proportional
chance criterion, where the sources are randomly, and proportionally, distributed over the
categories, is 48.5%, whereas the maximum chance criterion, i.e. the share of sources in the
largest category (category 1), is higher, 65.2% (Huberty, 1984; Morrison, 1969).

Table 1. Classification table for sources, which were not used for model generation. Number
of sources = 7,588.

Predicted
Observed -1 0 1 2 % correct
-1 606 O 1072 8 35.9
0 5 0 145 1 0.0
1 319 0 4579 49 92.6
2 4 0 686 64 8.5
Total, % 13.0 0.0 85.4 1.6 69.2

Discussion and conclusions

In this study, we have dealt with the relation between the SNIP indicator and the levels of the
Norwegian model/the category of non-assessed sources. The result shows that there is a
correlation between SNIP values and the four categories. This is perhaps not unexpected,
since one of the criteria used in Norway when journals are manually assigned to levels is the
extent to which journals are cited. Nevertheless, the correlation supports the standpoint that
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the manual assignments of sources to levels that are performed in Norway are reasonable,
given that SNIP is considered as an indicator with a high degree of validity. Inversely, if the
manual assignments are considered to be in the main reasonable, one can assert that the study
supports that SNIP is an indicator with a high degree of validity. One should be aware of,
although, that the results of the study are consistent with the possibility that both SNIP and
the Norwegian assignments have defects that covary.

The Norwegian model has been criticized for under-coverage of sources. Under the
assumption that SNIP is an indicator with a high degree of validity, this criticism is to some
extent weakened by the study: sources that do not occur in NoL.ist are associated with smaller
SNIP values compared to sources that have been assessed as non-scientific.

As is reported in the results section, there are cases that deviate from the general pattern. For
instance, journals with high SNIP values that have not been assessed in Norway. It might be a
good idea for those involved in the assessments to take a closer look on deviating cases.

For future research, a comparison of SNIP and the revised SCImago Journal Rank indicator,
SJR2 (Guerrero-Bote & Moya-Anegon, 2012), with respect to the ability to predict
membership at level 2 of the Norwegian model is planned.
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Introduction

Studies on Author Co-citation Analysis (ACA) aim to identify influential authors and show
their interrelations from citations (White; Griffith, 1981; White; McCain, 1998). ACA
analyzes the intellectual and social structure of an area, scientific field or set of researchers.

When comparative studies are intended, given the specificities of each area, the importance of
normalized indicators, which standardize the units of measure and reveal aspects not
explained in absolutes, are emphasized.

According to the studies of Luukkonen et al. (1993), absolute and normalized measures carry
different types of information: the first shows the central "actors" of the networks, while the
latter shows the intensity of relations and reveal aspects that are not identifiable in the
absolute frequencies. Among relative indices, Pearson's Correlation Coefficiengt Salton's
Cosine, and Jaccard Index are cited (Leydersdoff; Vaughan, 2006).

Pearson's r was the standard measure before the studies of Ahlgren, Jarneving & Rousseau
(2003), who criticized its use, showing that it does not satisfy as similarity and proximity
measures.

This research aims to deepen the study on normalized indicators of ACA. Specifically, it
presents and analyzes normalized indicators such as Ss and JI, and compares the similarities
between them via identification of normalized relations applied to Information Science.

Salton's Cosine (Ss) and Jaccard Index (JI) are stressed. These two normalized indices are
calculated from the co-occurrence matrix of absolute data, according to Luukkonen et al.
(1993).

In the studies by Hamers et. al. (1989), co-occurrences represent co-citations, Ss is then
expressed (Equation 1):

Cocit (3 b)
(cita - citw) %

Ss (ab) =
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Where:

COC(s )= total of co-occurences of authors a and b
Cit(y = total of citations received by author a
Cit(y)- total of citations received by author b

Luukkonen et al (1993), express JI by (Equation 2):

B Cocit (a,b)
~ Cit(a) + Cit (b) — Cit(anb)

1]

Both Ss as 1J vary between zero and one: the closer to one, more similar are the two authors
(with theoretical-methodological proximity, similarity, complementarity, overlap, or opposed
ideas or even co-authorship); the closer to zero, the farther is the association between the two
authors.

Methodological procedures

Firstly, a theoretical study on ACA and its indicators initiated the research. Data was
extracted from 110 articles published in the 2007-2011 period, from ENANCIBs!
proceedings, in Brazil. We identified 1242 cited researchers, 2003 references, composing a
target group of 20 researchers cited at least 12 times.

A 20x20 square matrix was built, from the most cited authors, with absolute co-citation
frequency. Ss and JI was applied. We used Microsoft Excel macros built in "Visual Basic for
Applications” (VBA).

We comparatively analyzed the results of the two normalized matrices using Ss and JlI,
evidencing the proximities, similarities and differences between the present values and the
intensities of connections in the networks.

Presentation and analysis of data
The two normalized matrices using Ss (Equation 1) and JI (Equation 2) are presented in
Tables 1 and 2.

! ENANCIB- National Meeting on Research in Information Science in Brazil.
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Table 1. Ss Normalized Matrix
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POBLACION 1L.00 | 007 | 000 | 025 | 0.00 | 022 | 0,25 | 0,22 | 0.24
PRICE 100 | 0,14 | 006 | 021 | 0.19 | 007 | 0,19 | 0.13
ROUSSEAU 1,00 | 008 | 0,50 | 0,15 | 0,08 | 0,22 | 016
SANTOS 1,00 | 0.23 | 0.21 | 0,23 | 0,14 | 0,15
SPINAK 1.00 | 000 | 008 | 0,15 | DL16
STUMPF 100 | 0,37 | 0,47 | 0,20
TARGIND 1,00 | 0,15 | D16
VANZ 1,00 | 007

VELHO 1

Table 2. JI Normalized Matrix
j w Z = - ° - ,Z = -

5 2B |2 22 2 |2 |3 | |5 |2|<|z2]|2 g

E|lz|E3|z|2|2|C |2 |z |z |2|€E|2|2|2|2|8(|2|:Z

= |zl |3|5|Z2|=2|£|E|& |&|2|Z|5|Z|£|2]|FZ
BUFREM 1,00 000 | 0,14 [ 004 | 0,03 | 015 | 0,00 | 0,14 | 018 | 0,03 [ 000 | 0,00 | 0,06 | 007 | 0,26 | 0,10 | 006 | 0,07 | 0,090 | 0,03
LETA LO0 | 000 | 010 | 025 ) 008 | 004 | 000 | 000 | 015 | 006 | 0.00 | 0.21 | 000 | 0.00 | 004 | 008 | 000 | 008 | 0.09
M-CHAPULA L0D | 0,07 | 008 | 006 | 0,13 | 004 | 008 | 004 | 009 | 0,00 | 0,03 [ 0,09 | 0,17 [ 0,25 | 0,08 | 0,04 | D04 | 0,08
MEADOWS 1,00 | 0,19 | 837 | 007 | 0,07 [ 013 | 004 | 026 | 0.10 | 0,23 | 0.08 | 002 | 005 | 018 | 016 | 0,10 | 0,16
MENEGHINI 1,00 [ 015 | 018 [ 013 | 004 | 071 | 006 | 009 | 011 | 009 | 000 | 004 | 0.17 | 009 | 004 | 018
MUELLER 100 | 018 [ 013 | 015 | 0,13 | 026 | 0.13 | 0,19 [ 004 | 013 | 0,00 ) 0,15 | 0,16 | 0.04 | 0.15
MUGNA INI 1,00 | 008 | 018 | 0,20 | 006 | 0.14 | 0.03 | 004 | 0,29 [ 004 | 0,12 | 0,19 | 0,08 | 0.04
NORONHA 1,00 | @13 | 0,04 [ 006 | 032 | 0,03 | 000 | 017 | 04 | 017 | 0,19 [ 012 | 0,08
OLIVEIRA 100 | 0.04 | 033 | 0.39 | 007 | 0,00 | 017 | 004 | 004 | 0,14 | 0,12 | 0.08
PACKER 1,00 | 003 | 000 | 004 | 005 | 000 | 000 | 008 | 010 | 004 | 0,14
PINHEIRO 100 | 0,17 | 018 | 000 | 009 | 0,03 | 003 | 013 | 009 | 0.03
POBLACION 100 [ 004 | 0,00 | 013 | 0.00 | 003 | 014 | 0.13 | 0.14
PRICE 1,00 [ 007 | 003 | 002 ) 0,00 | 004 | 010 | 0.07
ROUSSEAU 100 | 004 | 033 [ 008 | 004 | 013 | 0,09
SANTOS 1,00 | 0,13 | 012 | 0,13 | 0.07 | 0,08
SPINAK 1,00 | 0,00 | 0.04 | 0,08 | 0,09
STUMPF 1.00 | 0,23 | 0,30 | 0,17
TARGINO 1,00 | 008 | 0.09
VANZ 100 | 0,04

VELHO 1

In the analysis of Tables 1 and 2, we initially highlighted Meneghini and Packer with the
highest value for Ss equal to 0.84 and JI equal to 0.71, observing that in the absolute matrix
(not presented here) the co-citation between these two authors is 10, with 13 citations made to
Meneghini and 11 to Packer. The number of co-citations is relativized by citations made to
the two authors. In Figures 1 and 2, the links between these authors are strongly highlighted.

Meadows and Mueller present Ss equal to 0.54, JI equal to 0.37 and the absolute number of
co-citations equal to 19 with 31 citations made to Meadows and 40 citations to Mueller,
which justifies the relativized median value for Ss, and lower to JI. In Figure 1, the link
between these two researchers is much more highlighted than in Figure 2.

Researchers Leta and Spinak present 0.08 for Ss and 0.04 for JI with absolute co-citation
value equal to 1, with 12 citations to Leta and 12 citations to Spinak, which explains the low
relativized values. In Figures 1 and 2 the connections for both Ss and JI present their links
slightly differentiated.
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Figure 1: Ss Normalized Network Figure 2: JI Normalized Network

BLAION

The highlights ratify Hamers et.al. (1989), when they claim that Ss formula often produces a
relative similarity measure which is twice the number obtained by JI. Extending this analysis
to other values, it is observed that the higher the Ss, the closer JI will be to it, and above half
of Ss (the example of Meneghini and Packer; Meadows and Mueller), and the lower the Ss,
the JI will be closer or will be the very half (the example of Leta and Spinak).

Final considerations

This study has validated the analyzes already made by other scholars and advanced on
existing analyzes between Ss and JI, showing when there is a tendency of proximity. They
exhibit similar behavior and the choice of using either index does not present a conclusive
position on the pointed question, and consequently, the appropriate methodology to establish
ACA is not fully consolidated.
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Abstract

In the US Patent Office, examiners add extra shares of citations to foreign applicants. We
explore a similar country club effect in the European Patent Office (EPO). Using EPO data of
over 3,500,000 citations in years 1997-2007, we find national variation in the probability of
an applicant originating a citation rather than the examiner. Symmetrically to the US case,
EPO examiners add extra citations to non-signatory member states. Moreover, if examiners
are likely to come from the same country of the applicants, applicant-citation shares increase,
pointing to the existence of national bias in EPO patent examiners. These results hold after
controlling for sub-national characteristics of the patenting process.

Keywords
Citations, knowledge flows, national biases

Introduction

The geography of innovation makes extensive use of backward citations in patents to measure
knowledge flows (Jaffe et al., 1993). Several works emphasize the importance of
distinguishing the origins of citations because, in theory, citations inserted by patent
examiners are likely to be less localized than applicant citations. United States Patent and
Trademark Office (USPTO) data mostly tend to confirm this for the US case (Thompson,
2006) although there are some differences for some specific measures of distance (Alcécer &
Gittelman, 2006). European data confirm it for some European countries (Criscuolo &
Verspagen, 2008), but not some regions with low absorptive capacity (Azagra-Caro et al.,
2009). These studies focus on the match or distance between citing and cited country.
However there is another geographic concern that has been largely unexplored, i.e. what are
the characteristics of the citing country? Do patent examiners add more citations to patent
applications from specific countries?

This is a relevant question because the answer might reveal underlying economic forces that
are subject to policy influence, or uncover individual questionable examiner practices. There
is some evidence suggesting that, for the USPTO, geographic origin of the applicant matters,
e.g. US examiners add more citations to foreign applications (Alcécer et al., 2009). However,
there is a lack of research on a similar “‘club effect’ in the case of the European Patent Office
(EPO). This is unfortunate because the EPO is frequently used as a benchmark against the
USPTO, and is considered one of the highest quality patent systems due to its rigorous
granting process and flexibility applied to later stages in a patent’s life (Saint-George & van
Pottelsberghe, 2013). This paper focuses on the EPO. By comparing with the USPTO, we
should be able to identify whether there is a symmetrical geographical effect, namely whether
EPO patent examiners are more likely to add citations to foreign applications: Do EPO
examiners add extra citations to applications from countries outside the European Patent
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Organization (EPOrg)? And do EPO examiners add extra citations to applications from
countries other than their own?

Model, data and variables
We estimate the following model:

Pr(appcity,) = f (@ X, BX 1, ¥ Xy, 0 X;) + e (2

jt?
where appcit is equal to 1 if the citation is inserted by the applicant and O if inserted by the
examiner. The probability varies according to the characteristics of the citation i, the patent j,
the applicant k and the applicant country . The year of the patent application t, is lagged two
periods for national economic and research and development (R&D) characteristics to prevent
endogeneity.

Data on patents and citations come from Patstat (October 2012 edition). We selected patents
where the publication authority was the EPO —almost 2.5 million. After removing those with
missing or unreliable information for application year and technology class (represented by
the International Patent Classification IPC), and those without citations, we were left with 2
million patents.

Those patents contained over 12 million citations. Patstat classifies them into origin types, i.e.
the moment in the examination process when the citation was inserted. There are ten types of
origins (coded 0-9), but only some are relevant for this study, i.e. those indicating that either
patent applicant or examiner could have inserted the citation (see section Error! Reference
source not found. for further details): origins coded 0 (citations introduced during search), 2
(citations introduced during examination) and 5 (citations from the International Search
Report). They represent most (82%) of the citations.

Patstat differentiates who inserted the citation by classifying citations with origins 0, 2 and 5
into several categories. Categories (coded with single letters, A, X, Y, etc.), refer to the
relevance of prior art to invalidate claims of novelty. Criscuolo & Verspagen (2008) call
category D ‘applicant citations’ and sum the other categories as ‘examiner citations’. We
follow this method.

In the estimations, the number of observations is not the number of citations for two reasons.
First, duplicates are created if the patent has more than one applicant. We deal with this
econometrically by weighting the observations by the inverse number of applicants. Second,
we match Patstat to other databases on national characteristics that do not have full
information for all countries and years. The sample includes over 3.6 million observations.
The proportion of D-citations in the total is our dependent variable, computable for over 7
million citations.

Table 1 provides information on the econometric model variables.

The dependent variable is a dummy that takes the value 1 if the citation comes from the
examiner. A logit model is appropriate for this kind of data.
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Table 1. Variable definitions and descriptive statistics (n=3,663,276)

Vector Name Source Variables Description Mean Std. Min Max
Dev.
appcitije  Applicant Patstat Citation 1 if citation category is 0.07 0.26  0.00 1.00
citation category D D, O if other category
Xit Citation Patstat Non-patent 1 if non-patent 0.36 0.48 0.00 1.00
characteristics literature literature, O if patent
literature
European 1 if origin in search 0.85 0.36 0.00 1.00
search report report
Examination 1 if origin in 0.00 0.06 0.00 1.00
report examination
Xit Patent Patstat Euro-PCT 1if EPO-PCT, 0 if 0.46 0.50 0.00 1.00
characteristics direct EPO
Grant 1 if granted, 0 0.18 0.39 0.00 1.00
otherwise
Filing year Application year 2001.94 3.03 1997.00 2007.00
1if IPC code is 0.21 0.41 0.00 1.00
A Human A Human Necessities
Necessities
B Performing B Performing 0.26 0.44 0.00 1.00
Operations; Operations;
Transporting Transporting
C Chemistry; C Chemistry; 0.22 0.41 0.00 1.00
Metallurgy Metallurgy
D Textiles; D Textiles; Paper 0.02 0.14 0.00 1.00
Paper
E Fixed E Fixed Constructions 0.04 0.19 0.00 1.00
Constructions
F Mechanical F Mechanical 0.14 0.34 0.00 1.00
Engineering; Engineering; Lighting;
Lighting; Heating; Weapons;
Heating; Blasting
Weapons;
Blasting
G Physics G Physics 0.26 0.44 0.00 1.00
H Electricity H Electricity 0.25 0.43 0.00 1.00
Kt Applicant ECOOM* 1 if institutional sector 0.08 0.26 0.00 1.00
characteristics Individual is...
Individual only
Government Government only 0.03 0.16 0.00 1.00
University University only 0.02 0.15 0.00 1.00
Hospital Hospital only 0.00 0.04 0.00 1.00
Company- Company and 0.00 0.04 0.00 1.00
government government
Company- Company and 0.00 0.00 0.00 1.00
university university
Company- Company and hospital 0.00 0.01 0.00 1.00
hospital
Government- Government and 0.00 0.00 0.00 1.00
university university
# applications Nu_m_ber of applications  0.00 0.00 0.00 0.15
(millions)
Xt Country of OECD GDP Real Gross Domestic 0.04 0.04 0.00 0.13
applicant R&D Product (GDP): billion
characteristics ~ Statistics Euro
— economic GDP per capita GDP: Euro per 0.03 0.01 0.00 0.07
and R&D inhabitant (millions)
GERD intensity  Total intramural Gross 2.51 0.47 0.28 4.58
R&D expenditure
(GERD): Millions of
Purchasing Power
Standards (PPS) at
2000 prices
% business Business R&D 0.64 0.09 0.17 0.91
funding of funding: Share of
R&D GERD
Cour_1try of EPO Prob EPO exam Proba_bility of 0.10 0.10 0.00 0.26
applicant Annual same country examiner from same
characteristics  Reports nationality
— related to EPO member (yes/no) 0.44 0.50 0.00 1.00
EPO EPOrg member

* Methodology for construction of ECOOM data explained in DuPlessis et al. (2009), Magerman et al. (2009)

and Peeters et al. (2009).
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Results

Table 2 presents the estimations. Column 1 includes the specification of Equation 1 with
citation and patent characteristics only; the remaining columns include the variables
progressively.

Citation and patent characteristics

The results for the sub-national variables are consistent across estimations. Citations are
coded to indicate whether the origin is a Euro-PCT (not a direct EPO) application, and
whether it is the European search report or the examiner report (rather than the international
search report). The coefficient of “Euro-PCT” is negative and significant, indicating that this
longer procedure leads to higher numbers of examiner citations. The coefficient of “European
search report” is negative and significant, implying that citations in this second phase are
more likely to be associated with examiners than if there was an international search report in
the first phase. The coefficient of “Examiner report” is also negative and significant and
higher than the coefficient of “European search report”, meaning that citations in this third
phase are most likely to come from examiners.

The sample includes applications and grants. This is controlled for in the models by the
dummy variable “Grant”. The estimated coefficient is positive and significant. Hence, we can
confirm a link between receiving relatively fewer examiner citations and having the patent
granted. In part, this is intuitive. It becomes more interesting if we consider that, in the
USPTO, this does not necessarily apply. In the USPTO, more experienced examiners, and
examiners that systematically cite less prior art, are more likely to award patent grants
(Lemley & Sampat, 2012). Moreover, USPTO examiners rarely use applicant citations to
reject a grant (Cotropia et al., 2013). Hence, examiner citation shares are not associated with
denial of a grant in the USPTO but they are in the EPO. This and other signs may indicate the
superiority of the EPO patent system (Saint-George & van Pottelsberghe, 2013).

We test whether applicants are more likely than examiners to cite non-patent literature,
extrapolating from US evidence that examiners rarely cite non-patent literature (Sampat,
2004). The positive and significant sign of “Non-patent literature” shows that this is the case.
Applicants are probably more familiar with the fundamental knowledge base underpinning
their inventions, while examiners are often engineers whose expertise is related more to
parcels of applied knowledge.

Applicant characteristics

Dummies for organizational type of the applicant (models 2-3) can be used to validate
empirically which one matters more. “Company only” is the benchmark. The positive,
significant coefficients of “Government only” and “University only” indicate that these
institutions generate more reliability than corporate patents. The coefficients of “Individuals
only” and “Hospital only” are negative and significant, which means that citations are less
likely to originate in applicants than in the case of firms. Individuals may show lower citation
shares because institutions facilitate settings where citing is more common practice, i.e.
through sharing of references and codified knowledge. Examiner citation shares may be larger
for hospitals because they do not have a tradition of patenting, and on patents related to
clinical practice which are less related to science.
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Table 2. Logistic regression of the probability of an applicant originating a citation rather than
the examiner

1 2 3
Citation and patent  + Applicant + Country
characteristics characteristics characteristics
Euro-PCT -0.68*** -0.68*** -0.48***
(0.01) (0.02) (0.02)
European search report -0.93*** -0.94*** -0.57***
(0.01) (0.01) (0.01)
Examination report -2.73%** -2.74%** -2.43***
(0.09) (0.09) (0.09)
Grant 0.30*** 0.29*** 0.29***
(0.00) (0.00) (0.00)
Non-patent literature 0.06*** 0.05*** 0.10***
(0.01) (0.01) (0.01)
Individual -0.15*** -0.21***
(0.02) (0.02)
University 0.04**>* 0.08***
(0.02) (0.02)
Government 0.13*** 0.05%**
(0.01) (0.01)
Hospital -0.39*** -0.31***
(0.07) (0.07)
Company-government -0.09* -0.10*
(0.05) (0.05)
Company-university 1.16*** 1.14%**
(0.29) (0.30)
Company-hospital 0.48* 0.31
(0.27) (0.27)
Government-university -0.17 -0.40
(0.52) (0.53)
# applications -0.91 -10.64***
(0.56) (0.57)
GDP 0.84***
(0.14)
Per capita GDP 18.77***
(0.86)
GERD intensity 0.27***
(0.01)
% business funding of R&D -0.88***
(0.04)
Prob EPO exam same country 0.61%**
(0.04)
EPOrg member 0.64***
(0.02)
Constant 37.53*** 38.74*** 67.19***
(1.44) (1.45) (1.64)
Observations 3,663,276 3,663,276 3,663,276
Log likelihood -848,023 -847,774 -838,745
v 54,181 54,658 75,414
Prob>y? 0.000 0.000 0.000

* p<0.1; ** p<0.05; *** p<0.01. Robust standard errors in parenthesis. No collinearity according to Variance
Inflation Factors. All models include a trend and eight IPC section dummies. Weight: share of number of
applicant countries.
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Models 2-3 include dummies for types of organizational interactions (taking “Company only”
as benchmark). University-company co-applications for patents are strongly associated with a
higher probability of an applicant rather than the examiner including a citation. Somewhat
surprisingly, government-company co-application for patents is negatively related to that
probability. A possible reason might be that organizations in the category government have
heterogeneous missions. Government labs with an industry orientation are more likely to
engage in partnerships with firms that lead to patents, than labs with an academic orientation,
and the government-company dummy captures this type of partnership. This double industry
orientation receives a higher share of examiner citations. For other interactions (“Company-
hospital”, “University-government”) the dependent variable does not change significantly.

The number of applicant citations decreases with the increase in the number of applications.
Alcacer et al. (2009) found the same in the USPTO case. Their explanation is that large
applicants prefer “broad patent portfolios, with relatively low value placed on any single
invention” (p. 426). Alternatively, it might be that applicants include unrelated cites after the
invention or omit relevant cites for strategic reasons (Breschi & Lissoni, 2005). Perhaps
experienced applicants learn how to “cheat”, and hide a higher number of relevant references.

National characteristics

The variables GDP, per capita GDP and GERD intensity test the assumption that larger,
wealthier and scientifically stronger countries are more likely to create conditions favorable to
the appearance of novelty. Their positive, significant coefficients provide evidence to support
it. Hence, we observe that countries with these favorable endowments benefit from lower
examiner citation shares.

The coefficient of the share of business funding variable in model 3 is negative and
significant, supporting this expectation. Examiner citation shares are higher in patents from
national contexts where the research orientation is towards more applied research.

Country block effects may also play a role in the model. Specifically, we are interested in
whether there is a club effect similar to the one shown by Alcécer et al. (2009) in the USPTO
case: US applicants receive fewer examiner citation shares than non-US ones. In our EPO
sample, this club effect would not be strictly national since the EPO is international. Instead,
we propose that such an effect might be visible for countries belonging to the EPOrg. In the
model, the dummy is equal to 1 if the applicant country belongs to EPOrg, to capture this
phenomenon. The estimation (positive and significant) verifies that there is a lower propensity
for EPOrg member states to receive cites from the examiner. Hence, the EPO is similar to the
USPTO: outsiders are less warmly received.

Having isolated a club effect, the nationality of examiners might be influential. Collins &
Wyatt (1988) detected national chauvinism in citations to non-patent literature in US genetics
patents: “it appears that every country is its own best citer” (p.73). However, Meyer (2000)
finds no signs of national chauvinism in nanotechnology patent applications to the USPTO
from Swedish applicants. In our estimation, the positive, significant coefficient of the
probability of an application being examined by an examiner from the same country as the
patent applicant provides support for the national bias assumption.

Conclusions

The literature on the geography of knowledge flows has shown that the probability of an
applicant rather than the examiner originating a citation depends on differences between
citing and cited countries. Our contribution to this stream of literature is that the conditions of
the citing country also matter to predict that probability. Our findings show that better
national economic and scientific endowments increase applicant citation shares, whereas
higher proportions of business funding of R&D foster examiner citation shares. Future
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research could test which group of determinants (citing country characteristics or citing-cited
country differences) matter more.

Previous analyses of the characteristics of applicant versus examiner citation shares found
differences across patent and applicant. We show the presence of additional disparities across
citation characteristics, namely procedural aspects of the patenting process and knowledge
base of the patent. Our results for procedural aspects increase our understanding of the
generation of citations in the various phases of the life of an EPO application. Our results for
knowledge base suggest the importance of science to provide credibility to applications.

The use of a sample based on EPO applications allowed comparison with earlier works
exploiting USPTO evidence. It suggests that large applicant citation shares are more clearly
associated with being awarded a patent by the EPO than the USPTO. It also signals that there
are similar club effects, which favor EPOrg members at the EPO and US residents at the
USPTO. Since the methods used by Alcacer et al. (2009) and those applied in this study
differ, interpretation of this comparison should be cautious. A possible avenue of further
inquiry could be designing an experiment to enable direct comparison between both data
sources.
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Introduction

Gender bias in science has been studied extensively. Several studies pointed to a gender gap
between men and women in terms of number of publications and citations (e.g., Aksnes,
Rorstad, Piro & Sivertsen, 2011; West, Jacquet, King, Corell & Bergstrom, 2013; Lariviere,
Ni, Gingras, Cronin & Sugimoto, 2013; Van der Weijden & Calero Medina, 2014) regardless
their academic position and research field. Interestingly, literature showed no gender
differences regarding research impact (van der Weijden & Calero Medina, 2014). In this study
we set out to examine whether there are gender specific differences, when instead of citations
we consider an altmetric, more specifically Mendeley readership counts.

Online dissemination of knowledge

The web has provided new opportunities for academics to disseminate their research results.
Online CV’s, homepages or publication lists for the scholarly related activities of academics
are examples. They can include wider publication types (e.g. journal of conference papers,
books, and reports) and pre-prints, which would not be indexed by major scientific databases.
In this way, Academic Web CVs or online lists of publications (institutional or personal) can
be a significant method to facilitate knowledge transfer (Kousha & Thelwall, 2013).
Furthermore, online CVs or resumes can be updated frequently and share bibliographic
information, abstract or even the full-text of published or in press research through personal or
institutional self-archiving practices. In an earlier study (Van der Weijden & Calero Medina,
2014) it was shown that gender has impact on the Web presence (having an online CV or an
individual webpage for publication lists) of academics across fields: males are more active
compared to females.

Reference managers such as Mendeley are online tools that can help researchers to
disseminate and organize their research. Mendeley (mendeley.com) is a free and widely used
online reference manager that provides aggregated counts of the number of users who
bookmarked an item. Mendeley calls this the number of “readers”, although we cannot be
certain that users who save items to their libraries actually read them. Zahedi, Costas and
Wouters (2013) provided a characterization of Mendeley users. Previous studies showed that
Mendeley readership counts is one of the most promising altmetric (Zahedi, Costas &
Wouters, in press), both because of Mendeley’s large coverage and because several studies
showed significant, medium strength correlations between readership and citation counts (e.g.
Li, Thelwall & Giustini, 2012; Haustein et al., in press). In this study we investigate gender-

! This work was partially supported by the EU FP7 ACUMEN project (Grant agreement: 266632). We would like
to thank Mike Thelwall for developing and updating Webometric Analyst 2.0. We are greatly indebted to Clara
Calero Medina and Rodrigo Costas Comesana for collecting parts of the data.
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specific differences in Mendeley readership counts. To the best of our knowledge this is the
first study to investigate gender in altmetrics.

Research setup

Our dataset is based on the common dataset of the EU funded ACUMEN project. The data are
comprised of a set of 494 astronomers and astrophysicists from 14 EU countries and Israel.
The gender of all researchers was verified. Publications of these researchers were retrieved
from Thomson Reuters’ Web of Science (WOS) using the “Large scale author name
disambiguation using rule-based scoring and clustering” algorithm developed at CWTS to
detect publications per researcher. This step resulted in a list of 27,645 publications. Some of
the publications are repeated in the set, because it lists for every researcher his full list of
publications, and a number of publications were co-authored by several authors in the dataset.

For 60% of the publications in the list WOS provided DOIls. When submitting the DOI of a
publication, the Mendeley API retrieves the number of readers of this publication. Thus this
method covers 60% (16,791) publications. To cover the publications for which WOS did not
provide a DOI, and also to retrieve readership counts of items covered by Mendeley, but for
which no DOI is provided in Mendeley, we conducted title searches using Webometric
Analyst 2.0 developed by Mike Thelwall (http://lexiurl.wlv.ac.uk/) on a subset of 12,000
publications. It should be noted that title searches are not straightforward, because special
characters are not always recognized by Mendeley, and titles are not always written
identically on WOS and Mendeley. Mendeley is built by its users, and users do not always
provide accurately the metadata describing the item. Thus partial titles were searched and
these were matched with the original list of titles, checking source, year, author and DOI
when available.

Preliminary results

We present here results based on 12,000 WOS records out of the 27,645 records for which
title searches were conducted. Out of the 293 researchers in this subset, 60 were women
(20%) and 233 men. Women authored 1778 publications (15%). The percentage of women
and their publication share in the subset are almost identical to the respective percentages in
the whole set.

We located 2,711 publications in Mendeley (23%). Out of the female authored publications,
360 were found in Mendeley (20%), compared with 2351 male authored publications (out of
10,222, 23%). Thus there seems to be a slight “advantage” of male authored publications to
be found on Mendeley, at least in this subset. Male author’s publications indexed by
Mendeley, were “read” by 7.1 readers on average, while for female authored papers indexed
by Mendeley the average number of readers was 7.7.

Thus the preliminary findings show that in terms of the percentage of publications found on
Mendeley men have a slight advantage, but in terms of the average number of readers, the
women are doing better, the median number of readers is 4 for men and 4.5 for women. On
the other hand the most-highly read publications in the dataset were authored by men, as can
be seen from Figure 1. The distributions are similar in shape, but the most-read item by a
male author was read 135, while the most “read” item by a female author was only “read” 80
times.
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Figure 1: Reader distribution by gender of the author: Men on the left, women on the right
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Limitations

In this study we searched for publications of specific authors, thus the dataset is not
necessarily representative. In addition most papers in astrophysics are multi-authored, thus a
paper assigned to a male author might have had a female co-author and vice versa.

Next research steps
In this research-in-progress paper we only considered publications by astrophysicists. We
have similar sized datasets, in terms of the number of researchers, in three additional fields:
philosophy, public health and environmental engineering. We plan to conduct similar studies
in these three fields.
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Introduction

In the USA, 40% of the 27 companies founded in the last 25 years, that grew their way into
the Fortune 500 in the past 10 years did so through business model innovation (Johnson,
Christensen, & Kagermann, 2008). David Teece (2010) suggested that the more radical a
technological innovation, the greater the need for business model innovation (BMI) in order
to capture (part of) the value created by the new technology. Henry Chesbrough (2007, p. 12)
seconds: "Today, innovation must include business models, rather than just technology and
R&D."

Overall, there is a growing focus on business models and business model innovations (BMI)
(Zott, Amit, & Massa, 2011). However, academic research seems to lag behind business
practice (ibid.) and we currently know rather little on business model innovations. A big part
of the growing literature on BMI is conceptual (see the reviews in Morris, Schindehutte, &
Allen, 2005; Osterwalder, Pigneur, & Tucci, 2005; Zott, et al., 2011). Others have developed
instruments for using the concept in business practice and consulting (Osterwalder & Pigneur,
2009). Empirical evidence on BMI results mainly from case studies and very few ad-hoc and
mostly non-scientific surveys.

e Case studies can capture a broad set of influences within the innovating companies as
well as in their environment and are important for developing theory. Usually the case
studies are limited to a small number of cases (see e.g. Bucherer, Eisert, & Gassmann,
2012; Casadesus-Masanell & Tarzijan, 2012; Chesbrough & Rosenbloom, 2002;
Rohrbeck, Giinzel, & Uliyanova, 2012). It is impossible to gather from this line of
work how important BMI are in different economies, whether there are specific
barriers against it in national research and innovation systems, or what macro-
economic consequences BMI have.

e Drawing on a unique, manually collected dataset Zott and Amit (2008) find that
novelty-centered business models — coupled with product market strategies that
emphasize differentiation, cost leadership, or early market entry — can enhance firm
performance. A recent study on Australian pension funds collated a study on 64
companies (pension funds) and measured the degree of BMI as the total of up to seven
innovations which should impact the business model (Hartmann, Oriani, & Bateman,
2013). The analysis found appositive impact of BMI on operational pension fund
performance. Non-scientific surveys implemented by consultancies have suggested
that business model innovators are more successful than other types of innovators, see
for instance the BCG innovation survey (Lindgardt, Reeves, Stalk, & Deimler, 2009)

! This work was supported by the European Commission under contract SC-RTD/C2/2013/S12.655784.
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and the IBM CEO survey (IBM Institute for Business Value, 2012). However, at least
with regard to the IBM survey, the conceptualisation and the underlying sample
introduce considerable uncertainty about the validity of this result.

Methodologically stronger innovation surveys, such as the harmonized European Community
Innovation Survey (CIS) 2010, the Japanese National Innovation Survey 2012 or the US
Business R&D and Innovation Survey (BRDIS) 2010 do not know the concept of BMI (see
Barjak, Niedermann, & Perrett, 2013). The same applies for the Oslo Manual, the OECD
guidelines for collecting innovation data, which defines and describes four types of innovation
but excludes BMI in its most recent edition (OECD, 2005).

CIS experts have complained about the low use and impact of the CIS dataset, the most
comprehensive multi-country data set on corporate innovation (Arundel, 2007; Bloch &
Lopez-Bassols, 2009). The development and analysis of complex indicators can be a remedy
to this, raising the policy relevance of CIS survey questions (Arundel, 2007). A number of
such indicators have been suggested to identify different innovation modes or types (Frenz &
Lambert, 2012), however, the construct of BMI is also omitted in this line of work.

The present paper aims to close this gap by
e linking the BMI construct conceptually and empirically to established innovation
surveys and their definitions,
e identifying gaps in the survey coverage with regard to the BMI construct,
¢ developing suggestions on how to close these gaps.

We first introduce our understanding of business models and business model innovations in
the next section. In section 3 we implement this definition, develop a composite indicator for
BMI and measure it with data from CIS 2008 and CIS 2010. The last section summarizes and
concludes the paper.

Business models and business model innovation

Business models

In science, as Baden-Fuller and Morgan (2010) point out, models are organisms for
investigation. For instance, the laboratory mouse is a model that is representative for its class
of mammals and experimenting with lab-mice generates insights that are relevant for
mammals. In analogy, business models can be considered as representatives of certain genres
of firms that can be studied. A number of scholars have suggested using three aspects of value
to giefine the business model construct and distinguish different genres of firms (see Figure
1):

% See in particular Osterwalder & Pigneur (2009), Teece (2010), Yunus et al. (2010) or Zott, Amit, & Massa
(2011).
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Figure 1: Conceptualization of business models (Source: Authors).
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e Value creation refers to how and for whom a company (or other organisation) creates
value (Morris, Schindehutte, & Allen, 2005). Without value and benefits, users or
customers are unlikely and a compelling value proposition is one of the elements of a
good business model (Teece, 2010). Brandenburger and Stuart (1996) define the value
created in an organisation as the buyers' willingness-to-pay for the products of this
organisation minus the organisation's suppliers’ opportunity costs. Hence, an
organisation can create more value by raising downstream willingness-to-pay or
reducing upstream opportunity costs in the value chain. The total maximum value that
is created in a value chain depends on the end consumers' willingness-to-pay.

e Business system. For a sustainable business model the value needs to be delivered to
customers and the costs of doing so need to be lower than the generated revenues. Part
of the business model is the entire business system which has been defined as "the
'system of works’ (the production/delivery system) that a firm designs - within and
beyond its boundaries - to produce and deliver its goods or services to its target
customers™ (Itami & Nishino, 2010, p. 364). The business system reflects the business
architecture and how the organisation internally mobilises its capabilities and
organises its activities. It also includes the division of labour between the organisation
and its external trading partners and how this is controlled.

e Value capture. The third crucial element of a sustainable business model was
mentioned already: it is the logic of how to capture value from whatever group of
users or customers who benefit from the value created (Chesbrough & Rosenbloom,
2002). The value appropriation has been depicted as the outcome of bargaining
between the clients, the firm and the firm's suppliers (Brandenburger & Stuart, 1996).
This bargaining results in a distribution of shares of value. However, important is not
only who appropriates how much, but also what influences the bargaining position and
what contributions justify value claims.

Business model innovation

Experimenting with the business model is common management practice. Managers conduct
thought experiments, simulations or real experiments in order to find out whether changes to
the business model would raise overall success (Baden-Fuller & Morgan, 2010). Following
our definition of business models, we consider business model innovations (BMI) as changes
of all three components of business models, 1) value creation, 2) business systems, and 3)
revenue generation. This includes innovations in the form of newly introduced goods or
services (Mitchell & Coles, 2003) or changes to processes of producing and delivering
products, but it requires also that these technological innovations are complemented by
"organizational and business model changes as well as alterations in the business network"
and how these are linked (Rohrbeck, Giinzel, & Uliyanova, 2012, pp. 9-10). BMI is then a
composite type of innovation combining more basic types of innovation (Bjorkdahl &
Holmén, 2013).
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In addition to combining changes in different areas of the business and its partner network,
and creating and appropriating value in a different way, the literature generally agrees on the
fundamental character of the changes (Bock, Opsahl, George, & Gann, 2012; Cavalcante,
Kesting, & Ulhoi, 2011; Markides, 2006; Yunus, et al., 2010).*> BMI go beyond “only" doing
business in a new way in the company.

Examples of business model innovations have been discussed frequently in the literature.
BMI that mainly employ a new approach to creating value to the customers are, for instance,
shifts from products to services. Chesbrough (2007) points to GE Aircraft, where the engines
unit switched the value proposition from selling jet engines to its clients to selling flight hours
with the engines rented from GE Aircraft and serviced by the company, shifting the risk of
downtime from the airline customer to GE. Similar approaches have taken hold in other
industries. An example for a very successful business model innovation that applied a
different business system than the one dominating at that time in the industry is Dell
Computer’s direct-to-user (consumers and businesses) business model (Teece, 2010). Good
examples of innovative approaches to generating revenues and capturing some of the value in
the company are again the sponsor-based business model of Google (main revenue from
advertisers, see Casadesus-Masanell & Zhu, 2013, on this type of business models) or
"freemium" business model of Skype (cheap premium services on top of a free service which
helped to scale up the user base in a short time period).

We now try to operationalize this understanding of BMI with existing data on innovation in
firms.

Mapping business model innovation in Europe and beyond by means of innovation
survey data

Mapping the BMI construct on the existing types of innovations as defined by the OECD and
others and implemented in national innovation surveys has clear advantages, as it makes use
of existing strong datasets on innovation, contributes to raising the relevance of such data and
is more cost-effective than doing an ad hoc survey

Methodology

In order to measure BMI we need to obtain data on innovations that change the value
proposition, how the value is created and delivered to users and clients, and how some of this
value leads to revenues which are captured by the firm. National innovation surveys do not
use the value concept, but they distinguish up to four other types of innovations as suggested
by the OECD (2005). In order to map the three components of our business model definition
on the four innovation types distinguished by the OECD, we developed three propositions
(see Table 1).

* This is challenged by Bucherer, Eisert & Gassmann (2012) who, however, employ a rather narrow definition of
radical innovations as characterised by a "discontinuity along the two most important dimensions on a macro-
level perspective" (ibid., p. 192) which are industry and market. Using a softer definition and setting radical
innovations equal to new to the market/industry, the innovations which they described as incremental would
also qualify as radical.
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Table 1. Mapping of the business model construct on innovation types

Business  |Innovation types  [Proposition

model

component

Value Product innovation |1. New value propositions will in many, if not in most

creation cases, coincide with product innovations.

Business  |Process innovation,|2. Changes of business systems can be in the form of

system organisational changes in the production processes as well as internal
innovation and external organisation and division of labour along the

value chain.
Value Process innovation,|3. A new approach for capturing value will coincide with
capture marketing innovation|a process and/or marketing innovation.

This results in a delimitation of business model innovations as a composite type of innovation
at the intersection of the four types of innovation defined by the OECD as shown in the figure
below (grey area covered by segments I-V).

Figure 2. Business model innovation as a composite type of innovation

New to market
process innovation

New to
market
product
innovation

Marketing
innovation

Organisational
innovation

This operationalization encounters two challenges:

A BMI requires in our understanding that the different types of innovations are not
implemented independently of each other, but they need to be connected. In order to
reduce the risk of including companies with disconnected innovations we limit the
analysis to SMEs (firms with <250 employees). This lowers the number of false
positives that is companies which introduced different, unconnected innovation types.
This also reduces the impact of firm-size differences on country-level indicators,
which has been found to influence how the innovation questions in innovation surveys
are interpreted by respondents (Arundel, O'Brien, & Torugsa, 2013).

As we have argued above, business model innovations should be perceived as
fundamentally novel and radical changes of how innovating companies do business
(and not just as an incremental adjustment). The OECD (2005) suggests three
increasing degrees of novelty: new to the firm, new to the market, and new to the
world. The available surveys, however, uses the full range of novelty measures only
for product innovations; for process innovations they only asks for new to the firm and
new to the market. For organisational and marketing innovations it is limited to new to
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the firm (Eurostat, 2010). Relying on the existing measures, we restrict the
understanding of radical innovations to products and processes introduced as market
firsts.

The only survey that included sufficient questions to measure BMI according to this
operationalization is the European Community Innovation Survey CIS. We used CIS 2008
and 2010 microdata for the available European countries (CIS 2008: 11 and CIS 2010: 16).

Results of the mapping

Overall 6.3% of the small and medium sized enterprises from 11 countries and different
sectors were classified as business model innovators according to CIS 2008 (see figure 3). For
a slightly different selection of 16 countries the share of business model innovators went
down to 5.5% in CIS 2010. Across countries we find Portugal having the highest share of
business model innovators with approximately 10% of all SMEs and it is notable that Portugal
has high shares for all industries. Taking CIS 2010 Cyprus, Italy and Luxembourg have rather
large shares of BMI as well. In Romania, Hungary, Latvia and Bulgaria the share of business
model innovators is lowest with less than 2% of all SMEs. Whereas in most countries for
which data in both data sets is available the share of BMI has gone down, it rose in Latvia.
Drastic changes, like the drop in the BMI rate in the Czech Republic from 8.3% (the second
highest) in 2008 to 3.0% in 2010 require further analyses.

Arundel (2007) explains the implausibly high innovation indicators of some countries, like
Portugal and Spain, with the markets which they take as reference points: firms serving less
developed domestic markets will more often state that they introduced new products than
firms serving more sophisticated international markets. Arundel suggests including only firms
which are active on comparable markets, e.g. international markets. Implementing this with
CIS 2008 and calculating the indicator for exporting firms only, we get an overall ratio of
business model innovators of 9.1% of all exporting SMEs, or +2.8 percentage points
compared to all SMEs. Though Portugal still has the highest ratio of BMI (12.1%), other
countries in the sample are closer by, in particular the Czech Republic (11.8%), Norway
(11%), and Italy (11.1%). It seems that the varying sophistication of the companies’ target
markets can explain some of the cross-country variation but not all.

The share of BMI varies between NACE divisions from 1.7% in energy to 12.2% in
publishing, telecommunications, computer programming & consultancy and information
services. This industry is also the only one in the dataset showing a rise of the share of BMI
between 2008 and 2010 (up from 10.4% in CIS 2008).
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Figure 3. Percentage of companies with less than 250 employees and a business model
innovation by country in CIS 2010 and 2008 (Source: Authors)
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We lack good sources for comparing this data in order to evaluate its reliability. One possible
source is the above mentioned IBM survey which for different reasons should be used with
care (see above). Bock et al. (2012, p. 286) had access to the 2006 survey and based on their
data we get a share of business model innovators of 19.2% (=107/556) across all survey
respondents. The share varies between 16.5% and 25% according to firm size classes and
industries without any consistent pattern. It is highest in Japan with 30%, followed by 22.6%
in the Americas. In Europe and China the share is lowest, with less than 15% of all surveyed
companies having been identified as business model innovators. However, we do not know
whether the IBM data set is reliable and whether the shown magnitude of BMI among large
firms is plausible. In order to generate a better basis for comparison, we also measured the
share of business model innovators according to our operationalization among all CIS 2010
respondents with at least 250 employees (results not shown). The BMI share among large
innovative companies in Europe is 3.4 times higher than among SMEs (without knowing
whether the innovations were really introduced in connection to each other) and it is 3.8
percentage points higher than in the IBM surveys; in both surveys finance companies are most
often business model innovators. The patterns point into the right direction and raise our trust
in the CIS results.
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Figure 4. Percentage of companies with less than 250 employees and a business model
innovation by NACE division in CIS 2010 and 2008 (Source: Authors)
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Conclusions

First, the paper deduced from the literature on business models and business model
innovations (BMI) a composite indicator to identify business model innovators and measure
BMI across countries. The composite indicator uses the definitions and data on innovations
resulting from the work of OECD and Eurostat working groups. It operationalizes BMI as a
combination of new to the market product innovations and new to the market process
innovations, or new to the market product innovations, organisational innovations, and
marketing innovations.

The implementation of the indicator with data from the Community Innovation Surveys CIS
2008 and 2010 shows that approximately one out of 20 SMEs has introduced a business
model innovation within the previous three years before the survey. The share of business
model innovators decreased slightly from 2008 to 2010 and it varies considerably across
countries and industries. At industry level, we see the highest share as well as a rise of BMI in
the publishing, telecommunications, computer programming & consultancy business. The
most conservative sector is the energy sector, where the rate of BMI even went down from
3.3% in 2008 to 1.7% in 2010. The differences of the incidence of BMI across countries are
generally in line with the differences found for other types of innovation with data from the
Community Innovation Survey. However, the external validity of the CIS-based indicators
still requires further analyses.

If policy makers want to improve the conditions for BMI and lower the barriers against it,
they are well advised to first improve the information basis by providing the resources for a
better measurement and quantification of business model innovators in both SMEs and large
companies.
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Abstract

Developed countries have successfully used their scientific knowledge to fuel economic
growth. We ask if they are also more efficient in terms of measurable outputs of the scientific
system taken as a function of inputs. A model by Albuquerque in 2005 showed that developed
and developing countries had distinct behaviors with respect to the publication of scientific
papers and patents, suggesting that developed countries are more efficient in converting their
accumulated scientific knowledge for economic benefit. Vinkler (2005) on the other hand,
suggested that poorer countries make more efficient use of their resources. Using multiple
definitions of efficiency corresponding to multiple resource inputs and outputs in the science
and innovation ecosystem, we create a typology of countries along multiple dimensions of
efficiency. The typology suggests that the simple categories of developing and developed
used by Albuquerque may no longer be sufficient in this context as some countries are
moving away from publishing towards patenting, apprently fuelled by high expenditures in
the business sector.

Keywords: Patents, Publications, Development, Albuguerque model, Efficiency

Introduction

At a time when recession has forced many countries to control R&D expenditure, the question
of efficient use of resources becomes important. While European countries have curtailed
expenditure, Asian countries such as China and Korea are investing more in research. China
has also substantially increased its output of scientific papers and manpower so that now it is
second only to the USA. Under the present circumstances, one may like to ask which
countries are more efficient in the use of resources used towards meeting their scientific
goals?

Efficiency estimation requires the use of both inputs and outputs, but they have rarely been
combined. As pointed out by Wendt (2012), traditional reports on S&T such as the Main
Science and Technology Indicators (MSTI), the European Report on Science and Technology
Indicators, or the report from the US National Science Board prefer to report data on input
resources and outputs separately rather than combine values to obtain efficiency. This is likely
due to the fact that measurement of inputs like research expenditure arose in the context of
OECD?’s efforts, while ouputs like publications arose in the context of information science
(Leydesdorff & Wagner, 2009), but may additionally be due to problems of comparability of
data across nations. Regardless, there have been attempts at examining the question of
national research efficiency. Two articles in prominent journals are the studies by Robert M.
May (1997): “Scientific Wealth of Nations”, in Science and David A. King (2004): “The
Scientific Impact of Nations”, in Nature. Several other studies by Rousseau (1998); Vinkler
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(2005, 2008); Shelton (2008); Leydesdorff & Wagner (2009); Shelton & Leydesdorff (2011)
examined different aspects of this question. Rousseau (1998) considered both publications
and patents as outputs and R&D expenditure and manpower as inputs using Data
Envelopment Analysis to obtain effectiveness of European countries. Vinkler (2005)
concludes from his analysis that poorer countries make more efficient use of their resources.
Leydesdorff & Wagner (2009) note that countries differ considerably in terms of efficiency of
turning financial inputs into bibliometrically measurable outputs and compute the cost of a
research publication in different countries. Shelton (2008) compares input shares and output
shares using regression models. Shelton & Leydesdorff (2011) show that there is a trade-off
between publications and patenting.

Most of these studies have focused on European countries, Japan, USA and China.
Developing countries were included by Basu (2013, 2014a). It was suggested by Vinkler
(2005) that poorer countries make more efficient use of their resources, but this has not been
verified. At about the same time, in an empirical study across 151 countries, Albuquerque
(2005) linked the state of development of a country to its scientific output, i.e. papers and
patents. He found that when patents were plotted against scientific papers (both normalized
by the population) the developed countries lay beyond a certain threshold in terms of papers
published, and were distributed around a line of higher slope as compared to the developing
countries (Fig. 1). Developed countries published more papers, and at this stage they were
able to convert the knowledge to economically useful products and processes that required
them to obtain patents. Albuquerque termed the ratio of papers to patents as efficiency, a
measure that decreased with development. Basu (2014a) took a direct definition of efficiency
as the ratio of outputs to inputs to the science system, obtaining a multidimensional entity for
efficiency that took into account multiple inputs, such as expenditure on R&D or manpower,
and outputs such as publications or patents. She showed that some countries deviate from an
Albuquerque type distribution, indicating new trends in the evolution of research priorities of
nations. In this paper, we have created a typology of countries that simultaneously accounts
for a multidimensional efficiency parameter in the form of a colour coded ‘heat map’. Based
on the typology we group similar countries to answer the question of whether developed
countries are more efficient in the production of science.
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Fig.1: The Albuquerque model of the distribution of developed (open circles) and developing
(dark squares) countries on a plot of papers (A) vs. patents (P) both normalized by population.
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Data and Methodology

Data for this study has been taken from OECD and UNESCO publications (OECD 2011;
UNESCO, 2010, Hollanders and Soete, 2010). For scientific papers and patents, data are from
SCI-Expanded and the USPTO for a set of selected countries from across all continents for
the years 2007 and 2008. Restricting to the USPTO gives a ‘home advantage’ to USA in
terms of patents (Criscuolo, 2006), which may be expected to give relatively higher patent
values for the USA. To factor this out other patent databases such as the PCT or Triadic
patents may also be considered (Shelton & Leydesdorff, 2011). However for this study we
have only taken data from the USPTO. For papers, articles, reviews and letters are taken into
account, and fractional counting has been used for the allocation of collaborative papers to
nation states.

The values for the Gross expenditure on R&D (GERD) are adjusted to Purchasing Power
Parity (PPP$) for the year 2007. This adjustment accounts for differences in the cost of living
index in different countries and facilitates comparison of expenditures across countries.
Manpower values have been taken in terms of Full Time Equivalents (FTEsS) of persons
employed in R&D. Data are shown in Table 1.
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Table 1: Research expenditure GERD, Manpower, Papers and Patents for selected countries

GERD | Manpower | Papers | Patents

$bnPPP (FTE’s) | SCI-E | USPTO

Australia 15.36 87140 | 28313 1516
Brazil 20.20 133266 | 26482 124
Canada 23.96 139011 | 43539 3806
China 102.40 1423380 | 104968 7362
France 42.89 215755 | 57133 3631
Germany 72.24 290853 | 76368 9713
India 24.79 154827 | 36261 741
Italy 22.12 96303 | 45273 1836
Japan 147.90 709974 | 74618 | 33572
Korea 41.30 221928 | 32781 6424
Mexico 55.90 37930 8262 81
Russia 23.40 451213 | 27083 286
Spain 19.34 130896 | 35739 363
UK 41.04 261406 | 71302 4007
USA 398.00 1425550 | 272879 | 81811

Efficiency has been simply defined, following Basu (2013) as the ratio of the outputs of the
science and innovation ecosystems, viz., papers and patents, to the inputs, expenditure in
R&D and manpower. With two outputs and two inputs there are four dimensions of efficiency
corresponding to the four equations below.

The efficiency for paper production has two values EE(Pap) and ME(Pap),

Expenditure Efficiency EE(Pap) = Papers/GERD (1)
Manpower Efficiency ME(Pap) = Papers/Manpower (2)
The efficiency for patent production also has two values EE(Pat) and ME(Pat),

Patent Expenditure Efficiency EE(Pat) = Patents/GERD (3)
Patent Manpower Efficiency ME(Pat) = Patents/Manpower 4)

2-dimensional plots of the efficiency of paper production and patenting respectively are used
to locate countries in an efficiency space. To create a typology, the countries are categorized
in terms of where they lie with respect to the average efficiency of the set in each of four
dimensions, each category differentiated by half the standard deviation.

No time lags have been taken in this analysis, although it is expected that money allocated in
R&D will result in publications only after some time. In the case of patents with a more
protracted system of applications and verification, results are expected after even longer time
intervals. The justification for this is that the country wise data do not change very rapidly
with time, with the exception of China (Shelton, 2008).
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Analysis
The efficiencies of scientific publication with respect to manpower and expenditure, ME(Pap)
and EE(Pap) obtained from Eqns.1 and 2, and plotted in Fig.2.

Fig. 2 Plot of country wise efficiency of publication with respect to manpower and
expenditure
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Fig.2 shows that Italy has the highest efficiency in publication (Basu 2014b). In terms of both
expenditure efficiency and manpower efficiency, measured in terms of papers per dollar and
papers per person, Spain, UK, Canada and Australia are well above average, (indicated by the
lines in the figure), while France and India are just above average. Brazil is just below
average on manpower efficiency but above average in expenditure efficiency, while Germany
is above average on manpower efficiency and below average on expenditure efficiency.
Mexico is well below average on expenditure efficiency and just below average on manpower
efficiency. Russia is well below average in terms of manpower efficiency and just below
average on expenditure efficiency. USA is just below average in manpower efficiency and
below average on expenditure efficiency. China Korea and Japan are all below average on
both the dimensions, expenditure efficiency and manpower efficiency. The fit of the line to
the data shows that expenditure efficiency and manpower efficiency of publication are not
highly correlated. Some correlation is expected as a proportion of allocated funds go toward
salaries of persons engaged in R&D.
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Fig. 3 Plot of country wise efficiency of patenting with respect to manpower and expenditure
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*Russia, Mexico and Brazil are unlabelled and seen at the left cormer of the plot.

In a similar visual analysis for patenting efficiencies EE(Pat) and ME(Pat) obtained using
Eqgns. 3 and 4, (Fig.3) we find that the USA and Japan are among the highest in both
expenditure and manpower efficiency of patenting. Germany, Korea and Japan are all above
average along both dimensions of patenting. Italy, France, UK and Australia are all just below
average on manpower efficiency, while only UK and Australia are above average on
expenditure efficiency. China is below average on expenditure efficiency, but well below
average on manpower efficiency. India and Spain are low on both the dimensions, while
Russia, Mexico and Brazil (shown together in the lower left corner of the figure) are also well
below average along both the dimensions. The high degree of collinearity in the data as
shown by the fitted line indicates that there is a degree of dependence in the expenditure and
manpower in patenting. The implication is that the dimensions of efficiency are not entirely
independent — nevertheless they can be used to create a typology of the countries.

Results

Based on the position of each country along the four dimensions of efficiency in scientific
production as a ratio of inputs, manpower and expenditure, we place them in categories to
create a typology (Fig. 4). The colour-coded categorization shows a steady progression of the
countries from being very highly efficient in publication and above average in patenting to
countries that are low in publication efficiency but highly efficient in patenting. In between
there are countries which are average or low in both publication and patenting.
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Fig. 4 Typology of countries along a 4-dimensional efficiency parameter, efficiency of
publication with respect to manpower and expenditure ME(Pap) and EE(Pap), and efficiency
of patenting ME(Pat) and EE(Pat) w.r.t. manpower and expenditure.

ME(Pap) EE(Pap) EE(Pat) ME(Pat) Scale

Italy 5+ 1- Very high

Canada 2+ 4+ High
Medium

Australia 2+ high
Medium

UK ++
Medium
++

France 1- Medium -

2- Medim --

Medium

Spain low

India Low

Brazil 1-

Mexico 1-

Russia 4-

China 3- 1- 1- 2-

Germany 1- 2+ 2+

Korea 2- 2+ 2+

USA 3- 4+

Japan 3- 3- 4+ 4+

Canada lies above average on all four dimensions of publication and patenting efficiency.
Italy is the highest on manpower efficiency of publication and also expenditure efficiency. All
four countries Italy, Canada, Australia and UK are high on publication efficiency and
moderate on patenting efficiency. Together they may be called Group 1 or the ‘classical
developed’ countries.

France is around average in both patenting and publication, being slightly more efficient in
publication. It is labeled Group 2.

In Group 3, Spain is high on expenditure efficiency but moderate on manpower efficiency
with respect to publication but low in patenting efficiency. India is moderate (above average)
in publication efficiency but low on patenting efficiency. Brazil is about average in
expenditure efficiency but low on manpower efficiency in publication and very low in
patenting. Together they act as a single group while Spain can be regarded as a transitional
country between Group 3 and the “classical developed’ countries, Group 1.

Mexico and Russia are placed together in Group 4, as they are below average on almost all
efficiency dimensions, though their characteristics are different. Both are low on patenting
efficiency, but while Mexico is very low on expenditure efficiency, Russia is very low on
manpower efficiency. This is due to the very high levels of manpower in Russia.

China has been placed alone in Group 5. It is very low on manpower efficiency of publication
and also below average on the other counts. This may be because of the very high manpower
values in China, which could be a data discrepancy that might arise if the OECD manpower
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categories are not properly harmonized across countries. In general Chinese efficiency
appears low because of massive resource allocations.

Group 6 has four countries, Germany, Korea, USA and Japan which are graded with respect
to publication and patenting efficiency. In general they have lower levels of publication
efficiency in comparison to patenting efficiency which is high to very high. This last group
consists of countries which have very high expenditure on R&D in the business sector, or the
business component of GERD (BERD). All the countries spend over 70% of their R&D
allocation in the business sector. This leads to high levels of patenting. The trend of resource
allocations favouring patenting over publications is a relatively new trend, and this group may
be called the innovators’.

In summary, the typology groups countries which are more efficient in publication to those
that are more efficient in patenting. There are differences in output efficiency with respect to
manpower and with respect to expenditure. France can be considered as a nation that lies
between Groups 1 and 6, with lower levels of efficiency in publication than Group 1 but
higher than Group 6, and correspondingly lower levels of patenting efficiency than Group 6.
China is close to Russia in some respects but is also tending toward Group 6.

Discussion

The empirical distribution defined by Albuquerque (2005) has been used here as an
underlying model that distinguishes between publication and patenting characteristics of
developing and developed countries. According to Albuquerque, developed countries have
higher levels of publications per capita, together with much higher levels of patenting. We
have modified the approach to include inputs, R&D expenditure and manpower in R&D to
obtain efficiency of S&T for different countries. Combining input and output indicators
across countries can present difficulties since collection of input statistics and their
categorization into statistical units may vary from country to country (Luwel, 2004, Wendt,
2012). However, results obtained here appear to be consistent with perceived performance of
different countries. It has been observed by Basu (2014a) using data of 2007-2008, that Japan,
USA, South Korea and Germany have moved away from an Albuquerque type distribution.
The typology of publication and patenting efficiencies with respect to manpower and
expenditure shows that this group, called the Innovative countries, has a very high efficiency
in patenting but with a correspondingly low efficiency in publication. In contrast, the
Classical Developed countries including those in Europe, UK, Australia and Canada have
high publication efficiencies and medium to low level patenting efficiencies. This trade-off
between publications and patents has been noted earlier by Shelton and Leydesdorff (2011),
who have also noted that expenditure in different sectors of the economy such as the Higher
Education sector (HERD) is correlated to publications and expenditure in the business sector
(BERD) is correlated to patents. (The funding for R&D or GERD is usually broken down
into four sectors — the business sector, the government sector, the higher education sector and
the non-profit sector.) If we look at the composition of expenditure on R&D, we find that
78.2% of total R&D expenditure in Japan comes from the business sector. It is 67.3% in the
US, 67.6% in Germany, only 45.1% in the UK (2008 figures) (OECD, 2011; Eurostat, 2011)
and 76.8% for Korea (2005 figures) (Adams, et al, 2013). R&D activities in the business
sector are expected to be more closely related to the production of new products and
processes, and therefore patenting. Japan and Korea are among the countries that have the
highest percentage shares from the business sector (BERD) with the exception of a few
countries like Israel, not included in our study. It would appear that high efficiency in
patenting is fuelled in these four countries by high research expenditures in the business
sector. One area that has received considerable attention in recent years is the structural
difference in R & D funding between Europe and its main competitors. Policymakers in
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Europe have tried to increase R & D business expenditure so that it is more in line with
relative contributions observed in Japan or the United States (Eurostat, 2012). From the
typology it appears that Germany has already become part of this group.

Another policy target of the EU is the Lisbon strategy, to take research intensity or GERD as
a ratio of GDP to 3% by 2020. It is referred to as the headline indicator by the European
Commission (Eurostat, 2012). Rising spends without a concomitant rise in outputs will dilute
efficiency. For example, in our study Italy has the highest efficiency in publications. Its
publications are on par with other European countries, but its research expenditure as a
proportion of GDP, GERD/GDP is low, more in line with developing countries (Basu,
2014b).

Russia and the emerging economies, India, Brazil and Mexico have low levels of patenting
efficiency, but medium levels of publication efficiency. Russia has low values of manpower
efficiency due to a large manpower base. China’s efficiency is also diluted by a very large
workforce and high expenditure. China is currently close to Russia, but is on the way to
transition to Group 6, that is Germany USA, Korea and Japan, as also France.

With the emergence of these groups identified by the typology, it is clear that developing and
developed are not sufficient as categories in this context, and new categories are required that
distinguish between countries such as the Classical Developed countries and the Innovator
countries. Developing countries are moderate to low in efficiency. We also conclude that
countries with high R&D expenditure in the business sector are also highly efficient in
patenting. Developed countries that show high efficiency in patenting show a lessened
efficiency in publications output pointing to emerging research priorities in these countries.
Some limitations of our study relate to the difficulties related to comparability of data across
nations, the use of the USPTO database that gives the USA an advantage in patent
applications and the fact that no time lags have been included in our definition of efficiency.
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Introduction

The disciplinary structure of the scientific production of countries has been much studied in
the literature (see e.g. Almeida, 2009, Tian et al. 2008 and Glanzel, 2008). Several studies
have analysed national publication profiles. Such profiles indeed show interesting features of
a country’s research system and its national scientific policy. A commonly used approach is
based on the study of publication profiles by discipline. Within this framework, the world’s
scientific output is divided into major scientific fields, and the relative contribution of each
country with respect to each field is illustrated on a radar chart (see e.g. Glanzel, 2000 and
King, 2004). The publication profile of a national research system is then measured by the
Relative Specialization Index (RSI) which indicates whether a country has a relatively low or
high share in world publications in a given discipline compared to the overall share of world
total publications.

Zhou et al. (2012) proposed to use the classical Gini index as a measure of diversity within
systems and to measure similarities between systems with the popular Salton’s cosine
measure. More recently, Bongioanni, Daraio and Ruocco (2013, 2014) have investigated the
guantitative evaluation of disciplinary profiles of European countries and their evolution over
time in a general framework in which the scientific production is modelled as a complex
system. They proposed a more general measure of similarity of disciplinary profiles between
systems, borrowed from the physics of complex systems (from spin-glasses systems), where it
is named “overlap”. Spin glass models which are conceived as the prototype of a complex
system, are increasingly applied in a wide range of empirical contexts in other fields, such as
biology, computer science, and the economics of financial markets.

Furthermore, their use offers the opportunity to investigate the dynamics of the overall system
over time, that is whether the system converges towards a unique disciplinary profile or it
diverges to a differentiated configuration.

Research questions and policy relevance of the analysis

In this paper we extend the analysis carried out in Bongioanni et al. (2013, 2014) to the world
and include also the consideration of productivity at disciplinary level in the analysis.

The main research questions addressed in the paper are:

! This work was supported by Elsevier that provided the data within the Elsevier Bibliometric Research Project
“Assessing the Scientific Performance of Regions and Countries at Disciplinary Level by Means of Robust
Nonparametric Methods: New Indicators to Measure Regional and National Scientific Competitiveness”.
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1) Is the global research system converging towards a unique disciplinary profile or
towards a differentiated disciplinary specialization?

2) What is the disciplinary profile of countries whose profiles are similar to the world
standard, what is the profile of countries far away from this standard?

3) What is the degree of similarity among European countries, and how do their profiles
compare to those of large non-European countries, and to the world standard?

4) What happens to the global research system if we consider the closeness of
disciplinary profiles with respect to the best performers (top 25%) as measured by the
scientific production (number of publications, citations and so on) per author at
disciplinary level? Does the global research system converge towards a unique
disciplinary profile or a differentiated disciplinary specialization emerge?

These questions are relevant for policy makers in charge of planning investments in R&D at
country level, to have a quantitative evaluation and an empirical understanding on the actual
state and the tendency of the global research system over time.

Method

Bongioanni, Daraio and Ruocco (2013, 2014) propose to compare the disciplinary patterns of
research systems, by computing the “overlaps’ quantities, that are similarity measures between
disciplinary patterns, borrowed from the physics of complex systems. The main variables
analysed here are the Pa(i) i.e. the shares of articles published in a subject category i for a
given country a over the sum of publications made during 1996-2012. Similar variables are
based on the number of citations received, or the number of internationally co-authored
papers. Table 1 gives an overview of all indicators used in this study. The measure of the
overlap between the pattern of disciplinary profiles of two countries a and b, Pa(i) and Pb(i)
respectively, that is the measure of similarity between systems, is defined as:

1 n
Gab = 5; oa(i)os(1) ,
where
o (i) = Pa(i) — (Pa(i))

||I.

V (Pa()?) — (Pa(9))?

Tg(1)

in which <A> stands for average of A, and and 7P () represent the normalised
shares of the indicator considered, for country a and country b, respectively; and D is the
number of subjects or disciplines analysed, which in this study amounts to 27. A full list of
these disciplines, derived from Scopus, is given in the Appendix.

The overlap measure or similarity of profiles between two countries a and b, (gap, ranges from
—1, meaning precisely the opposite profile, to 1, meaning precisely the same profile, with 0
representing independence and intermediate values indicating in-between levels of similarity
or dissimilarity. Moreover, the overlap can be calculated with respect to another country,
with respect to an average or standard value or with respect to a given distribution.
In this paper we computed the overlaps:

- Of each main country in the world? against all other countries;

> The main countries analysed are the 42 countries grouped in Table 3 for descriptive purpose.
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- Of each country against the world reference;

- Of each country with respect to the top 25% performers in terms of productivity,
defined as the number of articles (or citations and so on), divided by average number
of authors by field.

Data

Data was extracted from the Scopus database and refer to the scientific production of world
countries and 27 Scopus subject categories (disciplines) from 1996 to 2012. The available
indicators are reported in Table 1.

Table 1. Presentation of the indicators analysed in the paper

Indicator Description

PUB Number of articles (integer count).

PUBf Number of articles (fractional counts based on authors affiliations).

C Total citations (4 years window, i.e., for articles in 2006; citations are
from 2006-2009).

CPP Total citations per paper (4 years window, i.e., for articles in 2006;
citations from 2006-2009).

HCPUB Number of articles in top 10 per cent of most highly cited articles in a
discipline.

PUBINT Number of internationally co-authored papers.

PUBNAT Number of nationally (but not internationally) co-authored papers.

PUBINST Number of papers co-authored by members of different institutions within a
country.

PUBSA Number of non-collaborative (single address) papers.

NA Number of publishing authors in a particular year, by discipline.

Descriptive analysis

Before applying our approach to the full set of data (i.e. for all the countries and all the
subject categories), we present as a first illustration of the data a descriptive analysis based on
4 groups of disciplines, namely Medicine, Science, Social Science and Engineering (that were
built by aggregating the 27 Scopus subject categories according to Table 2) and 8 groups of
countries defined in terms of their geographical location and volume of scientific production,
labelled as EUL, EU2, EU3, NA, SA, OC, FE, E. Table 3 provides a definition of these sets.
See the Appendix for the full list of 42 countries analysed and the full list of subject
categories’ acronym.
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Table 2 Grou

Group

of disciplines
Med

Sci

SocSci

Eng

al.

ps of disciplines

Scopus subject categories included

BIOC-IMMU-MEDI-NEUR-NURS-PHAR-VETE-DENT-HEAL
AGRI-CHEM-EART-ENVI-MATE-MATH-PHYS
ARTS-BUSI-DECI-ECON-PSYC-SOCI

CENG-COMP-ENER-ENGI

Table 3 Groups of countries analysed in the descriptive analysis

Acronym
EU1
EU2
EU3
EU27
NA

SA

oC

FE

E

Countries included
GBR, DEU, FRA, ITA, ESP, NLD, SWE, POL, BEL
AUT, DNK, FIN, GRC, CZE, PRT, HUN, IRL, ROU
SVK, SVN, BGR, LTU, EST, LVA, CYP, LUX, MLT

EU1, EUZ, EU3

North America: Canada, USA
South America: Brazil, Argentina, Chile, Mexico
Oceania: Australia, Indonesia

Far East: China, Japan, Taiwan, Korea

East: Russia, Turkey, India

Note: European countries are grouped on the base of their volume of publications.

A first investigation of the disciplinary specialization of countries can be provided by radar
plots. Figure 1 illustrates the radar plots calculated over the disciplines defined in Table 2,
country sets from table 3, for a selection of indicators listed in Table 1.

Figure 1 Radar plots of selected indicators PUB, PUBf, C, CPP, HCPUB and PUBINT (see

Table 1).
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An inspection of Figure 1 shows that large differences exist in the profiles of the various
country sets. Results for the indicators PUB and PUBT are almost identical although in the
latter the values tend to be lower. The figure shows for instance that country sets EU3
(smaller European countries) and E (Russia, India, Turkey), have a strong activity in science
fields, and NA (North America) in medical sciences. For all countries the activity in social
sciences is relatively low. Interestingly, as far as the CPP indicator is concerned, we observe a
strong regularity in the disciplinary profiles of countries because the radar diagram of CPP
has almost all concentric circles.

Differences among countries emerge also from the inspection of the following Table 4.
Table 4 reports the RSI calculated according to Glanzel (2000) which ranges from [-1,1].
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Table 4. Relative Specialization Indices (RSI) of the total scientific production over 1996-
2012 (PUB) by groups of countries.

EU27 NA SA E FE ocC
GENE -0,168 0,086 | -0,162 0,096| -0,001| -0,164
AGRI 0,044 0,018 0,424 0,085| -0,158 0,265

ARTS -0,352| -0,255| -0,502| -0,754| -0,861| -0,234
BIOC 0,085 0,118| -0,007| -0,050| -0,019 0,014
BUSI -0,189 | -0,022| -0,493| -0,283| -0,242 0,146
CENG -0,098| -0,159| -0,027 0,124 0,123| -0,193
CHEM 0,036 | -0,150 0,018 0,298 0,141| -0,200
compP -0,036| -0,047| -0,173| -0,154 0,180| -0,007
DECI 0,008 0,051| -0,074| -0,141 0,058 0,098
EART 0,099 0,062 0,143 0,157 | -0,035 0,231
ECON 0,033 0,124| -0,271| -0,423| -0,491 0,191
ENER -0,166 | -0,136| -0,096 0,113 0,159| -0,191
ENGI -0,158| -0,064| -0,271| -0,081 0,198 | -0,192
ENVI 0,025 0,033 0,110 0,060| -0,151 0,212
IMMU 0,125 0,087 0,224| -0,078| -0,129 0,093
MATE -0,041| -0,194| -0,095 0,203 0,234| -0,220
MATH 0,091| -0,042 0,061 0,098 0,050 | -0,040
MEDI 0,045 0,047 0,001| -0,198| -0,186 0,043
NEUR 0,122 0,190 0,025| -0,364| -0,211 0,098
NURS -0,099 0,212| -0,018| -0,648| -0,609 0,264
PHAR -0,002 | -0,003 0,049 0,170 0,001| -0,131
PHYS 0,110 | -0,049 0,079 0,276 0,156 | -0,181
PSYC -0,083 0,188| -0,331| -0,616| -0,731 0,137
SOCI -0,175 0,046 | -0,267| -0,456| -0,573 0,137
VETE 0,038 | -0,030 0,483 0,231| -0,436 0,073
DENT -0,025| -0,038 0,525 0,070| -0,211| -0,074
HEAL -0,008 0,188 | -0,260| -0,405| -0,402 0,200

The following Figure 2 reports the radar plots of RSI calculated by groups of countries and by
groups of disciplines.
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Figure 2. Radar plots of the RSI of total scientific publications (PUB) over 1996-2012 by
groups of countries and disciplines.
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Results

Interpreting the distribution of the overlaps to shed lights on the dynamics of the overall
system

An interesting property of the computed overlap measures between two countries’ profiles
relates to their distribution. The distribution of the overlap reveals whether there is a
convergence in the overall system towards a unique disciplinary profile or whether there is a
divergence of the system towards different disciplinary configurations. In particular,
according to Bongioanni, Daraio and Ruocco (2013, 2014) the interpretation of the
distribution of the overlap values is as follows: one pick on one shows a convergence towards
the same disciplinary profile for all countries, while two picks point to two different
configurations of disciplinary profiles.

Figure 3 illustrates the distribution of the overlap values calculated among all main countries
of the world analysed. The overlaps are calculated over the volume of publications in
fractional count (PUBT). The distribution of the overlaps clearly shows a pick on one,
reflecting the existence of a convergence towards a unique disciplinary profile. We observe
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however that there are countries which are a bit far away (those with overlap values around
zero) and a certain heterogeneity among countries exist.

Figure 3. Distribution of the overlaps calculated on each country against all other countries in
the world for the indicator PUBH.
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The detailed results of the overlap of the disciplinary profile of each country against all other
countries in the world are reported in the Appendix. Please note that the values reported in the
Appendix refer to the volume of publications and compare the disciplinary specialization of
countries among them, without making reference to the world standard or to productivity
(these analyses are performed later in this section).

For the interpretation of the results, the overlap measure as recalled above, can varies between
-1 and 1 indicating opposite profile (-1) or exactly the same disciplinary profile (1), with zero
corresponding to independent profile and intermediate values indicating in-between levels of
similarity or dissimilarities.

Overall, we observe a trend towards a globalization of science in the world as all overlap
values are positive and a clear peak on one emerged.

Moreover, main European countries such as ITA, DEU, GBR, FRA, are very close to the
main scientific world producers USA, CAN, AUS. But BRIC countries Brazil, China, India
and especially Russia have profiles that are rather different from that of the USA and other
main countries.

We compare also the overlap of each of the 42 countries (listed in the Appendix) against the
world reference (total sum over all the countries in the world) and found that the top 10% of
countries, i.e. those that have the highest values of overlap, - in other words, those that are
more similar to the world standard, are the ones listed below:

Country Overlap

USA 0.976
FRA 0.975
IRL 0.975
CAN 0.972

57



Bongioanni et al.

On the contrary, the bottom 10% of the countries, i.e. those with lowest value of the overlaps
and so more far away from the world standard are reported below:

Country Overlap

LVA 0.691
CYP 0.689
RUS 0.546
TUV 0.171

Table 5 shows the disciplinary profiles of countries with the highest values of the overlap
(TO, Top Overlap), that are the countries closer to the world reference compared with the
disciplinary profile of countries with the lowest values of the overlap (BO, Bottom Overlap).

Table 5 Overlap calculation with respect to the World reference. Disciplinary profiles of
countries with top overlap (TO) values (first 10% of highest values of overlap) and bottom
overlap (BO) values (lowest 10% values of overlap)

PUB PUBf o PUBINT

Discipline TO BO TO BO TO BO TO BO

AGRI 5.60 0.00 5.53 0.00 4.87 0.00 6.37 0.00
ARTS 1.01 0.00 1.58 0.00 0.21 0.00 0.43 0.00
BIOC 9.33 12.79 9.52 11.28 17.64 15.71 11.17 14.38
BUSI 1.19 0.00 0.99 0.00 0.43 0.00 0.80 0.00
CENG 2.19 0.00 2.24 0.00 1.57 0.00 1.93 0.00
CHEM 4.29 0.00 4.63 0.00 5.48 0.00 5.73 0.00
COMP 6.76 11.83 6.03 14.74 2.36 6.33 5.49 9.69
DECI 0.60 0.00 0.54 0.00 0.25 0.00 0.53 0.00
EART 3.25 7.06 3.02 6.43 3.23 12.23 4.91 11.73
ECON 0.95 0.00 0.95 0.00 0.49 0.00 0.84 0.00
ENER 1.08 0.00 1.08 0.00 0.55 0.00 0.97 0.00
ENGI 10.36 25.58 10.52 27.18 3.83 12.14 8.09 19.65
ENVI 3.39 10.05 2.95 10.43 2.56 12.50 3.07 10.07
IMMU 2.64 4.41 2.63 2.73 5.59 5.17 3.42 5.85
MATE 4.29 0.00 4.42 0.00 3.31 0.00 5.24 0.00
MATH 3.86 0.00 3.90 0.00 1.78 0.00 4.62 0.00
MEDI 18.33 17.02 17.75 12.45 23.70 25.22 14.31 19.42
NEUR 2.02 0.00 2.38 0.00 3.86 0.00 2.49 0.00
NURS 0.98 0.00 1.16 0.00 0.66 0.00 0.54 0.00
PHAR 2.14 3.89 2.16 1.97 2.60 5.24 2.00 4.64
PHYS 7.86 0.00 7.22 0.00 8.01 0.00 11.56 0.00
PSYC 1.52 0.00 1.94 0.00 1.34 0.00 1.21 0.00
SOCI 3.87 7.37 4.49 12.78 1.26 5.46 1.92 4.56
VETE 0.60 0.00 0.70 0.00 0.51 0.00 0.70 0.00
DENT 0.44 0.00 0.23 0.00 0.24 0.00 0.27 0.00
HEAL 1.12 0.00 1.14 0.00 1.00 0.00 0.78 0.00
GENE 0.31 0.00 0.31 0.00 2.68 0.00 0.62 0.00
TOTAL 100.00 | 100.00 | 100.00 | 100.00 | 100.00| 100.00| 100.00| 100.00

58



Bongioanni et al.

Table 5 shows that the largest discrepancy between the profiles of countries showing the
largest overlap with the world standard and those revealing the lowest overlap, is that the
latter group has a disproportionally large activity in the field of engineering, and, to a lesser
extent, in earth sciences, environmental sciences and computer science.

We proceed with the analysis by investigating the productivity of disciplinary profiles of
countries by using the Number of Publishing Authors (NA variable) at disciplinary level,
calculated in Scopus.

In order to investigate the productivity of the disciplinary profiles of countries, for each
country and discipline, we calculated the average Number of Authors over the time span and
divided the indicators such as PUB, PUBf, C, HCPUB and PUBINT by this average. We did
not consider very small countries that account altogether for less than 0.5% of the overall
scientific production. In a next step, we computed the values of the 75th percentile of the
productivity distribution in each discipline, which corresponds to the top 25% in terms of
productivity, and finally calculated the overlap between each country and this value

As already recalled above, the distribution of the overlaps reveals whether there is a
convergence of the overall system towards a unique disciplinary profile or there is a
divergence of the system towards different disciplinary configurations: in particular, one pick
on one shows a convergence towards the same disciplinary profile for all countries, two picks
point to two different configurations of disciplinary profiles.

Some preliminary results seem to show that, when comparing the disciplinary profiles of
countries on a productivity base dividing the scientific production by the number of
publishing authors in a discipline, a certain polarization of science seems to emerge on the
global scale. Further analyses however are needed to confirm this preliminary findings and
reveal whether the great divide that appeared is that between scientifically developing and
scientifically developed countries, or whether there are other explaining factors.

Conclusions

The research questions analysed in the paper are relevant for governments in charge of policy
for research and innovation to have an empirical understanding about the specialization and
disciplinary profile of their country, the relationships between their disciplinary specialization
and the rest of the world specialization, to decide on which discipline the R&D policy of their
country can best be concentrated, taking into account the comparison of their disciplinary
specialization with respect to the other European countries and the main other competitors in
the world.

We provided a first illustration of how the newly and advanced indicators on the comparison
of disciplinary profiles, proposed by Bongioanni, Ruocco and Daraio (2013, 2014) and based
on a physics of complex system approach, could be relevant for science policy.

The next developments of the analysis will include a systematic investigation of the dynamics
of disciplinary profiles of best performing countries and a deeper understanding of how
productive the disciplinary configuration of each country is with respect to the world
reference and to major European and non-European countries.
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Appendix.

List of subject categories and countries’ Acronyms.

f:::;:)try Description

AGRI Agricultural and Biological Sciences
ARTS Arts and Humanities

BIOC Biochemistry, Genetics and Molecular Biology
BUSI Business, Management and Accounting
CENG Chemical Engineering

CHEM Chemistry

COMP Computer Science

DECI Decision Sciences

EART Earth and Planetary Sciences

ECON Economics, Econometrics and Finance
ENER Energy

ENGI Engineering

ENVI Environmental Science

IMMU Immunology and Microbiology

MATE Materials Science

MATH Mathematics

MEDI Medicine

NEUR Neuroscience

NURS Nursing

PHAR Pharmacology, Toxicology and Pharmaceutics
PHYS Physics and Astronomy

PSYC Psychology

SOCI Social Sciences

VETE Veterinary

DENT Dentistry

HEAL Health Professions

GENE General
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Code Country
ARG Argentina
AUS Australia
AUT Austria

BEL Belgium
BGR Bulgaria
BRA Brazil

CAN Canada

CHL Chile

CHN China

CYP Cyprus

CZE Czech Republic
DEU Deutschland
DNK Denmark
ESP Spain

EST Estonia

FIN Finland

FRA France

GBR United Kingdom
GRC Greece
HUN Hungary
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IDN Indonesia
IND India

IRL Ireland

ITA Italy

JPN Japan

KOR Korea

LTU Lithuania
LUX Luxembourg
LVA Latvia

MEX Mexico
MLT Malta

NLD The Netherlands
POL Poland

PRT Portugal
ROU Romania
RUS Russia

SVK Slovakia
SVN Slovenia
SWE Sweden
TUR Turkey

USA United States
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Appendix: Overlap values between main countries (42 obs). Indicator PUBT.

AUS
AUT
BEL
BGR
BRA
CAN
CHL
CHN
CcYp
CZE
DEU
DNK
ESP
EST
FIN
FRA
GBR
GRC
HUN
IDN
IND
IRL
ITA
JPN
KOR
LTU
LUX
LVA
MEX
MLT
NLD
POL
PRT
ROU
RUS
SVK
SVN
SWE
TUR

USA

ARG AUS AUT BEL

0,808
0,774
0,814
0,789
0,927
0,785
0,936
0,330
0,273
0,876
0,793
0,854
0,858
0,806
0,786
0,801
0,751
0,718
0,875
0,637
0,796
0,781
0,792
0,755
0,562
0,508
0,457
0,415
0,892
0,510
0,759
0,809
0,731
0,401
0,452
0,870
0,631
0,807
0,747
0,455
0,754

0,934
0,543
0,701
0,912
0,973
0,928
0,518
0,599
0,873
0,877
0,354
0,541
0,765
0,363
0,895
0,971
0,931
0,847
0,764
0,721
0,365
0,518
0,805
0,631
0,547
0,727
0,437
0,861
0,900
0,961
0,796
0,771
0,484
0,291
0,796
0,741
0,352
0,932
0,658
0,957

0,991
0,836
0,902
0,961
0,867
0,626
0,599
0,935
0,974
0,955
0,976
0,711
0,971
0,982
0,958
0,973
0,918
0,650
0,806
0,974
0,992
0,926
0,774
0,642
0,805
0,558
0,886
0,838
0,971
0,910
0,841
0,625
0,457
0,867
0,801
0,382
0,946
0,761
0,968

0,844
0,928
0,970
0,834
0,610
0,582
0,546
0,573
0,568
0,983
0,738
0,572
0,981
0,972
0,964
0,931
0,693
0,823
0,982
0,988
0,530
0,767
0,645
0,764
0,554
0,903
0,853
0,976
0,913
0,833
0,612
0,463
0,886
0,808
0,550
0,945
0,744
0,979

0,799
0,773
0,772
0,723
0,512
0,939
0,923
0,752
0,857
0,763
0,796
0,910
0,742
0,794
0,927
0,614
0,540
0,805
0,845
0,540
0,881
0,812
0,697
0,770
0,296
0,533
0,730
0,975
0,894
0,802
0,817
0,956
0,864
0,806
0,722
0,762
0,784

0,893
0,944
0,434
0,416
0,926
0,882
0,935
0,944
0,748
0,504
0,892
0,876
0,872
0,500
0,719
0,814
0,911
0,303
0,841
0,654
0,561
0,636
0,477
0,927
0,725
0,891
0,835
0,784
0,489
0,405
0,871
0,716
0,917
0,509
0,614
0,876

0,891
0,659
0,665
0,910
0,927
0,342
0,952
0,754
0,989
0,945
0,966
0,965
0,895
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0,792
0,383
0,951
0,888
0,761
0,643
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0,573
0,887
0,884
0,957
0,859
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0,609
0,405
0,854
0,829
0,968
0,911
0,778
0,986
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0,468
0,483
0,912
0,849
0,504
0,928
0,843
0,883
0,871
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0,845
0,850
0,734
0,777
0,891
0,868
0,774
0,592
0,581
0,635
0,455
0,919
0,732
0,863
0,838
0,773
0,484
0,438
0,853
0,718
0,876
0,862
0,567
0,857

0,758
0,701
0,683
0,439
0,589
0,694
0,680
0,693
0,529
0,708
0,636
0,782
0,782
0,656
0,608
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0,540
0,898
0,766
0,958
0,708
0,527
0,430
0,744
0,877
0,541
0,703
0,731
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0,564
0,485
0,971
0,631

CHN CYP

0,578
0,576
0,441
0,565
0,612
0,669
0,615
0,594
0,656
0,561
0,761
0,527
0,651
0,547
0,556
0,654
0,722
0,858
0,719
0,569
0,713
0,524
0,566
0,745
0,752
0,401
0,543
0,800
0,523
0,485
0,807
0,630

CZE

0,963
0,889
0,968
0,831
0,926
0,967
0,870
0,920
0,972
0,748
0,931
0,330
0,936
0,342
0,838
0,762
0,780
0,695
0,962
0,708
0,869
0,975
0,928
0,734
0,646
0,975
0,878
0,916
0,868
0,782
0,854

0,910
0,956
0,754
0,933
0,995
0,921
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0,660
0,917
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0,894
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0,635
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0,847
0,816
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0,820
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0,982
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0,589
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0,761
0,959
0,967
0,944
0,955
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0,854
0,968
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0,506
0,743
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0,766
0,543
0,912
0,815
0,952
0,920
0,858
0,606
0,468
0,508
0,804
0,968
0,941
0,714
0,944

EST

0,796
0,768
0,695
0,733
0,791
0,846
0,819
0,762
0,704
0,740
0,719
0,776
0,662
0,715
0,895
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0,647
0,806
0,863
0,677
0,655
0,866
0,826
0,712
0,614
0,699
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FIN
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0,897 0,952 0,861
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0,816
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0,955
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0,788
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0,829
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0,908
0,873
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0,880
0,882
0,633
0,426
0,871
0,839
0,567
0,915
0,804
0,972

0,697
0,864
0,360
0,584
0,565
0,841
0,737
0,754
0,657
0,924
0,798
0,932
0,962
0,886
0,711
0,605
0,521
0,857
0,962
0,899
0,800
0,956

0,668
0,721
0,968
0,953
0,858
0,672
0,565
0,710
0,448
0,829
0,916
0,986
0,827
0,751
0,519
0,345
0,792
0,748
0,976
0,944
0,677
0,984

0,882
0,783
0,808
0,975
0,961
0,898
0,793
0,676
0,857
0,618
0,879
0,835
0,942
0,883
0,876
0,674
0,424
0,844
0,842
0,950
0,929
0,833
0,955

FRA GBR GRC HUN

0,676
0,506
0,910
0,527
0,923
0,798
0,688
0,745
0,634
0,915
0,673
0,857
0,950
0,895
0,672
0,624
0,952
0,838
0,503
0,823
0,719
0,886
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0,736
0,788
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0,670
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0,779
0,736
0,817
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0,630
0,677
0,852
0,672
0,408
0,735
0,830
0,668
0,622
0,816
0,721

IND

0,804
0,809
0,915
0,887
0,797
0,707
0,789
0,901
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0,707
0,940
0,932
0,801
0,732
0,965
0,305
0,788
0,725
0,804
0,772

IRL

0,958
0,897
0,777
0,665
0,829
0,593
0,896
0,838
0,957
0,878
0,866
0,633
0,424
0,865
0,843
0,966
0,922
0,788
0,978

ITA

0,935
0,763
0,631
0,745
0,542
0,886
0,826
0,968
0,918
0,820
0,602
0,485
0,867
0,778
0,981
0,938
0,738
0,967

IPN

0,917
0,782
0,743
0,745
0,899
0,694
0,855
0,965
0,897
0,774
0,689
0,933
0,883
0,915
0,830
0,846
0,908

0,894
0,803
0,928
0,814
0,581
0,647
0,883
0,934
0,933
0,765
0,867
0,947
0,730
0,626
0,956
0,759

KOR LTU

0,705
0,946
0,796
0,487
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0,820
0,861
0,943
0,843
0,797
0,912
0,585
0,509
0,879
0,631
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0,718
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0,745
0,875
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0,434
0,742
0,843
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0,654
0,851
0,752
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0,397 0,676
0,397 0,820
0,752 0,940
0,867 0,909
0,963 0,716
0,822 0,658
0,751 0,945
0,899 0,859
0,493 0,873
0,395 0,824
0,913 0,773
0,547 0,860

0,891
0,643
0,654
0,482
0,136
0,594
0,691
0,846
0,873
0,683
0,888

0,821
0,730
0,471
0,302
0,780
0,697
0,385
0,966
0,645
0,973

LVA MEX MLT NLD POL

0,519
0,798
0,760
0,366
0,885
0,880
0,818
0,807
0,862

0,876
0,693
0,941
0,964
0,798
0,712
0,911
0,816

0,804
0,769
0,924
0,548
0,485
0,918
0,593
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Abstract

Uzzi et al. (2013) recently argued that the highest impact articles are likely to reference novel
combinations of existing knowledge while still building upon typical combinations. In this
study we replicate this intriguing finding using slightly different methods. We also show,
however, that the findings are not free from disciplinary effects. For example, physics builds
primarily on typical combinations, while multidisciplinary journals participate much more
often in atypical combinations. We strongly suspect that atypical co-cited journal
combinations, and thus citation rates, are highly dependent on discipline and journal effects.

Introduction

Two new indicators for innovative high impact papers were recently introduced in a Science
article by Uzzi et al. (2013), hereafter referred to as UMSJ. The authors used co-cited journal-
journal relationships to determine whether any pair of cited references is typical or atypical.
Using cited references from nearly 18 million articles, they calculated actual and expected
counts for each co-cited journal pair, and converted those counts into Z-scores. Negative Z-
scores indicate that actual counts are less than expected, and reflect atypical knowledge
relationships. Positive Z-scores indicate the opposite — typical knowledge relationships. The
authors show that articles that have higher than average typical relationships (using the
median Z-score) combined with a high level of atypical relationships (using the left 10"
percentile Z-scores) are twice as likely to be highly cited as the average article.

The UMSJ study was designed to test the premise that innovation is often based on original or
novel combinations of existing knowledge (Chen et al., 2009; Guimera, Uzzi, Spiro, &
Amaral, 2005), while at the same time being strongly based in an existing and well-
established paradigm that is robust enough to incorporate new knowledge.

The purpose of this study is to replicate the UMSJ study using a slightly different technique,
and to further explore the relationship between novelty (building on atypical knowledge
relationships), convention (building on typical knowledge relationships) and citation rates.
This paper proceeds as follows. First, we provide detail about the differences between the
UMSJ method and our method, and show our replication of their primary results and findings.
This is followed a preliminary analysis of disciplinary effects. The paper concludes with a
discussion of possible effects from journal impact which may negate their central findings.

Replication

UMSJ calculated Z-scores as Z = (Nactual = Nexpected) / Nvariance fOr pairs of co-cited journals
where N are journal co-citation counts. Their calculations were based on 17.9 million research
articles (1950-2000) from the Web of Science (WoS), and the 302 million references (edges)
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from these articles to 15,613 cited journals. This formulation gives a negative Z-score to any
journal pair where the actual counts are less than the expected counts. Ten Monte Carlo
simulations were run that reassigned edges in a random way, while preserving temporal and
distributional characteristics of the original citation network at the paper level. Expected co-
citation count values and variances for co-cited journal pairs were calculated from the results
of these Monte Carlo simulations.

Using these Z-scores, UMSJ then calculated 10" percentile (left tail) and median Z-scores for
each article after ordering the Z scores corresponding to their co-cited journal pairs from
lowest to highest. The resulting cumulative probability distributions showed that half of WoS
articles had a median Z-score greater than 64, while 41% of those articles had a 10™ percentile
Z-score that was negative. These two statistics were used as the basis for two indicators. The
median Z-score for an article was used to signal conventionality; articles with a median score
of greater than the overall median were designated as "high convention”. The 10" percentile
Z-score was used to signal novelty; articles with a negative 10™ percentile Z-score were
designated as "high novelty". Upon testing the top 5% highly cited articles (by year), UMSJ
found that articles with high convention and high novelty are twice as likely to be highly cited
as the average article. Although UMSJ also tested different definitions of novelty (e.g., 1%,
10%) and explored the effect of authorship structure on their results, those additional
experiments did not change the overall results. Thus, our study focuses on replicating the
primary typical vs. atypical distributions and indicators of convention and novelty that are the
basis for the findings of the UMSJ study.

The methodology we used to replicate the UMSJ study differs from theirs in several respects.
First, we used Scopus data rather than WoS data. Second, we used a more current ten year
dataset (2001-2010) rather than the historical 50 year dataset (1950-2000) used by UMSJ. Our
dataset is thus smaller than the one used by UMSJ (12.0M articles + 226M references vs.
17.9M articles + 302M references), but certainly still large enough to provide for valid results.
The difference in time window is not expected to be an issue since UMSJ showed results that
were comparable for multiple time periods. Third, while UMSJ used articles only, we used
articles and conference papers. Scopus indexes much more conference material than does
WoS, and since articles and conference papers are both aimed primarily at reporting original
research we felt justified in including both document types. Finally, we used a different
formulation to calculate typical and atypical relationships. Rather than using Z-scores and
Monte Carlo simulations, we calculated K50 statistics for co-cited journal pairs (Klavans &
Boyack, 2006). K50 has the same general formulation as the UMSJ Z-scores, (Nacwal -
Nexpected) / NOrmalization. The difference is that the expected and normalization values for K50
are calculated using the row and column sums from the square co-citation count matrix rather
than using a Monte Carlo technique. This difference leads to a savings in computation —
calculating row and column sums is much less expensive computationally than using multiple
Monte Carlo runs. Our K50 distributions are very similar to Uzzi's Z-score distributions, thus
suggesting that the additional computation required by multiple Monte Carlo calculations may
be unnecessary.

Distributions

Figure 1 compares the distributional characteristics of median and left tail percentile statistics
from our study with those of UMSJ. Z-score curves were obtained by transcribing data from
Figures 1B, C of Uzzi et al. (2013). Our K50 values have been scaled (multiplied by 10%) to
fall within the same range as the UMSJ Z-scores. Figure 1la shows that while the fraction of
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papers with negative median K50 values is lower than the UMSJ values, the K50 curves fall
between the two UMSJ curves over most of the range. Thus, use of median statistics to
designate articles as "high convention™ should work similarly with K50 values as it does for
the UMSJ Z-scores. For the left tail values, we found that only 30% of articles had a 10"
percentile K50 value that was negative, while 40% of articles had a 5™ percentile K50 value
that was negative. Figure 1b compares K50 values at the 5" percentile with UMSJ 10"
percentile values, and shows that the K50 curves are very similar to the UMSJ Z-score curves.
Thus, our use of 5™ percentile K50 statistics to designate articles as "high novelty" should
perform similarly to the UMSJ 10" percentile Z-scores.

Figure 1. Comparison of median and left tail distributions from K50 statistics with the same
distributions based on UMSJ Z-scores.
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The K50 distributions are remarkably similar to the UMSJ distributions given that we used a
different database, a different metric, and included conference papers along with articles in
our calculations. Based on this similarity between distributions, both in the principles behind
their calculation and in practice, replication of additional results from UMSJ using K50
statistics is justified.

Indicators

UMSJ proposed a method for identifying "hit" papers using the principles of novelty and
conventionality based on Z-scores and their distributions. To test this method, a 2x2
categorization based on median and 10" percentile Z-scores was used to classify the top 5%
highly cited papers (citation counts as of 8 years after publication). We followed the same
procedure with some differences. We computed all citation counts to papers as of 2011; thus
papers published in 2001 had a ten year citation window while papers published in 2005 had
only a 6 year window in which to accrue citations. Also, we used the 5™ percentile (rather
than the 10™ percentile) K50 score as the basis for distinguishing between high novelty and
low novelty.

As with UMSJ, our analysis was limited to the top 5% highly cited articles by year. Despite
the differences in our test samples, we get 2x2 matrix probabilities that are similar to UMSJ
(see Table 1). The differentiation between our high/high (N+C+) and low/low (N-C-) pairs is
even higher than that obtained by UMSJ. In addition, the fraction of articles that end up in the
N+C+ bin is slightly higher using our method (9.5% vs. 6.7%), suggesting that our
calculations can identify even more highly cited papers than can the UMSJ method. Note that
the N+C- bin also has a probability of greater than 5% (0.0659), which suggests that novelty
plays a greater role than conventionality in the formulation of a "hit" or highly cited article.

Table 1. Probabilities of "hit" papers (top 5% highly cited).

UMSJ (1990-2000)  This study (2001-2005)

% sample Prob % sample Prob
High Novelty, High Convention (N+C+) 6.7% 0.0911 9.5% 0.0959
High Novelty, Low Convention (N+C-) 26% 0.0533 30.6% 0.0659
Low Novelty, High Convention (N-C+) 44% 0.0582 40.5% 0.0433
Low Novelty, Low Convention (N-C-) 23% 0.0205 19.4% 0.0205

In summary, we have replicated the distributions and hit paper probabilities introduced in
Uzzi et al. (2013) to a high degree, despite differences in methodology. This replication
suggests that our process is sufficiently accurate to be used to more deeply explore the
relationships between novelty, convention, and citation rates.

Disciplinary effects

As mentioned above, UMSJ tested multiple definitions of novelty and explored the effect of
authorship structure on their results. They also explored the effect of disciplines on their
results by examining central tendencies for median and 10™ percentile statistics by WoS
subject category. They looked at the relationships between novelty, convention, and hit papers
for each category, and found that the overall relationships generally held true. However, their
detailed results showed that the N+C+ bin in the 2x2 matrix had the highest probability of
containing a hit paper for only 64.4% of 243 WoS subject categories. Although this is
consistent with the main result on the whole, the fact that this number is not close to 100%
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suggests that their method is not free from disciplinary effects. It is also well known that
impact by discipline is nonlinearly related to size (Katz, 1999, 2000). Thus, we felt it prudent
to more deeply explore potential disciplinary effects on the indicators proposed by UMSJ.

Discipline-based sampling

The first, and simplest, test was to calculate 2x2 matrix probabilities using the top 5% highly
cited articles where the top 5% was sampled by discipline rather than over the entire sample.
We expected different results because the top 5% sample over all disciplines used by UMSJ is
naturally enriched in papers from disciplines with high citation rates (e.g., biochemistry,
physics) and depleted in papers from disciplines with lower citation rates (e.g., social
sciences, engineering). Sampling by discipline will introduce papers with smaller numbers of
citations from these lower cited disciplines into our sample at the expense of more highly
cited papers from highly cited disciplines.

We took the top 5% of highly cited papers by discipline using the article-based (as opposed to
journal-based) discipline-level structure introduced in Boyack and Klavans (2014) and
calculated 2x2 matrix probabilities. Figure 2 shows that while discipline-based sampling
preserves the probability ordering of bins (i.e., N+C+ highest, N-C- lowest), the separation
between the highest and lowest probabilities is much less than for the non-discipline based
case. This degradation suggests that the higher probability associated with the non-discipline
based case is due to the enrichment of that sample with articles from highly cited disciplines,
and is evidence of a larger disciplinary effect than is acknowledged by Uzzi et al. (2013). This
does not detract from the fact that, even when disciplines are considered, the combination of
typical and atypical combinations associated with these indicators leads to a higher than
average incidence of highly cited papers. However, when disciplines are considered the effect
is less prominent.

Figure 2. Effect of sampling the top 5% highly cited papers by discipline on probabilities of
hit papers based on novelty and conventionality indicators.
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Top 20 knowledge areas

Since UMSJ used journals as surrogates for knowledge areas, we also used journals as the
base unit of analysis in our replications of their results. As with disciplines, journals vary
widely in size and influence. Thus, we decided to take a closer look at those journals that
contributed most to the system of knowledge interactions.

A total of 58,020 separate Scopus journal identifiers were cited by the 12 million articles in
our dataset. Although this number seems much larger than the 15,613 journals analyzed by
UMSJ, the signal is highly concentrated in a much smaller number of journals. The top 300
journals account for half of the total number of co-citations in the system, while the top
15,600 journals account for 99.6% of the total number of co-citations. Thus, the existence of a
long tail in our data has almost no effect on the overall system. We limited our analysis to the
top 20 journals, which participated in 15.9% of the co-citations in the system. Four of these
journals (J Biol Chem, Nature, Science, and PNAS) each participated in more than 1.5% of the
total co-citations.

Figure 3. Top 20 co-cited journals plotted as a function of novelty and convention. Circle
sizes reflect numbers of co-citations.
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Percentages of novel and conventional K50s were calculated for each journal, where %Novel
is the fraction of negative K50s, and %Convention is the fraction of K50s above the median
(0.00421226) for the entire system. Figure 3 shows these 20 journals, each plotted as a
function of their %Novel and %Convention values. The figure has been divided into four
quadrants that correspond to the four groupings in the 2x2 matrix mentioned earlier. The
dividing line for novelty is at 12.16%, which is the fraction of all co-citations across the
system with negative K50 values. Among these 20 journals, three groups can be easily
distinguished. Six journals, all of which are highly related to physics, are closely grouped in
the low novelty, high convention quadrant (upper left). Nine journals, all of which are related
to biochemistry or medicine, are grouped in or very near the high novelty, high convention
quadrant (upper right). The remaining five journals are all in the high novelty, low convention
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quadrant. Three of these journals are clearly multidisciplinary while the other two (NEJM,
Lancet) are broad medical journals, and thus more multidisciplinary than other medical
journals. The type of knowledge relationships associated with these prominent journals
clearly varies by discipline. Physics is highly associated with typical relationships.
Biochemistry and medicine are associated with the pair of relationships promoted by UMSJ -
a combination of typical and atypical relationships. Multidisciplinary journals are more highly
associated with atypical knowledge relationships.

We note that this analysis accounts for only 15.9% of the co-citations in the system, and only
applies to a few of the top cited disciplines in science. A detailed investigation of the rest of
the system may show different effects. Nevertheless, the fact that a large disciplinary effect is
seen in the top few journals (which comprise a significant fraction of the overall signal
representing typical and atypical relationships) suggests that discipline may be a significant
confounding effect as regards these relationships.

Summary

We have replicated the distributions and hit paper probabilities from UMSJ using a slightly
different methodology. This replication allows us to proceed to more deeply explore how the
notions of novelty and convention might be measured using citation data and our metrics.

The analysis of disciplinary effects above is preliminary; a much more detailed analysis is
needed. In addition, the fact that three high impact multidisciplinary journals (Nature,
Science, PNAS) account for 9.4% of all of atypical combinations (negative K50 values)
suggests that there may be significant journal-level effects as well.

The idea that measurement of novelty might lead to a paper-level indicator of impact type has
been intriguing to us for some time (Klavans & Boyack, 2013). While we point out some
potential problems with specifics of the UMSJ study, we believe that their underlying logic —
that of creating an indicator based on the notion of novelty and distribution tails — is sound.
What remains is to identify and test other potential measurements of novelty that are
relatively independent of discipline and journal effects.
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Introduction
Absolute citation indicators have limitations when used to compare the impact across areas
due to their specificities as the disciplines differ in the practice of citation.
Persson, Glanzel & Danell (2004) suggest the use of normalized indicators which make it
possible to eliminate the dependence on the context of the area, since they standardize the
measure units (Li et al. 2013). In this context, Vinkler (2012) stresses that it appears to be
acceptable to apply relative scientometric indicators to comparative evaluations and that the
normalisation processes of the impact indicators have been widely applied in scientometrics
for a long time. This author points out the existence of various type of relative indices
depending on the standard. Among them, the RCR-type indices (Schubert & Braun, 1986),
which use the impact data of the publishing journals and the "crown™ index (Van Raan, 2004)
and RW-index (Vinkler, 1986) which use the impact data of the corresponding field.
Among the procedures, we highlight the normalization by mean area (Ma) and median (Md)
(Moed, 2009; Li et al, 2013.). Another procedure may be obtained from the average of the
10% most productive (Majgy), an adaptation of Moed (2010), in which the author refers to the
10% most cited.
A normalized indicator is calculated by:
IN; = g
PN,
where: IN; = normalized index for the individual j;
l; = absolute indicator value for the individual j;
PNy = normalization parameter - Ma, Md or Maoo.

Values below 1 mean that the individual is below the overall trend in the field and above 1
suggest that the performance is above the reference behavior (Ma, Md ou Maj ).

This investigation aims to perform a theoretical methodological study of the contribution of
normalized citation indexes to visualize the impact of science, from the Brazilian presence
perspective in 27 areas of knowledge, presented by SCImago Journal & Country Rank for
published documents in 1996-2007.

More specifically, we analyze and correlate the results of applying the three presented
procedures for the normalization of the citation index per document and determine the linear

regression model of the indexes IN;»s and TN, expressed in function of Ny, in order
to predict the behavior of the first two.
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Methodological procedures

SClimago JR allowed data retrieval, for each area, regarding the total number of documents
published during 1996-2007 and the average citations received by these documents until 2012
by producing countries.

For each area, we calculated Ma, Md e Mayq, for the number of citations per document. Then,

we calculated the normalized index of Brazil by INma, IN,: and INmg, e . Next, we
calculated Pearson correlations between the normalized indexes by the three procedures.

Finally, we determined the regression equation of IV and INpma, e in function of INpg.

Presentation and analysis of data
Table 1 shows the normalized citation indexes in order by /Ny .

Tahle 1. Mormalized Citation Indexes per docurnent.
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From the INma indexes, 7 areas presented value lower than 1. On the other hand, 15 areas
show a value higher than 1, meaning that the performance is above the average compared
with the producer group.

As for IN,q, 4 areas had values below 1 and 20 had values above 1, indicating that the
majority of areas is above the median behavior.

These results corroborate the data presented by Faria et al (2011), who point out that in this
period, in most areas, there was a growth in citations when compared to world performance.

For {Nma. ., it was observed that no area showed a value above 1 and three of them showed
values equal to 1.

It was observed that the highest correlation (0.92) was between N,z and IN.a, showing that
these indexes tend to exhibit similar behavior. The correlation between {¥Vma.qe and the
other two indexes have moderate intensity values (0.70 with {Vma..e and 0.51 with IN,.a).

The two equations of linear regression are presented in Figures 1 and 2.
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In Figure 1, out of the 27 areas, in 12 of them the distance between the estimates of INyq in
relation to the observed values tended to zero; 3 areas had more significant distance, between
0.3 and 0.4. The remaining areas agglutinated around the line with few significant differences.

For Figure 2, three areas showed a more significant distance, around 0.3. In one area, the
distance was very close to zero and the others were evenly scattered around the line.

Final considerations

The model of INmz in function of INmaz presented a better adjustment compared with the
model of INma.qe in function of the same variable, pointing that INma and f¥ma.ce tend
to present a closer behavior, with INy,z values slightly higher than those of N, at all times.

On the other hand, {Vma..« can be considered a complementary index for explaining the
impact of the areas on the scientific community, corroborating Vinkler (2012) observation
that the impact of scientific information may not be represented by one single index, given its
multifaceted nature.
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Introduction

In contrast with Anglo-Saxon system of funding, block grants are still funded by the French
government but researchers have as well the possibility to apply to and receive competitive
grants from funding agencies to perform research projects. Given that these grants are
supported by a public agency and that only a small part of selected researchers enjoy extra-
funding, we can ask what the real extra output obtained is. Scientific production is of concern
because higher education institutions are subject to evaluation and the researchers'
productivity inside the laboratories constitutes one of the attentions.

To our knowledge, only a limited number of papers deals with this topic with the aim to
explain the selection process of funding agencies and in evaluating the impact of the receipt of
a competitive grant on scientific outputs. P. Stephan underscored the essential role of funding
for scientific research (Stephan, 1996, 2012) and recently described the working of the main
US-funding institutions (Stephan, 2010). The main evaluation impact studies which have been
conducted lead to a low positive impact of the grant on the publication output. However the
results slightly differ according to the grant characteristics, the country and the impact
evaluation method used. Arora and co-authors assess the impact of Italian National Research
Council grants in biotechnology and bio-instrumentation fields on the scientific outputs. Their
results show a positive impact of the grant on the number of publications and that the impact
is greater for researchers with better past performances (Arora et Al, 1998). Arora and al.
(2005) focus on economists who obtain NSF support. They find that NSF grant has a positive
impact on scientific output for young PI but obtain poorer results for other researcher cohorts.

The impact assessment of a standard research funding (R01) granted by the NIH on the
publication outputs also implies a low increase of the scientific productivity (Jacob and
Lengfren, 2011). Azoulay et al. (2011) study impact differences of two US-funding
institutions with different grant design on scientific outputs and direction of research of
accomplished researchers. They find that scientists who obtain a funding which gives more
freedom in the orientation of research, get better output results than the one contingent to a
given research project. They also explore the research orientation of both scientists groups by
the mean of papers keywords and journal citations and show that the former type diversify
more their research through novel research lines. Evaluation impact of grants have also been
conducted in some developing countries as in Argentina with Chudnovsky and al.'s study
which focus on the allocation of grants by the Fund for the Scientific and Technological
Research for various scientific fields. They find a positive impact of the grant on researchers'
productivity, with a greater effect for youngest scientists as well (Chudnovsky et al., 2008).
Finally the impact of the National Science and Technology Research Fund of Chile has also
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been evaluated by Benavente and co-authors by means of a quasi-experimental design, and
their results pointed out an increase of the publications number but no effect on the quality of
papers (Benavente et al., 2012).

Our study

We focus on the impact of two competitive projects-oriented grants awarded by the French
National Research Agency (ANR) during the period 2005-2007 on the academic productivity.
The agency aim associated with the allocation of such fundings is to promote original and
quality ideas projects.

The followed methodological approach is based on an impact evaluation method which
combines the Propensity Score Matching method with the differences-in-differences estimator
to delete bias sources.

We here specifically wonder whether and if so to what extent the allocation of such an ANR
subsidy to principal investigators of less than forty years old affects their scientific output
both in volume and taking into account impact?

Our sample is composed of 595 fully informed researchers under 40 (which correspond to 611
individual participations in ANR grants between 2005 and 2007) who received a grant from
the ANR between 2005 and 2007. For the needs of our methodology, we then made up a
control group which include all the French researchers without ANR funding during this
period 2. This group is composed of 9,706 researchers or professors under 40 with personal
information.

The two lists (funded and controls) were matched with the OST-ISI-Thomson database of
scientific publications that allowed us to retrieve their scientific publications from 1999 to
2009. To avoid homonymy issues, we then carried out with the available information a multi-
stages process to match as closely as possible researchers to theirs publications. Because of
the lack of information with regard to certain publications allowing us to identify the authors
reliably, 27 researchers were dropped from the sample that let us with a final sample of 568
funded researchers. For the same reason, the control group is reduced to 7,339 individuals for
each year of funding, that is, 44,034 control units for the three years of funding. Since it was
not possible to collect direct citations because the upper bound of the publications date is
2009, we refer to a three-year window of journals Impact Factor to consider the visibility of
the publications.

We hypothesize that a grant can lead researchers to access research tools and competitive
equipments, and allow interactions with skilled partners that might impact positively the
scientific output. In a context where good ideas are scarce and scholars face budget
constraints to implement their projects, we may expect that fundings modify the scholars'
research agenda. It may leads to an increase in autonomy (especially for young scholars),
promote the choice of better agenda (the investigation of more original research lines or ideas,
larger or more complex problems), encourage collaboration with more and/or better external
partners, which could in addition raise the granted effort.

We investigate several dimensions of the research outputs of grantees that may support these
assumptions: the number of papers they publish, the prestige of journals, the type of problem
they address, and with what kind of co-authors they collaborate. Our study focuses only on
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the short term impact on the scientific output, though we are also inclined that these fundings
allocation may have even stronger long term impact.

Main results

We find that getting a grant has a positive and significant effect on the scientific productivity,
both in terms of quantity and of visibility of publications. We estimate an average of 7%
increase in quantity of post grant publications and a 11% increase when quality is also
considered.

Moreover the results show that the impact varies across scientific disciplines. We obtain as
well different inferences according to the year of funding, but it may be caused by the
difference in time windows we selected to measure productivity.

We also find that the grant has an effect on the research design of the grantees. Grantees seem
to enlarge their research lines and diversify their research interest as shown by the increase of
new keywords associated to the publications and by the rise of publications scattering into
different specific disciplines. This can suggest that grantees are more inclined to pick more
complex research problems at the crossing of several subdisciplines.

Finally, the funding appears to encourage collaboration with new partners and rather skilled
scientists (international authors). We can then presume that these consequences take part in
the process of increasing the number of publications and their visibility along with the rise of
scholars’ autonomy. These results are indicative and have to be interpreted with caution. As
our data set is quite recent, the study focuses only on the short term impact of some ANR
grants and we suppose that these fundings may have stronger long term impact.
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Introduction
Two common questions in bibliometric analysis are:

e Who wrote a particular publication?

e What is the oeuvre of an author?
The answers to these questions should be based on publication information in large
bibliographic databases. Unfortunately, the author identification systems in these databases
are not fully developed, which makes them difficult to use in bibliometric analysis. For
example, if one would query the name “Ding, Y” in the Web of Science® (WoS), one would
find almost 9000 publications. Obviously, these publications do not belong to a single author
“Ding, Y”. The causes for author ambiguity are the fact that many different authors have the
same name (i.e., the homonym problem), and the fact that individual authors sometimes
publish under multiple names (i.e., the synonym problem). Moreover, manual author
disambiguation in these databases is often not feasible if the oeuvre of thousands of authors is
studied in a limited timeframe. Therefore, there is need for automatic methods for author
disambiguation (Smalheiser & Torvik, 2009).

In this paper, we propose a general author disambiguation method using rule-based scoring
and clustering. The method is capable of disambiguating complete bibliographic databases
such as the WoS. The results of this method are useful for: academic performance assessment
on the author level, research policy-making, the creation of linkages between bibliographic
databases, and so on.

Many different solutions are proposed for the author disambiguation problem. See for a
comprehensive overview the work of Smalheiser & Torvik (2009) or Ferreira et al. (2012).
One solution to the problem would be the establishment of a registry with unique author
identifiers. Thomson Reuter’s ResearcherlD? Open Researcher and Contributor ID?
(ORCID), and Authorclaim* are examples of registries in which where authors are able to
register their papers. For such registries to work most authors would need to participate. For
the moment this is not the case, however in the future such registries might solve the problem.

The other solution to the problem of author disambiguation is the application of automatic
approaches. Supervised or unsupervised learning approaches can be used for this purpose. In
supervised learning approaches, a classifier is trained on a data set with pairs of articles,

! http://www.webofscience.com
? http://www.researcherid.com
* http://www.orcid.org

* http://www.authorclaim.org
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where authors with similar names are classified as being the same person or a different
person. Such approaches need a large, manually verified, representative data set for training,
which is not easily available. Because we want to disambiguate entire bibliographic databases
a supervised approach is not feasible. In unsupervised learning approaches, a similarity metric
is defined between pairs of articles and some clustering algorithm is applied (Bolikowski &
Dendek, 2011; Levin et al., 2012; Liu et al., 2013; Song et al., 2007). The method that we
propose in this paper belongs to the class of unsupervised learning approaches. Inspired by
the work of Levin et al. (2012), our method is based on rule-based clustering. An important
advantage of our method is, however, that information provided by different rules is
combined in a transparent way.

The organization of this paper is as follows. In the next section we explain the phases of our
disambiguation method in detail. After that we evaluate the results of disambiguating the
WoS database with precision-recall analysis on verified data sets. We close the paper with
some concluding remarks.

Methodology

Figure 1 provides a visual summary of the author disambiguation process that is followed by
our method. Bibliometric meta data related to authors and their publications is taken as input
and clusters of publications likely to be written by the same author is given as output. Our
method consists of three main phases: 1. pre-processing, 2. rule based scoring and clustering,
and 3. post-processing. The method is developed to disambiguate all authors in the in-house
WoS database of the Centre for Science and Technology Studies® (CWTS). The total number
of publications in the database (version April 2013) is 123,675,056.

Figure 1: Author name disambiguation process.

phase (1) g phase (2) o phase (3)
Pre-processing o Clustering " | Post-processing Author
identification
la Block author names  2a Apply rules 3a Assign non-clustered database
1b Make batches 2b Score publications pairs publications
2c Cluster publications 3b Process splitted oeuvres

3c Construct cluster details

Bibliometric
database

Pre-processing

Our method starts with the grouping of all author names into blocks (e.g., Levin et al., 2012).
These author name blocks are constructed based on the last name and first initial and the
removal of all non-alphabetic characters. For example, the author names “Caron, E.” and
“Van Eck, N.J.” are respectively assigned to the blocks “carone” and “vaneckn”. The
advantage of blocking author names is that the number of pairwise comparisons between
publications is greatly reduced and therefore the computational cost. Subsequently, the author
name blocks are divided into block size classes 1-6, based on the number of publications
within a block. The size class of the block says something about how difficult it is to
disambiguate a certain author name. In the scoring mechanism of phase 2, the block size
classes are used to adapt the amount of information that is needed to conclude that two
publications belong to the same author.

Rule-based scoring and clustering
In this phase, we first detect pairs of publications within blocks that are likely to be written by
the same author based on a set of scoring rules. The underlying idea of our scoring rule

> http://www.cwts.nl
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system is as follows. The higher the number of shared bibliographic elements between two
publications, the higher the amount of evidence that these publications are written by the same
author, and therefore the higher the score of such a publication pair. The scoring rules that we
use are based on four categories of bibliographic meta data (see Table 1): author (rules 1-4),
article (rules 5-7), source (rule 8), and citation (rules 9-11).

Rule 1 is defined as pairs of publications with email addresses that match exactly within a
block. When two publications relate to the same email address, it is obviously a very strong
indicator that the publications are written by the same author. Rules 2a and 2b are defined as
pairs of publications with two or three matching author initials in a block, respectively. In
general, the more elements are shared between a pair of publications the stronger a rule is.
Therefore, rule 2b is stronger than rule 2a and therefore more points are given to it. Rule 2c is
a negative rule, it gives a negative number of points to pairs of publications that have
conflicting initials. Rule 3a en 3b are specified as pairs of publications with a matching
general first name or a matching non-general first name, respectively. A first name is
considered to be general when it appears more than 1000 times in the database, otherwise it is
a non-general name. Address information directly linked to the author is used in rule 4. Rules
4a, 4b, and 4c find pairs of publications with matching country, city, organization, or
department information. The more address information items are shared between two
publications the stronger the rule is.

Table 1. Rules, scores and threshold for block size class = 2.

Category | Rule Field Criterion Score
1 |email 100
2a |allinitials, more than one two initials 5
2b more than two initials 10
2c conflicting initials -10
Author | 3a [first name general name 3
3b nongeneral name 6
4a |address (linked to author) country, city 4
4b country, city, org. 7
4c country, city, org., dep. 10
5a |shared co-authors one 4
Sb two 7
5c more than two 10
Article 6 [grant number 10
7a |address (not linked to author) |country, city 2
7b country, city, org. 5
7c country, city, org., dep. 8
Source 8a .subject category 3
8b |[journal 6
9 |[self citation 10
10a |bib coupling one 2
10b two 4
10c three 6
10d four 8
Citation | 10e more than four 10
11a |co-citation one 2
11b two 3
11c three 4
11d four 5
1le more than four 6
Threshold 11
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Rules 5a, 5b, and 5c¢ score the number of shared co-authors between two publications. The
more shared co-authors, the higher the score that is assigned. By applying rule 6, pairs of
publications are found that share the same research grant number. In rule 7, elements from the
publication’s address information that are not directly linked to the author is used.

Publications coupled by rule 8 share the same source, either the subject category (rule 8a) or
the journal (rule 8b). In general, if a pair of publications scores on multiple ‘sub rules’. The
strongest rule is selected. For example, if a publication scores on rule 8b, it does not receive
points for rule 8a.

Rules 9-11 are based on citation information. We classify a citation as a self-citation when the
citing and cited publication share a common author, based on shared last name and initials. In
rules 10 and 11 the concepts of bibliographic coupling and co-citation are used. The stronger
the coupling strength the more points are assigned, indicating a higher probability that two
publications are written by the same author. And the stronger the co-citation strength, the
more likely two publications have the same author.

Furthermore, we also deal with publication specific characteristics as hyper authorship and
hyper instituteship. Such type of publications would easily receive too many points, because
they have an increased chance, for example, that authors share a number of co-authors, self-
citations, or research addresses. In such cases the scores for rules are lowered.

The scoring values of the rules are defined based on expert knowledge of the bibliographic
database, and on initial evaluation of the method on a verified data set. First the expert
knowledge was used to establish initial values for all the rules. After that the values were fine-
tuned by experimental runs on the verified data set.

In step 2b the publication pairs are scored. A publication pair is defined as two publications
that have scored on at least one rule. Obviously, two publications can score on multiple rules.
In step 2b, first the total score for pairs of publications is computed. For example, see the set
of publications (P1-P6) and their scores depicted in Figure 2. For example, P1 and P2 share
the same email address (rule 1) and are published in the same journal (rule 8b). Therefore, this
publication pair receives 100 + 6 = 106 points in total. The other publications in the sample
are scored with the same procedure and are depicted with a connecting line in Figure 2.

Figure 2: Sample set of publications and scores.
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Next the pairs with a total score above the threshold are taken into account for clustering (step
2c). The threshold applied is increased dependent on the block size class. In this way, we deal
with the increased chance of incorrect coupling of publication pairs when the block size class
increases. Basically, the more rules that are active for a pair of publications, the more proof
there is that two publications are written by the same author. In general, for a pair of
publications always combinations of rules are necessary to exceed the threshold. Only the
email matching rule (rule 1) is strong enough to exceed the threshold by itself.

In step 2c, all publication pairs that are above a certain threshold, i.e. matched publication
pairs, are clustered by means of single-linkage clustering. For example, when publications P1
and P2 are a matched pair, and publications P2 and P3 are a matched pair, a link between the
two initial clusters is made via publication P2, thus the two initial clusters are merged into a
new cluster with publications P1, P2, and P3, and so on (see Figure 2). The final cluster
represents (a part of) the oeuvre of an author. In Figure 2, for block size class = 2, with
threshold >= 11, two clusters are obtained. For the coupling between P4 and P5 and P3 and
P4 there is not enough ‘proof’, denoted by a dotted line. Notice that, in the case of block size
class = 3, with threshold >= 13, three clusters would be obtained: P5 and P6 are in cluster 0;
P1, P2, and P4 are in cluster 1; and P3 is in cluster 2. Because of the higher threshold more
proof is required to connect publications.

Post-processing

The first step in phase 3 deals with publications that are not clustered in phase 2, because
there was not enough proof. Non-clustered publications are labelled as separate clusters. In
the next step splitted oeuvres are processed. Our method initially clusters publications within
name blocks. However, the oeuvre of an author might become dispersed over several blocks
because of the synonym problem. For example, a female author might a have a cluster for her
maiden name and for her married name. Splitted oeuvres are dealt with by using a correction
procedure over the generated clusters on matching email addresses between them. Finally,
matching publications are re-assigned to the largest cluster. The final step in this phase is the
presentation of the clusters in a useful database for bibliometric analysis.

Evaluation

The results of the clustering are evaluated with metrics as precision, recall, F1, and cosine,
which are common metrics in information retrieval research (see for example Levin et al.,
2012), on two verified (gold) data sets. The gold datasets, obtained from CWTS’ studies at the
author level (Van Leeuwen, 2007), are:

e Data set 1, with 133 mainly Dutch researchers with 3,601 journal publications in the
period 1990-2011. This data set is used for configuration of the method and for the
computation of evaluation metrics on the author level.

e Data set 2, with 1905 mainly Dutch researchers at technical universities with 46,730
journal publication in the period 2001-2010. This data set is used for the computation of
evaluation metrics on the aggregated block size class level.

Evaluation on data set 1

The precision and recall values for the best clusters per individual author are depicted in
Figure 3, where the author names on the x-axis are ranked based on precision-recall values.
The best cluster is defined as the cluster with the highest value for the F1 measure. Moreover,
the results in Table 2 show on average a precision of 0.974 and a recall of 0.906 for the best
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cluster. This shows that the disambiguation method is conservative, it prefers precision over
recall. The average total recall for this data set increases to a recall of 0.955 if the 5 best
clusters for an author are selected for evaluation. For a number of authors the oeuvre is clearly
distributed over several clusters.

Figure 3: Precision-recall analysis data set 1.
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Table 2. Average values of evaluation metrics for the best cluster in data set 1.

Precision | Recall F1 Cosine
Best cluster (mean) 0.974 0.906 0.931 0.935
Best cluster (median) | 1.000 0.955 0.963 0.964

Evaluation on data set 2

The results in Table 3 show on average a precision of 0.974 and a recall of 0.913 for the best
cluster in data set 2. These results are very similar compared to the results in data set 1. The
average recall is influenced by the synonym problem of some names.

Table 3. Average values of evaluation metrics for the best cluster in data set 2.

Precision | Recall F1 Cosine
Best cluster (mean) 0.974 0.913 0.930 0.936
Best cluster (median) | 1.000 1.000 0.992 0.992

From Table 4 it can be concluded that the average number of clusters produced by the method
increases when the block size class increases. This means that the oeuvre of an author with a
popular name, say block size class 6, will be more splitted on average compared to the oeuvre
of an author with a name which is less popular. Because the average precision-recall values
for clusters with popular names is still high the clusters are still useful. For such cases it is
obviously more work to collect all the relevant clusters. The low average recall of block size
class 1, with rare names that are associated with only one publication, is explained by the
synonym problem.
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Table 4. Results of aggregated evaluation metrics.

Block size class | # Blocks Avg # clusters Avg recall Avg precision
1 80 1,0 0,306 1,000
2 1764 1,4 0,931 0,977
3 122 2,1 0,967 0,949
4 47 3,4 0,976 0,953
5 7 3,8 1,000 0,982
6 4 7,2 1,000 0,944
Conclusion

In this paper we have presented an author disambiguation method for large bibliographic
databases that uses rule-based scoring and clustering. The rules are based on bibliographic
knowledge and are transparent and easy to understand. Due to the scoring, multiple rules can
be combined to link publications. The rules in the system reinforce each other, i.e. the more
rules that hold for a pair of publications, the more proof there is that these publications are
written by the same author. Erroneous coupling of publications — due to the complexity of
popular names, hyper authorship, and hyper instituteship — is partly prevented by lowering the
scores for rules and by increasing the threshold values.

The clustering method is conservative, it values precision over recall. This means that if there
is not enough proof for joining publications together, they will be put in separate clusters. As
a consequence, the oeuvre of an author may be split over multiple clusters. The evaluation of
the method shows on average a 95% precision and a 90% recall. The change of errors will
increase if an author name is more common. In the future we want to apply the
disambiguation method on the Scopus database®. In this way it would be possible to make a
comparison between our cluster identifiers and the *black-box” Scopus author identifiers, for
which the underlying author disambiguation method is not in de public domain.
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Theory

The geographic organization of scientific teams is a significant determinant of the impact, and
therefore the quality of a scientific paper. Prior knowledge in the field addressed the nature of
scientific collaboration (Katz & Martin, 1997). Previous work has also examined the impact
of distance on scientific output (Kraut et al., 1988). Despite this previous work, significant
questions remain. In this paper we apply spatial measures of scientific collaboration, using a
grid to capture the dynamic of both distances as well as places. The resultant output is
consequential for understanding interdisciplinary research, regional scientific specialization,
as well as the seeding of new research fronts.

In this paper we specifically examine research impact, a comparatively under-examined
aspect of scientific geography. Citations are an effective proxy for research impact, albeit a
measure which is partial and incomplete (Martin, 1996). The use of citations as a proxy for
research impact, or research quality, comes with lots of issues (Bornmann & Daniel, 2008b).
Chief among the issues are different patterns or levels of citation across different scientific
disciplines. Citation appears to be a form of social capital, accruing over the course of a
lifetime of research. Citations can be difficult to fractionate across teams, since team members
provide integral capabilities to the research.

Knowledge spillovers in patenting have been examined. Researchers have discovered that
knowledge spillovers are closely associated with regions. Some authors have defined regions
as metropolitan areas (Jaffe, Trajtenberg & Henderson, 1992). Others have used a looser
definition involving geographic distances of less than 300 kilometers (Bottazzi & Peri, 2003).
In this paper we apply a novel approach, by creating a multi-resolution grid that spans the
earth. Using geo-location databases and newly complete information concerning the location
of all scientific researchers, we are able to place publications on this grid. The resultant data
enables us to analyze selected fields of research, and specific knowledge regions.
Econometric modeling enables us to partial out the effects of distances and region.

The paper confronts explanations of structure and agency in scientific collaboration.
Structurally we examine the geographic dispersion of teams, as well as their location in high
productivity regions. Nonetheless collaboration is only partly structured by regional and

! This work was supported by U.S. Department of Energy, Energy Efficiency and Renewable Energy, SunShot
Award DE-EE00613
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economic factors. Personal costs and incentives on the part of scientists and institutions must
also be considered. We therefore consider search, transaction, and agency costs as an
explanation for the findings.

In the analysis that follows we hypothesize that, all things being equal, geographically
dispersed teams will show a higher degree of citation impact. The work further hypothesizes
that teams located in higher productivity regions will have a smaller geographic collaboration
distance, while showing a higher research impact. Smaller research fields will require a larger
geographic collaboration distance while not necessarily having a larger research impact in
terms of citation.

Analysis

Geocoding and Grid Assignment Procedure

Our analysis is based on a scientific publication dataset related to solar photovoltaic (PV)
technologies. Scientific articles were extracted from the Web of Science (SCI-E) with a series
of Boolean queries describing three PV technologies: dye-sensitized solar cells, cadmium
telluride thin film solar cells, and multi-junction solar cells. The queries, vetted by a panel of
PV subject matter experts, generated a data set of 22,924 documents (in XML format), over
the time period of 1980 through 2013. A supplemental data set of the 176,897 documents
cited by the primary data set was also extracted for future analysis.

For each publication, we follow a geocoding process similar to Waltman, Tijssen, & Eck
(2011); we extract author affiliation information from the XML records, ignore all but city,
state/province and country, and use a database of geographic names to convert the address
information to geographic coordinates. Addresses were processed using the open source
twofishes geocoder to provide city-level precision latitude and longitude coordinates for each
author affiliation in the data set. (Blackman, 2012)

To identify regions of high publication productivity, we partition the globe into a discrete grid
and assign each publication to one or more grid locations based on the spatial intersection of
the grid boundaries and the geographic location of the publication’s author affiliations. For
this analysis we employ the Icosahedral Snyder Equal Area Aperture 3 Hexagon (ISEA3H)
Geodesic Discrete Global Grid described by Sahr, White, & Kimerling (2003). A level 8
ISEA3H grid composed of 65,612 cells was generated using the public domain software
package DGGRID (Sahr, 2013). Each hexagonal cell corresponds to approximately 7,774km?
— approximately the same area as a 100km diameter circle. To evaluate the effect of grid cell
size, a level 9 ISEA3H grid composed of 196,832 cells — each cell corresponding
approximately to a 57km diameter circle — will also be generated and used for the analysis. A
further advantage of the discrete grid formulation is the ability to further aggregate the grid to
create regional or national measures. This enables the equal area projections to be made
comparable with planning region approaches, which may aggregate across regions that are
very different in area, population and gross domestic product.
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Figure 1: Level 8 Icosahedral Snyder Equal Area Aperture 3 Hexagon Discrete Global Grid

=2

To assign publications to appropriate hex cells, the output of the DGGRID software is
converted into a series of polygons and stored a spatially enabled relational database for
further analysis (PostGIS). Publications, represented as a series of points corresponding to
author addresses are inserted into the same database; a spatial join operation then associates
the publications with grid cells based on the intersection of publication points with grid
polygons. With the tables joined, we can identify which publications are associated with a
given hex cell and conversely, which hex cells are associated with a given publication.

Indicators

Based on the geocoding results, we calculate two publication-based indicators of
collaboration distance. The geographical collaboration distance (GCD) described in Waltman
et al. (2011) is calculated as the largest geographical distance between any two addresses
associated with a publication. The GCD tells us whether or not researchers are engaging in
long-distance collaborations, but it doesn’t fully reflect the geographic dispersion of
collaborators. For example, a publication with one author in Boston and one author in London
will have the same GCD as a publication with seven authors in Boston and one author in
London, despite the very different overall geographic dispersion of the team.

To supplement the GCD, we calculate the collaboration standard distance (SD¢) of each
publication. For a set of points (author addresses), the SD¢ is defined as the average distance
from each point to the mean center of all the points. Standard Distance is calculated as: (Burt,
Barber, & Rigby, 2009)

o, = J PG =0 B0, 0= 1)
n n
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where X; and y; are the coordinates for each author affiliation and X and Y are mean center of
all author affiliations. Returning to the example above, the publication with one author in
Boston and one author in London would have substantially higher SD¢ than the publication
with seven authors in Boston and one in London.

To analyze the effects of regional concentrations of publication activity and impact, we
calculate a series of hex cell-based indicators derived from the results of the spatial join, our
first measure, regional productivity, is simply the count of the number of publications
associated with the region. To characterize regional impact, we count the total output of high
impact publications in a region. To adjust for the varying number of publications associated
with different regions, we borrow a commonly used economic geography concept, the
“location quotient.” (North, 1955) We define the high impact publication location quotient
(LQnip) as the percentage of high impact publications associated with a region divided by the
percentage of high impact publications in all regions. LQuip is calculated as:

x,-/

n

LQnip = Tr
n

where Xx; and x are the number of highly cited publications regionally and globally, and n, and
n are the total number of publications regionally and globally. For a given region, an LQnip
greater than 1 indicates that production of high impact publications is more concentrated in
that region than average. Adopting the definition employed by Bornmann & Leydesdorff
(2011) and Tijssen, Visser, & Leeuwen (2002), we define the top 10% of publications (by
times cited) as “high impact”. Because our current analysis is limited to a single domain, solar
photovoltaic technology, we do not normalize citation counts by field.

Model

To explore the interaction of geography and citation count, we perform a multiple regression
analysis. Based on the distribution of citation counts in the data, and like others before us
(Bornmann & Daniel, 2007, 2008a; Davis et al., 2008), we selected the negative binomial
regression model, which is well suited to the distribution of our data. (Long, 1997). We model
the influence of our independent variables (Table 1) on our dependent variable, citation count.

Table 1. Model Variables

Variable Description

CitationCount (dependent) Number of times article has been cited

NumAuthors Number of authors associated with publication

NumCountries Number of countries associate with publication

GCD Geographic Collaboration Distance

SD¢ Collaboration Standard Distance

RegionProductivity Largest of regional productivity measures associated
with publication

Regionlmpact Largest of regional impact measures associated with
publication

L Qnip Largest of LQpi, measures associated with publication

90



Chase & Cunningham

The results of the analysis, to be fully detailed in the forthcoming paper, suggest a complex
interplay between the geographical distance and citation impact of scientific work.
Geographic dispersion has a non-linear effect on earned citation. This may be because while
geographic dispersion is always a cost, the capability of searching across extensive epistemic
networks to find exactly the right collaborator is often a boon. This suggests that both
geographical distance as well as epistemic distance plays a role in the results.

The analysis also suggests that geographical dispersion has a heterogeneous impact depending
on the productivity of the region, and the size of the research field. Here again, we argue that
scientific search within epistemic networks provides a potential explanation. Search processes
for scientific fields both small and large are fundamentally different in kind. High
productivity regions involve a concentration of potentially highly qualified researchers.
Distance measures are themselves insufficient to measure the concentration of talent; regional
level variables are also needed to model concentration.

Recommendations

Scientific knowledge increasingly requires multi-disciplinary and interdisciplinary work for
continued progress. However multidisciplinary work comes with its own costs — of finding
the correct people, of balancing the varied epistemic concerns, and of managing scientific
production across extensive distances. Another cost involves managing differing rules and
incentive systems, a cost which is likely to increase as teams grow geographically more
dispersed. Related work has investigated the costs and benefits of various kinds of proximity
on research collaboration (Cunningham & Werker, 2013).

The results demonstrate that highly productive regions are also advantaged in the production
of high citation work. High productivity regions provide useful knowledge spillovers across a
variety of new fronts of knowledge. Researchers seeking complementary knowledge to
complete a research agenda, often need not look much further than their local regions. As a
result the search costs for finding team members are low, and in addition, the transaction costs
associated with maintaining a working scientific relationship are also very low. Furthermore
the respective researchers inside a region share a common innovation system, leading to a
high degree of systemic proximity.

These results have practical implications for stimulating new scientific discoveries, for the
evaluation of research, and for personnel management in scientific teams. Emerging scientific
fields may have relatively low search costs, but conversely may have to manage the high
transaction costs associated with geographic distribution. Seeding new discovery may involve
funding and the smart specialization of districts where relevant knowledge already resides.
Alternately there may be concerns of equal access to funding and knowledge, where
geographic dispersion is a necessary cost for equity.

In these circumstances science funding agencies may wish to place a higher premium the
reduction of transaction costs, through collaboration grants and through the funding of
interdisciplinary workshops. A related policy measure might involve reducing systemic
distance between team members. Reducing systemic distance may be achieved through
mobility grants, a deliberate effort to unify funding requirements across agencies, or the
award of grants-in-kind.
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Grants-in-kind, where multiple funders collaborate with a common set of application
procedures and research incentives, may relieve teams of managing agency problems.
Previous research has considered funding for joint ventures, or funding on a team or network
basis (Melin, 2000). In particular multiple grant authorities may present teams with a multi-
principal problem. As a final note, scientific teams and their managers might think more
explicitly about the impact of distance on team formation, and the necessary compromises
that distance entails. The result of this paper suggests adopting a healthy degree of skepticism
regarding the virtualization of scientific teams.
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Background

Citations to and from books are distributed differently from those to and from journal articles
(Broadus, 1971). Lariviere et al. (2006) analyzed journal articles in SSCI and A&HCI showed
that references to journal articles amount to about 40-50% in the social sciences and
humanities during the period 1981-2000, or 45% in general. However, Line (1979) found that
monographs referenced proportionally fewer journal articles (25%), and more monographs
(51%) and other types of literature (24%) compared to journals, which reference to journal
articles at 47%, monographs 39%, and 14% to others. These studies show that books
reference more books than articles, and journal articles refer more articles than books.

On the side of citations, Samuels (2013) shows books in political science are cited by books
(16.3 times on average) more than by SSCI journal articles (6.6 times on average). In another
study (Samuels, 2011), SSCI articles are likewise cited more by books than journal articles.
This indicates that citations from journal articles are not the largest source of citations
obtained by social science publications. Although it is important to point out that the citations
from non-journals cannot be measured with the current methodology, these “invisible
citations” could increase the overall citations, especially of regional publications,
considerably.

These “non-source citations” from non-source items (not indexed in Web of Science (WoS))
exist, but it is difficult to trace them comprehensively. The poor coverage of WoS in the
social sciences, which is due to the selection thresholds on high-impact, international and
peer-reviewed journals, leads to missed citation links in these fields on a large scale. The
Book Citation Index (BCI) in WoS may provide a new opportunity to increase citation
coverage, though its publication coverage is not well developed yet. To investigate the
citations from outside of WoS, the method applied in this study is to reveal the ratios of
citations between books and journals by comparing the citation counts from WoS and BClI,
since citations from books are influential in the social sciences, as shown in the previous
studies.

Data set

The five-year publication output (2003-2007) from 33 professors in the two top-ranking
German political science institutions, the department of Political Science at Mannheim
University and the Institute of Political Science at the University of Minster, were collected
from the researchers’ official websites, institutional repositories, and SOLIS literature
database. The counts of publications of these 1,015 publications in different document types
are shown in Table 1. Citations of ISI journal articles, books, and edited books were obtained
from the WoS web version on 29th of January 2014.
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Table 1. Numbers of publications of two German political science institutes.

Document types |No. of publications (%)
ISI Journal Article 70 (6.9)
Non-1S1 Journal Article 151 (14.9)
Book 45 (4.4)
Edited Book 76 (7.5)
Book Chapter 396 (39.0)
Conference Paper 151 (14.9)
Others 126 (12.4)
All 1,015 (100)

Results

In order to compare the citations from book to the citations from journals, 70 ISI journal
articles, 45 books, and 76 edited books were checked for their citations in WoS and BCI
simultaneously. Figure 1 shows that for ISI journal articles about 15% of citations are from
BCI, while about 30% citations of books and edited books are from BCI. In general, books
have higher percentage of citations from books than ISI journal articles. The result shown in
this study is not as strong as those reported by Samuels, but books and journal articles are
cited by books more than articles in political science. However, it proves that books receive
more citations from books than journal articles do.

Figure 1: Shares of citations from WoS and BCI.
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In Figure 2, items in German (no matter in which document type) were cited by more WoS
citations in German than items in English. The books in German have 62% of WoS citations
in German, while books in English have only 8% of WoS citations in German. On the other
hand, Figure 2 also shows that BCI does not have a sufficient coverage of books in German in
political science, reflecting a very poor percentage of BCI citations in German to all items.
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Figure 2: Share of citations in German from WoS and BCI.
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Abstract

Although the main bibliometric databases (Web of Science and Scopus) claim to include
journals on the basis of scientific and publication standards, there have long been concerns
that its coverage is biased in favour of journals based in industrialised countries. In this
article, we investigate this claim in an area of agricultural science, namely rice research, using
the database CAB Abstracts. We find unambiguous evidence that for a field such as rice,
statistics based on WoS and Scopus may strongly under-represent the scientific production by
developing countries, and over-represent that by industrialised countries.

Introduction

Agricultural research has been and remains an important endeavour in developing countries,
as it is seen as a potential source of knowledge and innovation crucial for social and economic
development. However, given its applied orientation, the local specificity of the topics and the
lack of relevance of the topic for developed countries, it is unclear to which extent, research
on agriculture-related issues gets published or cited in "international™ journals and (even less)
gets indexed by main bibliographic databases (Velho, 1986, 1990). Thus, many science policy
analysts on developing countries have claimed that their publications are under-represented in
main bibliometric databases and that an applied field such agriculture might be further
disadvantaged (Royal Society, 2011).

The coverage of the Web of Science is well known to be biased towards English-speaking
publications and biomedical publications (Archambault et al., 2006). Scopus has been shown
to have a broader coverage, but its overall coverage leads to similar ranks regarding country
production over different fields, what has led some analysts to claim that ‘indicators of
scientific production and citation at the country level are stable and largely independent of the
database’(Archambault et al., 2009, p. 1320). Thus, in international benchmarking of science

' We are grateful to Diego Chavarro for fruitful discussions. We acknowledge support from the the UK ESRC
(grant RES-360-25-0076, “Mapping the Dynamics of Emergent Technologies”) and the US National Science
Foundation (Award #1064146 - "Revealing Innovation Pathways: Hybrid Science Maps for Technology
Assessment and Foresight"). The findings and observations contained in this paper are those of the authors and
do not necessarily reflect the views of the funders.
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by research agencies, the main databases WoS (e.g UNESCO, 2010) and Scopus (e.g Royal
Society, 2011) continue to be used. However, science policy analysts have repeatedly warned
of the partial coverage, mainly North-American and European, of the main commercial
databases (Chavarro, 2013) and recommendations have been made on the need to improve
scientometric indicators in order to "properly evaluate global science” (Royal Society, 2011,
p. 107).

In this article we show that for a field such as rice, statistics based on WoS and Scopus may
strongly under-represent the scientific production by researchers in developing countries, and
over-represent that by researchers in industrialised countries. This is suggested by the acute,
though decreasing, differences in coverage and publications counts by country between WoS
and Scopus and the database CAB Abstracts which has a much wider coverage (for the sake
of brevity CAB Abstracts will be referred to as "CABI" in the text). One may imagine that
these differences are likely to apply as well to other fields of agricultural research, particularly
those related to crops not important in the temperate climates of industrialised nations.

The agricultural field is an interesting area to investigate since it is “a field in which scientists
are under considerable pressure from client groups” so as to solve local problems rather than
contribute to the development of “universal” knowledge (Velho, 1990, p. 503). The main
reason for focussing on rice is that we would like to monitor a relatively basic crop (although
the technology behind research on agricultural crops is far from basic), which serves a large
number of people with different needs in different parts of the world. Rice is a crop (i) which
feeds a huge number of people around the world, particularly in low and middle income
countries; (i) which was at the core of the green revolution, particularly in the 60's and 70's,
when high yield varieties of rice where investigated and distributed across the world to reduce
the problem of famines in low income countries; (iii) and which, being the symbol of the
green revolution is also a controversial technology due to the negative effects such as
impoverishment of diets, overuse of water, exhaustion of soils, pollution, etc.

To our knowledge, this is the first bibliometric study using CAB Abstract, though small
explorations by practitioners have been reported (e.g. Kawasaki, 2004). This short paper is a
preliminary version and thus it only provides a simple first and tentative analysis of the data.
The next steps of this investigation will be first to match the articles between databases to
check the degree to which they cover different journals, and second to study the research
areas (genetics, pest research, rice production, nutrition, etc.) which are over/under-
represented in each database. At the current stage, though, this study strongly suggest that
CAB Abstracts (CABI) can be a useful complement of WoS and Scopus as a source of
information to map socially relevant research in mid and low income countries for issues
related to fields such as agriculture, environment, veterinary sciences, applied economics, and
food science and nutrition.

Methods and data

Publications on rice were manually downloaded from the WoS (including SCI-Expanded,
SSCI, A&HCI, CPCI-S i CPCI-SSH) searching “rice” or “oryza” in the field “topic”. Scopus
records were also manually downloaded searching in title, abstract or keywords, i.e. TIT-
ABS-KEY ("rice” OR "oryza"). Similarly, documents with “rice” or “oryza” were searched in
title and abstract of the database CAB Abstracts. (CAB Abstract allows to retrieve documents
classified as strongly related to “rice” in the field “Descriptor”, but for consistency with the
search on WoS and Scopus, we did not use this option here).
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CAB Abstracts (http://www.cabdirect.org/) is a database focused on environment and
agriculture. It is run by CABI, an inter-governmental, not-for-profit organization that was set
up by a United Nations treaty, with 48 member countries (many of them belonging to the
Commonwealth), with a mission of “providing information and applying scientific expertise
to solve problems in agriculture and the environment”.? Therefore, both CAB Abstract (for
agriculture and environment) and Global Health (for public health) are aimed at facilitating
the retrieval of relevant information for practitioners, very much as MEDLINE for medical
research, but with a focus on development. The data of the three databases was uploaded into
the very useful functions for address cleaning and standardisation of the programme
VantagePoint.®,

In this short communication we present a set of descriptive statistics, providing information
on the coverage in terms of number of publications by document type, language and year. We
then compare the number of publications for the main countries. We use the main author
affiliation to retrieve information on the country. An important caveat is that CABI only
reports the affiliation of the first author. In the case of WoS and Scopus, on the contrary the
affiliation of all authors are included. As a result, the shares of countries will tend to be higher
in WoS and Scopus. In this preliminary version, this effect has not been corrected. The error
is estimated (using small document samples) on a 10%-30% over-representation, depending
on country.

Characterisation of samples

Let us first describe the main differences between the documents retrieved from each
database. Given that each database classifies documents into different type categories, we
downloaded all the document types, with statistics described in Table 1. It is found that in all
cases, journal articles have a dominant share, between 81% (WoS) and 94% (Scopus). Hence,
the results that follow will be mainly explained by differences in the coverage of journals used
to index articles. The second most important document type is conference proceedings/papers,
which make between 3.5% (Scopus) and 7.3% (CABI) of the total publications. The category
“Miscellaneous” in CABI (4.7%) deserves further investigation.

Table 1. Share of publications by document type in the three databases investigated.

WoS Scopus CAB Abstracts

Doc type % Cum% | Doc type % Cum% Doc type % Cum%
Acrticle 81.2% | 81.2% | JOUR 93.7% 93.7% | Journal article 84.8% | 84.8%
Proceedings | 719, | g8.3% | CONF 35% | 97.20, | COnference 6.8% | 91.6%
Paper paper

Review 34% | 91.7% | SER 1.6% 98.8% | Miscellaneous 4.7% | 96.3%
ngttr'gg 2.7% | 94.4% | INPR 0.9% | 99.7% | Book chapter 2.0% | 98.3%
Note 2.4% | 96.8% | CHAP 0.3% | 99.9% | Book 1.9% | 100.2%
gg\?ikew 16% | 98.4% | BOOK 0.1% | 100.0% | Annual report 0.9% | 101.1%
E/Ida::grri';' 0.7% | 99.1% Bulletin 0.6% | 101.7%

*http://www.cabi.org/about-cabi/ (Retrieved March 1%, 2014).
*https://www.thevantagepoint.com/
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Letter 0.6% | 99.6% Conference 0.5% | 102.2%
proceedings
Correction 0.3% | 99.9% Bulletin article 0.4% | 102.7%

Note: Some documents are classified into more than one category.For example, many CABI
conference papersa are also Journal articles (this is why cumulative counting is higher than 100%).

In terms of language, as shown in Table 2, CABI is much more comprehensive than WoS
(Scopus data temporarily not available), with almost 10% of the documents in Chinese, and
6.7% in Japanese. WoS only covers a few journals in Japanese (2%) and Portuguese (1%). If
we consider the actual number of publications rather than the ratio within the data base, the
difference is even larger. For exemple, CABI has 7 times the number of publications on rice
in Japanese and 5 times the number of publications on rice in Portuguese.

Table 2. Share of publication by original language.

CABI WoS

Language # docs % # docs %

English 148577 | 71.84% 92554 | 94.93%
Chinese 20544 | 9.93% 490 | 0.50%
Japanese 13844 6.69% 2032 2.08%
Portuguese 5356 | 2.59% 1015 | 1.04%
French 3942 1.91% 560 | 0.57%
Spanish 3320 | 1.61% 307 | 0.31%
Korean 3018 | 1.46% 31| 0.03%
Russian 2396 1.16% 162 | 0.17%
Italian 1546 | 0.75% 22 | 0.02%
German 1462 0.71% 214 0.22%
Persian 501 | 0.24% 0| 0.00%
Dutch 440 | 0.21% 9| 0.01%
Thai 421 | 0.20% 11| 0.01%
Indonesian 285 0.14% 0 0.00%

Note: % documents is computed only over the documents with
language reported in the database (98% in WoS, 91% in CABI).

Trends over time show that CABI has had historically a much broader coverage that WoS and
Scopus, as shown in Figures 1 and 2. Before the 1980s, coverage by WoS and Scopus of
publications on “rice” is very limited. CABI shows a great increase in rice publications from
the postwar until the mid 1970s, particularly after the mid 1960s. This in agreement with the
diffusion of the “green revolution”. The postwar expansion is followed by a period of slow
growth from 1975 until 2000, when a renewed growth is observed (perhaps in coincidence
with the advent of genomic studies). Since the mid 1990s WoS and Scopus have been
catching up with CABI and by 2012 (last year fully indexed), WoS reaches 80% of CABI and
Scopus 86%, though with substantial non-overlapping coverage (not shown).
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Figure 1: Number of publications on rice per year by database from 1902 until 1975.
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Figure 2: Number of publications on rice per year by database from 1975 until 2012.
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Comparison of coverage across countries

The countries publishing the most on rice are India, China, Japan and the US. China’s
publications on rice have sharply increased in the last twenty years (as expected from global
publication trends, cf. Leydesdorff, 2012) whilst the share by India, Japan and the US have
decreased, as shown in Figure 3. Interestingly, all three databases agree on these trends.

However, there are major differences in the overall proportion of publication assigned to each
country in each database. In the case of CABI, India was the most productive country until the
it was caught by China in 2004. But whereas India’s publications made 21% of the total in
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2000-09 according to CABI, they represent less 9.6% and 8.4% in Scopus and WoS,
respectively, as illustrated in Figure 4. Similarly, China’s publications were 23% of CABI’s
publications, but only 16% and 13% according to Scopus and WoS. Oppositely, US
publications were only 7% in CABI, but 15% and 16% in Scopus and CABI. Japan stands in
the middle, with only a +1% difference depending on the database used. The differences in
coverage between databases have narrowed in recent years, as shown in the right side of
figure 4, but there is still a 2-fold difference in the percentage of publications assigned by
CABI and WoS for the US and India.

Figure 3: Publications trends by country according to CABI data.
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Figure 4: Percentage of publications on rice for large countries for different databases, in two
periods.
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Figure 5: Percentage of publications on rice by countries for different databases, in two
periods. Left hand side: countries with a relative higher CABI coverage. Centre: countries
with similar coverage. Right hand: countries with higher coverage in WoS.
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Figure 5 shows the percentage of publications for countries with smaller number of
publications of rice for the three databases. As in the case of the large countries, we observe
three patterns. On the left hand side, we show developing countries with much higher
coverage in CABI. On the right hand side, we present industrialised countries with a much
higher coverage in the WoS. In the middle, we have middle income countries from Asia that
score similar shares in all three databases. In the latest period (2010-13) the differences
between the countries are significantly reduced in some of the countries (e.g. in Brazil,
perhaps due to incorporation of Brazilian journals into the commercial databases), but not in
others (e.g. Iran and Nigeria). In the case of Western countries, the differences in coverage
mostly remain, while in the Asian middle income countries no clear trend is observed.

From the analysis of Figure 4 and 5 it follows that WoS and Scopus cover research published
in North-America and Europe, whereas CABI is more comprehensive. As a result of CABI’s
larger coverage, Western countries relative contribution to scientific production on rice is
much smaller than is usually acknowledged when using standard publication databases such
as WoS and Scopus.

There are a number of limitations in the empirical strategy adopted here. At this stage, we are
not correcting the data for the fact that CABI only reports the affiliation of the first author.
Second, although CABI overage of publication is possibly the largest on a subject such as
rice (Kawasaki, 2004), publications still represent a subset of the research actually carried out
on an applied fields such as agriculture. Particularly in agricultural technologies, many
research outputs are not accounted for in publications, such as developments on the field, but
also a lot of the research done by private companies and public organisations.

Conclusions

The results of this article suggest that previous assumption on the stability of indicators of
scientific production are incorrect (Archambault et al., 2009). Instead, this case study on rice
research shows that the indicator of number of publications is very dependent on the database
when one analyses low and middle income countries. These preliminary results are potentially
important for international organisations such as FAO, IFRI or UNESCO (UNESCO, 2010)
that aim to work on human development.

Nevertheless, this finding does not come as a surprise given the proliferation in the last two
decades of journal indexing systems at the regional level, such as Scielo* or Redalyc® that aim
to provide visibility to local journals, often in languages other than English (Chavarro, 2013),
precisely to compensate for fact that the local science and its journals are not perceived as
participating in “international” science (Velho, 1986). A further important issue to address in
this study of rice, is whether and how participation in different type of journals (indexed in
CABI, Scopus or WoS) has an effect in the choice of research problems (Velho, 1990;
Kreimer and Zabala, 2007).

4www.scielo.org
*http://www.redalyc.org
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Introduction

In July, 2013, ANVUR has published the results of the 2004-2010 Italian evaluation exercise
(VQR 2004-2010 or simply VQR in the acronym used hereafter). The VQR Report has
presented aggregate results relative to the quality of scientific publications submitted for
evaluation by Italian Universities and Research bodies; the final objective of the Report was
to rank Italian scientific institutions on the basis of the quality of their research, so as to
provide to the Italian Ministry of Education, University and Research (MIUR) information to
be used to assign a part of the public funding. The aim of this paper is that of providing a
more disaggregated analysis of evaluation outcomes, specifically looking at possible existing
correlations among scientific quality and a number of product- and researcher-specific
variables. In the following, section 2 will briefly describe the adopted evaluation methods,
while section 3 will present the econometric model used to study the relationship among
research quality and its possible explicatives, commenting upon the results obtained. Section
4 concludes.

The VQR 2004-2010

The VQR exercise has been kick-started by the publication on the ANVUR Website
(http://www.anvur.org/attachments/article/122/bando_vqr_def 07 _11.pdf) of the Call for
Participation (Bando di Partecipazione) on November 7, 2011. Research outcomes considered
for evaluation were: Journal articles; Books, book chapters, conference proceedings (with
ISBN codes); critical editions, translations, scientific comments; patents; compositions,
designs, performances, work of arts and others. A total number of almost 185,000 research
outcomes have been submitted for evaluation by the 61,822 Italian researchers on active duty
(either with fixed term or permanent contract) on November 7, 2011 operating in the 14
research Areas defined by the Comitato Universitario Nazionale (CUN, see table 1).

Table 1 — Research outcomes submitted for evaluation by Area and type of publication.

Outcomes | Journal Books Conference Critical
Area* - - % | % . % editions, % | Patents | % | Others | %
submitted | Articles chapters Proceedings .
translations
01 9,682 8,455 |87.3 465 4.8 731 7.6 3 0.0 6 0.1 22 0.2
02 19,386 18,105 |93.4 181 0.9 934 4.8 1 0.0 22 0.1 143 |0.7
03 11,812 11,608 |98.3 85 0.7 70 0.6 0.0 46 0.4 3 0.0
04 7,229 6,308 |[87.3 418 5.8 304 4.2 2 0.0 6 01| 191 (26
05 17,298 16,690 |96.5 313 1.8 245 14 1 0.0 36 0.2 13 0.1
06 27,085 26,266 |97.0 521 1.9 242 0.9 1 0.0 39 0.1 16 0.1
07 9,866 8,649 |87.7 583 5.9 591 6.0 1 0.0 31 0.3 11 0.1
08 9,657 4,202 |435| 3,943 |40.8 1,350 14.0 7 0.1 16 02| 139 (14
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09 17,654 14,329 |81.2 566 3.2 2,590 14.7 00| 106 |06| 63 |04
10 13,966 3,707 |265| 7,998 |57.3 1,979 14.2 196 14 00| 86 |0.6
11 13,158 5,032 |382| 7,295 |554 720 55 60 0.5 3 00| 48 |04
12 11,886 3,992 |336| 7,433 [625 379 3.2 5 0.0 00| 77 |06
13 11,765 7,286 |61.9| 3,964 |33.7 467 4.0 1 0.0 1 00| 46 |04
14 4,434 1,278 |28.8| 3,056 |[68.9 82 1.8 6 0.1 00| 12 |03
Total | 184,878 | 135,907 | 73.5| 36,821 |19.9 10,684 5.8 284 02| 312 |0.2| 870 |05

*01 Mathematics and computer sciences; 02 Physics; 03 Chemistry; 04 Earth Sciences; 05 Biology; 06
Medicine; 07 Agricultural and Veterinary Sciences; 08 Civil Engineering and Architecture; 09 Industrial and
information engineering; 10 Antiquities, Philology, Literary Studies, Art History; 11 History, Philosophy,
Pedagogy, Psychology; 12 Law studies; 13 Economics and Statistics; 14 Political and Social Sciences.

Research outcomes have been evaluated by 14 Groups of Experts, one for each area, on the
basis of the criteria of relevance (intended as contribution to the advancement of existing
literature), novelty and innovation (intended as contribution to creation of new knowledge)
and internationalization (intended as positioning of the research output in the international
research landscape). On the basis of those criteria, each research product has been assigned to
one out of four classes of merit, defined as follows:

A. Excellent: an outcome that falls in the top 20% of the world distribution according to

international standards thanks to their originality, methodological rigor and
interpretative relevance.

B. Good: an outcome that falls in following 20% of the world distribution according to
international standards. Those outcomes have been recognized as relevant in the
national and international debate for their contribution to the literature in the field.

C. Acceptable: an outcome that falls in the following 10% of the world distribution
according to international standards. Those outcomes have been considered at the
national and international level for their — albeit minimal — contribution to the
literature in the field.

D. Limited: an outcome that falls in the lower 50% of the world distribution according to
international standards. Those outcomes have been considered to provide a modest
contribution to the literature in the field.

On the basis of this classification, each outcome was assigned an individual score,
respectively equal to 1; 0,8; 0,5 and 0. Publications that were deemed as impossible to
evaluate received a -1 score, while those considered as plagiarism or fraud got a -2 score.
Missing outcomes with respect to what had to be expected for each researcher counted for -
0,5. As for the methods used for evaluation, peer review is generally considered as the main
way in which research outputs are evaluated by the scientific community. Peer review is
however not immune from criticism: referee may be driven by opportunistic motivations
(Frey, 2003) and the procedure may be ineffective in actually controlling for research quality
(Baxt et al., 1998); peer review is also considered to be prone to penalize new and innovative
theories and scholars in favor of well consolidated approaches, and to favor publications
written in English with respect to other languages (Seidl, Schmidt, Grosche, 2005). Starting
from those considerations, the VQR adopted a system of “informed peer review”, in which for
the Areas of Natural and Medical sciences, Mathematics, Engineering and, to some extent,
Economics and Statistics, peer evaluation was integrated with the use of quantitative
indicators concerning citations and journals’ impact, extracted from the ISI/Web of Science
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and Scopus databases. According to Seglen (1997), the use of citation as a quality measure is
based on the assumption that authors select references on the basis of quality. The use of a
measure of journals’ impact is particularly useful for most recent publications, for which
citations count is not always accurate, and in order to reduce the risk of possible distortions
caused by self-citations and opportunistic behaviors.

In any case, according to the Call, at least 50%+1 of research outcomes submitted for
evaluation had to be peer-evaluated®. Evaluation results are presented in Table 2, the analysis
being limited to outcomes presented by State Universities. In most Areas the share of
excellent outcomes is larger than the top 20% defined as the share of excellent researches (see
above). This should not come as a surprise: in fact, here we are not evaluating the overall
Italian distribution of research outcomes, but only the three best researches that have been
published by each author in the 2004-2010 period. As a consequence, the share of outcomes
receiving an “excellent” evaluation is usually larger than the 20% to be expected from an
analysis based on the complete distribution of Italian research outcomes.

Table 2 — Evaluation results by scientific Area (% shares)

Score

Areat | 2 | -1 | -05 0 05 08 1 Total humber of
1 | 000 | 050 | 875 | 1563 | 1264 | 2090 | 4159 8576
2 | 000 | 022 | 280 | 661 | 744 | 1612 | 66.81 5930
3 | 0oL | 004 | 157 | 933 | 68 | 2525 | 56.94 7889
4 | 000 | 041 | 260 | 2752 | 1107 | 2358 | 34.82 2918
5 | 000 | 004 | 281 | 2282 | 1002 | 2326 | 40.15 12759
6 | 000 | 188 | 909 | 2787 | 922 | 1806 | 33.88 25470
7 | 0oL | 066 | 173 | 2978 | 865 | 1654 | 4262 7985
8 | 001 | 009 | 320 | 2595 | 1926 | 2819 | 23.21 9332
o | 000 | 024 | 230 | 1420 | 1027 | 1907 | 5382 13320
10 | 000 | 056 | 307 | 1121 | 1582 | 4572 | 2363 13100
11 | 002 | 058 | 238 | 2060 | 2123 | 3460 | 2059 11709
12 | 002 | 055 | 752 | 1853 | 2176 | 4122 | 1040 11658
13 | 000 | 033 | 546 | 5056 | 1461 | 1222 | 1682 10681
14 | 003 | 015 | 310 | 2006 | 3112 | 2763 | 8091 3930

Total | 001 | 069 | 469 | 2241 | 1360 | 2528 | 3332 145257

101 Mathematics and computer sciences; 02 Physics; 03 Chemistry; 04 Earth Sciences; 05 Biology; 06
Medicine; 07 Agricultural and Veterinary Sciences; 08 Civil Engineering and Architecture; 09 Industrial and
information engineering; 10 Antiquities, Philology, Literary Studies, Art History; 11 History, Philosophy,
Pedagogy, Psychology; 12 Law studies; 13 Economics and Statistics; 14 Political and Social Sciences.

' See the VQR Report (http://www.anvur.org/rapporto/) and Ancaiani et al., 2014 for a more complete

description of the methodology adopted.
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Determinants of scientific performance

We assume that the probability of receiving a score equal to x € {—2; 1}, may be influenced
by three groups of variables, namely the characteristics of researches, researchers and the
University:

P (Score; = x) =
F(Output characteristics;, Researcher characteristics, Univerisity characteristics;)

(1)

In (1), F is the cumulative function of the normal distribution; among the first group of
variables we consider the type of outcome (Article; Book or book chapter; Proceeding; Other;
Missing), the year and the language of publication (Italian; English; Other), the methodology
of evaluation (Bibliometric, peer review or Informed peer review) and a binary variable equal
to one when the research is co-authored with a non-Italian author. As for the characteristics of
the researcher, we consider age, academic status (Full Professor; Associate Professor; other),
gender and a binary variable equal to one when the researcher has been promoted or hired in
the period considered. Finally, for the University we consider its location, age (distinguishing
among Historical Universities, founded before 1945, Modern Universities, founded between
1946 and 1989 and Contemporary Universities, founded from 1990 onwards), size at the Area
level in terms of number of outcomes presented for evaluation and the average amount of
non-finalized government financing per capita received in the period considered. We also
consider two indicators of academic specialization: the first takes a value comprised between
zero and one, being equal to one if in a University all the 14 research Areas have the same
weight in terms of research outcomes and being instead equal to zero if all research activity is
concentrated in one Area; the second indicator is given in each Area by the ratio between the
number of expected research outcomes in the area and the total research outcomes expected
for the University. The former indicator is intended to capture the relationship among research
quality and the specialization model adopted by the University as a whole, while the latter
measures the relationship with academic specialization specific for each Area.

Model (1) is estimated as an Ordered Probit, an extension of the standard binary probit model
used when the dependent variable takes the form of a ranked and multiple discrete variable.
We normalize with respect to a missing product, evaluated with bibliometric methods, written
neither in Italian nor in English, presented by a male Full Professor in Mathematics and
informatics, with no mobility and no international co-author, employed in a small
contemporaneous University located in the South of the country: i.e. the statistical
significance, sign and magnitude of estimated parameters are to be interpreted as differentials
with respect to this control group. First of all, the publication year has a different impact
across the various areas (Table 3): recent researches are better evaluated in natural sciences
and Medicine, while score is higher for outcomes published at the beginning of the period
considered in Mathematics, Industrial engineering, Economics and Statistics and in the very
heterogeneous Area 10; no effect is found in the remaining areas. Journal articles usually
obtain better evaluations in Earth science, Medicine, Agricultural and veterinary sciences,
Civil engineering and Architecture, Law and Economic and Statistics; on the other hand,
Books and books chapters have a significantly better evaluation in Mathematics, Medicine,
Agricultural and veterinary sciences, History and Philosophy, Law and Economics and
statistics; conference proceedings obtain more favorable evaluation in Mathematics, Law and
Economic and statistics and are instead penalized in Chemistry, Earth sciences and Biology.
As for the language of publication, researches published in Italian are usually negatively
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evaluated in all areas, while English-language publications are usually rewarded with better
evaluation, confirming the findings in previous studies both for peer review (i.e. Nylenna et
al., 1994) and citation analysis (Poomkottayil et al., 2011). Universities operating in the
Center-North usually obtain better evaluations; on the other hand, the effect of the year of
foundation of the University is highly differentiated: outcomes from historical Universities
are better evaluated in Physics and History and Philosophy and are instead penalized in
Chemistry, Earth Science and Agricultural and veterinary sciences; no effect is found in the
remaining areas. Similarly, modern Universities have better results in Medicine and History
and Philosophy and are instead penalized in Earth science. As for funds received by the
government, higher evaluation results are usually associated with higher financing in all
natural sciences, while the effect is statistically insignificant in non-bibliometric areas, where
indeed research is not in need of special equipment and technologies to be performed. The
effect of specialization or de-specialization of research activities is usually insignificant;
however, in Civil engineering and Architecture research outputs receive a better evaluation if
presented from specialized Universities, while the contrary is true in Earth sciences; if we
look more specifically at the specialization in the field under consideration, there is a positive
correlation among research quality and specialization in Agricultural and veterinary sciences,
History and philosophy and Social sciences; a negative correlation emerges instead in
Chemistry and Earth sciences. University size in terms of expected research products is
usually statistically insignificant; the only exception are Chemistry, where researches
presented by medium and large size Universities receive a better evaluation, and Agriculture
and veterinary sciences and Social sciences where the opposite is true. Finally, looking at
socio-demographic characteristics of the researcher, being hired or promoted has a positive
effect on research quality in Mathematics and Medicine and a negative one in Physics, Earth
sciences, Industrial engineering, Humanities and Social sciences (no effect is found in the
remaining areas). Researches presented by Full professors are usually better evaluated than
those submitted by Associate Professors or Researchers; however, ceteris paribus, younger
researchers usually receive better evaluations. Significant gender effects also emerge, with
researches submitted by women receiving a more negative evaluation in various areas. The
latter, rather puzzling, result has already been found in relation to research productivity in
various countries (Lariviére et al., 2013; Lariviere et al., 2011; Frietsch et al., 2009; Mauledn
and Bordons, 2006) and may be attributable to various factors mainly linked to the presence
of young children in the family and other personal characteristics (Stacks, 2004).

Table 3 —Ordered probit model for research score and its possible correlates.

Hard sciences

Explicative | ) 02 03 04 05 06 07 08 09
variablest

Information about the research products
PY -0,018*** | 0,055*** | 0,079*** | 0,035*** | 0,059*** | 0,014*** -0,005 0,003 -0,035***
JA 0,357 -0,134 -0,207 -0,670** 0,457* 1,067*** | 0,901*** | 0,248** -0,094
BBC 0,689*** 0,252 -0,396 -0,407 0,334 1,224*** | 0,760*** | 0,424*** -0,227
P 0,601*** -0,388 -1,137%%* | -1,676*** | -1,162*** -0,216 0,250 -0,098 -0,209
IT -0,412*** | -0,419** | -0,430** | -0,619*** | -0,478*** | -0,275*** | -0,413*** | -0,093** | -0,713***
ENG 0,019 -0,135** 0,021 0,100 -0,018 -0,035 0,187*** | 0,091** 0,051
INT 0,296*** | 0,694*** | 0,438*** | 0,540*** | 0,539*** | 0,605*** | 0,447*** | 0,294*** | (,320***
IPR -0,632*** | -1,376*** | -1,050*** | -0,494*** | -0,725*** | -0,804*** | -1,056*** | -0,948*** | -1,287***
PR -1,435%** | -1,890*** | -1,483*** | -1,830*** | -1,434*** | -1 664*** | -1,415%** | -1,329*** | -1 ,913***
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Information about the University

NW 0,465*** | 0,278*** | 0,139*** 0,004 0,436*** | 0,326*** | 0,120*** | 0,170*** | -0,017
NE 0,424*** | 0,226*** | 0,362*** | 0,267*** | 0,470*** | 0,326*** | 0,236*** | 0,204*** | 0,149***
C 0,447*** | 0,222*** | 0,307*** | 0,332*** | 0,353*** | 0,237*** | -0,029 | 0,236*** | -0,001
HU -0,115* | 0,231*** | -0,229*** | -0,269*** | -0,025 0,057 -0,291*** 0,065 0,087*
MU 0,003 0,148* -0,019 | -0,294*** | 0,019 0,109*** | -0,127* 0,064 0,037
UF -0,101 0,393** -0,080 0,672*** | 0,320*** | 0,901*** 0,318 -0,022 0,268***
AC 0,299 -0,406 -0,667* | 3,055*** 0,581* 0,974* 1,965*** | -0,393** -0,337
AS 1,399 1,780 | -3,356*** | -6,280** | -0,791* 0,008 1,355%** 0,102 0,037
MSU 0,028 -0,049 0,421%** -0,121 -0,093 0,006 -0,318*** | 0,115*** 0,066
BU 0,117* -0,053 | 0,423*** | -0,106 -0,015 0,057 -0,183* 0,053 0,078

Information about the researcher
WM 0,096*** | -0,118*** | -0,044 |-0,141***| 0,014 0,056*** 0,039 -0,012 | -0,081***
AP -0,473*** | -0,579*** | -0,473*** | -0,446*** | -0,415*** | -0,288*** | -0,302*** | -0,393*** | -0,303***
RES -0,829*** | -0,958*** | -0,820*** | -0,792*** | -0,749*** | -0,593*** | -0,503*** | -0,641*** | -0,500***
OTH -1,019*** | 3,088 0,339 | -1,245*** | -0,625*** | -0,544*** | 0,576 | -0,530** | -0,508**
AGE 0,047*** | 0,054*** | 0,042*** | 0,043*** | 0,037*** | 0,022*** | 0,022*** | 0,030*** | 0,028***
w -0,178*** | -0,136*** | -0,133*** | 0,020 -0,015 0,035** 0,015 0,049+ 0,041

Social sciences
Explicative 10 11 12 13 14
variables
Information about the research products

PY -0,020*** -0,006 0,000 -0,027*** 0,001
JA 0,063 0,057 0,667*** 1,407*** 0,505*
BBC 0,074 0,265** 0,674%** 1,286%** 0,507*
P 0,020 0,245* 0,629*** 0,764*** 0,280
IT -0,113*** -0,232%** -0,091*** -0,721%** -0,279***
ENG 0,162*** 0,084** 0,228*** 0,337*** 0,219***
INT 0,150** 0,420*** -0,041 0,590*** 0,286***
IPR -0,298*** -0,106
PR -0,774*** -0,783***

Information about the University
NW 0,300*** 0,370*** 0,257*** 0,295*** 0,323***
NE 0,300*** 0,368*** 0,190%** 0,336*** 0,204***
C 0,244%*** 0,298*** 0,200%** 0,223*** 0,141%**
HU -0,001 0,201*** 0,102*** 0,026 0,118
MU -0,012 0,209%** -0,030 -0,0663 -0,189***
UF -0,094 -0,056 0,009 -0,078 0,274
AC -0,383 0,085 0,149 -0,211 0,587
AS 0,086 4,360*** 0,442 -0,266 4,968***
MSU -0,062 -0,014 0,062 -0,267**
BU -0,015 -0,042 0,000 0,018 -0,245**
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Information about the researcher

WM -0,082*** -0,016 -0,021 0,014 -0,520***
AP -0,541*** -0,387*** -0,684*** -0,188*** -0,835***
RES -0,947*** -0,635*** -1,088*** -0,380*** -0,993***
OTH -1,495%** -0,812*** -1,172%** -0,237 0,026***
AGE 0,039%** 0,025%** 0,028*** 0,019%** -0,086**
W -0,121%** -0,025 -0,010 -0,082*** -0,520***

TPY: publication year; JA: journal article; BBC: book, book chapter; PR: proceedings; IT: Italian; ENG:
English; INT: International coauthors; IPR: Informed peer-review; PR: peer review; NW: north west; NE: north
east; C:center; HU: historical universities; MU: modern universities; UF: university funds; AC: academic
concentration; AS: area specialization; MSU: medium-size universities; BU: big universities; WM: work
mobility; AP: associate professor; RES: researcher; OTH: other academic ranks; AGE: year born; W:woman.
*** Statistical significant at 1%; ** Statistical significant at 5%; * Statistical significant at 1%.

Conclusions and further research

The VQR provides invaluable information about scientific research that has been produced in
Italian University in the period 2004-2010. In this paper we have related the rating in the
assessment exercise to socio-demographic characteristics of the researcher and the University
and to intrinsic characteristics of the publication. The analysis shows that ratings crucially
depend on language and typology of publication and by the methodology adopted for
evaluation; also the personal characteristics of the author submitting the research counts, with
younger researchers and Full Professors receiving, ceteris paribus, a better evaluation. A
negative gender effect for women also emerges, probably attributable to personal
characteristics linked to child care and network externalities. Last but not least, outcomes
submitted by researchers working in the Centre-North of the country usually obtain better
evaluations than those in the South; on the other hand, the effect of size, age and scientific
specialization of the University is not clear-cut, being positive in some areas and negative or
statistically insignificant in others. Public funding to University research is finally found to be
correlated with positive ranking in the assessment exercise, especially in natural sciences and
engineering, where there is particular need of appropriate funding for conducing laboratories
experiments and research.
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Introduction

In bibliometrics it is not uncommon to benchmark bibliometric units such as countries or
universities based on the output attached to them through the affiliation addresses included in
the publications. These data on addresses are directly attached to publications and it is
relatively easy to collect the scientific production of a country or any big unit of analysis.
However, more difficult is the comparison of different units based on the collective
performance of the different scholars affiliated to them (e.g. applying a more bottom-up
approach, van Leeuwen, 2007). Research organizations (or even countries) can change or
disappear and, although facilitators, they are not the final producers of the new scientific
knowledge. It’s the scholars working for these organizations who do the research (Bornmann
& Marx, 2013). However, one of the most important reasons for the underdevelopment of
such studies is the lack of accurate and extensive data on individual scholars.

In spite of these limitations an attempt was done (Zuccala et al, 2010) already showing the
potential of this new type of studies. Also, Danell (2013) has shown that different
perspectives on the analysis of productivity can provide different results. In this paper we
present the results of a broad benchmark study of countries based on the individual
performance of the scholars affiliated to them. The main focus is not the “performance of the
country” but the “performance of the individuals working in the country”. The main objective
of this paper is to present the methodological approach and main results of a first explorative
extensive benchmark study of countries based on the performance of the scholars that can be
attached to them.

Besides the more advanced way of assigning research output to entities (countries,
organizations), the approach facilitates statistically more advanced analyses, using
distributions.

! This work was supported by the Crucell Vaccine Institue. The authors of this report are also very grateful to
Jessica Meijer, Dick den Os and Jaco Klap from Crucell Vaccine Institute, Center of Excellence for
Immunoprophylaxis, Johnson & Johnson for all their feedback, comments, support and suggestions during the
development of this paper.
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Methodology

For this analysis we consider all the individual scholars identified in a more extensive study
carried out at CWTS of active scholars in the field of Life Sciences (LS) during the period
1980-2011 (Costas & Noyons, 2013)?. In that study we took advantage of an algorithm
recently developed at CWTS for author name disambiguation of all the author names
currently in the Web of Science database (Caron & van Eck, 2014). This algorithm has shown
substantial good results in terms of precision and recall values (over 90% in both), and we
consider this a suitable tool for our approach. In addition to this author name disambiguation
algorithm we have also collected information on the addresses of the individuals identified.
This linkage of authors to affiliations is based on ‘known’ linkages between authors and
countries found in scientific publications (e.g. reprint authors, direct linkages of authors with
affiliations, e-mail data, publications with only one affiliation, etc.). As a result we have the
‘oeuvres’ of the different individuals as well as their different affiliations.

For this paper we only took scholars into consideration when they have as their most common
certain address (MCAD) any of the countries selected for this study. In other words, we study
scholars whose most frequent ‘certain affiliation’ in their publications is located in that
country. An alternative approach could be to use the most recent affiliation of authors to
assign them to the different countries. Individuals are assigned to one country only although
we realize that they may need to be assigned to more than one (e.g. scholars have sometimes
double appointments and affiliations, sometimes they have publish more papers in one
affiliation while they spent more time in another one, etc.). For the interpretation this needs to
be taken into account but for the purpose of this study and given its high aggregated level we
expect that such issues will be cancelled out. More research is necessary to shed more light on
this aspect.

The countries selected for this study are the Netherlands, Belgium, United States, China,
Germany, Sweden, Denmark, Poland, Finland, Switzerland, Brazil and the United Kingdom.

Results

Descriptive analysis

In this section we provide some general statistics of the population of scholars included in the
analysis. In Table 1 we can see a first overview of the identified LS researchers by country
(columns total, %country sample and %world scholars). US scholars dominate the analysis as
they represent more than 49% percentage of all scholars in the study and more than 22% of all
worldwide LS scholars. Germany and UK are second, each representing more than 10% of the
scholars in the set of countries and more than 9% (together) of all world’s scholars. It should
be noted that with the selection of countries we cover almost 45% of all world’s scholars
active in LS as defined in Costas & Noyons (2013).

Top performance analysis

In this part we focus on the number of top performers in each country. We established several
typologies of scholars by means of a classificatory approach (similar to the one implemented
by Costas et al, 2010). Thus we were able to identify scholars who can be considered as “top
producers”, i.e. scholars that are among the 25% most productive scholars worldwide in LS;

? For some of the most important methodological details such as the selection of individuals, their linkage of
authors to affiliations, bibliometric indicators, citation window and analysis of the different typologies we refer
to Costas & Noyons (2013).
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“top toppers”, i.e. scholars among the 25% most productive, the 25% most productive of
highly cited publications, and also among the 25% scholars publishing in the best journals. A
third typology of scholars are the “high impact” scholars, i.e., those belonging to the top 25%
of the world in terms of publishing highly cited publications and impact of their journals, but
belonging to the segment of producers between the median and percentile 25. We consider
that these typologies of scholars are relevant and have a research policy value, however we
acknowledge that these are not the only possible typologies (e.g. Seiler & Wohlrabe, 2013). In
this paper we will focus on these three typologies and leave for further research the
exploration of other typologies of scholars.

Top producers
Table 1 and Figure 1 present the results of the analysis of the ‘top producers’ active across the
different countries.

Table 1. Top producers analysis by countries

%country %world | Top %top producers %top producers %top producers
country total sample scholars | producers within country within sample worldwide
BELGIUM 12,008 2.0% 0.92% 3,511 29% 2.2% 1.1%
BRAZIL 28,798 4.9% 2.20% 4,831 17% 3.0% 1.5%
DENMARK 8,972 1.5% 0.69% 2,622 29% 1.6% 0.8%
FINLAND 9,495 1.6% 0.73% 2,672 28% 1.7% 0.8%
GERMANY 62,515 10.6% 4.77% 18,261 29% 11.4% 5.6%
NETHERLANDS 26,083 4.4% 1.99% 7,561 29% 4.7% 2.3%
PEOPLES R CHINA 46,119 7.9% 3.52% 5,115 11% 3.2% 1.6%
POLAND 10,818 1.8% 0.83% 1,978 18% 1.2% 0.6%
SWEDEN 18,180 3.1% 1.39% 4,709 26% 2.9% 1.4%
SWITZERLAND 13,953 2.4% 1.07% 3,929 28% 2.4% 1.2%
USA 289,494 49.3% | 22.11% 87,517 30% 54.4% 26.7%
UK 60,900 10.4% 4.65% 18,150 30% 11.3% 5.5%
Total selected countries 587,335 100.0% 44.85% 160,856 27% 100.0% 49.1%
Total worldwide 1,309,458 100.00% 327,375 25% 100.0%
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Figure 1: Share of top producers across countries — red line: international threshold, green
line: set of countries threshold.
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Table 1 shows how 25% of the world scholars are top producers (which is not a surprise, as
this is the threshold). In the set of countries selected 27% of the scholars are top producers
which means that the selection of countries have proportionally more top producers than
would be expected as set by all the researchers included in the analysis. Hence, it is more
difficult to become a top producer in our selected set of countries than in LS worldwide.
According to Figure 6 we see that most countries in our set (including small countries like the
Netherlands or Belgium) have high shares of top producers. The US and the UK have the
highest shares of top producers (~30%). China, Brazil and Poland are the countries with the
lowest shares. It should be noted that only through analyses as presented here, we are able to
investigate productivity, under the assumption that other factors are equal for all researchers
in our set.
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Top toppers

In simple words “top toppers’ are those top producers that also have a high impact. In Table 2
and Figure 2 we analyse the ‘top toppers’ across the countries. In figure 2, the red line
indicates the international share of top toppers and the green line indicates the share of top

toppers within the set of the selected countries.

Table 2. Analysis “Top toppers’ by countries

%top toppers %top toppers %top toppers
country total Top toppers within country | within sample worldwide
BELGIUM 12,008 486 4.0% 1.1% 0.8%
BRAZIL 28,798 51 0.2% 0.1% 0.1%
DENMARK 8,972 382 4.3% 0.8% 0.6%
FINLAND 9,495 326 3.4% 0.7% 0.5%
GERMANY 62,515 2,374 3.8% 5.3% 3.9%
NETHERLANDS 26,083 1,576 6.0% 3.5% 2.6%
PEOPLES R CHINA 46,119 310 0.7% 0.7% 0.5%
POLAND 10,818 40 0.4% 0.1% 0.1%
SWEDEN 18,180 670 3.7% 1.5% 1.1%
SWITZERLAND 13,953 1,009 7.2% 2.2% 1.6%
USA 289,494 32,912 11.4% 73.1% 53.5%
UK 60,900 4,914 8.1% 10.9% 8.0%
Total selected countries 587,335 45,050 7.7% 100.0% 73.2%
Total worldwide 1,309,458 61,567 4.7% 100.0%

Figure 2: Share of ‘top toppers’ across countries.
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In table 2 we see that the overall share of top toppers worldwide is 4.7% while the share of
top toppers in the sample of the selected countries is 7.7%. The US is the country with the
highest share of top toppers, hosting more than 50% of them (as presented in the last column
of table 2). Among our set of countries (Figure 2), the US is the country with the highest
share, with almost 11% of the researchers of this country being top toppers. The second best
countries are the UK and Switzerland, with more than 7% of their scholars within this very
competitive type of scholars. The Netherlands comes fourth with 6% but still below the
average within our set of countries. These four countries are the only ones (within our set of
countries) that present a share of top toppers above the average share top toppers worldwide
of 4.7% .

High impact
In this third section we analyze the presence of ‘high impact’ scholars across countries. Table
3 presents the main scores and Figure 3 the comparison of the countries.

Table 3. Analysis High impact by countries

%high impact %high impact %high impact
country total High impact | within country | within sample worldwide
BELGIUM 12,008 410 3.4% 1.4% 0.8%
BRAZIL 28,798 75 0.3% 0.3% 0.2%
DENMARK 8,972 340 3.8% 1.2% 0.7%
FINLAND 9,495 260 2.7% 0.9% 0.5%
GERMANY 62,515 1,919 3.1% 6.7% 3.9%
NETHERLANDS 26,083 1,253 4.8% 4.4% 2.6%
PEOPLES R CHINA 46,119 428 0.9% 1.5% 0.9%
POLAND 10,818 26 0.2% 0.1% 0.1%
SWEDEN 18,180 572 3.1% 2.0% 1.2%
SWITZERLAND 13,953 766 5.5% 2.7% 1.6%
USA 289,494 19,180 6.6% 67.0% 39.1%
UK 60,900 3,385 5.6% 11.8% 6.9%
Total selected countries 587,335 28,614 4.9% 100.0% 58.3%
Total worldwide 1,309,458 49,109 3.8% 100.0%
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Figure 3: Share of high impact scholars across countries.
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From table 3 and figure 3 we get a similar picture as with the top toppers. We see how the US,
UK and Switzerland are the countries with the highest proportions of *high impact’ scholars
and the Netherlands coming fourth place. These four countries exceed the international
average share of high impact scholars, with Denmark just below. Also here the emerging
countries (Brazil, China and Poland) are the ones with the lowest rates. In this case the
Netherlands reaches the average of selected countries, indicating that this country scores
better on this indicator.

Conclusion and Discussion

In this paper we present a novel approach of benchmarking research entities (countries,
institutes) based on the performance of the individual scholars linked to them as a
complement to the regular analysis of the overall output of countries. This new approach
enhances the analytical possibilities and provides multiple and new perspectives and
interpretations of the differences among countries regarding their scientific activity and
productivity. We move a step forward from the analysis of publications that can be attributed
to countries to the analysis of individuals that can with some certainty be linked to those
countries.

In general terms, we see countries with different patterns in terms of the performance of
individuals. The analysis based on typologies of researchers like for example the *high
impact’ typology as opposed to top toppers or top producers, may unveil aspects of a
country’s or an organization’s performance which cannot be derived from the usual
bibliometric analyses. For example, the fact that the Netherlands performs comparatively
better in terms of ‘high impact’ scholars than with top toppers may indicate that for this
country the focus of scholars is less on production , but more on high impact (i.e. high impact
or more ‘selective’ researchers).
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All in all, this study opens important and challenging new pathways for research performance
analysis. Firstly, it makes possible to move from a publication-based perspective to a more
individual-level based approach. This change makes possible the analysis of research
guestions more targeted to individuals or groups and can help to identify aspects that would
be more difficult to grasp from a regular publication-based approach. Secondly, the analysis
of different typologies of scholars may help to expand the debate on the research policies
across countries, showing that the ‘publish or perish’ approach is not the only one but that
there are other typologies of performance that may be also relevant. In any case, the
development of individual-level bibliometric approaches is an open topic. Further research
should focus on problems still related with data collection (Smalheiser & Torvik, 2009), the
possibilities of improving the approaches here used (e.g. through the ‘Characteristics Scores
and Scale’ approach, Ruiz-Castillo & Costas, 2014) and the more conceptual discussion on
the consideration of individuals bibliometrically (e.g. Glanzel & Wouters, 2013).
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Abstract

Co-authorship is the norm in most branches of science. With an increasing number of
individuals claiming authorship to the same article, however, it is less clear what being an
author actually means; i.e. what contributions merit the authorship. In this paper | present the
results of an analysis of author contribution statements published in Nature Neuroscience; the
purpose was to investigate what type of contributions merit authorship, and what happens to
the composition of the author team when it increases in size. | classified all tasks according to
a scheme suggested by Davenport & Cronin (2001); core author tasks, middle layer tasks, and
outer layer tasks. The results show that the largest share of authorship is core authors, but that
a substantial share of the authors belong to the outer layer. An analysis of changes in the
composition of author teams as they increase in size revealed that the increase in team size
was mainly driven by an increase in middle layer authors, indicating a process of functional
differentiation in author teams due to the increasing complexity of the work tasks.

Introduction

The size of author teams varies from one to several hundred, or in some extreme cases over a
thousand. In most fields of science and technology, papers by a single author are unusual—
almost a thing of the past—and in both science and the social sciences, the average number of
authors per article is increasing over time (Beaver & Rosen 1978; Endersby 1996; Persson,
Glanzel & Danell 2004). There may be multiple factors behind this increase in co-authorship
that explain the shift in collaboration patterns. However, a reasonable assumption is that the
increasing size of authorship teams is related to the increasing social and cognitive complexity
of modern science (McDowell & Melvin 1983; Jeong, Choi & Kim 2011; Nowell & Grijalva
2011).

In biomedicine the increase in the number of authors per publication is a source of concern
and debate among editors and scientists (Smith 1997; Flanagin et al. 1998; Rennie & Yank
1998; Shewan & Coats 2010). The intense discussion about authorship concerns ethics and
accountability—or the lack thereof-in research, and motivated the International Committee of
Medical Journal Editors (ICMJE) to formulate an official position regarding criteria for
authorship (Biagioli 1999). The ICMJE authorship standard is an attempt to strengthen the
idea of an author as the individual responsible for the content of a text, and can be interpreted
as a defence of the traditional view. Others have argued that this idea of an author is obsolete,
and that it should be replaced with a notion of a contributor; and that the list of authors should
be replaced with a list of contributors resembling the list of contributors found in other
complex cultural products such as films or plays (Rennie et al. 1997; Rennie & Yank 1998).

In science studies and information science there is increasing research concerning scientific
authorship. Notable examples are survey studies describing the prevalence of authors not
conforming to ICMJE criteria for authorship (Flanagin et al. 1998); pioneering empirical and
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theoretical work done by Blaise Cronin and his co-authors (Cronin 2001; Cronin, Shaw & La
Barre 2003; Cronin 2004; Cronin 2005); and Birnholtz’ (2006) investigation into what it
mean to be an author in high energy physics. It should also be mentioned that Cronin (1995)
extends the notion of an author when he goes beyond individuals listed as authors, and
emphasizes the individuals listed in the acknowledgement as a kind of sub-author. There is a
need for research, however, into what type of contributions motivate authorship, and how
author teams are composed with regard to different types of contributions.

The results presented in this paper are based on an analysis of author contributions published
in Nature Neuroscience. The aim of this study was to investigate what kind of contributions
merit authorship, and what happens to the composition of the author team when it increases in
size.

Data and method

The data consist of author contribution statements retrieved from articles published in Nature
Neuroscience in 2012 and 2013. A total of 275 articles were checked for author contribution
statements; statements were found in 237 of them. Among the publications where author
contribution statements were missing were articles by one author, or specific document types
such as brief communication, commentary, perspectives, or reviews.

Nature Neuroscience, like all journals from the Nature publishing group, requires authors to
include a statement that specifies the contribution of every author. One example of a

contribution statement:

“This study was designed, directed and coordinated by F.C.d.A. and L.-H.T. L.-H.T., as the principal
investigator, provided conceptual and technical guidance for all aspects of the project. F.C.d.A. planned and
performed the in utero electroporations and analyzed the data with A.L.R. and O.D. F.C.d.A. performed and
analyzed the immunohistochemistry experiments. K.M. generated and characterized the shRNA constructs.
K.M., ALL.R. and D.R. contributed to the neuronal cultures. T.T. performed and analyzed the data from the
neuronal cultures of NrplSema- mice. A.L.R., O.D., J.G. and R.M. contributed to the biochemistry experiments.
T.S. generated the lentiviral ShRNA construct and produced the virus particles. D.D.G. and A.L.K. provided the
NrplSema- mouse brains and suggested and commented on the design of the experiments. The manuscript was
written by F.C.d.A. and L.-H.T. and commented on by all authors.” (de Anda et. al 2012)

The descriptions of the authors’ contributions varies between manuscripts. Nature allows two
co-authors to be specified as having contributed equally to the work, but prefers clear
statements of author contributions. The length of the descriptions produced by the authors
varies from 45 to 1323 characters, with an average length of 378 characters per statement. As
expected, more specific information concerning the contribution of each author is provided in
articles with more authors.

Classifying authors according to their contribution was carried out in several steps. In order to
classify author contributions, the contribution statements divided into specific work tasks; I
used regular expressions to extract the authors from the descriptions of the work tasks. After
that, | attributed the work task to all authors mentioned as performing the task. After
constructing a database consisting of authors linked to work tasks, | classified all tasks
according to a scheme suggested by Davenport & Cronin (2001); core author tasks, middle
layer tasks, and outer layer tasks. Table 1 describes the classification scheme used.
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Table 1. A three-tier author contribution taxonomy
Type of contribution Examples

Core task Conception and design

Writing the manuscript

Middle layer task Conducting experiments
Data analysis
Interpretation of data

Project management

Outer layer task Obtaining funding
Providing samples
Providing technical assistance

Collecting data

Authors were classified into core authors, middle layer authors, and outer layer authors
according to the scheme above. The classification was hierarchical: authors performing core
author tasks were classified as core authors; authors to whom middle layer contributions
could be attributed were classified as middle layer authors, if they had not already been
classified as core authors; and authors to whom neither core author tasks nor middle layer
tasks were attributed were classified as outer layer authors.

In the core layer we find work tasks typically attributed to research leaders, such as
conception and design, and drafting and revising the manuscript. Almost all the articles
mention who designed the study and who wrote the manuscript. In the original taxonomy
suggested buy Davenport and Cronin, however, they listed final approval of the manuscript as
a core contribution. It was not possible to use this work task. Almost all the articles stated that
all authors had read and approved the manuscript. It is a matter of discussion whether all the
authors really read the manuscript or not. However, the journal demands that this is the case,
so it therefore cannot be used as a criteria to distinguish the authors from each other.

Results

The composition of the author team

In this first part of the results section I will present the distributions of authors by contribution
type. It should be noted that most core authors perform middle-layer tasks as well, but they
are only classified as core authors. Middle-layer authors are those who perform middle range
tasks, but no core tasks. Outer-layer authors are those who perform only outer-layer tasks.
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Table 2. Distribution of authors according to contribution

Layer No authorships Share of Avg. authors per  St.d. authors per
authorships (%) article article

Core authors 815 47.3 35 2.3

Middle layer authors 671 38.9 2.8 3.1

Outer layer authors 238 13.8 1,1 2.0

All authors 1724 100.0 7.4 4.9

Table 2 displays authorships distributed by type of author. The core authors—the authors who
conceptualized the studies, designed the experiments, and/or wrote the articles—constitute the
most frequent type in this sample of articles published in Nature Neuroscience. All documents
contain core authors, and this layer of authors comprises 47.2 percent of the author collective;
the 815 core authors average out to approximately 3.5 core authors per article. The 671
authors classified as middle layer authors comprise 38.9 percent of the author collective.
These authors did not perform core author activities, but they were involved in the research
process—conducted experiments, analysed and interpreted the data, and so on. The description
of middle layer tasks is often very specific in contrast to the description of core author tasks,
and varies depending on whether the content of the articles represent fMRI studies,
biochemical research, or clinical research. It is the outer layer of the author collective,
however, that has sparked debate and concern, particularly in the biomedical research
community. The outer layer is defined negatively: authors are classified as other layer authors
if they were not involved in the planning, analysis, or writing phases, i.e. they did no work
directly connected to the research presented in the article. The 238 outer layer authors in this
study comprise 13.8 percent of the author collective. The percentage of outer layer authors
observed confirms results from a survey study of author contributions in biomedicine
(Flanagin et al. 1998).

It can be concluded that outer layer authors constitute a substantial part of the author
collective. This in spite of their contributions, or lack of contribution, are described in the
article. Since the content of outer layer contributions is not stated in the classification scheme
used, taking a closer look at what type of contributions authors in the outer layer made in
order to be listed as authors is justifiable. Table 3 displays the distribution of authorships by
contribution.
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Table 3. Author contributions attributed outer layer authors
Author contribution Number of authorships Percent of outer layer

Created and/or provided samples (knockout 129 54.2%
mice, reagents, stem cells, etc.)

Data acquired or collected 50 21.0%
Supervision 16 6.7%
Advice 13 5.5%
Organised studies 12 5.0%
Equipment 6 2.5%
Programming 3 1.3%
Manuscript preparation 3 1.3%
Assisted the project 2 0.8%
Technical assistance 2 0.8%
Financial support 1 0.4%
Institutional support 1 0.4%
Total 238 100,0%

The results presented in Table 3 show that the most common contributions among outer layer
authors consist of providing samples or collecting data. One interpretation is that the co-
authorship network in part expresses an underlying exchange network in which expensive and
hard-to-produce samples are traded between researchers and research groups in exchange for
a place among the authors. The most common commodity traded for authorship is genetically
engineered mice. These so called ‘knock in” and ‘knockout’ mice are mice in which specific
genes have been either introduced or knocked out. Another commodity traded for authorship
is unpublished reagents—compounds that start specific chemical reactions. Stem cells are also
valuable enough to guarantee their owner a place among the authors. Another large group in
the outer layer of authors is those collecting data—a contribution that is most common in
clinical research, where the studies include large patient groups. If we combine those
providing and creating samples with those collecting data, we find that 75 percent of the
authors in the outer layer have made contributions related to material or data.

The fact that so many of the outer layer authors contribute samples illustrates the dilemma
that research groups face when including researchers among the authors. Although not
acknowledged by ICMJE as a reasonable justification for acquiring authorship status, denying
this group status as authors would probably negatively affect the progress of science, as it
would hinder the exchange of very expensive samples.
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Changes in the composition of the author team with an increase in the number of authors

In this section | will present the results of an analysis of the same sample regarding how the
composition of the author collective changes as the number of authors per article increases.
This analysis will provide insight into the process behind the proliferation of authors.

Figure 1. The average number of authors by type of contribution and size of author team
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In Figure 1 the average number of core, middle layer, and outer layer authors has been plotted
against the author teams of different sizes. The x-axis represents the size of the author team,
and the y-axis represents the average number of authors in different contribution categories. It
is evident that the number of core authors—the authors who conceptualized, designed
experiments, and/or wrote the articles—increases as the size of the author collective increases,
but levels off when the size of the team is seven authors. For teams larger than seven authors,
the number of core authors remains stable with an average of four core authors per article. In
comparison to the number of core authors, the average number of middle layer authors in the
author team increases linearly with the size of the team. The average composition of the
author teams for articles with 15 authors consists of 3.7 core authors, 8.7 middle layer authors
and 2.3 outer layer authors. The rapid increase in middle layer authors indicates a functional
relationship to the type of research conducted.

Conclusions

The aim of this study was to investigate what type of contributions merit authorship, and what
happens to the composition of the author team when it increases in size. The conclusions
drawn from our analysis are limited by the use of author contribution descriptions published
in Nature Neuroscience. | would like to note the usefulness of the three-layer classification
scheme used to divide the author collective into core authors, middle layer authors, and outer
layer authors.
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Authors classified as core authors constitute the largest group in the sample (47.3 percent). In
our study the core authors are those authors that conceived the idea, designed the experiments,
or wrote the paper. Although not a criteria for being classified as core author, these authors
are in general involved in most core activities, and are also usually involved in the
experimental work. In our analysis of the changes to the composition of the author collective
with regard to the type of author, it was clear the number of core author stabilized at an
average of four core authors per paper, independently of the size of the author collective.
Middle layer authors are almost as numerous as core authors (38.9 percent). In terms of
contributions, this group is the most complex part of the author collective. Middle layer
authors are those who have not been attributed any core tasks, but tasks such as conducting
experiments and analyses, analyzing data, preparing samples or collecting data. If the
description of the core author contributions is general, and not specific to any type of
neuroscientific research, the description of middle layer tasks is often very specific, and varies
depending on whether the content of the articles represents fMRI studies, biochemical
research, or clinical research. The analysis of how the author collective changes when the
number of authors increases clearly shows that it is this group of middle layer authors that
increases, indicating that it is in fact the complexity of the work tasks that drives the increase
in authors per article. It should also be noted that there are indications that articles with large
author teams report on several experiments. This aspect has not been analyzed in this study,
but I propose a hypothesis stating that part of what explains the size of the author collective is
the number of experiments reported in the article.

The portion of the author collective that has caused most concern in the medical community is
the outer layer of authors (13.8 percent). The outer layer consists of authors that have not
contributed either core of middle layer tasks, have not been part of the research team in any
normal sense of the word, and therefore cannot be held responsible for the content of the
article. The most common contribution attributed to authors in the outer layer is that they have
provided samples, unpublished reagents, or knockout and knock-in mice. This is a clear
indication that authorship is currency in an exchange system, and part of the co-authorship
network is something other than pure research collaboration. The analysis of changes to the
composition of the author collective shows that the number of outer layer authors tends to
increase when the number of authors increases.

The results presented in this study demonstrate that the issue of accepting outer layer authors
is a dilemma. According to guidelines for authorship in most medical journals, this is a type
of author that should not be accepted, since these authors have little influence over the
research conducted and can therefore not take responsibility for the content. The rationale
behind efforts to ban this type of author is understandable, if we accept a traditional definition
of what an author is and the responsibilities associated with authorship. If we consider the
findings presented here, however, intervening in this process could be problematic. If this
type of authorship were prohibited, researchers would lose their incentive to exchange data
and scientific progress would probably be negatively affected.
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Abstract

Our paper focuses on subject classification systems, and aims to systematically analyse which
attempts have been made to develop concordance tables between different subject
classifications; which concordance tables have actually been created; which methods were
used to create these, and how successful these methods were, in terms of the degree of
validity of the proposed concordance.

The efficiency and effectiveness of intensive-based selection of papers vs manual search is
compared. The policy relevance of the concordance generation between different types of
classification in science, technology and economy is discussed.

Introduction

The field of quantitative science and technology studies is more and more becoming a “big
data” science in which large datasets on different aspects of the science, technology and
innovation (STI) system are being combined. Combining different datasets is especially
important in studies analysing the relationship between the various parts of the STI system or
between the various components within each part. At the same time, international
organisations such as the OECD, UNESCO, and EUROSTAT generate standardised statistics
on R&D activities, both in terms of input and output.

For instance, studies on the science system seek to capture the relationship between funding
and scientific-scholarly output in the various domains of science and human scholarship. But
statistics from funding organizations may use subject classifications that are different from
publication- or journal-based scientific subject classifications. The description and evaluation
of teaching and research activities of staff members in academic departments or institutions is
confronted with the problem that teaching and research subject classifications do not coincide.

Luwel (2004) noted that attempts to calculate per scholarly field productivity measures
relating these input measures to output indicators are hampered by the two types of statistics
giving aggregate measures based on different subject classification systems. Studies on the
science-technology-industry interface are confronted with the need to create concordance
tables between technology and industry subject classifications (e.g., Schmoch et al., 2003) and
between patent (IPC) and technology classifications (Schmoch, 2008; Lybbert and Zolas
(2014).

The research-in-progress presented in this paper relates to a project that is based on the notion
that the emergence of “big data” scientometrics, the increasing emphasis on multi-
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dimensional assessment, and the increasing interest of research institutions and their funding
organizations in valid, reliable and useful indicators, lead to the need to analyse, further
develop and — if possible- align a series of relevant classification systems.

The current project focuses on subject classification systems, and aims to systematically
analyse which attempts have been made to develop concordance tables between different
subject classifications; which concordance tables have actually been created; which methods
were used to create these, and how successful these methods were, in terms of the degree of
validity of the proposed concordance. This research-in-progress paper presents the outcomes
of the first step in the project: the retrieval of relevant articles on the subject based on a
literature search in Scopus, and a content analysis of these articles, using VosViewer software
combined with a manual approach.

A search of the literature

As a first step a manual search was carried out to identify a core of relevant “seed” articles
with essential keyword like “classification”, “taxonomy”, “concordance table”. Subsequently,
from their titles keywords were extracted keywords to build up a query with which an
automatic search was conducted in Scopus. A wide-ranging analysis was performed using
TITLE-ABS-KEY search in the combined field that searches abstracts, keywords, and article
titles. Table 1 presents the terms from the “seed articles” that were used as argument in the

query.

Table 1: List of terms used in the search

"industr* classification" "patents AND paper*" MeSH AND classification
"statistical classification*" "Classification Systems" IPC
"Classification of Industries” AND | "Subject clustering” AND "ISI
Technology category classification" subfields AND publications
hierarchical AND taxonom* Hierarchical AND classification keyword AND classification
Taxonomy AND Classification "Research literature” AND maps clustering AND "scientific texts"
"patent classification*" "Patent Categorization" AND IPC "document categorization"
"classification scheme™ AND
"subject-classification schemes" "science fields" categorisation AND patent
"Technology classification" AND
indexing” "Context*aware systems" "map of science"
"automatic classification" AND "Hybrid Clustering" AND
"medical data classification" "scientific literature" classification
Classification AND articles "publication*classification" Patent AND Categorization
Taxonomy AND Mapping " hybrid mapping" Patent AND Science
"terminology mapping" "classification* AND journals" patent AND "classification system"
"Technology Concordance" "Structure AND literature" coding and "classification systems"
""cross*classification table*" Manufacturing AND classification | "concordance table*"

435.855 records were obtained. In this set the following five additional selections were made:
1) Articles, reviews and conference papers only (number of records was reduced to 415.485);
2) Documents written in English only (reduction to 338.593 recs);
3) Documents included in the following Subject Area: Engineering, Computer Science, Social
Sciences, Mathematics, Economics, Econometrics and Finance, Business, Management and
Accounting, Decision Sciences (reduction to 50.656 recs);
4) Given a large amount of records remaining in the set, its number was further reduced by
selecting those that contained least one of the following keywords: “patent”, “classification”,
“science”, “field”, “map*”, “taxonom*”. The remaining set contained circa 900 records
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5) These records were then manually analyzed, on basis of their title. After removing
duplicates they were added to the list of those found in the initial manual search.
The final work dataset consisted of 167 records indexed in Scopus.

Content map

The software tool VosViewer (www.vosviewer.com) was used to analyse the contents of the
set of 165 articles. A map was created based upon a text analysis of the abstracts using the
modele “Create a map based on a text corpus”. The text analysis resulted in 3,470 terms.
Setting a frequency threshold at 10, 62 terms were selected. Figure 1 shows a map of the 37
most relevant ones. The graphical representation of the keyword structure reveals basically
two worlds of work: “technology” and “science”. The technology word consists of two
clusters, one related to technology-industry concordance and another cluster on patent versus
technology classifications. The science world relates to subject classifications based on
scientific articles or journals.

Figure 1: VosViewer map of 37 most relevant keywords

naistry
tige a8
classificaign system
- resaarch
perfofmance - - struglure
prafpiem e
expagiinent ey level
map
patent clagsification gt
patent = '
- afilile science
]Er"':
maggarn
alg@@nn . journal
i
patent dgcument
W
et JRar
international @atent classific
onger
o

A detailed, paper-by-paper analysis reveals from the science cluster a series of papers by
Glanzel and co-workers on citation- and text-based subject classifications of scientific
journals indexed in Web of Science, and the development of hybrid classifications, including
Janssens et al. (2009). A second series, in the technology domain, relates to the concordance
between technology and industry classifications (e.g., Schmoch et al., 2003) and between
patent (IPC) and industry classification (ISIC) systems, including Schmoch (2008), and
Verspagen, Van Moergestel and Slabbers (1994).
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Conclusions and further steps

The approach adopted in this paper has generated a useful list of key papers with great
relevance for the issue as to which studies have dealt with the concordance of classifications
either in science or in technology. This set constitutes the basis for further research into this
issue. A recently published article by Lybbert and Zolas (2014) appears to be the most
valuable in terms of describing and validating a methodology for creating concordance tables.
The paper will be developed along the following lines:

) Compare the efficiency and effectiveness of the extensive database search with the
one of a manual identification of relevant documents, looking for citing and cited
documents in Scopus and/or in Google scholar;

i) Discuss the advantages and disadvantages of the approach proposed by Lybbert
and Zolas (2014) in light of the most relevant studies identified in the literature;

i) Investigate the policy relevance of the concordance generation between different
types of classification in science, technology and economy.
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Introduction

This research in progress paper describes the initial results of a long-term, large-scale analysis
of the operationalization of evaluation of the societal impact of research. Results from the
first stage of qualitative interviews are used to illustrate the strength of the methodological
design of the study.

The study will eventually include two sets of interviews with the REF2014 Main Panel-A
Evaluators. The first set of interviews (The Pre-evaluation interviews) was conducted
between January-March 2014, prior to the REF2014 Impact evaluation taking place. The
second set of interviews (The Post-evaluation interviews) will be conducted after the
evaluation process is completed (estimated time December 2014). The aim of this paper is to
present the results of the first round of Pre-evaluation interviews with REF2014 Main Panel-
A Evaluators. In particular, the results presented here are concerned with the Evaluators’
experience in evaluating impact prior to the REF2014, as well as the variety of strategies
evaluators intend to apply in order to guide their assessment.

There are currently many conflicting debates about how the wider societal application of
research can be formally evaluated, however no study has empirically studied the formal
evaluation of impact. This is mainly due to lack of opportunity, where evaluation frameworks
that incorporate the formal evaluation of impact have not existed to provide a formal
methodological design. The UK Research Excellence Framework (UK REF) is a world-first
framework that dedicates a major proportion of its overall criteria (20%) to the assessment of
ex-post impacts. This is done by assessing 4-page case study descriptions submitted by each
HEI. The incorporation of this criterion provides a unique opportunity to investigate how
evaluators assess research impact.

Broad definitions of societal impact include concepts concerned with the social, cultural,
environmental and economic returns from publicly funded research (Bornmann, 2012). The
absence of a firm definition of societal impact emphasises the difficulties encountered by
evaluators when assigning value to the variety of ways that research can achieve a societal
impact. For health research, societal impact can manifest itself by: informing policy and
practice development (Kuruvilla et al, 2006), contributing to public debate (Davies et al,
2005), attracting media coverage (Chapman et al, 2014), improving understanding of health
risks or determinants (Armstrong et al, 2009), changing ways of thinking about health
problems and/or solutions (Weiss, 1986), or being used as evidence in legal proceedings
(Cwik & North, 2001). Currently, it is unclear to researchers how to achieve a societal impact
that is evaluated positively by peer review panels. Research policies in the UK (REF) and in
Europe (Horizon2020) emphasise the importance of societal impact but there is little
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understanding about what aspects are valued during evaluations. Proposing the inclusion of
this criterion has stimulated heated debate among researchers (Nolan et al, 2008) and, as such,
the research policy community is struggling with how to recognise and reward research that
has both scientific and a societal impact (Smith, 2001; Cooksey, 2006).

Critics argue that quantitative measures of scientific impact are poorly related to applied
utility and socioeconomic outcomes (Macilwain, 2009). This is amplified by a poor
correlation between more traditional measures of scientific impact with the societal value of
research (Nightingale & Scott, 2007); and the realisation that achieving a societal impact may
involve factors not under the researcher’s control or within the ability of evaluators to predict,
such as political will and economic need. These considerations, along with the possibility that
evaluators may have differing preferences for rewarding societal impact, make the equitable
evaluation of societal impact extremely challenging. Despite these difficulties, a number of
tools have been proposed to help evaluate societal impact. These include frameworks such as
the HERG payback model (Hanney et al, 2003) and the Research Impact framework (RIF)
(Kuruvilla et al, 2006) to guide the evaluations. In contrast, Nutley et al (2007) and Spaapen
& van Drooge (2011) promote a focus on behaviours that are considered a precondition for
achieving societal impact. This concept is confirmed by public health policy research that
identifies a number of researcher behaviours positively associated with societal impact
(Derrick et al, 2011; Haynes et al, 2011). This focus on evaluating behaviours acknowledges
that the research to societal impact pathway is rarely linear and instead is a maze of complex
social and political interactions that is rarely controlled by the researcher nor causally related
to the quality of the research (Bowen et al, 2009; Humphreys & Piot, 2012). In fact, many
accepted models of public health research utilisation have likened the process to a complex
dance (Edwards, 2001), a garbage can of ideas waiting to be needed (Cohen et al, 1972) and
as parallel streams awaiting a social, political or economic reason to stimulate a convergence
and create an impact (Kingdon, 2003).

In regards to assessing research impact via peer review, while the involvement of experts and
peers brings status and credibility to the evaluation process (Boaz et al, 2009), evaluating
societal impact can be highly subjective. The incorporation of “societal impact” can be
described as a Kuhnian revolution for research evaluation criteria (Luukkonen, 2012). As
such, in order to achieve a revolutionary change towards including considerations of societal
impact, the idea must be constantly debated, re-defined and reformed before the new
paradigm is adopted. An important implication of using peer review is, therefore, that during a
period of time in which paradigm shift is occurring, there are multiple scientific contenders
who support highly variable viewpoints, making it challenging to achieve consensus within
peer review committees (Luukkonen, 2012). The broad REF 2014 definition of societal
impact further complicates its evaluation (Kearnes & Wienroth, 2011). In addition to
navigating the assessment hurdles of causality, attribution and time lags, when assessing
societal impact, evaluators are required to step out of their role as research-peers and instead
assess the value of the wider impact of the research, using a different perspective as a public
stakeholder. Therefore, without a clear precedent or prior experience of effective impact
evaluation, differences in what is believed to constitute a societal impact are likely to be more
pronounced where there are already conflicting viewpoints about what constitutes excellent
research, such as health (Derrick et al, 2011). This lack of precedents and experience in its
evaluation can further hamper government goals of reaping the *““full economic, health and
social benefits of public investment in health research” (Cooksey, 2006).

This research will outline how evaluators intend to overcome the barriers to impact evaluation
that have been discussed extensively in the literature (causality, time-lags and attribution). In
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addition, this research will identify any further barriers anticipated by the REF2014 Main
Panel-A evaluators. The research will also describe the strategies the evaluators have
developed to overcome these barriers, as well as describe more generally, their approaches to
the formal evaluation of ex-post impacts.

This research provides the first, large scale, mixed methods investigations of the formal, ex-
post evaluation of impact during a national evaluation framework. This research will provide
a unique perspective of how the evaluation of societal impact is constructed by evaluators, as
well as provide systematic guidelines of how to evaluate research impact.

Methods
The UK REF2014

The UK REF2014 will dedicate 20% of its overall assessments of university research to how
research has had ““...an effect on, change or benefit to the economy, society, culture, public
policy or services, health, the environment or quality of life, beyond academia” (HEFCE,
2011). Within this model, peer review evaluation panels will review 4-page case studies of
how research conducted within the last 15 years has benefitted the economy and society
(HEFCE, 2011).

Interview Sampling

The Main Panel-A within the REF2014 is comprised on one overarching Main Panel, and 6
sub-panels each divided into different fields under the auspices of Health and Medical
Research. The breakdown of each of the panels with the corresponding number of evaluators
is included below in Table 1.

All unique REF Main Panel-A evaluators (n=215) were identified and invited to participate in
the project. In total, 64 evaluators agreed to participate in the interview, representing a 28.2%
response rate. Specific care was taken to obtain a representative sample of evaluators who
were evaluating impact and outputs (n=47), Outputs only (n=8), and Impact only (n=9).

Interview questions

The interview schedule was designed to include one, main, overarching question designed to
explore a certain theme, followed by a series of prompts to further investigate this theme. The
prompts were used to keep the interviewee on topic, while also serving as a method to entice
less forthright interviewees to address the theme, without leading.

The interview themes were based around the common issues currently discussed in the
academic literature about the evaluation of research impact and peer review. These themes
included: Interviewees personal definition of impact; Implicit bias in research impact
evaluation; Productive interactions as indicators of impact; Intentions and strategies for
assessing impact and overcoming difficulties (including causality, attribution and time lag
issues); Anticipated difficulties and power relationships; The role of different types and levels
of impacts; and Indicators of impact, attribution and causality. Interview questions also drew
on the interviewee’s previous research and peer-review research evaluation experience and
the influence of research impact in these situations. Finally, the past experience of the
interviewees with impact was also used as a prompt to explore their opinions about the
importance of evaluating research impact, and its inclusion as a formal criterion in the
REF2014.
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Table 1: The number of interviews conducted with REF2014 Main Panel A and
its 6 sub-panels.

Panel name Total Academic User evaluators Total

evaluators (AES) (UESs) interviewed
0,

Main Panel A 19 14 (73.7%) 5 (26.3%) 8 (42.1%)

Sub-panel 1 - Clinical 0 0 0

Medicine 39 32 (82.0%) 7 (18.0%) 10 (25.6%)

Sub-panel 2 — Public Health,

Health services and Primary 27 23 (85.1%) 4 (14.9%) 13 (48.1%)

care

Sub-panel 3 - Allied Health

Professions, Dentistry, 51 42 (82.3%) 9 (17.7%) 14 (27.5%)

Nursing and Pharmacy

Sub-panel 4 - Psychology, 0 0 0

Psychiatry and Neuroscience 3% 28 (80.0%) 7(20.0%) 9 (25.7%)

Sub-panel 5 - Biological | 55 30 (85.7%) 5 (14.3%) 6 (17.1%)

Sciences

Sub-panel 6 - Agriculture, 0 0 o

Veterinary and Food Science 29 16 (55.1%) 13 (4.9%) 4 (13.8%)

TOTAL 235 185 (78.7%) 50 (21.3%) 64 (29.7%)

Analysis

The analysis of the qualitative data collected in the interviews is based on two, interlinked
rounds of coding and analysis (Round 1: In-depth memo making and analysis; and Round 2:
Full qualitative analysis using a cognitive-based grounded theory design. At this stage of the
study, the results presented here are based on the first round of coding and analysis: Round 1:
In-depth memo making and analysis.

Round 1: In-depth memo making and analysis.

At this stage of the study, the analysis was performed by reviewing the in-depth, post
interview notes made by the interviewee immediately after completing the interviews.
Extensive memo-making was employed by the interviewer directly after each interview. This
allowed for the interviewer to reflect and note the emergence of different themes for analysis,
as well as to draw parallels between interviewees as the interviews progress. This recording
of themes analysed as they emerged, was noted within the memos and is used to provide
theme description within this research in progress paper. In addition, this initial, first-glance
stage of coding allows for the further testing and coding of the full transcripts during the
second round of coding, described below.
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Further analysis of the interviews will be based on a full transcription of each interview
(Round 2: Full qualitative analysis using a cognitive-based grounded theory design) using the
software Nvivo, and employing Morse’s outline of the cognitive-basis of qualitative research
(Morse, 1994) and Charmaz’s outline of data analysis in grounded theory (Charmez, 2006).
However, due to the time restraints, the brief results presented below are based on the first
round of coding of the memos made directly after each interview. Future versions of this
research-in-progress paper will be based on the results of the second round of analysis which
involves a systematic qualitative analysis described above.

Results

Past experience with assessing impact

The Evaluators described their previous experiences with evaluating “impact”, but stressed
that this had been done informally, and that the REF2014 was to be one of the first occasions
when they were asked to evaluate it formally. In this regard, their previous experiences with
assessing impact, in general, fell into two categories: (1) Any consideration of “impact” being
disregarded totally (Disregarded totally); and (2) Indirect considerations of impact being
incorporated into the assessment of the scientific quality of submissions (Indirect
consideration).

Disregarded totally

Evaluators described how their previous experience evaluating impact has been done with ex-
ante impacts only. In this, they described that impact during previous peer-review had been
disregarded totally, and that in many senses impact evaluation was applied after the more
“scientific” evaluation of proposals was complete. One evaluator described how the
evaluation of impact in these circumstances was a ““tick-box criteria”, rather than an in-depth
discussion. The reasons for this were not explored fully in this round of interviews, but one
emerging theme was in relation to the seriousness in which these evaluators themselves put
together their own impact statements. For the UK research councils, many grant applications
are requested to be accompanied by a “Pathways to impact” statement. Within this statement,
applicants are asked to describe how their research will be influence and be translated to non-
academic audiences. It is an essential component of all grant applications, but one that many
evaluators stated was not taken as seriously as the other, more scientific application
components. As such, one evaluator stated that with their previous experience in evaluating
these impact statements that they saw this as “impact as rhetoric”” and therefore was not
inclined to formally, and seriously consider it as part of the overall grant evaluation.

Indirect consideration

The other, other way that researchers had evaluated impact in the past is what is described
here as indirect consideration. Here, evaluators were aware of the importance of research
application to non-academic questions, but incorporated this into other, more traditional
considerations such as “the importance of the questions™, or the *““originality’” of the research.
In this way, researchers were not opposed to aspects of impact being evaluated in grant
proposals, but they felt more ““comfortable and *““experienced’ in evaluating these as part of
more traditional, scientific peer review processes, rather than as a separate, formal criterion.
Further analysis of the pre-evaluation interviews, as well as combination of the Post-
evaluation interviews, will reveal to what extent these traditional avenues of impact
evaluation are used as proxies in the evaluation of ex-post impacts under the REF2014.
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Intended strategies for assessing impact

Evaluators described the prospect of evaluating impact as ““one big experiment” where they
felt they had had little experience that they could use to evaluate the research impact formally.
Nonetheless, the evaluators felt comfortable that by using the traditional processes inherent in
peer-review, that the evaluation of research impact would succeed and that ““it will be done
well”. The evaluators had little understanding of what characteristics of impact they would be
valuing over others, but emphasised that they felt confident that *““they would know it [impact]
when they saw it.”

Despite this optimism, evaluators identified a number of anticipated barriers to the evaluation
of the research impact associated with the causality of the impact. In general, evaluators
exhibited a preference for impact within the case studies that could show a ““clearly defined
link”, between the underpinning research and the impact being claimed. It is unclear, at this
stage of the analysis, whether this preference was related to the evaluator’s lack of prior
experience when evaluating impact; misunderstanding of the role of salient factors and
productive interactions that play a role in ensuring impact, implicit bias towards a linear
model of achieving impact, or something else. Further analysis of the interviews using the in-
depth, coding of interview described above, will reveal more insights regarding any
unintended implicit bias towards impact case studies that exhibit a high degree of causality in
their description.

The role of the Case studies

As mentioned above, evaluators expressed a preference towards evaluating impact case
studies that will demonstrate a strong causal link. As such, some evaluators suggested that a
positive evaluation outcome will be as dependent on “how well they tell a story” as with the
impact outcome. In this way, a positive evaluation outcome will be as dependent on how
“convincing” the case study constructs the strong causal link between the underpinning
research and the impacts being claimed. However, evaluators also noted that the advantage
that came from clearly written case studies would be no different from the advantage good
writing has in all peer-review evaluations.

In addition, in contrast to a number of studies that denigrate (Bornmann & Marx, 2014) the
use of case studies in impact evaluation, evaluators felt confident that the case studies would
prove beneficial in facilitating the evaluation process. Many evaluators had also been
involved in preparing their own organisation’s REF2014 Impact case study submissions, and
reflected, the wide range of way that research impact could be defined. This had served to
demonstrate the enormity of the task in front of them in terms of evaluating the impact within
the constructed case studies. However, some evaluators expressed a preference for
quantitative measures of impact and felt that translating “these words” in the case study, into
quantitative appreciation of the value of the impact, would be their strategy in assessing the
case studies.

Discussion

The preliminary results presented in this research in progress paper suggest that despite
evaluators having some experience related to the evaluation of ex-ante impacts in the past,
that they have limited experience when formally considering the ex-post impacts for
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evaluation. This reflects the views by Cozzens et al (2002), where it was suggested that the
challenge in measuring societal impact, was due to the lack of well-developed models
explaining the processes leading from innovation to impact. Indeed, this sentiment is equally
echoed in evidence-based policy making studies that emphasise that the strength of the
evidence is rarely directly linked to its implementation and that more nuanced factors were
involved (Weiss, 1986).

Many researchers reported that they anticipated difficulties in the evaluation of the impacts
for the REF2014 that were associated with the causality and the attribution of the claimed
impacts. Time lags were not considered a problem, as the clarity of the REF2014 rules
regarding claimed impact, and time since the original research was conducted were seen to be
sufficient and fair for health and medical research. However, evaluators had little strategy in
mind on how to deal with these issues of impact evaluation, admitting that the majority of
these issues would primarily be worked out during the evaluation process. Evaluators also
felt confident that the range of evaluators on the panel, including evaluators representing
stakeholder or user organisations, would help to facilitate the impact evaluation as part of a
““big experiment™.

Evaluators, however, seemed to exhibit an implicit bias towards impacts that will exhibit a
strong causal link between the underpinning research and the impacts claimed. This
evaluator-led preference for strong causality suggests that the value of the supporting
evidence supplied, as well as the ease with which the case studies are constructed, may play
an influential role in facilitating and favour its assessment by REF2014 impact evaluators.
Further analysis of the interviews will reveal whether there is a role for productive
interactions in demonstrating the strength of this causal link to evaluators, and whether and
how this may facilitate its evaluation.

Further insights will be drawn from the complete, in-depth analysis of the complete
transcripts of these Pre-evaluation interviews. In addition, the cross-reference of the results of
these pre-evaluation interviews, with the results of the post-evaluation interviews (expected in
December 2014), as well as determining the differences between academic-based and user-
based evaluators, will provide further insights into the evaluation of research impact.
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Introduction

This paper analyses the conceptualisation of “impact” for the UK’s REF2014, in order to gain
an understanding of its definition for the 2014 evaluation process. This research provides a
quantitative analysis of themes and words associated with the development of the concept of
“impact” within UK research policy documents. The aim of this analysis was to use an
objective, quantitative method to investigate the overarching impact evaluation, policy
implementation and its adoption as well as concepts pertaining to the evaluation of the
“societal impact” of research at the UK level. The results, therefore, may contribute to a more
precise understanding of underlying policy intentions in relation to research “impact”.

During 2014, the UK will be running the Research Excellence Framework (REF2014). The
framework, part of a series of research evaluation programs previously known as the Research
Assessment Evaluations (RAE) currently run in the UK every 5 years. Whereas in the past,
the evaluation has primarily involved the peer review, of academic outputs such as research
articles, the REF will incorporate a new criterion known as “impact”. For the REF, impact is
defined as research that has had ““...an effect on, change or benefit to the economy, society,
culture, public policy or services, health, the environment or quality of life, beyond
academia.” (HEFCE, 2011) This criterion will constitute 20% of a university’s overall
assessment which will then be used to allocate UK government research funding. Within this
model, peer-review evaluation panels will review 4 page case studies of how selected research
conducted in the last 15 years, has benefited the economy and society. As such, the REF2014
provides the world’s first, formal, ex-post assessment of how research has influenced the
wider, non-academic community.

While the involvement of research “experts” brings status and reliability to the evaluation
process, evaluating the societal “impact” of research can be highly subjective. Subjectivity on
impact has also been shown in the evaluation of the ‘broader impact’ criterion of the National
Science Foundation in the USA, even though this dealt with ex ante assessment instead of ex
post (Holbrook & Frodeman 2011). In addition, the uniqueness of the criteria and the lack of a
firm precedent for the evaluation of “impact”, raises the risk that researchers will resort to
other methods to evaluate impact that have previously been described as problematic in peer-
review evaluations. In order to address the subjectivity of the impact evaluation, researchers
may resort to one or more of the following peer review problems: conservative bias
(researchers translating their own values of convictions in evaluations); implicit bias (a

! This work was supported by the UK Economic and Social Research Council (ESRC).
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positive or negative mental attitude at an unconscious level); quantitative bias (positive
evaluations of impacts that are “countable”); and assuming research excellence evaluation as
a proxy for impact excellence.

Although the definition of “excellent, research impact” associated with the “impact” of
research have been thoroughly discussed in the research policy literature, blogosphere and UK
media, it is not yet clear how impact will refer to the impacts on the economy, society, culture
and/or health. This confusion makes it difficult to interpret the results or to anticipate what
characteristics of impact will perform well under this world-first formal criterion. This also
makes it difficult for other countries (Australia, New Zealand and Europe) to adopt similar
frameworks and guidelines for its evaluation.

By providing an objective, quantitative view of the words associated with “impact”, this
research will allow for a clearer understanding of what the UK government intends the impact
criterion to reflect, as well as a more transparent interpretation of the REF2014 results,
available in December 2014. A secondary aim of this paper is to investigate the suitability of
the software VOSviewer, for the analysis of themes within policy documents.

Methods

Document identification

Policy and other related documents to the development of the impact evaluation criterion were
sourced via the REF2014 website (www.ref.ac.uk). Only documents directly related to the
REF2014, written, endorsed or commissioned by the Higher Education Funding Council of
England (HEFCE) which runs the REF process, were included in the analysis. By only
including documents underlying the UK’s REF2014 evaluation process, it was assured that all
results listed were relevant to the conceptualisation of impact for its submission and
evaluation under this framework.

A total of policy 41 documents were identified from the REF2014 website (www.ref.ac.uk) as
underpinning the development of the tools and procedures of the evaluation framework. To
increase the validity of the results obtained, a number of checks were carried out on the
documents to assess their validity. In particular, all documents were individually analysed in
order to ensure that they were similar in structure (Executive summary/recommendations,
Introduction, Aims/Objectives, Background, Outcomes and Annexes), and style (Policy
documents, Consultation responses, Evaluation guidelines etc). This pre-analysis assessment
of the documents ensured that the analysis run by VOSviewer 1.5.2 (Van Eck & Waltmann
2010, 2011) would be both robust and vyield representative results. All 41 original
underpinning REF documents were determined to be comparable in the analysis.

Analysis

VOSviewer 1.5.2 was selected to visualise the noun phrases associated with the word
“impact” within these policy documents. Using VOSviewer, as opposed to more qualitatively
focused software can be useful in determining frequently used noun phrases within these
documents without having to manually perform such searches, or rely of expert judgement of
associations which can be dangerously subjective (Van Eck, 2011).

For the analysis all 41 policy documents were all converted to plain text style and converted
into a text corpus for analysis. The analysis focused on the noun phrase ‘impact’ and the
words surrounding impact, taking into account the distance to ‘impact’ and to each other. The
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distance set in the initial analysis was set at five, and cutting off at an interpunction, meaning
that only words in the same sentence were analysed.

The total number of words analysed was 446. Meaningless words were removed, and the
resulting data matrix was visualised in the VOSviewer. Only words that appeared 10 times or
more were displayed. In the display the word “impact” was removed and the size of the
circles reflects the number of occurrences of that particular term (word) in connection with
impact, and the relative distance between the terms (shown graphically) reflects the
relatedness of the terms.

Cluster analysis grouped linked words together according to the strongest occurrence. These
words were therefore mapped in closed proximity with each other and each cluster was
grouped by colour. In addition, link strength was calculated for each of the words with the
highest co-occurrence. The link strength is a measure of the proximity of the words to each
other so that higher link strength indicates the words that are in closer proximity to each other.
The degree of link strength between words can be used to investigate the conceptualisation of
the term “impact” in relation to these closely associated words within the text of the policy
documents being analysed.

Results
The initial analysis of the REF policy documents yields a visual display of the words in the
vicinity of the keyword “impact”.

The map created and shown on Figure 1 consists of words indicating the process of
assessment, such as ‘research’, ‘assessment’, ‘case study’, ‘criteria’ and ‘outputs’ and
‘evidence’, which are the most frequent. When zooming in more procedural terms appear that
are related to the REF framework and process, such as ‘pilot’, ‘panel’, ‘template’,
‘submissions’, ‘statements’ and ‘indicators’. These words could be expected in guidance
documents that are part of the set of 41 documents.

The cluster analysis results yielded 7 distinguishable clusters of noun phrases shown in Figure
1. Of these 7 clusters, 5 were related to the process of applying under the REF impact
criterion, rather than elaborating on the concept and definition of impact. These 5 process
clusters were labelled as (1) Case, which contained noun phrases related to the submission of
the 4-page impact case studies; (2) Criteria, where the noun phrases related to the weighting
of and the sections involved with each REF criteria; (3) Assessment, which was clustered
with other noun phrases such as “quality” and “academic”; (4) Economic, which was a small
cluster along with “councils” and referred to the investment associated with the UK Research
Councils; and (5) Submitted, which referred to the units of assessment (UoA), and other
nouns relating to the units assessed under the framework.

More importantly, were the 2 clusters associated with the content of impact; (6) Evidence; and
(7) Research. A table containing the nouns identified within these clusters, as well as their
link strength to the primary cluster word where this exists (i.e. Evidence or Research) is
shown in Table 1. For Cluster (6) Evidence, the clustered words included noun phrases such
as “appropriate” and “claimed”, but these were not directly linked to the source word
“Evidence”. Only 2 words were linked to “Evidence”, with the noun phrase “indicators”
showing the strongest link strength at 124. On the other hand, a larger set of noun phrases
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Table.1. Noun phrases grouped under Cluster 6: Evidence; and Cluster 7: Research and
corresponding link strength

Link
Cluster Noun phrases
Strength

Appropriate -

Claimed -

Confirmed -

Examples 42

Impacts -
Evidence

Indicators 124

Menu -

Statement -

Supporting -

Table -

Key -

Focus -

Report -

Research Workshop -

Achievement -

Arising -

Time -
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Areas

Broad

Support

Groups

Council

Nature

institution

Australia

Activity

46

Beneficiaries

Need

Enabling

Wider

42

Applied

Relevant

Individual

Collaboration

Data

Users

54

Underpinned

Identify
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Sector -

Disciplines -

Staff -

Distinct -

Researchers -

Humanities -

Exploring -

Citation -

Future -

Contributed -

Figure.l. Cluster analysis of the REF2014 Policy documents
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Figure.2.
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were associated within Cluster (7) Research. Three words were found to be directly linked
with “Research” all with similar link strengths. These were found to be “Wider”, “Activity”
and “Users”. Interestingly, these words describe the concept of “impact” but were found to be
clustered around “research”, rather than in the other 6 clusters described above. These
associations and the wider Cluster (7) Research are shown below in Figure 2.

Indeed, an interesting result for publications pertaining to the REF2014 policy documents is
that words that could be taken to elaborate on the meaning of the word ‘impact’ are scarce
and, apart from the 3 noun phrases linked to the word “research”, do not appear within the
other clusters. Indeed, the words “social” and *“societal” do not appear at all in the analysis.
This is surprising considering the broad definition of impact adopted by the REF2014
(HEFCE, 2011, Grant et al, 2009).

Only two other noun phrases appear frequently enough to be displayed: “economic” and
“publications”. They appear not in each other’s vicinity, indicating that they are not related.
Economic refers to the connotation that research should eventually benefit society by creating
more jobs, and more turnovers, based on linear thinking. Publications were not to be expected
as part of societal impact, but the appearance can be explained because in the case statements
also key publications are included. It may also refer to the widely accepted idea that excellent
research is a prerequisite for impact. More likely, however, it is related to the REF2014
Impact template that required submissions to nominate up to 4 publications as “underpinning
research”, in each impact case study. However the word “underpinning” was seen as
separated from the word “publications”, so this is unlikely to be the case.

Discussion

The results described above suggest that there is a lack of transparency related to the content
of the definition of impact within REF2014 policy documents. This result is interesting in the
policy documents of an evaluation framework that will be a world first in formally evaluating
the impact of research (20% of the overall evaluation). A possible limitation of this study
may be in the availability of policy documents. Indeed, the focus of a cluster associated with
the process of the REF, suggests that many of the documents underpinning the UK REF201
may be primarily focused on procedural information, rather than larger discussions on the
conceptualisation of “impact”. Instead, the results suggest that the majority of the REF2014
policy documents are concerned with the “process” of Impact submission. This is indicated by
the strong clusters around the noun phrases “criteria” and “case”. The lack of this information
within these primary REF documents is worrying in light of these documents representing the
only government guide for the submission and evaluation of “impact” as part of the REF
framework. However, the lack of this conceptualisation in these policy documents may
suggest that the debate about what constitutes “impact” is occurring elsewhere, perhaps in the
academic literature or perhaps within the REF2014 evaluation panels during the assessment
process. Future research will employ alternative, qualitatively focused methods, to explore
this conceptualisation of “impact” for research evaluation more thoroughly. Indeed, further
analysis of the academic literature using VOS viewer, as well as interviews with REF2014
(See Derrick, (submitted to STI-ENID 2014), for more information), will reveal further
information regarding the content of “impact” as well as its “content” within the REF2014
evaluation process.

Furthermore, there is a suggestion of an implicit bias within the text through the association
found between the noun phrases “research”-“economic” and “evidence”-“indicators”. In
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addition, there was a lack of wider impact associated words such as “social” and “societal”
that further indicate an implicit bias within the policy text towards impacts that are
measurable and economic in nature. This reflects a restricted, linear definition of ex-post
impacts that may manifest itself in its assessment, favouring those impacts that can be
described in quantitative measures. However, this is in contrast to the association between the
word “research” and the words “wider”, “activity” and “users”, which suggest a more broad
definition of “impact”. Nonetheless, in absence of noun phrases associated with the “content”
of impact, there is little information to guide HEIs in the submission of their impact case
studies. Indeed, the implicit bias indicated with the policy text, suggests that HEIs may have
prioritised impact case study submissions that contain impacts that are quantifiably
measureable or economic in nature. This may mean that a number of more nuanced impacts,
including research influencing policies or those containing valuable, non-measureable,
productive interactions, would not have been submitted as part of the REF2014 as the HEIs
may have deemed them too risky. In addition, the absence of these more salient impact case
studies has the potential to further bias the impact assessment by REF2014 evaluators towards
those impacts that can be measured by quantitative indicators.

Finally, the above results show that VOSviewer can successfully be applied to the mapping
and identification of noun phrases within government policy documents. VOSviewer has
successfully been applied to identifying noun phrases in academic articles (Mingers &
Leydesdorff, 2013; Rodrigues, et al, in press; Romo-Fernandez, et al 2013) and editorials
(Waaijer, 2013; Waaijer, et al 2011; Waaijer, et al 2010), but this study is the first to extend
the analysis to government policy documents.

Indeed, the use of VOSviewer for the analysis of policy documents is unique in this study and
there are indications in the results that the approach adopted within this study is appropriate.
Indeed, a strong link was found between the noun-phrases “quality”-*“research” (link strength
= 158) and *“quality”-“environment” (link strength = 40). Although the noun phrase
“research” is flexible, its association with “quality” along with the parallel association
between “quality” and “environment” reflect the other two REF2014 assessment criteria
where “outputs” will constitute 65% of the overall score, and “environment” 15%. This
finding acts as a methodological control and provides evidence to suggest that our approach is

justifiable.

In general, government policy documents are distinct from the academic literature as they,
(Problem 1) are more prone to be laden with values and language designed to “convince” the
readers; and (Problem 2) may use noun phrases differently to how they are accepted to be
used as jargon in the academic literature. The advantages of analysing government policy
documents empirically using software such as VOSviewer therefore is that a more removed,
and therefore objective, approach to analysing noun phrases can be employed. This can
identify key phrases independent of being swayed by the argument constructed within the text
(Problem 1). This issue also demonstrates why a methodology using VOSviewer, is
preferable in this study to a more traditional, content analysis of the policy documents. In
addition, it is possible to discern how key noun phrases are defined and utilised within the text
(Problem 2) by observing those words clustered together, and/or closely associated.
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Future research in this area will include combining the policy documents from the impact
policy supported within the European Horizon2020 programmes, as well as a comparison of
the noun phrase clusters identified in the academic literature pertaining to the content of
research impact. The addition of these policy and academic documents would mirror the
methodologies of previous studies that have used VOSviewer to identify clusters in the
academic literature (Mingers & Leydesdorff, 2013; Rodrigues, et al, in press) over time
(Romo-Fernandez, et al 2013), while extending the methodology to include a larger sample of
policy documents.
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Abstract

Scientific productivity is a major topic for all those who aspire to an academic career and it is
an important precondition to obtain a doctoral degree. In this study, we investigate factors
influencing both the research quantity and quality of PhD students at a large public university
in Flanders (Belgium). Bibliometric data included in the Thomson Reuters Web of
Knowledge database were gathered for all 1112 PhD students who completed the Survey of
Junior Researchers Il. Multivariate logistic regression analyses were performed. With regard
to research quantity, our results show that scientific discipline, phase of the PhD process,
funding situation, family situation and organizational culture within the research team are
important factors predicting the number of publications. Similar findings were obtained with
regard to research quality, although a more competitive culture in the research team could not
predict the likelihood of publishing in high ranked journals.

Introduction

Scientific productivity is a critical aspect of academic achievement and is an important issue
for researchers even at the early career stages. Junior researchers at the start of their career
become rapidly familiarized with the prevailing publish or perish culture in academia and are
stimulated to join in. However, while the research performance of faculty has received
considerable attention, little is known about the scientific productivity of junior researchers
(Cardoso, Guimaraes, & Zimmermann, 2010). In addition, the knowledge of which factors
relate to their scientific productivity is limited. Gender differences dominate the scientific
productivity literature (Duffy, Jadidian, Webster, & Sandell, 2011): a recurrent finding is that
men are more productive than women (e.g. Leahey, 2006; Stack, 2004; Symonds, Gemmell,
Braisher, Gorringe, & Elgar, 2006). However, the relation between gender and research
productivity is complex and is likely moderated by a number of variables including work
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experience, family characteristics and research specialization (Duffy, et al., 2011). Academic
tenure can be considered an important influencing factor, as it is evident that more
experienced researchers are likely to be more productive than researchers at the start of their
scientific career. Family characteristics may affect research performance as well, although
mixed results were obtained with regard to the influence of marriage and childcare
responsibilities on women’s scientific productivity (Fox, 2005). Another factor that can affect
research productivity is the specific scientific field in which the research is conducted.
Different scientific cultures and accordingly other norms and practices, for instance with
regard to publishing strategies and funding resources may differ considerably according to the
specific scientific discipline (Manana-Rodriguez & Gimenez-Toledo, 2013). Previously,
studies have revealed that the research performance of young PhD graduates is determined by
the quality of the academic training they receive (Cardoso et al., 2010; Ruane & Tol, 2009).
The quality of the research training environment, in turn, depends on the quality of the
institution awarding the PhD, and the research productivity and guidance provided by the PhD
supervisor (Duffy et al., 2011; Ruane & Tol, 2009).

Overall, the aim of this study is to investigate which factors influence the scientific
productivity of junior researchers, both in terms of publication quantity and quality.

Methods

Study sample

The present study is based on a subsample of the Survey of Junior Researchers Il which was
organized in 2013 among the total population of junior researchers at Flemish universities.
The subsample relates to the PhD students at Ghent University. Among other topics,
respondents were asked about their education, their research and well-being, and the coaching
they received from their supervisor(s). In addition, questions addressed working conditions,
team climate, and organizational culture. From the 3830 junior researchers at Ghent
University who were invited to participate (February-May), 1313 researchers completed the
questionnaire (34.3%). Our study sample consists of 1112 doctoral students who were
officially enrolled in a PhD program. For all participants, the survey data were matched to the
bibliometric data that were included in the Thomson Reuters Web of Knowledge database.
More specifically, all publications that were published between 2004 and 2013 in journals
included in the Web of Knowledge of which a doctoral student was author or co-author were
taken into account.

Productivity variables

In this study, we measured the scientific productivity of the junior researchers in different
ways focusing on both publication quantity and quality. Publication quantity was measured by
the number of publications and the number of first-author publications. The measurement of
research quality can be measured in many ways (Bornmann & Marx, 2014). However, taken
into account the turnaround time for publications in Web of Knowledge and the fact that the
participating junior researchers have an average work experience as doctoral researcher of 2.6
years (SD 1.6) we did not include citation counts. In the present study, publication quality
measurement is based on the number of publications in top 25% journals. This ranking is
based on the ranking of the specific journal within its subject category according to its impact
factor. The Journal Impact Factor was retrieved from the Journal Citations Report in Web of
Knowledge. All outcome variables were dichotomized (0= no publications; 1= > 1
publication).
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Statistical analysis

Multivariate logistic regression analyses were performed in order to assess which factors
influence the research quantity and quality of junior researchers. Three logistic regression
models were constructed, one for each of the research productivity variables outlined above.
Factors included in each of these models were gender, age, scientific discipline in which they
are active, type of funding, phase of the PhD process, family situation (i.e. having a partner
and/or children), satisfaction with the guidance provided by the main PhD supervisor, and the
organizational culture within the research group. Organizational culture was operationalized
as a continuum between a very supportive and a very competitive culture. Examples of a
competitive culture include a strong focus on individual results, considering colleagues as
competitors, and decision-making processes that only involve a limited number of people,
whereas the emphasis of a supportive climate is on good relationships with colleagues
(Hofstede, Neuijen, Ohayv, & Sanders, 1990). Analyses were conducted using SPSS 21.0
software.

Results

Descriptives

The sample consists of 45.2% (N=501) male and 54.8% (N=607) female PhD students. The
average age is 28.1 years (SD 4.4), while about 4 in 5 are younger than 30. The majority of
PhD students (72.4%; N=805) have a partner but only 15.2% (N=169) have childcare
responsibilities. In total, 20.1% (N=222) of the doctoral students are in the initial planning
phase of their PhD project, 58.5% (N=646) are in the executing phase, and 21.4% (N=237)
are in the finishing phase. Doctoral students in biomedical science form the largest group
(30.1%; N=332), followed by students in the social sciences (24.8%; N=274), applied science
(17.8%; N=196), natural science (17.5%; N=193), and humanities (9.8%; N=108). While
39.6% (N=440) of the doctoral students have a competitive scholarship, 24.6% (N=269) have
an appointment based on project funds, 18.3% (N=204) have an assistant lectureship and
10.7% (N=119) are registered as doctoral student but receive no funding from the university.
On average the participating PhD students publish 0.76 (SD 1.6) publications. The majority of
them (67.6%) have no publication yet, 14.7% have one publication, and 1 in 10 researchers
have three or more publications (Table 1). In total, 32.4% (N=360) of the respondents were
(co-)author of at least one publication, 19.4% (N=216) had at least one first-author
publication and 21.5% (N=239) were (co-)author on at least one publication in a top 25%
journal.
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Table 1. The frequency of junior researchers in terms of their scientific production

N %
Total number of publications
No publications 752 67.6
1 publication 163 14.7
2 publications 98 8.8
3 or more publications 99 8.9
First-author publications
No publications 896 80.6
1 publication 138 12.4
2 publications 49 4.4
3 or more publications 29 2.6
Top 25% journal publications
No publications 873 78.5
1 publication 129 11.6
2 publications 65 5.8
3 or more publications 45 4.0

To assess whether the scientific productivity differed between various groups, chi-square tests
were performed. The number of publications does not differ significantly between male and
female PhD students (Table 2). Research output differences exist between scientific
disciplines (y?=32.53, df=4, p<.001): 4 in 10 doctoral students in the biomedical science have
at least one publication, while “only’ about 2 in 10 doctoral students in the social sciences and
humanities have already one or more publications. The scientific productivity also differs
according to the type of funding a PhD student receives (y?=26.61, df=4, p<.001), and the
phase of the PhD project (y?=215.48, df=2, p<.001). Assistants and researchers in the finishing
phase of their PhD project were most likely to have one or more publications.

Differences in research output also exist between single researchers and those who have a
partner, suggesting that single researchers and doctoral students without childcare
responsibilities are less productive. However, this could possibly be explained by the fact that
researchers with childcare responsibilities are more likely to be in the finishing phase of their
PhD (y2=54.116, df=2, p<.001).
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Table 2. Prevalence of having publications according to various socio-demographic
characteristics

0 publications > 1 or more|xp)
publications
N % N %
Gender 1.15 (ns)
Men 347 69.3 154 30.7
Women 402 66.2 205 33.8
Scientific discipline 32.54 (<.001)
Humanities 85 78.7 23 21.3
Social sciences 214 78.1 60 21.9
Science 128 66.3 65 33.7
Biomedical science 196 59.0 136 41.0
Applied science 125 63.8 71 36.2
Type of funding 23.61 (<.001)
Assistant 117 57.4 87 42.6
Personal grant 285 64.8 155 35.2
Researcher of a project 196 72.9 73 27.1
No funding 91 76.5 28 23.5
Other 63 78.8 17 21.3
Phase of PhD project 215.48 (<.001)
Planning phase 212 95.5 10 4.5
Executing phase 458 70.9 188 29.1
Finishing phase 77 32.5 160 67.5
Having a partner 10.25 (<.001)
No 226 75.1 75 24.9
Yes 523 65.0 282 35.0
Childcare responsibilities 26.76 (<.001)
No 595 70.7 246 29.3
Yes 85 50.3 84 49.7

ns: not significant

Logistic regression models

Table 3 presents the results for the three multivariate logistic regression models. Gender is no
significant predictor of PhD students’ research productivity, neither is age. The likelihood of
publishing more than one publication either as (co-)author or first author and of having one or
more publications in top 25% journals is related to the scientific discipline. Our results show
that compared to their colleagues in the biomedical sciences, PhD students in social sciences
and humanities are less likely to have a publication in a peer reviewed journal and to have
published in high ranked journals. Moreover, junior researchers in social sciences have a
lower probability of being the first author of their publications in comparison with doctoral
students in the biomedical sciences. However, no differences were observed with regard to
publication quantity and quality between PhD students in the biomedical sciences and those in
natural and applied sciences. The type of funding or scholarship a PhD student receives is also
related to the odds of having more than one publication. Assistants are significantly more
likely to have a publication as (co-)author or first-author and of having one or more
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publications in top 25% journals, compared to researchers who have an appointment based on
project funds. Researchers who have obtained a personal grant are also more likely to have at
least one first-author publication compared to researchers on project funds. As expected, the
odds ratios for executing phase and finishing phase suggest that junior researchers in these
phases of their PhD are substantially more likely to have one or more publications compared
to doctoral students in the planning phase. No significant associations are found between
having a partner, and the three productivity outcomes. However, having childcare
responsibilities increases both the probability of having publications, either as (co-)author or
first author, and of having publications in high ranked journals. Being satisfied with the
guidance provided by the main supervisor is not associated with a higher likelihood of being
more productive. The more competitive the culture within the research team, the more likely
doctoral students are to be productive in terms of publication quantity.
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Table 3. Logistic regression models for the 3 productivity outcomes, including odds ratio (OR), b coefficient (B), Wald, and significance of the included variables

Number of publications

(= 1 publication)

Number of first-author publications
(= 1 publication)

Number of publications in top 25% journals
(= 1 publication)

OR B Wald p OR B Wald p OR B Wald p
Gender
Male 1 1 1
Female 1.05 0.05 0.09 .765 0.93 -0.08 0.15 0.93 0.96 -0.04 0.02 0.879
Age 0.99 -0.01 0.38 539 0.99 -0.01 0.10 .755 0.97 -0.03 1.21 271
Discipline
Biomedical science 1 1 1
Humanities 0.22 -1.50 19.25 <.001 0.61 -0.49 2.00 157 0.04 -3.26 19.07 <.001
Social sciences 0.32 -1.12 23.48 <.001 0.40 -0.91 11.43 <001 |0.40 -0.92 13.52 <.001
Science 0.86 -0.15 0.38 539 0.62 -0.48 2.72 .099 1.09 0.08 0.11 737
Applied science 1.08 0.08 0.10 748 1.16 0.15 0.30 .581 1.09 0.08 0.11 .740
Type of funding
Researcher of a project | 1 1 1
Assistant 2.74 1.01 15.76 <.001 3.24 1.18 15.71 <.001 2.23 0.80 8.76 .003
Personal grant 1.48 0.39 3.53 .060 1.82 0.60 5.49 .019 1.41 0.34 2.28 131
No funding 0.68 -0.39 1.49 222 0.92 -0.09 0.05 .818 0.51 -0.66 3.31 .069
Other 0.76 -0.28 0.51 476 1.13 0.12 0.07 791 0.24 -1.44 6.25 .012
Phase of PhD project
Planning phase 1 1 1
Executing phase 8.90 2.19 32.92 <.001 7.09 1.96 13.84 <.001 11.71 2.46 22.17 <.001
Finishing phase 54.16 3.99 92.57 <.001 47.10 3.85 50.39 <.001 | 46.99 3.85 49.99 <.001
Having a partner
No 1 1 1
Yes 1.21 0.19 0.94 332 0.97 -0.03 0.02 .897 1.09 0.09 0.15 .697
Childcare
responsibilities
No 1 1 1
Yes 1.59 0.46 3.93 047 1.75 0.56 5.08 .024 2.04 0.71 8.37 .004
Organizational culture | 1.36 0.31 4.32 .038 1.62 0.48 8.00 .005 1.03 0.03 0.04 .845
Satisfaction  with | o5 003|013 720 118 0.17 3.02 068 | 105 0.05 0.45 501

coaching by supervisor
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Discussion

The present study investigates whether personal characteristics, specific features of the PhD
project, and research environment-related factors influence the publication performance of
junior researchers, using a unique dataset combining bibliometric data of PhD students in a
public research university and data obtained from the Survey of Junior researchers 1. We
considered both PhD students’ research quantity and quality.

Men have been consistently shown to be more productive than women (Leahey, 2006; Stack,
2004; Symonds et al., 2006), although in our study no gender gap in research productivity is
found. One possible explanation might be that the population studied is on average quite
young and the large majority of respondents have no children yet. Gender difference may be
more common at a later stage in the academic career when more researchers take up childcare
responsibilities, for instance during the postdoc phase (Stack, 2004). Nevertheless, our results
reveal that PhD students who have childcare responsibilities are more productive, both in
terms of publication quantity and quality. These group of PhD students might be more eager
to finish their doctoral degree within a reasonable time span due to their family obligations
and in order to be able to consider new more long-term career prospect on the (non-)academic
labour market.

Not surprisingly the phase of the PhD project, reflecting the work experience of PhD students,
is related to a higher probability of having a higher number of publications.

As expected, the total number of publications, the number of first-author publications, and the
publication quality based on scientific output in the Web on Knowledge are significantly
lower in social sciences and humanities compared to the other scientific disciplines. There
were no substantial differences in publication quantity and quality between doctoral students
in the biomedical, natural and applied sciences.

PhD students who are embedded in a research team characterised by a competitive culture,
with a strong focus on assertiveness, power, and ambition, have a significant higher
probability of being more productive than students in research teams where a more supportive
culture, placing more value on relationships and quality of life is prevailing.

PhD students who have been awarded a scholarship are more likely to have at least one first-
author publication, whereas assistants seem to be more productive in terms of both quantity
and quality than researchers who have an appointment on a project. For researchers with a
prestigious personal grant this is in line with the expectations, as they generally have a full-
time appointment to focus on their research, but for assistants this is more surprising as they
have to spend on average 50% of their time on teaching activities.

So, scientific discipline, phase of the PhD process, having childcare responsibilities, funding
situation and organizational culture are important factors predicting the total number of
publications and first-author publications. Similar results are obtained with regard to
publication quality, although the organizational culture in the research group could not predict
the probability of publishing in top 25% journals. Possibly other factors may play a role here,
for example the intrinsic motivation of the PhD student and the overall focus of the PhD
supervisor on high quality publications.

However, when interpreting our results, we need to take into account the turnaround time for
articles to get published in the Web of Knowledge and the short time period or our data. Due
to the fact that only 32.4% of the PhD students had already one or more publications, we
opted to use whole counts instead of fractional counts that adjust for the total number of co-
authors on a publication. If we could repeat the same exercise within a couple of years we
might get more detailed information concerning doctoral students’ publication process. We
could expect that investing in high quality research takes considerable more time than
publishing in lower ranked journals, but further research is needed to support this assumption.
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Although we controlled for scientific discipline in our analyses, we cannot rule out that it
might be more difficult to get a publication in a top 25% journal in a small field as compared
to a larger field with more journals in its subject category in Web of Knowledge. A further
step would be the creation of an optimal quality measurement.

References

Bornmann. L.. & Marx. W. (2014). How to evaluate individual researchers working in the
natural and life sciences meaningfully? A proposal of methods based on percentiles of
citations. Scientometrics. 98(1). 487-509.

Cardoso. A. R.. Guimaraes. P.. & Zimmermann. K. F. (2010). Comparing the early research
performance of PhD graduates in labor economics in Europe and the USA. Scientometrics.
84(3). 621-637.

Duffy. R. D.. Jadidian. A.. Webster. G. D.. & Sandell. K. J. (2011). The research productivity
of academic psychologists: assessment. trends. and best practice recommendations.
Scientometrics. 89(1). 207-227.

Fox. M. F. (2005). Gender. family characteristics. and publication productivity among
scientists. Social Studies of Science. 35(1). 131-150.

Hofstede. G.. Neuijen. B.. Ohayv. D. D.. & Sanders. G. (1990). Measuring organizational
cultures - a qualitative and quantitative study across 20 cases. Administrative Science
Quarterly. 35(2). 286-316.

Leahey. E. (2006). Gender differences in productivity - Research specialization as a missing
link. Gender & Society. 20(6). 754-780.

Manana-Rodriguez. J.. & Gimenez-Toledo. E. (2013). Scholarly publishing in social sciences
and humanities. associated probabilities of belonging and its spectrum: a quantitative
approach for the Spanish case. Scientometrics. 94(3). 893-91.

Ruane. F. P.. & Tol. R. S. J. (2009). A Hirsch measure for the quality of research supervision.
and an illustration to trade economists. Scientometrics. 80. 613-624.

Stack. S. (2004). Gender. children and research productivity. Research in Higher Education.
45(8). 891-920.

Symonds. M. R. E.. Gemmell. N. J.. Braisher. T. L.. Gorringe. K. L.. & Elgar. M. A. (2006).
Gender Differences in Publication Output: Towards an Unbiased Metric of Research
Performance. Plos One. 1(2).

Visser. M. S.. Luwel. M.. & Moed. H. F. (2007). The attainment of doctoral degrees at
Flemish Universities: a survival analysis. Higher Education. 54(5). 741-757.

163



Diaz-Faes, Galindo & Bordons

Exploring internationality and collaborative behaviour of scientists in
Social Sciences and Humanities®

Adrian A. Diaz-Faes*, Maria Purificacién Galindo** and Maria Bordons*

“adrian.arias@cchs.csic.es; maria.bordons@cchs.csic.es
Quantitative Analysis in Science & Technology Group (ACUTE), IFS, Centre for Human and Social Sciences
(CCHS), Spanish National Research Council (CSIC), Albasanz 26-28, Madrid 28037 (Spain)

“ pgalindo@usal.es
Statistics Department, University of Salamanca, Alfonso X El Sabio s/n, Salamanca 37007 (Spain)

Introduction

Research is increasingly collaborative and interdisciplinary. Collaboration allows scientists to
face larger and more complex problems and to optimize resources; and its positive effects on
the quantity and quality of scientific contributions have been extensively described (Glanzel,
2001). Moreover, interdisciplinarity has been associated with the most innovative
breakthroughs in science.

Research organizations have to adapt to the changing conditions of research and take steps to
facilitate the development of high quality and highly innovative research. Spanish National
Research Council (CSIC), the largest public institution devoted to research in Spain, develops
four-year action plans to define strategies, establish priorities and assign resources. Strategic
planning is developed to promote international presence, gain visibility and remain
competitive (CSIC, 2009). Interdisciplinary collaborative research is promoted as a way to
enhance quality and scope of the research and the dissemination of scientific output in high
prestige international channels is recommended.

CSIC comprises more than 4,000 scientists and 125 institutes spread all over the country
which are organized in eight scientific areas. In this paper the study of the Social Sciences and
Humanities area (SSH), which is the least collaborative one, is addressed from a micro-level
perspective. The aim of this paper is to study the publication behaviour of SSH scientists at
CSIC with special attention to specific aspects that characterize modern science, such as
collaboration, interdisciplinarity and international orientation. Differences by age, gender, and
academic rank are studied, as well as between Social Sciences and Humanities.

Methods

This paper focuses on 261 active scientists in the SSH area of CSIC in 2007. Personal data

and publication-based indicators were analysed.

1. Personal data: age, professional rank (P=postdoc, TS=tenured scientist, RS=research
scientist and RP=research professor) and gender of scientists were provided by CSIC.

2. Publications of CSIC’s scientists in Web of Science (WoS) during 2007-2011.
Publications in SSH were identified (Gomez et al., 2012) and assigned to scientists by
means of specific algorithms that normalize author’s names. The following indicators
were obtained for every researcher:

! Financial support from a JAE predoctoral fellowship from CSIC is acknowledged.
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a. Number of papers (only articles and reviews).

b. Impact, measured through the percentage of papers in high impact journals (journals in
the first quartile), percentage of non-cited papers, and relative citation rate (RCR)
(citations normalised to the average citation rate of the country in the category of the
publication journal).

c. Collaboration. The collaboration profile of each scientist (% of single-address papers,
% national collaboration and % international collaboration) and the percentage of
single-authored papers were obtained.

d. Local/international orientation, which is analysed through the trend of scientists to
publish in Spanish, English or another language.

e. Interdisciplinarity. Pratt index (Pratt, 1977) is used to study the concentration of
papers by subject categories according to the assignment of the publication journals to
WoS categories. It ranges from 0 (low concentration) to 1 (high concentration).

The relationship between personal data and publication behaviour is explored through Non-
linear Principal Components Analysis (NLPCA) (SPSS v.20), which allows reducing a set of
variables to a smaller number of non-correlated underlying variables. Discrete variables as
professional rank and gender are quantified assigning numeric values that maximize
association between quantified variables through optimal scaling.

Findings

A total of 1,612 papers were published by CSIC scientists in SSH during 2007-2011. 173
scientists out of 261 (66.3%) had at least one publication in WoS. Large differences in the
bibliometric profile of social and humanities scientists are observed, being on average social
scientists more collaborative, interdisciplinary and internationally oriented (Table 1).

Table 1. Average behaviour of SSH scientists.

HUM (n=117) | SOC (n=56)

Age 50.30 48.36

Personal data Professional rank (P/TS/RS/RP)(%) 7/50/20/23 7/52/21/20
%Women 43.6 48.2

Production No. papers 2.89 5.41
%Papers in Q1 journals 11.94 34.76

Impact %Non-cited papers 75.92 36.37
RCR 0.67 0.99

%Single authored papers 66.23 13.99

. %Collaboration papers 2211 48.06
Collaboration %International coll. papers 6.92 2257
%National coll. papers 17.62 32.00

Interdisciplinarity | Pratt Index 0.55 0.49
International %Spanish 72.17 35.15
orientation %English 24.74 64.40

NLPCA including all scientists and variables is developed and a two-dimension solution
which accounts for 47% of the variance is obtained. Graphically, the scatterplot for
component loadings (Figure 1) shows that nationally oriented activity (written in Spanish) is
positively correlated with single-authored papers, low interdisciplinarity and non-cited papers;
while internationally oriented activity (written in English) is associated with higher number of
papers, higher impact and greater collaboration. Secondly, the behaviour of Social Sciences
and Humanities scientists is analysed separately. The national/international activity dimension
can be observed in both cases, but in Social Sciences academic rank is positively related with
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production and impact and older scientists show higher tendency to get involved in nationally

oriented research.

Figure 1. Component loadings.
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Figure 2. NLPCA scores for author’s behaviour?.
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Discussion and conclusions

The research output of SSH scientists is only partly considered in this study since non-WoS
publications (books, book chapters or a number of national journals), which are important in
this area (Huang & Chang, 2008; Ossenblonk et al. 2014), are not taken into account.
However, we considered it was not a major limitation since we had descriptive purposes
rather than evaluative ones.

Humanities scientists show lower values of collaboration, interdisciplinarity and
internationality -measured through the presence of foreign co-authors or English language in
papers-. Moreover, higher rates of collaboration and interdisciplinarity are observed for the
most internationally-oriented scientists in both Social Sciences and Humanities.

The low international orientation of most humanities scientists can be due to the local and
regional concerns of their research, whose target audience is also local (Bordons & Gomez,
2000). Their low collaborative activity suggests the predominance of a “traditional”
conception of research as opposed to a “modern” one more cooperative and interdisciplinary
(Oschner et al., 2013).

Our analysis shows that SSH is a heterogeneous area. The large differences observed in the
behaviour of social and humanities scientists point to the need to analyse separately both
communities of scientists. The fact that academic rank is positively related with production
and impact in Social Sciences but not in Humanities is probably due to the best WoS coverage

? Author’s field was assigned based on WoS category publication profile.
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of the output of scientists in Social Sciences. Our next objective is to include non-Wos output
in the analysis in order to achieve a more comprehensive picture of the area.
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Abstract

This study investigates a range of metrics available when an article is published to see which
metrics associate with its eventual citation count. The purposes are to contribute to developing
a citation model and to inform policymakers about which predictor variables associate with
citations in the social sciences. Despite the complex nature of reasons for citation, some
attributes of a paper’s authors, journal, references, abstract, field, and country and institutional
affiliations are known to associate with its citation impact. This study investigates some
common factors and some new factors. Using negative binomial hurdle models, journal and
reference factors were found to be the most effective determinants of future citation counts.
Individual and institutional teamwork give a citation advantage in the social sciences but
international teamwork seems not to contribute to citation impact.

Introduction

This study investigates a range of properties that are available when a social science article is
published to see which of them associate with its eventual citation count. The purposes are to
contribute to developing a statistical model of the key factors that associate with citations and
to inform policymakers about which predictor variables associate with increased citations in
the social sciences. This study examines some common article properties that have been
previously assessed and some new factors (see Table 1).

Although the content and quality of a research paper is presumably the main reason for its
citations, other factors are known to statistically associate with article citation counts. For
example, collaboration increases citation impact (Gazni & Didegah, 2010; Sooryamoorthy,
2009). Journal impact, reference impact, author impact, and institution and country impact
can also increase the impact and visibility of articles (Boyack & Klavans, 2005; Leimu &
Koricheva, 2005). Papers with more references will be cited more (Peters & Van Raan, 1994),
as will funded research (Levitt, 2011) and papers with less readable abstracts, at least in the
five top institutions in the world (Gazni, 2011). Articles with longer abstracts have also been
found to receive more citations and longer papers may be cited more too (Kostoff, 2007).

Research Questions

No previous studies have examined many document properties that may associate with
citations for the broad social sciences; only a few factors in specific sub-fields of the social
sciences have been investigated. Moreover, previous studies have used statistical tests (e.g.,
correlations) that are powerful enough to differentiate between correlating factors (Chen,
2012; Leimu & Koricheva, 2005). Using a negative binomial-logit hurdle model, this study
conducts a simultaneous analysis of multiple social science document properties that may
associate with future citations. The following research questions are (simultaneously)
addressed.
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1. Which types of research collaboration (individual, institutional and international)
associate with increased citation impact?

2. Do author, institution and country impact associate with increased citation impact?

3. Do journal and reference characteristics (journal impact and internationality, reference
impact and internationality, and total references) associate with increased citation impact?

4. Which field size and article size attributes (article, abstract, and title length) associate
with increased citation impact?

5. Do articles with more readable abstracts receive more citations?

6. To what extent do the above factors associate with increased citation counts?

Methods

The publications selected for this study were taken from Thomson Reuters’ Web of Science
(WoS). A sample of 16,096 journal articles and conference papers was taken from the Social
Sciences Citation Index from 2000 to 2009, with each year randomly sampled in proportion to
the number of articles in that year. The year 2009 was selected as the end date in order to
allow all articles sufficient time (3 years) to accrue a substantial number of citations. The
dependent variable is the citation counts for papers and the independent variables and their
measures are listed in Table 1.

In this study, the Gini coefficient is a value between 0 and 1 where O represents the highest
level of internationality (i.e., all authors from the different countries) and 1 represents the least
internationality (i.e., all authors from the same country) (Buela-Casal, Perakakis, Taylor &
Checa, 2006). All Gini coefficients were multiplied by -1 so that higher values associate with
increased internationality in order to make the results easier to interpret. The Gini formula is:

N
Gini = |1 - Z(x'i — XD+ Yily)
i=1

Where:

N = Number of countries contributing to the journal,

Xi = Cumulative proportion of X where X=1/N;

Yi = Cumulative proportion of authors publishing in or citing the journal from countries 1 to i, where the
countries are arranged in descending order of the number of authors contributing to the journal.

Note: When i=1, X';_; and Y';_; equal zero.

Table 1. Independent variables and measures.

Main factor Sub-factors (Independent variables) Measure
Number of authors Number of authors in the WoS AU field.
Research collaboration Number of institutions Number of different institution names in the

WoS C1 field.

Number of countries Num_ber of different country names in the WoS
C1 field.
. Maximum h-index of the publishing authors in
Author impact the WoS AU field.
Journal Impact Factor retrieved from JCR for

Impact of the paper Journal Impact Factor (JIF) the journal in the WoS SO field.

Reference impact Median citation impact of references
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Maximum Mean Normalized Citation Score
Institution impact (MNCS) of the institutions in the WoS C1
field.

Maximum Mean Normalized Citation Score

Country impact (MNCS) of the countries in the WoS C1 field.

Journal author internationality Gini coefficient of the journal named in the
(J. auth. internationality) WoS SO field.

Internationality of the paper Journal citing author internationality Gini coefficient of the journal in the WoS SO
(J. citer internationality) field.
Cited journal author internationality Average Gini coefficient of the references in
(Ref. auth. internationality) the WoS CR field.
Cited journal citing author internationality  Average Gini coefficient of the references in
(Ref. citer internationality) the WoS CR field.
Paper length (Number of pages) Number of pages in the WoS PG field.
Abstract length Number of words in the WoS AB field.

Paper size
Title length Number of words in the WoS T field.
Number of references Number of references in the WoS CR field.
Field size Number of publications in the related sub-field

Flesch readability score of the WoS AB field.
Flesch scores range between 0 to 1 and a score
closer to 1 means that the abstract is more
readable.

Readability of the paper Abstract readability

A Negative Binomial (NB)-logit hurdle model was fitted to the data (Hilbe, 2011). This
analyses the zeroes separately from the other citation counts on the assumption that different
processes underlie them. The hurdle model is suitable because it seems reasonable to assume
that it is a significant hurdle for a paper to receive its first citation but after this it is more
likely to be cited in the future, for example by others finding the paper with a citing references
search or by the paper being ranked higher in search systems because of its citation(s). The
overdispersion parameter is significant in this model, further justifying the use of the NB
model (p for alpha < 0.01) rather than a simpler one. To diagnose multicollinearity between
the variables the Variance Inflation Factor (VIF) was used with the rule of thumb that VIFs
over 4 indicate severe multicollinearity (Chatterjee, Hadi & Price, 2000). The largest VIF
value was 2.09, suggesting the absence of serious multicollinearity among the variables. The
results also report the change in the expected number of citations between an article with a
value on the 25" percentile for a property to an article with a value on the 75" percentile for
the property. This indicates the importance of the property for citations in the sense of the
increase in citations obtainable from a reasonable change in its value.

Instead of normalizing the citation counts by year of publication or using a citation window,
the publication year was entered into both the logit and NB models to control for the effect of
the publication year.
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Results

With respect to the NB model (Table 2), field size and number of countries do not
significantly associate with citation counts. Except for journal citer internationality, reference
citer internationality and title length, all the other factors significantly associate with increased
citation counts to articles. Title length significantly associates with decreased citation counts
and a unit increase in the factor (i.e., an extra word in the title) associates with a 2% decrease
in citation counts. Moreover, an increase in title length from the 25th quartile to the 75th
quartile decreases the expected number of citations by only 11.3%. Journal citer
internationality and reference citer internationality also significantly associate with decreased
citation counts and a unit increase in each factor associates with 36.8% and 42.1% decrease in
citation counts, respectively. A unit increase in reference impact, number of references,
number of pages, abstract length, and abstract readability gives a small increase in citations
(less than 1%) but the percentage increase in the citation counts for the change between 25th
quartile and 75th quartiles of each factor is considerable (20.4%, 16.2%, 10.1%, 8.8%, and
5.5%, respectively).

With respect to the logit model (Table 3), field size, number of countries, reference author
internationality, reference citer internationality, and title length are not significant factors for
zero citations. All the other factors except for the number of institutions and journal citer
internationality contribute to decreased zero citations.

Discussion and conclusions

Research Collaboration: Individual and institutional collaborations significantly associate
with increased citations. Multi-author research is known to receive more citations than does
solo research (Gazni & Didegah, 2010) except perhaps in library and information science
(Hart, 2007), economy and finance (Medoff, 2003), social and personality psychology
(Haslam, et al., 2008), and chemistry (Bornmann, Schier, Marx, & Daniel, 2012).
International collaboration is not significant in the social sciences, however. The contradiction
between this finding and previous studies of international collaboration may be due to the
limited geographical and institutional coverage of previous research or may be due to the
simpler statistical models used in most previous studies, which mostly did not analyse
multiple factors simultaneously. In other words, the key factor may be collaboration rather
than specifically international collaboration. Alternatively, given the significance of the
impact of the affiliated countries (see below), it could be that only collaboration with high
impact countries is beneficial for future citations.

Article properties: Higher JIFs significantly associate with substantially increased citations
and decreased zero citations. An increase from the lower to the upper JIF quartile results in a
51% increase in expected citations and a 70% decrease in the number of zero citations. This is
unsurprising because JIFs are based upon average citations and so article citations should be
mathematically related to the publishing journal JIF and this is in agreement with previous
findings for a range of scientific fields (e.g., Boyack & Klavans, 2005). Higher impact
references also associate with increased citations and decreased zero citations. A change
between quartiles associates with a 20% increase in positive citation counts and a 13%
decrease in zero citations. This finding concurs with the results of previous studies
(Bornmann, Schier, Marx, & Daniel, 2012; Didegah & Thelwall, 2013ab). Author impact
significantly associates with increased citation counts and decreased zero citations. A unit
increase in author impact associates with a 3% increase in positive citation counts whereas an
increase between lower and upper quartiles gives a 30% increase in the expected number of
citations. This is in agreement with previous studies (Vanclay, 2013). Institutional impact is
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also a significant but minor determinant of increased citation counts. The percentage increase
in the mean parameter for citations due to a unit increase and a change between quartiles both
give only a 4% increase, however. The factor contribution to decreased zero citations is 28%
from an increase from the lower to the upper quartile. Country impact is a significant factor
for both positive citation counts and zero citations. A unit increase in country impact
associates with a 29% increase and a change from the lower to upper quartile associates with
a 61% increase in the positive citation counts. With respect to the logit model, an increase
from the lower to the upper quartile associates with a 57% decrease in zero citations.

Journal and reference internationality: An increase from the lower to the upper quartile in
journal author internationality associates with a 5.3% increase in expected citations. With
respect to the logit model, increased journal author internationality associates with decreased
zero citations. Increased journal citer internationality significantly associates with decreased
citation counts. Journal citer internationality gave contrary results: a significant association
with decreased citation counts, showing that being cited from across the world does not matter
for citations whereas having authors from different countries publishing in the journal helps
articles' citations. Reference internationality was also measured in two ways with the Gini
coefficient, the geographic dispersion of the cited journal authors and that of the cited journal
citers. Reference author internationality significantly associates with increased citation counts.
The results show that articles with more international references in terms of the geographic
dispersion of their authors receive more citations than do articles with less international
references. The increase in citation counts for an increase between the lower and upper
quartiles in reference author internationality is 20.2%. Reference citer internationality is a
significant determinant of decreased citation counts, showing that articles with more
international references in terms of the geographic dispersion of their citers received fewer
citations.

Article size attributes: More references significantly associates with increased citation counts
and each additional reference associates with a 0.5% increase in expected citations. Moreover,
an increase from the lower to the upper quartile increases the expected citation counts by
16%. It is known that articles with more references are cited more (Mingers & Xu, 2010).
Field size in terms of the number of publications in the social sciences WoS sub-field is not a
significant factor. Title length significantly associates with decreased citation counts showing
that articles with shorter titles receive more citations and concurring with Ayres and Vars
(1999). Abstract length significantly associates with increased citation counts. The same result
was found in Kostoff (2007) for medical articles. Paper length is a significant factor for
increased citation counts. A number of micro-studies in different subject areas have also
confirmed this (Vanclay, 2013; Mingers & Xu, 2010).

Abstract readability: More readable abstracts significantly associates with increased citation
counts although an increase from the lower to upper quartile (from difficult to easier
abstracts) increases the mean parameter for citation counts by only 6%. Moreover, abstract
readability associates with decreased zero citations in the social sciences and a change
between the lower and upper quartiles results in a 18% decrease in the probability of zero
citations.

To summarize, and using the inter-quartile changes in Table 2 as the main guide, journal and
reference characteristics, and particularly journal and reference impact, are the main extrinsic
properties of articles that associate with their future citation impact in the social sciences.
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Journal and reference internationality can also help with the prediction of future citation
impact. Research collaboration, and particularly individual and institutional collaboration, can
help to predict citation counts for articles but international collaboration alone is not
important, unless it is with a high impact nation. Paper length, abstract length and abstract
readability are also significant determinants of citation counts, but not all make a substantial
difference. In the world top institutions, articles with more readable abstracts (i.e., easier to
read) were less cited but in the social sciences more readable abstracts are more cited. These
conclusions have been obtained using a method that minimises the chance that spurious
factors have been identified due to their correlations with genuine factors.
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Appendix: Tables 2-3

Table 2. Analysis of hurdle model results for 16,096 WoS social sciences journal articles and conference

papers from 2000 to 2009.
Decreasing/Increasing % change in the % change between
Logit model Significance probability of zero probability of zero lower and upper Unit
citations citations quartiles
Field size Insignificant
No. authors Significant Decreasing -17.3 -37.7 Citations per extra author
No. institutions Significant Increasing 15.0 15.0 Citations per extra institution
No. countries Insignificant
JIF Significant Decreasing -19.2 -69.9 Citations per extra IF
Ref. impact Significant Decreasing -04 -13.2 Citations per extra median citations
Author impact Significant Decreasing -3.4 -35.8 Citations per extra h-index
Institution impact Significant Decreasing -28.4 -0.6 Citations per extra MNCS
Country impact Significant Decreasing -22.9 -56.8 Citations per extra MNCS
J. auth. internationality Significant Decreasing -88.7 -12.4 Citations per extra GINI
J. citer internationality Significant Increasing 0.4 30.2 Citations per extra GINI
Ref. auth. internationality  Insignificant
Ref. citer internationality Insignificant
No. refs Significant Decreasing -0.8 -27.1 Citations per extra reference
No. pages Significant Decreasing -3.0 -41.6 Citations per extra page
Title Length Insignificant
Abs. length Significant Decreasing -0.2 -18.3 Citations per extra word
Abs. readability Significant Decreasing -0.9 -17.5 Citations per extra Flesch Score
NB . Decreasing/Increasing n:ﬁarcwhggg?:t::if % change between -
model Significance citations positive citation lower anq upper Unit
counts quartiles
Field size Insignificant
No. authors Significant Increasing 10.6 224 Citations per extra author
No. institutions Significant Increasing 5.0 5.0 Citations per extra institution
No. countries Insignificant
JIF Significant Increasing 61.1 50.9 Citations per extra IF
Ref. impact Significant Increasing 0.6 20.4 Citations per extra median citations
Author impact Significant Increasing 29 29.8 Citations per extra h-index
Institution impact Significant Increasing 44 0.1 Citations per extra MNCS
Country impact Significant Increasing 28.6 61.1 Citations per extra MNCS
J. auth. internationality Significant Increasing 32.0 53 Citations per extra GINI
J. citer internationality Significant Decreasing -36.8 -80.4 Citations per extra GINI
Ref. auth. internationality Significant Increasing 63.1 20.2 Citations per extra GINI
Ref. citer internationality Significant Decreasing -42.1 -19.8 Citations per extra GINI
No. refs Significant Increasing 0.5 16.2 Citations per extra reference
No. pages Significant Increasing 0.8 10.1 Citations per extra page
Title Length Significant Decreasing -2.0 -11.3 Citations per extra word
Abs. length Significant Increasing 0.1 8.8 Citations per extra word
Abs. readability Significant Increasing 0.3 55 Citations per extra Flesch Score
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Table 3. The results of the hurdle model for 16,096 WoS social sciences journal articles and conference

papers from 2000 to 2009.

Logit model Coef. Exp (Coef.)  Std. Err. z P>z [95% Conf. Interval]

Field size 0.000 1.000 0.000 0.780 0.433 0.000 0.000
No. authors 0.160 1.173 0.016 10.080 0.000 0.129 0.191
No. institutions -0.162 0.851 0.057 -2.850 0.004 -0.273 -0.050
No. countries 0.038 1.039 0.107 0.350 0.724 -0.172 0.248
JIF 0.785 2.192 0.032 24.260 0.000 0.721 0.848
Ref. impact 0.004 1.004 0.002 2.390 0.017 0.001 0.007
Author impact 0.034 1.034 0.007 4.910 0.000 0.020 0.047
Institution impact 0.250 1.284 0.067 3.730 0.000 0.119 0.382
Country impact 5.445 231.611 36.766 0.690 0.489 -4.615 7.505
J. auth. internationality 0.635 1.887 0.181 7.170 0.000 0.546 1.653
J. citer internationality -5.503 0.004 0.161 -34.150 0.000 -5.819 -5.187
Ref. auth. internationality -0.018 0.982 0.167 -0.110 0.912 -0.345 0.308
Ref. citer internationality 0.015 1.015 0.293 0.050 0.960 -0.559 0.589
No. refs 0.008 1.008 0.003 2.990 0.003 0.003 0.013
No. pages 0.029 1.030 0.008 3.880 0.000 0.014 0.044
Title Length 0.004 1.004 0.011 0.350 0.727 -0.017 0.024
Abs. length 0.002 1.002 0.001 2.670 0.007 0.001 0.004
Abs. readability 0.009 1.009 0.004 2.460 0.014 0.002 0.017
Constant -2.341 0.096 0.541 -4.330 0.000 -3.402 -1.280
NB model Coef. Exp (Coef.)  Std. Err. z P>z [95% Conf. Interval]

Field size 0.000 1.000 0.000 -0.620 0.534 0.000 0.000
No. authors 0.101 1.106 0.013 7.760 0.000 0.075 0.126
No. institutions 0.049 1.050 0.024 2.060 0.040 0.002 0.095
No. countries 0.052 1.053 0.045 1.130 0.256 -0.038 0.141
JIF 0.477 1611 0.024 19.490 0.000 0.429 0.525
Ref. impact 0.006 1.006 0.001 10.590 0.000 0.005 0.007
Author impact 0.029 1.029 0.002 14.120 0.000 0.025 0.033
Institution impact 0.043 1.044 0.013 3.280 0.001 0.017 0.069
Country impact 5.401 221.560 6.081 0.890 0.374 -6.518 17.320
J. auth. internationality 0.278 1.320 0.113 0.910 0.007 -0.119 0.324
J. citer internationality -1.001 0.368 0.111 -32.790 0.000 -0.848 -1.414
Ref. auth. internationality 0.489 1.631 0.121 2.710 0.007 0.091 0.564
Ref. citer internationality -0.865 0.421 0.228 -9.360 0.000 -2.580 -0.687
No. refs 0.005 1.005 0.001 5.640 0.000 0.003 0.006
No. pages 0.008 1.008 0.003 3.230 0.001 0.003 0.013
Title Length -0.020 0.980 0.004 -5.470 0.000 -0.027 -0.013
Abs. length 0.001 1.001 0.000 4.470 0.000 0.001 0.002
Abs. readability 0.003 1.003 0.001 2.100 0.035 0.000 0.006
Constant -1.283 0.277 0.235 -5.470 0.000 -1.743 -0.823
Alpha 0.118 1.125 0.037 3.220 0.001 0.046 0.190
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Introduction

With this study we seek to gain some understanding into the empirical magnitudes of errors in
self-citation detection. We use fuzzy string distance measures to select highly similar names
from a set of possible candidates to increase recall of relevant names and compare the results
to those of a simple name comparison method. The automatic methods' results are
benchmarked against manually curated samples. We arrive at estimates of the proportion of
latent to overt self-citations for several detection methods.

Data

This study was performed on scholarly publication and citation data obtained from Elsevier
Scopus through a data subscription by the Competence Center for Bibliometrics (KB). It has
been processed, cleaned and enhanced and subsequently loaded into the KB's internal
bibliometrics database. The data provider's supplied citation linkage information was used.
All publications from the year 2009 regardless of document type or publication type and all
articles citing them up to the date of May 2013 were taken into account.

Methods

A framework was programmed within the database in PL/SQL to run and evaluate different
author self-citation detection routines. All documents citing a given work are collected and
the author information of the cited work is compared against those of the citing works.

The methods are:

1) fullname-field method: The "fullname™ field is created from the author given name and
surname fields in the original data when loaded into the database. This is most often used for
self-citation matching up to now and used as a baseline here. Exact string match on the cited
and citing author fullname field is performed.

2) complete name method: A method taking into consideration as much author name
information as available. Surnames are compared directly. If both names have full given
names, those are compared. If both contain initials, they are aligned to the common minimum
number of initial letters should they differ, then they are compared. If one should contain just
initials and the other a full given name, the latter is reduced to its initials and two are
compared (a longer chain of initials would likewise be truncated to be as long as the shorter
one).

3) Enhanced algorithms: the surnames are first compared by regular exact string match. If
they do not match, we subject the two surnames to one of two string distance measures, either
Levenshtein distance (Levenshtein 1966) or Jaro-Winkler (JW) distance (Winkler 1990).

If the computed similarity score is equal or greater than a threshold value, the pair is a match.
Should the given names be the same or similar above the defined threshold (for not
abbreviated given names) or be the same initials (if at least one given name is abbreviated),
the match is kept, else it is discarded.
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The algorithm methods were evaluated with samples randomly drawn from the population of
candidate pairs described above. The two author names in each pair were manually assessed
as to whether they denominate the same person. Apart from the names, the institutional
affiliations were taken into account, as well as personal online publication lists. Decisions on
identity from this ground truth data set were then compared to the results of runs of the
automatic methods. Algorithmic decisions were classified into true/false positive and
true/false negative. From those, precision, recall, and the F-measure were computed.

Results and discussion

Random sample: 1012 author pairs were randomly drawn from the candidates and the
methods evaluated. The ground truth showed that 1009 of those pairs consist of the same
authors and are thus true self-citations. See Table 1 for the results. The complete name
method outperforms the fullname field method. Fullname field is easily beaten by both of the
surname similarity based methods at any examined threshold, while the complete name
method works almost as well as them. The advantage from the increased recall is not
mitigated by the slightly lower precision.

From these results we estimate that an elaborate fuzzy string based method can find close to
all author-author self-citation (AASC) with little if any error, while a method based on
surname and initials (baseline) will miss about 2.6% of author-author self-citations. The
method making use of full given name information will miss only an estimated 0.7% of
AASC.

Table 1: Results of the evaluation of methods for a true random sample, n = 1012

Threshold = Precision Recall F-Measure
fullname field 1.000 0.974 0.987
complete name 1.000 0.993 0.996
Levenshtein name 0.70 0.999 1.000 0.999
similarity 0.80 1.000 0.999 0.999
0.90 1.000 0.994 0.997
Jaro-Winkler name 0.70 0.997 1.000 0.998
similarity 0.80 0.998 1.000 0.999
0.90 0.999 1.000 0.999

Sample of not-equal candidate names: We analyzed sample of edge cases. Name pairs that
were similar but not identical were taken into consideration. From all pairs that were found to
have Levenshtein distance similarities between 0.6 and 0.99 we randomly selected 2750 pairs.
As would be expected, the plain methods perform much worse than in the sample discussed
previously. Results are reported in Table 2.
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Table 2: Evaluation of methods for similar but not equal names, n = 2750

Method Threshold  Precision
fullname field 1.000
complete name 1.000
Levenshtein name 0.70 0.865
similarity 0.80 0.973

0.90 1.000
Jaro-Winkler name 8;8 gggg
similarity : :

0.90 0.913

Conclusion

The standard method for detecting AASC is found to miss about 2.6% of AASCs. Should this
be considered non-trivial, using complete name information and string similarity methods can
satisfyingly alleviate the problem. Preferable thresholds are 0.70 to 0.75 for Levenshtein

Recall
0.014
0.005
0.999
0.776
0.169
1.000
0.999
0.908

distance similarity and 0.80 to 0.90 for Jaro-Winkler similarity.
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Introduction
A lot of work has been done on the analysis and visualization of many different types of
bibliometric networks (e.g., Van Eck & Waltman, in press). The most frequently studied types
of bibliometric networks are based on citation relations. Examples include networks of co-
citation relations or bibliographic coupling relations between journals, authors, or individual
publications.

The analysis and visualization of direct citation networks has received relatively limited
attention. Interest usually focuses on co-citation and bibliographic coupling networks rather
than direct citation networks. Many techniques have been developed for analyzing and
visualizing co-citation and bibliographic coupling networks, and a number of software tools
are available to support the study of these networks (Cobo, Lopez-Herrera, Herrera-Viedma,
& Herrera, 2011; Van Eck & Waltman, in press). One of these tools is our own VVOSviewer
(Van Eck & Waltman, 2010; www.vosviewer.com).

Important work on the analysis and visualization of direct citation networks has been done by
Eugene Garfield. Garfield emphasizes the value of direct citation networks for studying the
history and development of scientific fields. He refers to this as algorithmic historiography
(Garfield, Pudovkin, & Istomin, 2003). Garfield has developed a software tool called HistCite
(www.histcite.com) that can be used to construct and visualize direct citation networks based
on data downloaded from the Web of Science (WoS) bibliographic database.

In this paper, we introduce CitNetExplorer, a new software tool that we have developed for
analyzing and visualizing direct citation networks. CitNetExplorer, which is an abbreviation
of ‘citation network explorer’, can be downloaded from www.citnetexplorer.nl. It has been
developed in Java and therefore should run on any system that offers Java support.
CitNetExplorer builds on Garfield’s work on algorithmic historiography. Compared with
HistCite, it can handle much larger citation networks, possibly including millions of
publications and citation relations. Moreover, CitNetExplorer offers sophisticated
functionality for drilling down into a citation network, for instance allowing users to start at
the level of a full network consisting of several millions of publications and to then gradually
drill down into this network until a small subnetwork has been reached including no more
than, say, 100 publications, all dealing with a specific topic of interest. CitNetExplorer
borrows various ideas from VOSviewer, especially features related to visualization and user
interaction.

CitNetExplorer may be used for many different types of applications. Below we give three
examples.
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Studying the development of a scientific field over time. This is what Garfield refers to as
algorithmic historiography. The idea is that by showing the most important publications in a
field, ordered based on the year in which they appeared, and the citation relations between
these publications, one obtains an overview of the development of a field over time.

Identifying research areas. Suppose one wants to identify all publications on a certain
research topic or in a certain research area. One may attempt to identify publications using
keywords or based on the journal in which they have appeared, but this will usually yield
incomplete results. Publications that do not contain the right keywords or that have not
appeared in the right journal will be missed. Starting from a core set of relevant publications,
CitNetExplorer can be used to identify publications based on citation relations. One may for
instance select all publications that have at least a certain minimum number of citation
relations with publications in the core set.

Literature reviewing. Literature reviewing can be a time-consuming task, especially when one
attempts to be exhaustive in one’s overview of the literature. To make sure that no relevant
publications are overlooked, large numbers of publications need to be checked, often by going
through the reference lists of publications that have already been identified as being relevant.
Or the other way around, relevant publications need to be identified by checking all
publications that cite one or more publications already identified as being relevant.
CitNetExplorer simplifies literature reviewing in various ways, in particular by making it
possible to easily select all publications that cite, or are cited by, a given set of publications.

Below we first discuss how citation networks are constructed, visualized, and analyzed in
CitNetExplorer. We then provide a demonstration of the tool.

Construction, visualization, and analysis of citation networks
In this section, we discuss the approach taken by CitNetExplorer to construct, visualize, and
analyze citation networks.

Construction of citation networks

CitNetExplorer is able to directly construct citation networks based on WoS output files. To
identify citation relations between publications, the cited references in a WoS output file are
matched with the publications in the file. CitNetExplorer first attempts to match based on
DOI. If DOI data is not available, matching is done based on first author name (last name and
first initial only), publication year, volume number, and page number. A perfect match is
required for each of these data elements. Data on the title of the cited journal usually is
available as well, but because journal titles often are not written in a consistent way, this data
IS not used.

CitNetExplorer assumes citation networks to be acyclic. This for instance means that it is not
allowed to have both a citation from publication A to publication B and a citation from
publication B to publication A. Likewise, it is not allowed to have a citation from publication
A to publication B, a citation from publication B to publication C, and a citation from
publication C to publication A. In practice, citation networks are not always perfectly acyclic.
CitNetExplorer therefore removes citation relations that cause a citation network to have
cycles. CitNetExplorer also removes citation relations that point forward in time, for instance
from 2013 to 2014.
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Visualization of citation networks

If a citation network consists of more than 50 or 100 publications, displaying all publications
and all citation relations is typically of little use. There will usually be lots of citation
relations, and many of them will cross each other, leading to a visualization that is hard to
interpret. In the case of larger networks, CitNetExplorer therefore displays only a selection of
all publications, by default the 40 most frequently cited ones. For simplicity, below we
assume that we are dealing with a small network and that all publications in the network are
displayed. Larger networks are visualized in the same way as described below, with the
exception that only a selection of all publications are included in the visualization.

In the visualization of a citation network, CitNetExplorer uses the vertical dimension to
represent time, with more recent years being located below earlier years. Publications are
positioned in the vertical dimension based on the year in which they appeared. The vertical
dimension is organized into layers, each of equal height. Each year is represented by at least
one layer. If there are citation relations between publications from the same year, the year is
represented by multiple layers. The horizontal dimension in the visualization of a citation
network is used to provide an indication of the closeness of publications to each other in the
citation network. Examples of visualizations of citation networks can be found in Figures 1
and 2.

Positioning the publications in a citation network in the horizontal and vertical dimensions of
a visualization is known as a hierarchical graph drawing problem. Following the literature
(e.g., Healy & Nikolov, 2013), CitNetExplorer first assigns each publication to a layer in the
vertical dimension. This is done based on the year in which a publication appeared. In
addition, it is ensured that citations always flow in an upward direction. So for each citation
relation, the layer to which the citing publication is assigned must be located below the layer
of the cited publication. After each publication has been assigned to a layer, CitNetExplorer
positions the publications in the horizontal dimension. In general, the closer two publications
are to each other in the citation network, the closer to each other they are positioned in the
horizontal dimension.

To optimize the visualization of a citation network, CitNetExplorer uses similar techniques as
VOSviewer. CitNetExplorer labels publications by the last name of the first author. To
prevent labels from overlapping, labels may sometimes be displayed only for a selection of all
publications. Like VOSviewer, CitNetExplorer offers zooming and panning (scrolling)
functionality.

Analysis of citation networks

CitNetExplorer offers the following options for analyzing citation networks:
Extracting connected components.

Clustering publications.

Identifying core publications.

Finding shortest and longest paths between publications.

Publications are clustered based on their citation relations. The clustering methodology of
Waltman and Van Eck (2012) is used combined with the smart local moving algorithm of
Waltman and Van Eck (2013). The level of detail of the clustering is determined by a
resolution parameter.
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The identification of core publications is based on the concept of k-cores introduced by
Seidman (1983). A core publication is a publication that has at least a certain minimum
number of citation relations with other core publications. The identification of core
publications makes it possible to get rid of unimportant publications in the periphery of a
citation network.

Demonstration

We now offer a demonstration of CitNetExplorer. We use the tool to analyze the literature on
two scientometric topics: The h-index and science mapping. The demonstration aims to give a
general idea of the possibilities offered by CitNetExplorer. The demonstration is not intended
as a step-by-step tutorial. A tutorial is available online at
www.citnetexplorer.nl/gettingstarted/.

Data collection

Bibliographic data for all 25,242 publications in the 13 journals listed in Table 1 was
downloaded from the WoS database’. To select these journals, we started with Scientometrics
and Journal of Informetrics, the two core scientometric journals. We then used the Journal
Citation Reports to identify closely related journals. We took all journals listed among the
five most closely related journals to either Scientometrics or Journal of Informetrics,
excluding journals that seem to be mainly nationally oriented. For each selected journal, we
also added possible predecessors to the selection. The 25,242 publications in the 13 selected
journals cover the period 1945-2013.

Table 1. Journals included in the data collection.

Journal No. of pub.
American Documentation 796
ASLIB Proceedings 2,697
Information Processing and Management 3,036
Information Scientist 254
Information Storage and Retrieval 372
Journal of Documentation 3,778
Journal of Information Science 1,855
Journal of Informetrics 399
Journal of the American Society for Information Science 2,995
Journal of the American Society for Information Science and 2,486
Technology
Research Evaluation 383
Research Policy 2,596
Scientometrics 3,595
Analysis

We first analyze the h-index literature. We then consider the literature on science mapping.

h-index
After loading the data downloaded from the WoS database into CitNetExplorer, we obtain a
citation network consisting of 28,482 publications and 158,292 citation relations. The citation

! Data collection took place on November 7, 2013.
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network includes 3,240 publications that are not among the 25,242 publications included in
the data collection. These are publications that are cited at least ten times in the 25,242
publications. This includes classical scientometric publications, such as the work by Bradford
and Lotka, it also includes books, for instance by Garfield, Kuhn, and De Solla Price, and it
includes scientometric publications in multidisciplinary journals such as Nature, PNAS, and
Science.

A visualization of the citation network is presented in Figure 1. The scientometric literature
is located in the center of the visualization. Information science and information retrieval
publications are located in the left part, and publications on technology and innovation studies
in the right part.

We now drill down into the subnetwork consisting of the publication by Hirsch in 2005 in
which the h-index was introduced and all publications that directly or indirectly cite this
publication. These publications are called successors in CitNetExplorer. A visualization of the
subnetwork is shown in Figure 2. The subnetwork includes 1,371 publications.

Many publications that cite the publication by Hirsch in 2005 may be only weakly related to
the topic of the h-index. Among the 1,371 publications in our subnetwork, we therefore make
a selection of core publications. We define a core publication as a publication that has citation
relations with at least ten other core publications. Based on this criterion, 230 core
publications are identified. We drill down into the subnetwork consisting of these 230
publications. After drilling down, we cluster the publications. Using the default value of 1.00
for the resolution parameter, two clusters are identified. The visualization that we obtain is
shown in Figure 3. Based on our knowledge of the scientometric literature, it is immediately
clear that the blue cluster consists of publications on the h-index and its variants. The
publications in the green cluster are not directly about the h-index but instead deal with the
closely related topic of advanced citation-based indicators.

Drilling down into the blue cluster yields the visualization presented in Figure 4. The
visualization displays the citation network of the most frequently cited publications on the h-
index, starting with the publication by Hirsch in 2005 and ending with the publication by
Waltman on the inconsistency of the h-index in 2012.

In CitNetExplorer, we can navigate back and forth between different subnetworks of a
citation network in a similar way as we can navigate back and forth between web pages in a
web browser. After moving back to our subnetwork consisting of 230 publications, we drill
down into the green cluster. The visualization that we obtain is shown in Figure 5. The
visualization offers an overview of the development of the literature on advanced citation-
based indicators after the introduction of the h-index, starting with well-known publications
by Bollen, Lundberg, and Zitt and ending with recent work by for instance Gléanzel,
Leydesdorff, and Waltman.

% In all visualizations shown in this paper, the 70 most frequently cited publications are displayed. Furthermore,
only citation relations included in the so-called transitive reduction of a citation network are displayed. This for
instance means that if A cites B and C and if B cites C, the citation relation between A and C is not displayed.
This relation is considered non-essential, since one can also get from A to C via B.
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Science mapping

We now look at the literature on science mapping. We first move back to the full network,
and we then cluster the 28,482 publications using a relatively high value of 5.00 for the
resolution parameter. Publications by Small, Wasserman, and White are assigned to the same
cluster, suggesting that this cluster covers the topic of science mapping. We drill down into
the cluster, which consists of 1,105 publications. We then again create a clustering of
publications, this time using the default value of 1.00 for the resolution parameter. This yields
the visualization shown in Figure 6.

We observe four clusters in the visualization in Figure 6. The blue cluster can be considered
to cover the core of the science mapping literature, in particular the work on co-citation and
bibliographic coupling analysis. The orange cluster mainly covers the topic of co-word
analysis. The purple cluster covers the topic of (social) network analysis. The green cluster is
a bit more difficult to label. On the one hand it covers the topic of interdisciplinarity, but on
the other hand it also covers a large number of publications from a single author (of the 248
publications in the cluster, 57 are authored by Leydesdorff), suggesting that to some degree
the cluster may represent the oeuvre of an author rather than a scientific topic.

We drill down into the blue cluster. This gives us the visualization presented in Figure 7. We
select the publication by Kessler in 1963, in which the concept of bibliographic coupling was
introduced, and the publication by Van Eck in 2010, in which the VOSviewer software was
presented. We then identify the longest path in the citation network between these two
publications. There turn out to be multiple longest paths, as shown in Figure 8.

Conclusion

We have introduced CitNetExplorer, a new software tool for analyzing and visualizing
citation networks. The most important functionality of CitNetExplorer has been discussed,
and a demonstration of the tool has been given. Because of space limitations, we have not
been able to discuss all possibilities offered by CitNetExplorer. We also have not been able to
show how CitNetExplorer can be applied to very large citation networks, including millions
of publications and citation relations.

The scientometric community is still relatively inexperienced in the types of analyses made
possible by a tool such as CitNetExplorer. As we have discussed, the community has focused
more on the analysis of co-citation and bibliographic coupling networks than on the analysis
of direct citation networks. Given the limited experience with the analysis of direct citation
networks, it remains to be seen for what types of applications CitNetExplorer is most useful.
Based on our own experience with CitNetExplorer and the feedback we hope to receive from
others, we plan to continue the development of the tool. Among other things, we will consider
the possibility of including additional options for analyzing citation networks, for instance
related to the idea of main path analysis (Hummon & Doreian, 1989). We especially hope that
CitNetExplorer, probably in combination with other tools, will contribute to a better
understanding of the evolution of scientific fields.

186



Van Eck & Waltman

Figure 1. Citation network of the field of scientometrics and closely related fields.
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Figure 2. Citation network of the paper by Hirsch in 2005 and all its direct and indirect successors.
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Figure 4. Citation network of the literature on the h-index and its variants.
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Figure 6. Citation network of the literature on science mapping.
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Figure 8. Longest paths between the publication by Kessler in 1963 and the publication by Van Eck in
2010.
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Introduction

In the evolution of the Open Access Movement, there have been pioneering initiatives to
provide free and open access to published scientific content, such as the creation of the
BioMed Central (BMC) and the Public Library of Science (PLOS) in early 2000. These set
out a new funding model for journals where the liability for publishing costs is transferred
from the readers to the authors. The PLOS was also innovative since it led to the creation of
Article-Level Metrics - ALM (Fenner & Lin, 2013) and expanded by issuing a series of new
titles - PLOS Biology in 2003; PLOS Medicine in 2004, PLOS Computational Biology,
PLOS Genetics and PLOS Pathogens in 2005, PLOS ONE in 2006 and more recently PLOS
Currents. As a result, today the set of PLOS journals is widely recognized and prestigious.

Recently (on June 18, 2013), PLOS introduced a new search engine - PLOS-ALM Reports
(http://almreports.plos.org/) (Allen, 2013) which allows more detailed investigations to be
carried out in all the PLOS journals showing consolidated alternative measures of visibility
and impact earned by published articles. Since the University of Sdo Paulo is considered to be
"Brazil's leading academic institution in research and graduate education™ (Schwartzman,
2006), this study is an attempt to find evidence of the USP performance that goes beyond
traditional metrics, by using the alternative indicators provided by PLOS-ALM and making a
comparison with other articles in the PLOS journals that come from Brazil.

Methods

We carried out a search in PLOS-ALM Reports for [Author affiliation country: Brazil; Period:
January 01, 2005 to December 31, 2012; Journal: All Journals]. The data were downloaded in
a CSV file, so that a comparison of the PLOS-ALM indicators® could be made between the
USP and non-USP articles from Brazil.

Results

A total number of 481 articles from USP are represented within the analyzed date range in the
PLOS journals, which is 0.69% of the overall number of PLOS publications (n=69,306) and
30.1% of the publications where Brazil is the authorship country (n=1,598) in the same
period. The PLOS ONE journal has published almost all the items where Brazil features as
the “author affiliation country” (n=1,303), followed by PLOS Neglected Tropical Diseases
(n=213), PLOS Pathogens (n=27), PLOS Medicine (n=18), PLOS Genetics (n=17), PLOS
Biology and PLOS Computational Biology (10 items each). With regard to ALM, Table 1
shows articles from Brazil with the four best PLOS-ALM indicators (viewed, cited, saved and

! The PLOS-ALM set of relevant indicators for the impact made by the articles is described in:

http://www.plosone.org/static/alminfo/#static-content-wrap
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discussed), and makes clear that USP has the most “saved” items with 438 bookmarks in the
Mendeley reference management service.

Table 1: PLOS articles from Brazil with the four best ALM indicators

ALM
indicator

Brazil
origin

DOl

Title

Total reach

most viewed

Non-USP

10.1371/journal.pone.0019881
Non-USP

What Is New for an Old
Molecule? Systematic
Review and
Recommendations on the
Use of Resveratrol

PMC: 7,869

most cited

Non-USP

10.1371/journal.pmed.0020059

A Space-time
Permutation Scan
Statistic for Disease
Outbreak Detection

Scopus: 270

most saved

USP

10.1371/journal.pone.0013666

Beyond the
Fragmentation Threshold
Hypothesis: Regime
Shifts in Biodiversity
Across Fragmented
Landscapes

Mendeley:
438

most
discussed

Non-USP

10.1371/journal.pone.0043007

Glass Shape Influences
Consumption Rate for
Alcoholic Beverages

Facebook:
947

Table 2 shows the set of PLOS-ALM indicators that compare the reach of articles from Brazil
of USP and non-USP origin, where the Total is the sum of all the ALM indicators and the
Average per Article is the mean of each indicator for the USP and non-USP articles. The
Table is arranged in descending order for the ALM Classification, to show the respective

indicators.

194




Fausto & Mugnaini

Table 2: ALM indicators for the USP and non-USP articles from Brazil

ALM Indicator Total Average per article
Classification non-USP USP % USP non-USP USP |USP/non-USP
PMC Total 818.945 | 353.351 | 30,1% 733,16 734,62 1,00
PMC views 551.442 | 235.661 | 29,9% 493,68 489,94 0,99
Viewed PLOS PDF downloads 518.595 | 214.778 | 29,3% 464,27 446,52 0,96
PMC PDF Downloads 267.728 | 117.690 | 30,5% 239,68 244,68 1,02
PLOS XML downloads 48.228 19.753 | 29,1% 43,18 41,07 0,95
Figshare 7.679 3.713 | 32,6% 6,87 7,72 1,12
PMC Europe Database Citations 66.515 68.406 | 50,7% 59,55 142,22 2,39
Scopus 12511 4567 | 26,7% 11,20 9,49 0,85
Cited PMC Europe Citations 8.844 3.264 | 27,0% 7,92 6,79 0,86
CrossRef 8.807 3.222 | 26,8% 7,88 6,70 0,85
Web of Science 6.132 2.436 | 28,4% 5,49 5,06 0,92
PubMed Central 5.725 2.045 | 26,3% 5,13 4,25 0,83
Mendeley 24.600 9.133 | 27,1% 22,02 18,99 0,86
Saved CiteULike 407 169 | 29,3% 0,36 0,35 0,96
DataCite 5 - - 0,00 0,00 -
Reddit 2 - - 0,00 0,00 -
Facebook 10.278 4172 | 28,9% 9,20 8,67 0,94
Twitter 1.669 615 | 26,9% 1,49 1,28 0,86
Wikipedia 132 80| 37,7% 0,12 0,17 1,41
Discussed | Wordpress.com 64 15| 19,0% 0,06 0,03 0,54
Research Blogging 23 19| 452% 0,02 0,04 1,92
Nature Blogs 3 2| 40,0% 0,00 0,00 1,55
Science Seeker - - - 0,00 0,00 -
Recommended |F1000Prime 52 14| 212% 0,05 0,03 0,63

It is clear that the number of views and downloads is the most significant PLOS-ALM
indicator, in absolute numbers, and USP represents about 30% of the total figure for Brazil.
When account is taken of the average figure per article, USP stands out in virtually all the
“Viewed” ALM indicators, but especially in Figshare.

When all the “Citations” are analyzed, the overall percentage of USP is 43.6% compared with
the rest of Brazil (data not shown), with the citations in PMC Europe Citations Database
being highlighted. As well as representing 50.7% of the citations made for Brazilian articles,
this also has 2.39 times the average number of citations for articles by authors from other
national institutions.

With regard to the indicators that show how many times articles were “Saved” through
bookmark, Mendeley is most prominent with 27.1% for USP. Finally, with regard to the
“Discussion” of the articles in social media outlets, those from USP stand out particularly in
Facebook and Twitter. Although to a lesser extent, there is a significant difference in favour
of USP in blogs (Nature Blogs and Blogging Research).

Conclusions

The presence of USP in the PLOS journals collection, as measured by its share of
publications, reflects the considerable size of its physical structure and personnel, in
comparison with that of other Brazilian institutions. Our results show how far this is the case,
when the range of indicators is analyzed (although there are a couple of exceptions). ALM
provides a wider range of indicators related to published articles that goes beyond the
traditional citations, with analytical methods that involve alternative metrics for determining
article usage and dissemination.
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This initial investigation in the PLOS-ALM Reports is now under way with this case study
based on the production by USP published in the PLOS journals which seeks to determine the
different types of analysis that can be conducted with the data obtained by the tool.
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Background and purpose

There are studies that have drawn attention to the lack of indexing for the titles of scientific
journals in the Social Sciences, Applied Social Sciences and Humanities in large commercial
databases (Frandsen & Nicolaisen, 2008; Neuhaus & Daniel, 2007). This lack is even more
acute when it comes to journals concerned with these areas published in languages other than
English and published in developing countries (Archambault & Lariviere, 2010), which
makes it difficult to carry out an investigation of the importance and impact of these journals.

This situation is changing as a result of the new opportunities provided by the emergence of
Open Access (OA) and tools as the search engine Google Scholar (GS) and software for data
processing such as Publish or Perish - PoP (Harzing, 2007). The increasing shift of Social
Sciences and Humanities journals to the Web - including those of Library and Information
Science (LIS) is making them more widespread. This is allowing detailed searches to be
conducted through GS and the recovery of citations of articles, which can be regarded as an
alternative to traditional databases in bibliometrics studies on the impact of scientific
production published in these areas. In addition it highlights the fact that GS is a free access
source, in contrast with expensive commercial databases. It has a broad coverage of other
kinds of material, even in the Social Sciences and Humanities (SSH), such as books, book
chapters, conference materials, etc. which are not normally covered by traditional databases
and hence it is able to make a comprehensive recovery of open access journals, in languages
other than English, some of which come from emerging countries.

However, this apparently favorable context for research into bibliometrics in these areas still
faces challenges owing to questions about the reliability of the GS as a data source (Jacso,
2010). This criticism regarding to GS is a restatement of the need for more research into the
tool to finds a rational basis for understanding the full potential of Google Scholar for
bibliometrics studies, especially in areas not covered by commercial databases (Caregnato,
2011).

This situation stimulated our attempt to share citation data from Brazilian LIS journals as a
pilot scheme to allow further investigation by the Brazilian scientometrics community in
employing Google Scholar with the aim of encouraging its greater use for bibliometric
purposes.
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Methods

This pilot scheme adopted the following procedures:
a. Conducting a survey of LIS journals titles through compiling lists of those
that exist on the web;
b. Carrying out searches using PoP software for Windows, with the journal title
as a parameter, and confirming the official titles and abbreviations, in the period
from January 28, 2014 to March 02, 2014;
c. Displaying the results in Google Drive spreadsheets, one for each retrieved
journal title;
d. Creating a spreadsheet that brings together all the spreadsheets with the
articles that had at least one citation;
e. Carrying out statistical tests using Excel and Tableau Public®.

Google Drive allows its contents to be shared publicly, and the extracted data to be made
available through the following link:
https://docs.qgoogle.com/spreadsheets/d/19kcMMnfi_50he60 _mev-myFc85FkppgRJy-
HhXpfB_Q/edit.

Preliminary findings

Data extraction from the GS with PoP resulted in a total of 24 Brazilian LIS journals, all in
open access. However, the searches recovered some inaccurate data which were then analyzed
article by article and those with inconsistencies were withdrawn. The data obtained allowed
some exploratory exercises to be conducted with Tableau Public, by various categorizations
such as the received citations for each journal, including citations per year and the articles
cited, among others. These preliminary exercises were also publicly shared through the
following link:
http://public.tableausoftware.com/views/EstudodascitaesrecebidasporperidicosdaCl/Citaesrec
ebidasporperidicos?:embed=y&:display_count=no, e.g. as shown in Figure 1.

! Tableau Public: http://www.tableausoftware.com/public/ .
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Figure 1. Number of Citations per journal and per year
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Final considerations

Citation studies are an important subject research in Bibliometrics and their sources of reliable
data were, until recently, a prerogative of restrictive and expensive commercial databases,
despite these sources still continue to show inconsistencies as is widely discussed in the
literature. Google Scholar provides an alternative source to these studies, particularly in the
areas of the SSH, where many journals are not considered by the large databases.

The emergence of tools that facilitate the extraction and data processing from GS, such as PoP
and tools like Google Refine, Google Drive and Tableau Public help to simplify the task of
validating these data. In our view, the public sharing of pretreated citation data can stimulate
more collaborative investigations by the community of Brazilian scientometricians with the
aim to demonstrate the capacity of Google Scholar to act as an alternative and reliable data
source in the metrical studies of national journals and thus enable better measures of the SSH
results in the context of scientific evaluation in Brazil.
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Introduction

Academic institutions are not invulnerable to economic recessions. Both public and private
universities see their disposable incomes falling, mainly due to public budget cuts, the fall in
enrolments (sometimes coupled with increasingly inverted population pyramids) because of
unaffordable fees and cuts on the public grant system, and a reduced investment in public
R&D by firms. Investments on new facilities, equipment or intangible assets are cancelled
because of budget cuts. Salaries are usually a very significant share of expenditures, so
employee downsizing is often the first choice for account balancing.

Spain has passed through two recession periods during “Great Recession” that forced
government to run into considerable deficits. Several measures have been adopted by national
and regional administrations to reduce spending, and cuts in public budgets have had
immediate effects on R&D expenditures in higher education (HE) sector.

This paper addresses the question of the effects of R&D investment cuts in the quantity and
quality of the scientific output of HE institutions in Spain. Budget reduction has not stopped:
year 2012 has been the year of the biggest reduction in public national spending in R&D since
the first national R&D programs starting in 1988, so this research must be further enhanced
and complemented by future available data.

Data sources

Spanish National Institute of Statistics (INE, 2014) offers some of the key variables in HE
R&D expenditures. Intramural expenditure is the main variable, reflecting all expenditures for
R&D performed within a statistical unit or sector of the economy. Evolution in capital
expenditures (expenditures on fixed assets), and in full-time equivalent (FTE) employees in
R&D will also be considered in order to get a more complete picture.
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SCOPUS database has been chosen to obtain the data corresponding to Spanish HE
institutions, due to its wide coverage (21,000 titles in February 2014) (Elsevier B.V, 2014)
and the availability of SCImago Journal & Country Rank portal (SClmago, 2014), which
offers a full system of journal and country scientific indicators.

Method

A query looking for the co-occurrence of “Spain” in “Affiliation Country” field and
“Universi*” or “Univ” (acronym) in “Affiliation Name” has been run on SCOPUS. Every
publication with at least one Spanish affiliation was incorporated to the dataset. The
Conference of Spanish University Rectors estimates the scientific production of Spanish
universities in roughly 39,000 articles indexed in Web of Science for year 2010, and this
query returns 38,640 journal articles for that year (query run on 05/07/14), so a high recall can
be expected from this information retrieval technique. Publication and citation data will be
obtained from SCOPUS and SJR ranking will be used to determine the quantiles, normalized
by field. This study covers interval 2003-2012.

Results

Looking at intramural expenditure data in HE sector (Fig 1), cuts have been going on since
2010, with a sharp, unprecedented decrease in 2012 (7.16%). Bars show the annual
percentage growth rate of Spanish economy in those years.

Figure 1: R&D intramural expenditure evolution in Spanish HE.
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The lion’s share of total internal expenditures in HE are the workforce salaries (58% of total
expenditures in 2010), so both the size and salaries of workforce will likely be affected by
cuts. Figure 2 shows roughly 6,000 FTE researchers disappearing from HE R&D workforce
since 2010.
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Figure 2: FTE R&D employees in Spanish HE.
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An eye should be kept on capital expenditures (Fig 3), since different areas of research may
have different needs of fixed assets, and cuts in these expenditures may have different effects,
for example, on the productivity of social scientists or material science researchers.
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Figure 3: Capital expenditure evolution in Spanish HE.
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The downfall in capital expenditures started with the first shadows of the forthcoming
economic crisis, and has experienced a 50% decrease from its maximum value in year 2008.

Expenditure cuts do not usually have an immediate effect on the quantity and quality of
scientific production. This can be partly explained by the delay between expenditures in R&D
and the scientific papers that could come as a result. Total amount of Spanish papers has been
continuously rising by an average yearly 10% since 1991 until 2013, where slightly decreased
by a -0.4%. Not by chance, Spanish CSIC expects to notice the first drop in their scientific
production in year 2014, due to “budget cuts and employee downsizing”. Fig. 4 shows the
evolution of Spanish scientific document production and citations received (until 2012) as %
of world share and compares it with data corresponding to Spanish HE. Both indicators show
an upwards trend and the increasing relevance of HE institutions in Spain’s received citations.
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Figure 4: Spain’s scientific production and citations received, both at country and HE levels.
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Finally, a quartile analysis of SJR values for Spanish publications has been conducted for
years 2008-2010-2012, with the aim of studying the evolution of the “excellence” in Spanish
scientific production. Figure 5 shows the results.

Figure 5: Quartiles of Spanish publications..
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The quartile proportions remain fairly stable if we compare the before and after situation (cuts
started in 2010) therefore we cannot state that the excellence of Spanish publications has
decreased, at least looking at quartile analysis.

Conclusions

This work sets a method and indicators to evaluate the effects of budgetary cuts on the
quantity and quality of Spanish HE scientific output. The authors will continue
complementing this work as new data is available, and further studies focused on the effect of
cuts in particular subject areas will be conducted.

- There are not clear signs of any decrease in the quantity or quality of scientific
production, but early signs of deceleration have been detected.

- The analysis of forthcoming data can be the key to determine the influence exerted by
expenditure cuts in the quality of scientific production, since typical research project’s
length in Spain takes 3 to 4 years.
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Introduction

Much has already been written about the relationship between the download of publications
and their citation impact. In particular, specific issues such as the role of open access have
been studied in this context (e.g., Harnad & Brody, 2004; Brody et al., 2006; Gaule &
Maystre, 2011). Also the question of causality has been raised since the download process
usually starts up earlier than the corresponding citation process and the frequency of
downloads exceeds that of citations by one or more orders of magnitude (Moed, 2005).
Download statistics are already celebrated as the true measure of usage and on the basis of
their objectivity and independence of particular databases seen as a real alternative to and
predictor for citation impact (Brody et al., 2006). However, the situation is not so simple. The
interrelation between the two processes is much more complex as might appear since frequent
citation might imply or affect the download of full-text papers (Moed, 2005). In particular,
careful reading of scholarly publications might also draw the reader’s interest to cited
references and thus stimulate downloading further related work.

Before we study several aspects of download frequency and citation rates, we would clarify
that downloads, which have already superseded the formerly popular photocopying of printed
documents, has become one important contemporary electronic form of gaining access to the
full text of scientific publication. However, it is by far not the only one. (Electronic) reprint
requests of otherwise unavailable documents as well as acquiring hard copies of printed
matter still remain important sources of scientific information. This is still the easiest and
most favoured form of gaining access whenever downloading the complete article is for any
reason difficult, too slow or even impossible.

In the following study we intend first to analyse the interrelation between downloads and
citations of a large sample set of about 80,000 documents put online in 2008 and
downloaded/cited till June 2013. The second part of the analysis will be devoted to cross-
national information flow in the sense of the notion proposed by Glanzel & Schubert (2006).
In particular, the analysis will be conducted along the following research questions.

1. Do the findings confirm earlier observations made in previous studies (e.g., Moed,
2005; Brody et al., 2006; Thelwall, 2012), concerning the correlation between the two
statistics?

! The authors wish to acknowledge the use of data provided by Elsevier in the framework of the Elsevier
Bibliometrics Research Programme (EBRP). We also thank Marc Luwel and Henk Moed for their initiative and
their valuable input. The Elsevier data set was supplemented by data sourced from Thomson Reuters Web of
Science used for analysis of the cross-national preferences in citations.
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2. |s there a deviation of cross-national download patterns from cross-national citations
flows?

Download and citation data used to answer the first and part of the second question has been
provided by Elsevier. The data set comprises monthly download and citation counts for
papers published in journals from various fields in the sciences, social sciences and
humanities. Along with these statistics also the uniquely identified location (country) of
download was provided. These data have been used as they are, that is, they have not
undergone any further cleansing process. In order to clean noise caused by the superposition
of field-specific peculiarities in download and citation behaviour one individual journal has
been chosen to obtain more specific results. We decided to use the journal Physica A —
Statistical Mechanics and Its Applications. In addition, cross-national citation preferences
according to the 2™ research question have been analysed on the basis of data extracted from
Thomson Reuters Web of Science for publications in the same journal indexed in the 2008
volume and cited in the period 2008-2012. This was necessary to determine the countries of
authors who have cited the papers in question.

Methods and results

As mentioned in the introduction, we have used a sample set provided by Elsevier for the
analysis. The data set comprises documents from different journals that were online available
in 2008. Download and citation statistics were drawn till June 2013 on monthly base. In
addition to the complete data aggregation, Physica A was used to break down data to one
specific journal. In a first step the monthly evolution of citation rates was plotted against the
corresponding download frequencies. Thereafter a regression analysis of the conditional
expectation of citations vs. the scaled number of downloads is conducted for the complete
observation period. Both analyses were applied to the complete set (N = 77,887) as well as to
the selected journal (N = 2,646). This part of the study refers to the first research question.

Regression analysis

Figure 1 shows the evolution of downloads and citation for the complete set (left) and the
journal Physica A (right). For this representation the mean values over documents has been
used. In either case, the number of downloads has been divided by 100. This ‘scale factor’ is
in line with the findings by Moed (2005), who concluded based on a strong rank correlation
between downloads and citations that during an initial period of two years in a papers’ life
cycle one citation corresponds to about 100 downloads. Indeed, this resulted in the same order
of magnitude in our set as well. Both curves show a parallel evolution, where downloads start
and increase earlier than the corresponding citation rates. This observation, which confirms
conclusions drawn in a study by Schloegl et al. (2010) according to which the correlation
between Usage Impact Factor and Journal Impact Factor in the field of oncology was rather
moderate because of the different obsolescence of downloads and citations, is important for
possible conclusions from the following analysis.
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Figure 1: Monthly evolution of downloads vs. citations for the complete set (left) and
Physica A (right). The x-axis represents the time elapsed from publication by month.
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We have kept the transformation of download frequencies by dividing by 100 for the
following regression analysis as well. Unlike in previous studies by Moed (2005), Brody et al.
(2006), O’Leary (2008), Liu (2011) and Thelwall (2012), we use for the regression analysis
and the visualisation the same method that has been proposed and applied by Glénzel et al.
(2004). The mean citation rate of documents have been calculated under the condition that
those have been downloaded a given number of times. In order to calculate these conditions
the integer part of the transformed download, i.e., the number of downloads divided by 100,
has been calculated. In verbal terms, the condition “0” stands for less than 100 downloads,
“1” form at least 100 but less than 200 downloads, etc. Ideally, the conditional means should
follow a (not necessarily linear) function of the number of downloads; otherwise, if the means
are constant, citations and downloads are not correlated. We have to stress that the sample
sizes underlying conditional means dramatically decreases with growing number of download
thus resulting in huge fluctuations at the high end of the download scale. We have therefore
truncated at a point beyond which the number of underlying documents drops below ten.
Since the mean citation rate was slightly below zero for documents downloaded less than 100
times, we decided to put the intersection zero. The results for the complete paper set and the
journal Physica A about five years after the papers were available online are presented in
Figure 2. The correlation is rather strong (r > 0.95) and the slope substantiate that download
frequency is roughly by two orders of magnitude larger than citation rates. The “exchange
rate” in the case of the physics journal is about 100 (i.e., one citation corresponds to 100
downloads), while this amounts to about 70 for the complete set (which includes life sciences,
engineering and mathematics as well).

Figure 2: Conditional mean citation rates as a function of downloads five years after online
availability for the ‘complete set (left) and Physica A (right)
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The results shown in Figures 1 and 2 partially confirm results of earlier studies Moed (2005),
Brody et al. (2006), O’Leary (2008), Liu (2011) and Thelwall (2012), who found significant
positive correlation between citations and downloads in several fields in the sciences. In this
context, it should be mentioned that using the number of downloads as the condition, by no
means implies causality. This is in line with observations by Moed (2005) and Schloegl et al.
(2011), who stressed in contrast to the results of other authors (e.g., Brody et al., 2006, who
suggested the use of downloads as early predictors of citation impact) that no conclusions
might be drawn on the possible effect of early downloads on later citation rates of a paper.

In conclusion, we would like to mention that a similar regression model as applied above but
using citations as the condition and calculating mean download frequencies would, of course,
provide comparable results.

Finally we have to mention one general limitation of this type of analysis: Since articles might
already be available as online-first versions or accessible via institutional or individual
repositories, downloads of or citations to early or ‘in-press’ versions can indeed affect
response indicators. However, there is no evidence of systematic or serious distortion of
download and citation processes.

Cross-national preference in downloads and citations

The second part of the analysis, which refers to the 2" research question, aims at providing
completely new insights in what downloads and citations stand for in terms of information
use. Taking up the idea of analysing country-by-country cross-reference and cross-citation
networks (Glanzel & Schubert, 2005; Schubert & Glanzel, 2006), this section aims at a
comparison of the patterns found in citation analysis with similar results from download
statistics. In order to be able to assign citing articles to the country of co-authors a citation
database that records affiliation information is needed. Since corporate addresses of citing
papers were not included in the dataset and for reasons of comparability with previous results
(cf. Glanzel & Schubert, 2005; Schubert & Glanzel, 2006), Thomson Reuters Web of Science
is used here again. While the previous studies on cross-citation patterns revealed that
scientific collaboration, geopolitical location, cultural relations and language are determining
factors in shaping the national preference, one might assume that downloads are rather subject
to phenomena reflecting globalisation and rather general patterns of electronic
communication. In fact, before information flow is manifested by proper citations, publication
of the results in a scientific journal and indexing the document in question in a bibliographic
database is required. By contrast, downloading scientific documents is not necessarily or
directly linked to the production of own research results.
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Figure 3: National shares in all downloads/citations of the 15 most active countries
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Figure 3 shows the national share in all downloads of and citations to articles published in
Physica A in 2008. In the figure the 15 most active countries in terms of downloads and
citations are displayed. Downloads and citations are not based on exactly the same data set
since for the download statistics those papers were used that were online available in 2008
and downloaded till June 2013, while for the citation statistics the 2008 volume of the Web of
Science has been used and citations were counted till end 2012. This was necessary to be able
to assign citations to the countries of citing authors. Counts have not been fractionated. There
is also a basic difference between the country of download and citation: while the first one,
i.e., the location of download, is unique, the country (countries) of citation depends on
possible international co-authorship. Nevertheless, the basic features of the two processes
should be captured by these counting schemes as well. Data have been normalised by the total
number of downloads and citations respectively. In this manner, a direct comparison across
countries and between national download and citation patterns is possible.

Besides the enormous share of both downloads and citations of/in China and the US also the
share of Brazil and Korea is worth mentioning. The high share of cited/citing articles in
Germany, France, UK and Italy are not unexpected as those are in line with citation patterns
known from this science field (e.g., Glanzel et al., 2002). However, the relatively low share of
downloads compared with the citation patterns in Germany and France is striking. Even more
interestingly, the low share of downloads in Brazil, Italy, Poland, Japan and Korea is
contrasted by pronouncedly higher share of ‘downloadedness’. A common pattern in China,
Germany and France is that citations are apparently more important than downloads in these
countries. Finally, the strikingly high share of downloads in Iran — compared with both,
downloadedness and references and citations — is worth mentioning.

In order to have a look at (cross-)national preferences and similarities in downloads and
citations we break down statistics by downloaded, downloading, cited and citing countries.
Again we have used the journal Physica A to demonstrate the model. Unlike the separate
normalisation by publications, references and citation for capturing cross-national preferences
proposed by Schubert and Glénzel (2006), we use a simple cosine measure to capture
similarities. In particular, download and citation frequencies are divided by the square root of
the national total according as downloaded/downloading and cited/citing direction is needed.
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In this manner possible asymmetry (downloading vs. downloaded and citing vs. cited
direction) is kept. In particular the following measure is used.

Pij

T‘.. —
¥ \/rpjl

where pj; denotes the number of downloads (citations) in country j of papers published in
country i. p; denotes the number of all downloaded (cited) papers published in country i, p; is
the number of all downloading (citing) papers in country j. By contrast to the previous
statistics that where normalised by the world total, this measure is sensitive to the activities of
the corresponding partner country.

In what follows, similarities for the 25 most active countries in terms of downloads and
citations are shown in Table 1. The value 0.05 was used as the lower threshold. Only
similarities r; stronger than this threshold value are displayed. As we have expected, the
domestic activities represented by the main diagonal are quite dominant. The enormous
downloading activities of China and the US confirm the finding shown in Figure 3, where
frequencies had been normalised by the world total. Downloading in Iran is spread over
almost all other countries; the maximum value is taken for Iran itself. The relationship is —
unlike for China and the US — a completely asymmetrical one. This is contrasted by Iran’s
low cross-national similarities in citations (both directions). The most striking pattern has
been found for Israel. This country has very weak cross-national similarities in downloads
(both directions). Even the domestic strength is low (about 0.01). For most of the selected
countries, however, the two types of similarities express alike patterns. Germany’s and
France’s overall property of being more active in citation flows than in download activities is
also reflected the cross-national similarities. Here again we find a slight deviation from China,
where cross-national preferences in downloads and citations are, in contrast to the
corresponding national shares, quite similar (cf. Table 1 and Figure 3). On should notice that
data in Table 1 are based on similarities, i.e., on relative indicators, while the bars in Figure 3
stand for shares of absolute numbers. This explains the dominance of China in the chart which
Is contrasted by its more moderated figures in the table.
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Table 1: Cross-national similarity in downloads and citations for the 25 most active countries

based on Physica A (2008).
Download similarities (top; row vector: downloaded country, column vector: downloading country)

based on source data provided by Elsevier), citation data (bottom; row vector: cited country, column

vector: citing country) sourced from Thomson Reuters Web of Science
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Geopolitical location, cultural relations and language being determining factors in shaping
preferences in cross-citations (cf. Schubert & Glanzel, 2006) seem to be somewhat less
pronounced in cross-download relations (cf. Table 1).

Conclusions

While the first part of this pilot study referred to research questions, which aimed at checking
our data set against results reported in earlier studies (e.g., Moed, 2005; Brody et al., 2006;
O’Leary, 2008; Schloegl & Gorraiz, 2010 and 2011; Liu, 2011 and Thelwall, 2012),
confirmed those findings in terms of the scale factor, i.e., that downloads are of two orders of
magnitude more frequent than citations in an initial phase, and also showed a rather strong
correlation between the two analysed statistics in both the complete sample of about 80,000
papers and the selected journal Physica A, the second part attempted to depict patterns of
cross-national information flow as measured by downloads and citations. Downloads are not
closely related to documented scholarly communication as citations are by nature. Documents
might be downloaded by anybody who has access without using or incorporating downloaded
information in own publishable research. This is also substantiated by the asymmetries we
have found. These asymmetries refer to both the deviation of citation patterns from
downloads and the different patterns of the two directions within downloads and citations,
respectively. The case of Iran might serve as the most striking example of this phenomenon.
Iran is among the most active downloading countries with respect to the selected physics
journal; it is downloading information from many other countries but is not significantly
downloaded by others, and has rather weak citation links with other countries in both
directions.

Deepening the results of this pilot study and applying methodology to larger samples and
other disciplines as well as analysing the dynamic aspects of the two analysed processes will
be tasks of future research.

References

Brody, T., Harnad, S. & Carr, L. (2006), Earlier web usage statistics as predictors of later
citation impact, JASIST, 57(8), 1060-1072.

Gaule, P. & Maystre, N. (2011), Getting cited: Does open access help?, Research Policy,
40(10), 1332-1338.

Glanzel, W., Schubert, A. & Braun, T. (2002), A relational charting approach to the world of
basic research in twelve science fields at the end of the second millennium. Scientometrics,
55(3), 335-348.

Glanzel, W. & Schubert, A. (2005), Domesticity and internationality in co-authorship,
references and citations, Scientometrics, 65(3), 323-342.

Glanzel, W., Thijs, B. & Schlemmer, B. (2004), A bibliometric approach to the role of author
self-citations in scientific communication, Scientometrics, 59(1), 63-77.

Harnad, S. & Brody, T. (2004), Comparing the impact of Open Access (OA) vs. non-OA
articles in the same journals. D-Lib, 10(6).

Liu, X.L., Fang, H.L. & Wang, M.Y. (2011), Correlation between Download and Citation and
Download-citation Deviation Phenomenon for Some Papers in Chinese Medical Journals ,
Serials Review, 37(3), 157-161.

214



Glanzel & Heeffer

Moed, H.F. (2005), Statistical relationships between downloads and citations at the level of
individual documents within a single journal, JASIST, 56(10), 1088-1097.

O’Leary, (2008) The relationship between citations and number of downloads in Decision
Support Systems, Decision Support Systems, 45(4), 972-980.

Schloegl, C. & Gorraiz, J. (2010), Comparison of citation and usage indicators: the case of
oncology journals. Scientometrics, 82(3), 567-580.

Schloegl, C. & Gorraiz, J. (2011), Global Usage Versus Global Citation Metrics: The Case of
Pharmacology Journals. JASIST, 62(1), 161-170.

Schubert, A. & Glanzel, W. (2006), Cross-national preference in co-authorship, references
and citations, Scientometrics, 69(2), 409-428.

Thelwall, M., (2012), Journal impact evaluation: a webometric perspective, Scientometrics,
92(2), 429-441.

215



Gumpenberger et al.

Humanities in the bibliometric spotlight - Research output analysis at
the University of Vienna and considerations for increasing visibility

Christian Gumpenberger*, Johannes Sorz**, Martin Wieland* and Juan Gorraiz*

“christian.gumpenberger@univie.ac.at , ‘martin.wieland@univie.ac.at , “juan.gorraiz@univie.ac.at
Library and Archive Services (Bibliometrics Department), University of Vienna, Boltzmanngasse 5, Vienna,
1090 (Austria)

“johannes.sorz@univie.ac.at
Rector’s Office, University of Vienna, Universitatsring 1, Vienna, 1010 (Austria)

Abstract

A quantitative analysis of the longitudinal research output development in the humanities at
the University of Vienna was performed for a six years interval (2007-2012). According to
target agreements between the rectorate and the faculties, the language requirement was met
successfully with an increase of the non-German (particularly English) output. The results
also show an increasing trend line regarding the percentage of peer reviewed articles and of
publications indexed in world-renowned databases like Arts & Humanities Science Index.
The number of publications with a Digital Object Identifier or in Gold Open Access journals
is very low.

Further strategies are recommended in order to increase the international visibility of the
research output in the humanities.

Introduction

Without doubt the humanities can be regarded as the Achilles' heel for a successful
application of scientometric and bibliometric methods in these disciplines' research
assessment. It is therefore one of the biggest challenges in these fields.
However, evaluations are increasingly based on quantitative bibliometric indicators primarily
designed for the sciences, which are either of limited value or even inappropriate in the
humanities and therefore criticized.

Previous studies have already pointed out that the humanities follow a different set of rules
than the sciences (Nederhof, 2006; Hammarfeldt, 2013). Three major differences can be
identified:

1) different publication habits and channels (e.g. importance of monographs and edited books,
preference of single-authored publications, language, etc.),

2) different audiences not only restricted to the scholar community, and

3) lack of globally available data sources for bibliometric purposes.

Since research assessment is commonly based on Web of Science (WoS) and Scopus as data
sources, which are knowingly not representative for the humanities, alternative data sources
need to be taken into account. That is why a few initiatives (like e.g. “The Excellence in
Research for Australia” (ERA) or the European Reference Index for the Humanities (ERIH))
have come into being. Furthermore it has been suggested to use alternative data sources like
Libcitations, Google Scholar, Google Books (Kousha and Thelwall, 2009), Book Citation
Index (Gorraiz et al, 2013), institutional information systems (Ossenblok et al. 2012), etc.
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Language biases concerning the coverage of the Science Citation Index and its consequences
for international comparisons of national research performance have also been reported) for
the non-English language countries in Europe (e.g. van Leeuwen et al, 2001, van Leeuwen,
2013).

However, further and/or even better criteria, sources and indicators are still required for
meaningful quantitative research assessment in the humanities (Li & Linmans, 2010; Hug et
al., 2013).

One of the major attempts of quantitative research assessments is to measure the impact of
research output. Some have already tried to do so in the humanities, but have insisted in using
citations (Leydesdorff et al., 2011). But these can only be an acceptable proxy for impact
measurement in disciplines, where the ,,publish or perish” community is actually the most
relevant target group (Gorraiz et al., 2014).

Since e-media and the social media have gained momentum, emerging metrics, like usage
metrics (Kurtz and Bollen, 2010; Gorraiz and Gumpenberger, 2010) and altmetrics open up
new vistas for alternative approaches (Kousha and Thelwall, 2009; Priem et al., 2012; Tang et
al., 2012; Wouters and Costas, 2012). These new approaches sound promising, since they
might have the potential to overcome the inadequacy of conventional bibliometric methods.
Unfortunately first results of recent studies are sobering and have clearly shown that the
research output in the humanities is still light-years away from the digital era and therefore
has a very low online visibility (Hammarfeldt, 2014).

While these new approaches might not be appropriate for impact measurement, they will
certainly enhance visibility, which is of major importance for these disciplines.
In order to learn which measures should be taken into account to increase the visibility of the
quantity and quality of the research output in the humanities, it is crucial to gain deeper
insight into its development in the last years. The University of Vienna was exemplarily used
for this case study.

The University of Vienna is the oldest university in the German-speaking world and one of
the largest in Central Europe. With 92.000 students, 9.500 employees, 6.700 of who are
scientific staff, it is the largest teaching and research institution in Austria.

The humanities are well represented at the University of Vienna which makes it an ideal case
for this study. In 2012 approximately 28% of the total FTE scientific staff (incl. professors
and researchers funded by third-party funds) could be attributed to the humanities. In the same
year approximately 31% of all publications published in the same year could be attributed to
the humanities

The humanities at the University of Vienna are organized in three faculties and a center for
translational studies. For this study two of these humanity faculties were selected. Faculty 1
comprises mainly of language and area studies. It is one of the largest faculties of the
university with 484.3 FTE scientific staff (2012). Faculty 2 comprises the historical sciences
incl. archeology and art history with 258.4 FTE scientific staff (2012).

Periodically, target agreements are negotiated and signed between the rectorate and the
faculties, which define the corresponding budget allocations. Although the research output of
the faculties is not an indicator for budget allocation, it is constantly monitored by the
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rectorate and discussed in the negotiation process. This allows the rectorate to take steps
(“negotiate targets”) if the research output of a faculty is exceptionally low or does not
correspond to the university’s overall research strategy. According to the University’s
research strategy and in order to increase international visibility, the Viennese research output
in the humanities should not exclusively be written in German. Peer review is considered as
the most essential quality indicator for all types of publications. According to further target
agreements, both faculties were encouraged to increase the total number of publications in
high-quality journals, particularly in ERIH-listed journals. At the same time monographs were
stressed as important document types for both faculties. Although the subsequent aspects have
been frequently discussed with the faculties, so far the target agreements did not include any
recommendations regarding Arts & Humanities Science Index (A&HCI) or Social Sciences
Citation Index (SSCI) coverage, co-authorship or Open Access publishing.

Aims of the study
The main research questions are:
e What can be learned from the longitudinal research output development in the
humanities at the University of Vienna?
e How can the observed trends be explained? Are influences of the “target agreements”
somehow reflected?
e Which strategies can be developed in order to increase the visibility of the research
output in these disciplines?

Methodology

A quantitative analysis was performed based on data drawn from the research documentation
system of the University of Vienna called RAD (Research Activity Documentation)'.

The longitudinal research output development in the humanities was studied by means of two
selected faculties. A six years interval (2007-2012) was applied.

The two obtained data pools were analysed according to the following criteria:
e total output, distinguished by following document types:
e books
o editions (abstract volumes, art catalogues and collections, encyclopaedias,
edited books, proceedings, abstracts, etc.)
e articles in journals
o letters
e articles in proceedings
e contributions in editions
e other publications (including book reviews, reprints, translations, working
papers, articles in newspapers, reports, internet publications,
annotations, audiovisual contributions, meeting abstracts, etc.)
e percentages of single authored publications
e percentages of publications affiliated at least to one non-Austrian affiliation
(percentages of team authorship international)
e language (in percentages): English, German, not-only-German publications
e percentages of peer-reviewed publications"
e coverage in different databases and indexes: SSCI, A&HCI, ERIH
SCI was not considered in the analysis of the humanities due to insignificant coverage.
Coverage data could have been overlapping in some cases, thus the same publication
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could have been indexed in more than one database. The available RAD data did not
allow for further distinction. ERIH lists were periodically updated, the last update was
made in 2011.

The coverage analysis was expanded for benchmark purposes including the two most
related German-speaking universities, i.e. Humboldt University of Berlin and
University of Zurich.

e percentages of open access publications in journals indexed in the Directory of Open
Access Journals (DOAJ). DOAJ journal lists were periodically updated, the last
update was made in 2012.

e percentages of publications containing a Digital Object Identifier (DOI)"'

In order to cross-check and validate data collected from RAD, complementary searches

(affiliation: University of Vienna or University Wien) were performed in SSCI and A&HCI.

The obtained results for each analysed faculty in Vienna were finally compared to the target

agreements for the corresponding time interval.

Results and Conclusions

Document types and total activity

Overall neither the number of monographs nor the number of journal articles is significantly
increasing. Document types like “Other publications” and “Contributions” are responsible for
almost half of the research output. It therefore seems very unlikely that journal articles will
become the preferred communication channel for the humanities in the near future. Currently
new types of publications (mostly internet-based) are gaining momentum worldwide.

The total activity is comparatively shown for both faculties distinguished by document type in
Figures 1 a-b.

Figures 1 a-b: Total activity (faculties 1 and 2).
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The percentage of single-authored publications remains quite constant ranging from 80 to
90%. International collaboration is static with values below 10% for faculties 1 and 2.
Single-authored publications are still most common in the humanities.

Of course well-tried discipline-specific publication cultures are not likely to change as rapidly
as all ambitious digital initiatives might hope, particularly not in the humanities.
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Single authorship is opposed to international team authorship comparatively for both faculties

in Figures 2 a-b.

Figures 2 a-b: Authorship Analysis (faculties 1 and 2).
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Language

In both analysed faculties, the number of English language publications is slightly increasing.
Restricted to research articles only this trend is even more obvious. This development is in

accordance with the need for a higher degree of internationalisation and more visibility.

Moreover the number of “not only in German” language publications shows an upward trend

as well. Additional languages are certainly connected to the particular research focus.

The number of simultaneous publications in German and English is low and fluctuating

between 0 and 24 publications with no clear trend observed.
The results are comparatively shown for both faculties in Figures 3 a-b.

Figures 3 a-b: Language Analysis (faculties 1 and 2).
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Peer-reviewed output

The percentage of peer-reviewed output ranges from 10 to 20% for both faculties resp. 40 to
60% restricted to journal articles only. Figures 4 a-b show an increasing trend line for articles.
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Figures 4 a-b: Percentage of peer-reviewed contributions (faculties 1and 2).
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Coverage in databases and indexes

The percentage of articles indexed in A&HCI is low, but at least increasing from less than 10
to 15% in both faculties.

The values for SSCI indexed articles are even lower (<10%). While for faculty 2 the trend
line is slightly increasing, it is rather static for faculty 1.

Apparently the coverage in ERIH is low as well (35-45% for faculty 1, 25-30% for faculty 2).
Coverage in ERIH-A is comparable to the coverage in A&HCI for faculty 1 (<15%) and to
the coverage in SSCI for faculty 2 (<10%).

Considering all the efforts taken and time invested worldwide to generate this alternative
Europe-centric index for the humanities, one could certainly question its value when looking
at the results.

The evolution of articles indexed in A&HCI and SSCI as well as listed in ERIH and ERIH-A
Is comparatively shown in Figures 5 a-b.

Figures 5 a-b: Article coverage in databases and journal lists (faculties 1 and 2)
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The results of the expanded coverage analysis suggest that the increasing coverage trend lines
in A&HCI are very similar for the University of Vienna, for Humboldt University of Berlin
and University of Zurich (see Figure 6).
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Figures 6: Coverage in A&HCI — benchmark analysis
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Output in Gold Open Access Journals

The number of items published in Open Access (OA) journals indexed in DOAJ is negligibly
low (approximately 1% of the whole publication output) for both faculties. An increasing
trend is definitely missing, despite of the fact that OA has been very actively promoted at the
University of Vienna. There are a couple of reasons that can explain the low uptake. First of
all, in the reporting period, the University of Vienna has had no official OA policy, which
would certainly have helped to encourage researchers to make up their minds accordingly.
The official OA policy was published in June 2014 and will hopefully help to increase OA
awareness at the University of Vienna in all scientific fields. Second, OA journals are still
scarcely available in the humanities. Third, if available, their quality might not meet the
required standards. Fourth, the popular author-pay model is difficult to understand and accept
in these less-funded disciplines. It can still happen in the humanities to pay authors for their
submissions, thus the other way round feels rather alien.

The number of items published in Gold OA Journals and indexed in DOAJ is comparatively
shown in Figures 7 a-b.

Figures 7 a-b: DOAJ indexed publications (Faculties 1 and 2)
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Percentages of publications containing a DOI (Digital Object Identifier)
The results show that almost 60% of the articles affiliated to the University of Vienna indexed
in A&HCI have no DOI, while the percentage in SSCI decreases to 30%.
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The high percentage of publications without DOI in A&HCI seems not to be solely distinctive
for the University of Vienna. Very similar values were found for the Humboldt University of
Berlin (64%) and the University of Zurich (53%)".

Discussion & Outlook

The data shows an increase in international visibility in both faculties in the reporting period,
indicated by the increase in international (non-German) publications, and the percentages of
peer-reviewed articles and of indexed articles in A&HCI. In the view of the university, the
instrument of target agreements proved to be a valuable tool to foster this positive trend
especially by raising awareness for international visibility and by offering a forum for critical
reflection of publication strategy. The surprisingly low ERIH coverage implicates, that
despite the efforts of the university management made in the past to promote this project, it
did not find great acceptance among the university’s scientists. Although the scope of this
case study is limited to one university, publications indexed in A&HCI seem much more
promising to increase overall visibility in the humanities. However, despite the positive
results of this case study, it is obvious that further strategies are needed to increase
international visibility of publications in the humanities. Certainly the researchers need further
encouragement to opt for peer-reviewed publication channels as a major quality criterion.
However, peer-review in the humanities itself needs to be strengthened, expanded and
adjusted to the desiderata of new communication habits. Furthermore, in order to increase
visibility non-English publications should at least always provide title, abstract and keywords
information in English for international indexing purposes.

Living in the digital era, scientists in the humanities should embrace digital media whenever
they are available. Online presence can be augmented by means of permanent identifiers like
Open Researcher and Contributor ID (ORCID) on researcher level or DOI on single
publication level.

When switching to online, the humanities should simultaneously aim for OA. Existing
traditional journals should gradually be transferred to the new publication model, whereas the
launch of new OA journals should be supported, provided that they meet certain quality
criteria (peer review) and can therefore be indexed in prestigious databases.

But even the non-existence of appropriate OA journals is no obstacle for making one’s
research openly accessible, since self-archiving in institutional and/or disciplinary repositories
can easily complement publication in a traditional journal.

Since research in the humanities often targets society, researchers are well advised to become
more internet-savvy and take advantage of social media and tools like Wikipedia, Google
Scholar Citations, Academia.edu, etc., which are often customizable and allow setting up
individual profiles.

This case study gives a rough idea of the slow uptake of digital humanities, which is probably
not only a local but a global phenomenon. Other studies performed in other countries as in
Flanders and Norway arrived at similar conclusions and show only a slow change of
publication patterns into the direction of internationalisation (Ossenblok et al, 2012).

Our quantitative analysis is currently complemented by semi-structured interviews of

researchers. All gained insight will hopefully find its way into future target agreements with
more specific requirements and recommendations.

223



Gumpenberger et al.

References

Australian Research Council. (2012) The Excellence in Research for Australia (ERA)
Initiative, http://www.arc.gov.au/era/ accessed 11 March 2014

European Science Foundation. (2011) European Reference Index for the Humanities (ERIH),
http://www.nsd.uib.no/nsd/english/erih announcement.html, accessed 11 March 2014

Gorraiz, J., Gumpenberger, C., Schlogl, C. (2014) Usage Versus Citation Behaviours in Four
Subject Areas. Scientometrics, in Press.

Gorraiz, J., Purnell, P.J. & Glanzel, W. (2013) Opportunities for and limitations of the book
citation index. Journal of the American Society for Information Science and Technology, 64
(7),1388-1398

Gorraiz, J., & Gumpenberger, C. (2010). Going beyond citations: SERUM - a new tool
provided by a network of libraries. Liber Quarterly, 20, 80-93

Hammarfelt, B. (2014). Using altmetrics for assessing research impact in the humanities.
Scientometrics (in press)

Hug, S., Ochsner, M. and Daniel, H.D. (2013). Criteria for assessing research quality in the
humanities: a Delphi study among scholars of English literature, German literature and art
history, Research Evaluation, 22, 369-383

Kousha, K., & Thelwall, M. (2009). Google book search: Citation analysis for social science
and the humanities. Journal of the American Society for Information Science and Technology,
60(8), 1537-1549

Kurtz, M. J., & Bollen, J. (2010). Usage bibliometrics. Annual review of information science
and technology, 44(1), 1-64.

Leydesdorff, L., Hammarfelt, B., & Salah, A. (2011). The structure of the Arts & Humanities
Citation Index: A mapping on the basis of aggregated citations among 1,157 journals. Journal
of the American Society for Information Science and Technology, 62(12), 2414-2426

Li, X., Linmans, J. A. M. (2010). Why with bibliometrics the humanities does not need to be
the weakest link. Indicators for research evaluation based on citations, library holdings and
productivity measures. Scientometrics, 83(2), 337-354

Nederhof, A. J. (2006). Bibliometric monitoring of research performance in the social
sciences and the humanities: A review. Scientometrics, 66(1), 81-100

Ossenblok, T.L.B.; Engels, T.C.E.; Sivertsen, G. (2012). The representation of the social
sciences and humanities in the Web of Science-a comparison of publication patterns and
incentive structures in Flanders and Norway (2005-9). Research Evaluation, 21 (4), 280-290

Price, D. J. de Solla (1963), Little science, big science, Columbia Univ. Pr., New York.

Priem, J., Piwowar, H. A., & Hemminger, B. M. (2012). Altmetrics in the wild: Using social
media to explore scholarly impact. arXiv preprint:1203.4745.

Tang, M., Wang, C., Chen, K. & Hsiang, J. (2012). Exploring alternative cyber bibliometrics
for evaluation of scholarly performance in the social sciences and humanities in Taiwan.
Proceedings of the ASIS&T Annual Meeting, Vol. 49. Retrieved, December 12, 2012, from
www.asis.org/asist2012/proceedings/openpage.html

van Leeuwen, TN; Moed, HF; Tijssen, RJW; Visser, MS; van Raan, AFJ (2001). Language
biases in the coverage of the Science Citation Index and its consequences for international
224


http://www.arc.gov.au/era/
http://www.nsd.uib.no/nsd/english/erih_announcement.html
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=U2OyWNKrEPp1P1An81t&page=1&doc=2&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=U2OyWNKrEPp1P1An81t&page=1&doc=2&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=2&SID=U2OyWNKrEPp1P1An81t&page=1&doc=2&cacheurlFromRightClick=no
http://www.asis.org/asist2012/proceedings/openpage.html
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z2xsb2O57K5lHDCj6iz&author_name=Visser,%20MS&dais_id=16103164&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=Z2xsb2O57K5lHDCj6iz&author_name=van%20Raan,%20AFJ&dais_id=14509881&excludeEventConfig=ExcludeIfFromFullRecPage

Gumpenberger et al.

comparisons of national research performance. Scientometrics, 51, 1, 335-346; DOI:
10.1023/A:1010549719484

van Leeuwen, TN. (2013). Bibliometric research evaluations, Web of Science and the Social
Sciences and Humanities: a problematic relationship? Bibliometrie-Praxis & Forschung, 2,
http://www.bibliometrie-pf.de/article/viewFile/173/218

Wouters, P. & Costas, R. (2012). Users, narcissism and control — Tracking the impact of
scholarly publications in the 21st century. SURF-foundation. Utrecht.

' In November 2014 RAD was replaced by u:cris based on Pure. While the RAD information
is not online, data from u:cris will be available online in the future. RAD journal information
(index, peer review) was supplemented with data from the Thomson Reuters Master journal
list (http://ip-science.thomsonreuters.com/mijl/) and data from ulrichsweb
(https://ulrichsweb.serialssolutions.com/).

" Information is taken from RAD and only includes journal articles and other items explicitly
published in peer-reviewed journals. The percentage of total publications with peer review
also includes the journal articles with peer review.

" Due to the lack of available information in RAD this analysis was done in A&HCI and
SSCI for journal articles only clearly affiliated to the University of Vienna.

" Further analyses at macro and meso-levels will be conducted in this regard.

225


http://www.bibliometrie-pf.de/article/view/173
http://www.bibliometrie-pf.de/article/view/173
http://ip-science.thomsonreuters.com/mjl/
https://ulrichsweb.serialssolutions.com/

Guns

Pruning cooccurrence networks

Raf Guns

raf.guns@uantwerpen.be
University of Antwerp, Institute of Education and Information Sciences, Venusstraat 35,
2000 Antwerpen (Belgium)

Abstract

Cooccurrence (e.g., cocitation) networks tend to be dense, which renders them hard to
visualize and interpret. This paper presents a new method for pruning cooccurrence networks.
Every coocurrence network is derived from a two-mode network (e.g., authors and citing
papers). Starting from this two-mode network, we apply Markov Chain Monte Carlo sampling
to determine the statistical significance of each link and only retain links between nodes (e.g.,
authors) with probability p < 0.001.

This procedure accounts for large variations in the degrees of both top and bottom nodes,
which is not the case for other pruning techniques. The feasibility and usefulness of the
method is illustrated on two empirical examples.

Introduction

Bibliometric research often employs networks to study the relations between authors, journals
or other entities. Many bibliometric indicators are most easily interpreted in a network context
(e.g., Gonzélez-Pereira et al., 2010). Moreover, networks form the input to different
approaches to bibliometric mapping, whereby entities are positioned to represent their relative
proximities, as reflected in publications and citations.

Networks can range from sparse (few links) to dense (many links). Dense networks are hard
to visualize, interpret and work with. The author cocitation network in Figure 1 provides an
example. The density of this author cocitation network is 0.57. It is unclear by visual
inspection which links are most important and whether the network consists of any cohesive
subgroups. This kind of problem has led researchers to prune dense networks, that is, to
discard less important links and retain only the most important ones. The current paper
presents a new method to prune cooccurrence networks.

Different pruning techniques have been described in the literature. The Pathfinder algorithm
(Schvaneveldt, 1990) prunes a network by eliminating links that are not needed to preserve
shortest paths between pairs of nodes. De Nooy, Mrvar, and Batagelj (2005) discuss deleting
low-weight links “to obtain a clear picture.” Persson (2010) proposes to prune article citation
networks by only retaining those links between articles that are simultaneously cocited and
bibliographically coupled. In several studies, Loet Leydesdorff (e.g., Leydesdorff, 2007;
Leydesdorff et al., 2013) prunes cocitation or bibliographic coupling links between nodes
whose cosine values are below a certain threshold (often 0.2). Egghe and Leydesdorff (2009)
introduce an approach to determine a threshold value for the cosine measure, such that the
corresponding Pearson correlation coefficient is guaranteed to be positive.
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Figure 1. Cocitation map based on cosine similarity (Pajek, Kamada-Kawai)
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A kind of network that is especially prone to the density problem are cooccurrence networks,
such as cocitation, coauthorship, or bibliographic coupling networks. Cooccurrence networks
are derived from two-mode (bipartite) networks (Figure 2), which explains why they are more
likely to be dense. For instance, if one article cites 20 authors, then all 20 authors are linked in
the corresponding author cocitation network, leading to 190 links. This article presents a new
pruning method that aims to retain only the important relations in a cooccurrence network
while discarding the trivial ones. The method does not apply to non-cooccurrence networks,
such as citation networks.

Figure 2. Cooccurrence network derived from a two-mode network

Formally, cooccurrence relations can be interpreted as two-mode (bipartite) networks with
two sets of nodes: the top nodes represent the entities of interest (e.g., words, authors or
journals) and can only be linked to bottom nodes (usually, but not necessarily, articles). Two
top nodes co-occur (are indirectly connected) if they have one or more neighbouring bottom
nodes in common. Another way to interpret a two-mode network is as a matrix O with
dimensions n X m (n top nodes, m bottom nodes). A cell in O is 1 if the top node is related to
the bottom node (e.g., if the keyword is used in the article) and 0 otherwise. One can obtain a
cooccurrence matrix by multiplying the matrix O with its transpose: C = 0 x O7. Values in
the cooccurrence matrix indicate the number of times two nodes (e.g., two keywords) occur
together. For purposes of bibliometric mapping, one typically does not work with the ‘raw’
cooccurrence matrix C but instead applies a similarity measure, such as the cosine measure
(Ahlgren, Jarneving & Rousseau, 2003), to row vectors in O. The matrix of all pairwise
similarities is a normalized cooccurrence matrix.

We propose another approach, that starts from the two-mode network and only retains node
pairs whose cooccurrence can be interpreted as statistically significant (Zweig & Kaufmann,
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2011). This typically results in less dense networks, whose structure is easier to interpret and
better reflects reality.

Methods

Our method is based on the work of Zweig and Kaufmann (2011), who propose a systematic
approach to the projection of bipartite networks. In the remainder of this section, we will use
the terminology of author cocitation analysis. That is, top nodes (entities under study) are
authors, who are connected with a bottom node (citing article) if the latter cites work by the
former. Note, however, that the method is general and can equally well be applied to
bibliographic coupling between journals, cowords between articles etc.

We have a bipartite network G = (A U C, E), where the node set is the union of the set of
authors A = {a,, .., a;} and the set of citations C = {c;, ..., cp}, and the link setis E € A X C.
We denote the set of neighbours of node x by nbr(x). Each node in A and C has a certain
degree: deg(x) = |nbr(x)|. Hence, we can determine the degree sequence
T = [deg(a,),deg(a;), ..., deg(a;)] of A. Likewise, B = [deg(c;),deg(c,), ..., deg(cy)]
denotes the degree sequence of C.

Essentially, the method can be summarized as follows:
1. First, we define a pattern or motif (Milo et al., 2002) of interest. In our case, this is the

cooccurrence of two authors. We denote cooccg(a;, a;) = |nbr(a;) nnbr(a;)|.
2. Next, we determine the interestingness of each cooccurrence. Zweig & Kaufmann
(2011) discuss several measures of interestingness. We propose using the z-score:

Obs — Ex
Z(x,y) :Tp (l)

Here, Obs denotes the observed number of times a motif is found (Obs =
coocci(x,y)), Exp denotes the expected number of cooccurrences and o is the
standard deviation; these are discussed below. If a cooccurrence is found significantly
more than expected, it is considered interesting.

3. Finally, the resulting projection is constructed by only linking those authors whose

cooccurrence is considered interesting.

Before we move on, we want to make it more explicit why interestingness is important. Why
can we not, for instance, simply single out those author pairs whose cocitation strength is
high? Consider the extreme case where an author is cited by all citing articles (e.g., because
they are an authority in a certain field). Consequently, this author has many citations in
common with all other authors, although the other authors are likely to be more specialized on
specific problems in the field. Slightly less extremely, if an author is cited many times, we
could say that their high value of cooccurrence with some other authors is a natural
consequence of their high degree. In other words, a high cooccurrence value is statistically
plausible and, hence, less interesting. Similar considerations also apply to the other side. For
instance, if a citing article refers to most or all authors under consideration, the resulting
cooccurrences carry little or no meaning. We emphasize that these considerations apply to
links (e.g., cocitations) and not nodes (e.g., authors). Clearly a highly cited author is important
in his/her own right.
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The main challenge then is determining Exp. The expected number of cooccurrences for a
given node pair can be interpreted as the mean number of cooccurrences over all possible
networks that maintain certain structural aspects of G. The set G(G) of all networks that
maintain certain aspects of G is a network model. Perhaps the most famous model is the
G(n, m) model by Erdés and Rényi (1959), the set of all networks with n nodes and m links.

Since we are dealing with two-mode networks, we obviously need a network model that only
allows links between the t author nodes on the one hand and the b citing article nodes on the
other. Even so, there are still many variations one can choose from. Zweig and Kaufmann
(2011) provide compelling theoretical arguments that a simple model in which each citing
article has an equal probability of citing a given author, is inadequate for non-artificial
networks. Instead, they propose using the Fixed Degree Sequences Model (FDSM). FDSM is
a network model G(T,B) for bipartite networks that keeps the degree sequences T and B
fixed. In other words, G(T, B) is the set of all bipartite networks G’ = (A U C, E") with degree
sequences T and B.

There currently exists no closed-form expression of Exp in the FDSM. Moreover, ignoring
networks of trivial size, the number of networks in G(T, B) is too large to consider all of them.
Hence, we can only estimate Exp by sampling from G(T, B). Averaging over all observed
cooccurrences leads to an (approximation of) expected cooccurrence. From the same data —
I.e., a large number of observed cooccurrences in different networks belonging to G(T,B) —
we can also obtain the standard deviation o.

We use Markov Chain Monte Carlo sampling to obtain networks from G(T, B). Starting from
the observed network G, we randomly choose two links (a;, ¢,) and (aj, ¢,). We then swap
the two links, such that we obtain (a;, c,) and (aj, c,) (unless either of these already exist).
Repeating this swapping procedure enough times results in a bipartite network with the same
degree sequences, but independent from G. To ensure independence from the starting network
G, we ‘chain’ the sampled networks. That is, from G we obtain G'; from G’ we obtain G'’; and
so on. The expected number of cooccurrences between two authors then is the mean of the
observed number of cooccurrences in all samples.

We only consider those cooccurrences with probability p < 0.001, i.e., whose z-score
z > 3.29. These are retained as links in the resulting network. One can use the z-scores as
link weight to further distinguish specifically interesting interactions. Note that we may also
have negative correlations (z < —3.29).

A small experimental result: author cocitation

We use a small dataset that has been explored in previous studies (Ahlgren, Jarneving &
Rousseau, 2003; Egghe & Leydesdorff, 2009; Leydesdorff & Vaughan, 2006). This dataset
consists of all publications in Scientometrics and Journal of the American Society for
Information Science (JASIS) in the period 1996-2000. We find 498 publications in
Scientometrics and 494 in JASIS. Due to changes in newer versions of Web of Science, the
number of publications in Scientometrics is higher than the 469 publications reported by
Leydesdorff & Vaughan (2006). Just like the previous studies, we focus on author
(co-)citations to 12 authors from information retrieval and 12 authors from bibliometrics (see
Table 1). There are 471 articles that cite at least one of these authors.
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Table 1. Authors in cocitation analysis

Field Name

Bibliometrics Braun T, Callon M, Cronin B, Glanzel W, Leydesdorff L, Moed
HF, Narin F, Nederhof AJ, Price DJD, Schubert A, Tijssen RJW,
Vanraan AFJ

Information retrieval Belkin NJ, Blair DC, Cooper WS, Croft WB, Fidel R, Harman DK,
Kuhlthau CC, Marchionini G, Robertson SE, Spink A,
Vanrijsbergen CJ

Figure 1 shows the cocitation network for these 24 authors. Link weights are normalized
using the cosine measure. We can see that all bibliometric authors are placed on top, whereas
all IR authors are situated in the bottom half, although the exact boundary is unclear.
Likewise, it is unclear which links are most important. Now we compare this with FDSM.

Figure 3. Cocitation map based on FDSM and z-scores (Pajek, Kamada-Kawai)

P anrijsbergen
Y

Using the approach described in the previous section, we randomly sampled 5000 networks
from the set of all bipartite networks with the same top and bottom degree sequences. Each
new network was obtained by performing 3000 link swaps. For each pair of cocited authors
the z-score was determined and only those pairs with z > 3.29 (31% of the original number
of links) were retained as links. This method yields the network shown in Figure 3. The
bibliometric and IR authors are now clearly separated, as two separate components.
Moreover, because the number of links is much lower, the structure of each component
emerges more clearly. It seems, for instance, that the top half of the IR component contains
researchers in information seeking, whereas the bottom half contains researchers in *hard’
system-oriented IR. A possible disadvantage of the FDSM approach is that it can easily cause
some nodes to become isolates. This is the case for Cronin and Price (not shown in Figure 3),
although these authors appear to occupy a central position in
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Figure 1. A possible explanation is that they are regularly cocited with both bibliometric and
IR authors and therefore occupy a less clear position with either bibliometricians or IR
researchers.

Interestingly, Figure 3 closely resembles a map obtained by Egghe and Leydesdorff (2006) on
the basis of the cosine measure (only retaining those links whose corresponding Pearson
correlation coefficient cannot be negative). More generally, we find that ranking author pairs
by their z-score according to the FDSM procedure has almost the same result as ranking by
their cosine similarity (Spearman rank correlation » = 0.96).

In summary, we obtain similar results with cosine normalization and FDSM for this particular
case.

A larger application: bibcoupling of JASIST articles (2009-2010)

Now we consider a larger empirical case. We study bibliographic coupling of all 371 articles
published in JASIST in the years 2009-2010, in order to obtain a map that visualizes the
intellectual structure of the journal. We construct a two-mode network, wherein papers are
linked to their references. In total, 12 981 unique references were found. The bibliographic
coupling map based on cosine normalization is shown in Figure 5. Map of JASIST articles
(2009-2010, bibliographic coupling, FDSM). The corresponding map based on FDSM is
shown in Figure 5.

Both maps were created using VOSviewer (Van Eck & Waltman, 2010). Major clusters in
each map were manually labelled. While the two maps roughly exhibit a similar structure, the
FDSM map is more spread out. Specifically, while the topic of information behaviour forms a
fairly coherent cluster in the cosine map, the FDSM map shows that this group actually
consists of two separate clusters, pertaining to online communities like Wikipedia on the one
hand and to information behaviour on the Web on the other. In our opinion, the FDSM map
makes the existence and relative importance of these subtopics much clearer.

Figure 4. Map of JASIST articles (2009-2010, bibliographic coupling, cosine)
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Figure 5. Map of JASIST articles (2009-2010, bibliographic coupling, FDSM)
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Comparison of FDSM and cosine similarity

The examples in the preceding sections illustrate that FDSM and cosine similarity may result
in similar mappings. Does this mean that the two are interchangeable? In our opinion, there
are three important differences between FDSM and cosine normalization.

First, contrary to cosine normalization, FDSM reveals positively significant cooccurrences as
well as negatively significant ones. Most current mapping techniques only consider positive
edges, but in principle the additional information of negative edges could be exploited to
obtain better and more accurate maps. Second, because we work with z-scores to determine
interestingness, FDSM allows us to establish a threshold that corresponds to a specific p-
value. Third, the cosine formula ignores size differences between bottom nodes (citing articles
in the ACA case). In other words, while cosine does account for large variations in the degree
sequence of the top (projected) nodes, it cannot account for similar variations in the degree
sequence of bottom nodes. Because variations in our ACA example are fairly small (for both
top and bottom nodes), FDSM and cosine yield very similar results.

We now give a hypothetical example to highlight the difference between FDSM and cosine.
Assume that we have the following matrix whose six rows denote authors and whose four
columns denote citing articles.

O
-
Q
N
Q
w
)
KN

aa 0 1 1 0
a; 1 0 1 0
az 1 1 0 0
a, 0 1 1 1
a= 0 1 1 1
aa 0 1 1 1

We will focus on the author pairs (a4, a;) and (a,, a3). It is easy to see that both author pairs
have the same cosine similarity:
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1
cos(a;, a;) = cos(az, az) =——===

V2v2 2

Authors a, and a, are cocited by c3, whereas a, and as are cocited by c,. The probability of
two authors being cocited by these articles is quite different: for c5 it is 2/3, whereas the
probability of being cocited by ¢, is only 1/15. This suggests that the cocitation of a, and as
is more interesting. Because the cosine formula is based on vectors rather than full matrices, it
cannot take this difference into account.

Discussion and conclusions

Cooccurrence networks are frequently used in informetric research, but their density may
make them more difficult to use and interpret. We have introduced a new method for pruning
cooccurrence networks, which is based on sampling from all two-mode networks with the
same degree sequences. This procedure accounts for large variations in the degrees of both
top and bottom nodes, which is not the case for other pruning techniques.

The main limitations of the method are the fact that it is computationally intensive and may
result in a larger amount of isolate nodes compared to other methods. Future research should
try to alleviate these concerns and explore the method’s potential in other settings. Finally we
note that the method may also yield negative relations; these may augment existingmethods
for, for instance, visualization.
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Introduction

Rapidly growing since 1988, Brazilian science has consolidated as an important scientific
community in the last decades and has led Brazil to stand out in the mainstream science (Leta,
Glanzel & Thijs, 2006). In this scenario, the networks of scientific collaborations are
highlighted, whether at the individual, institutional or country level, consolidated by the
technological developments (Glanzel & Moed, 2002). For Katz & Martin (1997, p.7),
scientific collaboration is "[...] the working together of researchers to achieve the common
goal of producing new scientific knowledge."” It is one kind of social network, an activity that
allows more favorable conditions for scientific production as it enables knowledge sharing,
"optimizes" resources and enhances the possibilities of approaches and tools to meet the
proposed objective (Olmeda Gomez, Perianez-Rodriguez & Ovalle-Perandones, 2008).
According to Glanzel & Moed (2002), the articles published in international co-authorship, in
general, have greater impact, because besides the joint efforts of the researchers, the prestige
of each of them contributes for these publications to be regarded with greater reliability.
Thereby, the general objective of the study is to diachronically analyze the indicators of
scientific collaboration of Brazilian science in the period of three decades (1980-2009).
Specifically, the objective is to analyze the evolution of the international co-authorship index
in Brazilian scientific production during the 1980-1989, 1990-1999 and 2000-2009 periods.
Moreover, this study aims to identify and group the major collaborating countries to Brazil,
evaluate the relative co-authorship index of each of these countries in the context of the
Brazilian production and these countries' rank in relation to Brazilian collaborators in order to
highlight the contribution of scientific collaboration for the scientific panorama of the
country.

Methodological procedures

Articles in Scopus database were retrieved for the 1980-2009 period, using advanced search:
AFFILCOUNTRY (BRASIL OR BRAZIL) AND PUBYEAR > 1979 AND PUBYEAR <
1990 AND DOCTYPE (AR), changing the decades in the expression. For each decade, we
identified: total number of Brazilian articles, total number of Brazilian articles with
international collaboration and the ten major collaborating countries, with the total co-
authored article and ranking among the collaborating countries. Then, we calculated the
percentage of collaboration of the countries in relation to the total number of Brazilian articles
published in each decade. Finally, we performed a hierarchical cluster analysis, using Ward's
method, with Euclidean Distance measure, in order to group the countries according to the
similarities regarding ranking and percentage of collaboration with Brazil in the three
decades.
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Presentation and analysis of data

In the 1980-1989 decade, we identified 2,356 (18.9%) Brazilian papers in international
scientific collaboration from a total of 12,450 published articles. In the 1990-1999 decade, we
identified 16,629 (29.1%) Brazilian articles in international scientific collaboration from a
total of 57,094 articles. In the 2000-2009 decade, 52,905 (25.7%) Brazilian papers in
international scientific collaboration from a total of 205,877 publications were identified. The
data indicate an increase in international research cooperation during the first two decades and
then a small decrease from second to third decade, mainly due to the consolidation of
graduate studies in Brazil, abroad scholarships were reduced, stimulating decentralization
from the national survey that also occurs through collaboration (Faria et al., 2011).

Based on Table 1, we observed that USA holds first place and with collaboration percentage
above 7% (mean percentage equal to 9.4%) throughout the period. The three following
countries (France, UK and Germany) holds 2nd, 3rd and 4th ranking position throughout the
period of 30 years with little variation between UK and Germany in the second decade and
percentages above 2% of collaboration, except UK in the first decade.

In addition, we observed an increasing scientific collaboration of Spain, Portugal and the
Netherlands in the last decade. We also noted a decrease in collaboration from Italy,
Argentina, Russia, Japan, Switzerland and Chile, while Canada holds constant position (6th)
and percentage between 1.2 and 1.7%.

Table 1. Major Brazilian collaborating countries, rankings and percentage of articles in co-
authorship, by decade.

Country %980-1989 %990-1999 2000-2009
Ranking % Ranking % Ranking %
USA 1 7.29 1 11.05 1 9.85
France 2 243 2 4.21 2 3.21
UK 4 1.65 3 3.72 3 3.05
Germany 3 2.19 4 3.03 4 2.70
Spain 14 0.36 7 1.62 5 1.75
Canada 6 1.22 6 1.74 6 1.71
Italy 5 1.53 5 2.21 7 1.65
Argentina 7 0.86 9 1.33 8 1.55
Portugal 21 0.19 14 0.79 9 1.02
Netherlands 11 0.38 13 0.83 10 0.86
Russian 22 0.16 8 1.42 12 0.78
Japan 8 0.46 10 1.03 11 0.81
Switzerland 9 0.44 11 0.93 15 0.64
Chile 10 0.39 17 0.63 16 0.62

Figure 1 shows four clusters of countries. G1 cluster consists of countries with constant
collaboration with Brazil during the full period: between 2nd and 6th position and
collaboration percentage between 1% and 5%. G2 cluster consists of USA alone, which
presents distinct and prominent behavior in relation to all other collaborating countries: 1st
position throughout the period and percentage always above 7%. G3 is composed by countries
with less significant positions: positions below 7th and general percentage between 0.3% and
1%. G4 consists of countries with ascending collaboration behavior.
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Figure 1. Clusters of Brazilian co-author countries.
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Final considerations

International collaboration in Brazil’s science grew significantly, especially between the first
and second analyzed decades. We observed four clusters of countries according to their
similarities in relation to cooperation with Brazilian research. We noticed that major
international scientific powers have contributed to the consolidation of the scientific scenario
in Brazil, and that these relations have been strengthened since 1980.
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Introduction

In response to the demand for accurate measures of journal impact, quality, and prestige,
numerous refinements of the traditional Journal Impact Factor (JIF) have been developed.
Two prominent alternatives are the Source Normalized Impact per Paper (SNIP) and the
SClImago Journal Rank (SJR) (Colledge et. al., 2010). SNIP is similar to JIF but corrects for
differences in topicality between subject fields (Moed, 2010). It is a ratio of a journal’s
citation impact and the citation potential of its subject field. A journal’s subject field is
defined as the collection of articles citing the journal. SJR, inspired by Google’s PageRank
algorithm, is intended as a measure of a journal’s prestige. It recursively assigns higher
weight to citations from journals that are highly cited (Gonzélez-Pereira et. al., 2010). Both
SNIP and SJR use citation windows of 3 years, while JIF uses a citation window of 2 years.

Arguments for the appropriateness of SNIP and SJR have been made based on the logic
underlying their design and studies have been carried out comparing statistical properties of
SJR, SNIP, and JIF (Colledge et. al., 2010). But if these metrics are to be used as measures of
journal quality, then it is also important to assess the extent to which they agree with human
perception of quality. While small scale discipline-specific studies comparing JIF with expert
judgement of journal quality have been carried out (Rousseau, 2008), no extensive multi
discipline study has yet been carried out comparing alternative journal metrics with expert
judgment. Such a study requires a sizable database of journals spanning a broad array of
fields, rated by experts in the various fields. Precisely such a rating exercise was carried out
by the Australian Research Council as part of its 2010 Excellence in Research for Australia
(ERA) initiative. In that exercise journals were assigned to four tiers A*, A, B, C based on
the perceived quality of their papers'. The process of producing the ranked list of 20,712
journals began in 2007 with a ranking exercise by four Learned Academies and a number of
discipline peak bodies and was finalized in the consultation phase in 2010 that involved over
700 expert reviewers®. In this paper we study the correlation between the ERA rating and the
quantitative journal metrics SJIR, SNIP & JIF.

! http://www.arc.gov.au/era/tiers_ranking.htm
®> The use of the ranked journal list was removed from the ERA exercise in 2011 not due to problems with the
quality of the exercise but rather because “there is clear and consistent evidence that the rankings were being
deployed inappropriately within some quarters of the sector, in ways that could produce harmful outcomes,
and based on poor understanding of the actual role of the rankings.” Senator Kim Carr, Minister for Innovation,
Industry, Science and Research, May 2011.
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Data Collection & Methods

The 2010 SNIP and SJR metrics were downloaded from www.journalmetrics.com (retrieved
12 January 2013). We computed JIF by applying the definition to the Scopus database. Since
SNIP and SJR are defined over Scopus, this controlled for the effect of the database in the
comparison of the metrics. JIF for 2010 was computed by taking the ratio of the number of
citations in 2010 to citable items in 2008 and 2009 divided by the number of citable items.
Citable items are taken to be articles, reviews, proceedings, and notes. We identified those
journals in the 2010 ERA list that are indexed in Scopus to produce the list of 11,137 journals
for this analysis. We utilized the All Science Journal Classification (ASJC) to group journals
for analysis by subject area. We analysed the correlation of JIF, SJR, and SNIP with the ERA
rating using the Spearman’s coefficient (p) overall and in each of 27 subject areas. We used
SPSS v. 2.1 to compute the statistics.

Results and Discussion

Among the selected metrics, SNIP shows the highest correlation with the ERA rating (p =
.537), followed by JIF (p = .374) and then SJR (p = .222). The results are statistically
significant at the .000 level, with N=11,137. Figure 1 shows the correlations of the three
metrics with the ERA rating broken down by subject area. In every subject area except
Energy SNIP has higher correlation than the other two metrics. SNIP has highest correlation
in the areas of Dentistry (p = 0.758), Chemistry (p = 0.758), and Chemical Engineering
(»p=0.755). Not surprisingly, the correlation of all three metrics is lowest in the areas of Arts
and Humanities, Social Science, and Multidisciplinary.

Figure 1: Correlation by subject area
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More insight can be gained by viewing scatter plots of the metrics against the ERA rating.
Figure 2 plots the journal metric values of 280 journals indexed under the area Chemical
Engineering against the ERA rating. The correlations of the three are relatively high yet differ
significantly as well: SNIP (p=0.755), JIF (p=. 678), SIR (p=. 595). All three metrics seem
to do a better job at differentiating between A*, A, and B than between B and C while SNIP is
the only metric that shows no overlap in values of A* and C journals.
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Figure 2: Scatterplots of the three metrics versus the ERA rating in Chemical Engineering
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Concluding Remarks

Among the three metrics, SNIP has the highest correlation with the ERA rating, followed by
JIF and then SJR. This is despite the fact that one might expect the judgements of the experts
to be influenced by their knowledge of the impact factors of journals. The dominance of the
correlation with SNIP may have to do with the fact that the ERA rating is focused on journal
quality rather than popularity so that journals could be rated highly even if they are in
subfields with low citation rates. SNIP is the only one of the three metrics that normalizes for
differences in citation potential across fields and subfields.
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Introduction

In the past decade, many scientific literature publishers have implemented usage monitoring
systems based on data including clickstreams, downloads and views of scholarly publications
recorded on an article level, that allow them to capture the number of times articles are
downloaded in their PDF or HTML formats. This type of data is not only used by publishers
as a way to monitor the usage of their journals but also by libraries who wish to monitor and
manage the usage of their collections (Duy & Vaughan, 2006). The growing need for this type
of monitoring resulted in the launch of COUNTER (Counting Online Usage of Networked
Electronic Resources), an international initiative which aimed to set standards and facilitate
the recording and reporting of online usage statistics in a consistent, credible and compatible
way. Nowadays, COUNTER is an industry standard, used by most publishers and libraries
and allows for downloads data to be analyzed and compared more easily by subscribers and
publishers alike. This development could be one of the reasons that research in this area has
seen such significant growth.

Research on the relationships between citations and downloads has expanded in various
studies attempting to understand the relationship between the two as usage phenomenon and
as a way to measure research impact. (e.g., Schloegl and Gorrais, 2011; Gorraiz,
Gumpenberger & Schloegl, 2014). Kurtz et al. (2005a; 2005b) published two pioneering
papers analyzing usage mainly of the NASA Astrophysics Data System (ADS), and
comparing the number of electronic accesses — which they term “reads” — of individual
articles in astronomy and astrophysics journals with citation counts.

In their review article published in 2010, Michael Kurtz and Johan Bollen describe “Usage
Bibliometrics “as the statistical analysis of how researchers access their technical literature,
based on the records that electronic libraries keep of every user transaction (Kurtz & Bollen,
2010). They underline that many “classical”, citation-based measures have direct analogs with
usage, and that an important approach to validation of usage statistics is to demonstrate the
similarities and differences between citation and usage statistics. An important class of usage
statistics is based on the number of times articles from publication archives are downloaded in
full text format, denoted as “downloads” below. Kurtz and Bollen claim that *....the relation
between usage and citation has not been convincingly established”(p. 23) and that “....direct
comparisons over the same set of input documents are rare”(p. 23).

The second author of the current paper published in 2005 an analysis of the statistical
relationship between citations and full text article downloads for articles in one particular
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journal: Tetrahedron Letters, published by Elsevier (Moed, 2005). A main objective of the
current paper is to expand the analyses presented in the 2005 article in the following ways:

e Analyze a much larger set of journals covering all domains of science and scholarship.

e Analyze in more detail download patters as a function of time;

e Examine the statistical correlation between downloads and citations both at the level of
journals and of individual articles;

A full discussion, interpretations of the new findings and their positioning within the
framework of the review article by Kurtz & Bollen (2010) will be given in a full article to be
published in a later phase. The base assumption underlying this paper is that a sound
statistical analysis of relationship between downloads and citations, and a thorough reflection
upon its outcomes, contributes to a better understanding of what both download counts and
citation counts measure, or more generally, to more insight into information retrieval, reading,
and referencing practices in scientific-scholarly research. It is the very combination of the two
types of data that enlarges so to speak the horizon, and provides a perspective in which each
of the two types can be positioned. In the quantitative study of research activity and
performance, downloads and citations provide complementary data sources. In this article the
term *“usage” is reserved for the use made of electronic publication archives in the broadest
sense, and recorded in the archive’s electronic log files. It includes activities such as
downloading in pdf, viewing in html format, browsing through abstracts, and also saving,
sharing or annotating documents in reference managers.

Data collection

One of the main challenges of analysing downloads and citations figures lays in the
availability and completeness of the data collected. The database used to collect the data,
whether citations or downloads, might be incomplete. Thus, for example, downloads collected
for Scopus™ covered journals, might not be representative of usage in general, because not
all literature searches use Scopus™ as their platform of choice. In addition, Scopus™
citations are biased by incomplete source coverage as complete citations are only available
from 1996 forward which is a well-documented limitation of the database. Unlike Scopus,
ScienceDirect™ is a very specific source of full text articles which is mostly used to either
view or download content. Therefore, usage data is fairly complete in ScienceDirect™.

Downloads vs. citations examined in this paper were aggregated in 3 levels: 1) database (e.g.,
all ScienceDirect™ articles); 2) journal; 3) individual article. The data was collected in two
sets of citations and usage data; one at the level of journals and the second at the level of
individual articles.

1. Journal Level Data: the first set of data contained all 20,000 peer-reviewed journals
covered in Scopus™. For each journal, citations counts for the years 2004-2010 were
aggregated per year and per journal. Download counts were aggregated for all 2,500
journals covered both in Scopus™ and ScienceDirect™, Elsevier full text database per
year and per journal.

2. Document Level Data: Citations and counts on a per document basis were collected
for all individual document published in 63 ScienceDirect™ journals between 2008
and 2012 covering all domains of science and scholarship. Downloads and citations
counts on document level are up to September 2013

It must be noted that the journals studied are not a random sample from the set of journals in
ScienceDirect™. The aim of the selection was to include journals from different disciplines
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and cover all major disciplines, in order to study differences among disciplines, and also to
include journals that were originally sections of one and the same “parent” journal, so that one
could even obtain indications of differences within a journal.

Results

Downloads by user institution

Figure 1 presents data on monthly full text downloads from ScienceDirect that users from 3
academic institutions made between January 2008 and May 2013. The data show a clear
peaky behaviour. University 1 represented in Figure 1 participated in a national research
assessment exercise, in which research staff members could submit full text PDF downloads
of their best articles to an evaluation agency for assessment by an expert panel, with a
submission deadline in October 2012. For the peaks of Institutions 2 and 3 no explanation is
available as of yet. Whether or not these peaks are caused by bulk downloading can be
examined by grouping the downloaded articles by user session and by journal volume and
issue, and determining the number of downloads per session, journal volume or issue. The
three institutions were selected as they provide good illustrations of peaky usage behaviour. In
a follow-up study the frequency at which this type of behaviour occurs across all user
institutions will be further analyzed.

Figure 1: Longitudinal download counts for three user institutions.
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Legend to Figure 1: The vertical axis gives the percentage of downloads in a month, relative to an institution’s
sum of downloads during the total time period. For University 2 the actual percentage of downloads in July 2010
is 9 %, which is 4.5 times the level one would find if the number of an institution’s downloads would be constant

over time.

Downloads time series per journal and document type

Figure 2 shows the average number of downloads per full length article for journals in social,
applied, life, clinical medicine, mathematics and humanities sciences over time. The overall
phenomenon seen in figure 2 is that all journals display peak downloads in the first months
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following publications, despite the difference in the amount of downloads which varies
considerably between journals. Yet, there are differences among the represented journals in
the month in which download counts peak. For instance, for the clinical medicine and life
sciences journal downloads peak one month after the month in which they were published
online, whereas for the applied science and the mathematics journal in the seventh month.
Moreover, large differences exist in the decline rates in the various journals. These decline
rates themselves tend to decline as the documents grow older. This is consistent with the two-
factor models explored by Moed (2005), and the four-factor models explored by Kurtz et al.
(2005b).

Figure 2: The number of downloads per full length article as a function of the articles’ age for
6 journals
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Legend to Figure 2: The journals cover the subject fields of Social Sciences (SOC SCI), Applied Sciences
(APPL SCI), Life Sciences (LIFE SCI), Clinical Medicine (CLIN MED), Mathematics (MATH) and Humanities
(HUMAN), respectively. AGE=1 indicates the months in which the articles were published.

Figure 3 displays the development of downloads over time for four document types in the set
of 63 journals: full length articles (FLA, reviews (REV), short communications (SCO) and
editorials (EDI). As can be seen in the graph, reviews, short communications and editorials
reach their peak downloads in the first month after publication, and full length articles in the
third month. Short communications and editorials show the most rapid decline during the first
and 24th month after publication. After two years, the decline rates of the four types are
similar. The level of downloads is highest for reviews, and lowest for editorials, at least in the
set of 63 journals analysed in this section.
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Figure 3: The number of downloads per document type as a function of the documents’ age.
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Legend to Figure 3: Data are shown for 4 document types published in the 63 journal set: full length articles
(FLA), reviews (REV), short communications (SCO) and editorials (EDI).

Download-versus-citation ratios

Adopting a diachronous approach, Figure 4 presents for documents published during 2008-
2009 the ratio of the number of downloads and citations as a function of the documents’ age,
or, in other words, of the time elapsed since their publication date, expressed in months. In
this figure the documents from all journals in the 63 Journal Set are aggregated into one
“super” journal. Ratios of downloads and citations are calculated for four types of documents:
editorials, full length articles, short communications and reviews. Figure 4 clearly shows that
the ratio of downloads and citations very much depends upon the type of document and upon
the time elapsed since their publication date. For full length articles, reviews and short
communications this ratio reaches a value of about 100 after 45 months.

245



Halevi & Moed

Figure 4: Ratio of downloads and citations of documents as a function of their age (63 Journal
Set)

100,000

10,000

1,000

# DOWMNLOADS / # CITES

100

10
1 3 5 7 9 1113 1517 19 21 23 25 27 29 31 33 35 37 39 41 43 45

TIME ELAPSED SINCE PUBLICATION (MONTH)

Legend to Figure 4: EDI: Editorials; FLA: Full Length Article; REV: Review; SCO: Short Communications

Figure 5, however, shows large differences in this ratio among the 63 journals. It displays on
the vertical axis the ratio of downloads and citations for the aggregate of full length articles
published in the 63 Journal Set, and on the vertical axis the ratio of the skewness values of the
download and citation article distribution, respectively, further discussed in the next section.
Each symbol represents a particular journal. Distinct symbols indicate the main discipline
covered by a journal. Figure 5 shows that journals in social sciences and humanities tend to
have large downloads ratios versus citations, and several mathematics periodicals relatively
low ratios. Clinical medicine journals show large variations.
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Figure 5: Ratio of mean and skewedness of the article download and citation distribution for
63 journals set (full length articles (FLA) only)
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Statistical correlations between downloads and citations at the journal and article level
Figure 6 presents an analysis at the journal level. It is based on download counts in the year of
publication and citations in the third year after publication and shows the Pearson correlations
per discipline. Spearman rank coefficients per discipline tend to be somewhat lower than the
Pearson values, due to the skewness of the underlying distributions, but the overall picture
presented in Figure 6 does not change if the former type is plotted rather than the latter.
Analysing the correlation per discipline between a journal’s average number of downloads per
article against the number of cites per article, Figure 6 shows that in the areas of biochemistry
& molecular biology, neuroscience and veterinary sciences downloads and citations are
highly correlated followed by chemical engineering, pharmacology and immunology.
Disciplines which display the lowest correlation coefficients between downloads and citations
are arts & humanities and health professions. The factors responsible for these differences in
correlation must be further studied. For instance, the low correlation in Arts & Humanities
may be due to the fact that the citation database used does not cover the publication output in
this domain sufficiently well, and particularly misses citations in and to books.
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Figure 6: Correlation between downloads and citations at the journal level by discipline
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Figure 7 analyses the correlation between downloads and citations at the article level. It
presents a scatterplot of downloads versus citation counts of articles in an applied science
journal. The diagonal represents the linear regression line. It shows that the articles that are
frequently downloaded (tentatively defined as those with more than 2,000 downloads) almost
all have a minimum citation count of about 10. In other words, among the articles cited less
than 10 times, there are no highly downloaded articles. This is so to speak one side of the
correlation coin. But apart from this observation, the citation counts of the highly downloaded
articles show a strong scatter. Such a scatter is even more clearly visible among the download
counts for articles that are highly cited (tentatively, more than 20 times). But all these highly
cited articles have a download rate that exceeds 500.
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Figure 7: Downloads versus citation counts for a journal in applied sciences.
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Discussion and conclusions

Analyses by user country and institution

The fact that seasonal and academic cycles are reflected in longitudinal download patterns is
not surprising. What is of interest is the peaky behavior at the level of user institutions, and
the apparent lack in many cases of solid explanations for such behavior. Even if the overall
contribution of number of downloads made in peak months across institutions is perhaps only
a few per cent of the total number of downloads, more understanding of the cause of outliers
is desirable. A combined qualitative-quantitative approach seems the most promising, in
which interviews with librarians at institutions is complemented with a more detailed analysis
of the underlying usage patterns. Typical questions that should be addressed are: is
downloading in peak months a form of bulk downloading, in which large numbers of
documents are downloaded issue by issue, journal by journal, in a single user session. Moed
(2004) gives typical examples of how bulk sessions can be identified, for instance, an analysis
of the average number of downloads per used journal in a session. This parameter tends to
obtain extremely high values if complete journal issues or (annual) volumes of a journal are
downloaded article-by-article in one single user session.

Downloads time series per journal and document type

Perhaps the main observation of the outcomes presented in this article is that they show such
large differences among journals, subject fields, and types of document. It must be underlined
again that the journals studied are not a random sample from the total population of journals
in ScienceDirect. The aim of the selection was to include journals from different disciplines
and cover all major disciplines and include sectionalized journals as well. Our outcomes thus
show how large the variability across journals and subject fields can be.
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The analyses at the journal level presented in the current paper show that, adopting a
diachronous approach, during the first 4 years after online publication date, all journals show
a delay in downloads, in the sense that the average number of downloads per month increases
after the month of publication and reaches its peak after 2 to 8 months, depending upon the
journal. Such a behavior is qualitatively similar to that of citation obsolescence: both
processes show a delay.

Moed (2005) used in a diachronous approach a two factor model based on monthly rather than
annual usage counts. Although the model showed a reasonable fit when applied in 2005 to
Tetrahedron Letters, a journal publishing on a monthly basis short communications with a
relatively short life cycle, download obsolescence patterns per journal reveal that a two factor
model tends to be inappropriate.

Full length articles, reviews, short communications and editorial have different download
obsolescence patterns; their differences are similar to those found for citations. The ratio of
the number of the number of downloads per review to that per article is similar to the same
ratio for citations. And short communications mature more quickly than full length articles
both in terms of downloads and citations.

Download-versus-citation ratios

Findings in this paper illustrate that the actual ratio of downloads and citations strongly
depends upon the age of the used articles. It must be noted, however, that the rate of decline
decreases over time, and that the value of downloads per citation ratio seems to stabilize
somewhat after three years or so to a value of approximately 100. The conclusion is that, after
four years following the online publication date, the number of downloads of the articles in a
journal is two orders of magnitude higher than the number of citations. This result applies
both for full length articles, reviews and short communications. For editorials, however, the
ratio is a factor of 2 higher than it is for the other document types.

Statistical correlation between downloads and citations

Large differences in the degree of linear correlation were found among subject fields at the
journal level, the Pearson correlation coefficients varied between around 0.3 in the humanities
to 0.9 in molecular biology. Intuitively one might conjecture that subject fields in which the
correlation is high tend to be very specialized fields, such as molecular biology and
biochemistry, in which the main users or readers of publications are the researchers active in
that field, in other words, fields in which the author and the reader populations tend to
coincide. Fields in which the reader population is probably much wider than the research
community — including for instance interested readers from other disciplines of publications
made by humanities and social science researchers, or practitioners (engineers or nurses)
using technical information from engineering and nursing journals — the correlation is lower.
But the analysis did not define or measure more precisely the degree of overlap between
author and user population, so that rigorous testing of the hypothesis that the degree of
correlation between downloads and citation counts is positively related to this overlap, has not
been carried out, due to a lack of information about the user or reader population.
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Introduction

As observed by Hagel et al. (2009), “Knowledge flows — which occur in any social, fluid
environment where learning and collaboration can take place — are quickly becoming one of
the most crucial sources of value creation”. Indeed, participation in international knowledge
flows has become an accepted measure of the quality of a research environment. But while
increasing use is being made of metrics such as student and staff mobility and international
co-authorship, metrics that directly measure international impact of research have yet to be
widely used.

Citation patterns have been used to measure knowledge flows among scientists (Zhuge 2006),
among journals (Zhou and Leydesdorff 2007), and among subject categories (Zhou et al.
2010). In a recent paper (Hassan and Haddawy 2013) we introduced a metric to measure
knowledge flow among institutes and countries. The present paper extends that work by
introducing an approach to semantically analyze knowledge flows. The approach sheds light
on how knowledge produced by researchers in one country is utilized by researchers in other
countries.

Methodology

The approach starts by identifying Research Topic (RT) clusters for the publications produced
by a given country in a given research area. We then procure the sets of papers (authored by
researchers outside the given country) citing the papers in the RTs. Finally, we cluster the
citing papers and identify frequent keywords to determine how the knowledge in the papers in
the RTs is being used.

In order to select the keyword terms, we use author defined keywords and noun terms
extracted from the abstracts and titles from the procured papers. We then identify synonyms
of the selected terms and include them as keyword terms as well. The RTs are identified
using the author-topic model with distance matrix (Hassan and Ichise, 2009). In order to
obtain the optimum number of RTs, we compute inter cluster similarity and average intra
cluster similarity. Finally, RT keywords are visualized wusing Wordle.Net
(http://www.wordle.net/).

We present a case study in the subject area Energy. Using All Science Journal Classification
(ASJC), we procured 7602 papers from the Scopus database (journal articles, reviews and
conference papers) published by researchers from the United States in Energy during 2004-
2009 that are cited by researchers from other countries (excluding the co-authored papers with
the US researchers) in the same time period.
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Results and Discussion

We obtain eleven RTs in the field of Energy cited by researchers from outside the US. Figure
1 shows the five clusters with the largest numbers of papers. Cluster #1 is the largest cluster,
containing 33% of the 7602 papers. The cluster covers research topics related to Solar Cells
(such as Thin Film Solar Cells, Tandem Solar Cells and Photovoltaics).

To examine the different ways countries use this knowledge, we compare publications of
researchers from China and Japan that cite the papers in cluster #1. We procure all the papers
(journal articles, reviews and conference papers) authored by researchers from China and
Japan that cite papers in cluster #1 and then identify RTs of those papers. Figure 2 shows
RTs of the paper by Chinese researchers during 2004-2009. Cluster #1 is the largest cluster,
containing 77% of the 1575 papers and mainly covers research topics related to Power
Systems. Cluster #2 contains research topics related to Solar Cells (such as Thin Film Solar
Cells and Dye-sensitized Solar Cells). Figure 3 shows the research topics for the papers
produced by Japanese researchers during 2004-2009. Cluster #1 in Figure 3 shows that the
Japanese researchers utilize the same knowledge for rather different research themes than the
Chinese researchers. The Japanese researchers focus on topics related to Superconductivity
and High Temperature Superconductors in the context of Solar Cells. Note that
Superconductors play a vital role in providing low-cost renewable energy. It is also
interesting to note that that one cluster accounts for 96% of the citing papers, with the
remaining 4% in cluster #2 which contains the topics of efficient use of Photovoltaics, Energy
Conversion and Solar Cells.

Concluding Remarks

The method of semantic analysis presented in this paper provides an understanding into the
internationality of research not provided by studies of researcher mobility and co-authorship
patterns. Our case study highlights the diversity in the ways that research produced by a
country may be used in different international contexts, even within a relatively narrow
research area. Such analyses may be helpful in establishing more effective multi-national
research collaboration.
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Figure 1: Top five Research Topics cited by researchers outside the United States in the Field
of Energy during 2004-2009.
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Figure 2: Research Topics of the papers produced by Chinese researchers (during 2004-2009)
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Figure 3: Research Topics of the papers produced by Japanese researchers (during 2004-
2009) that cite the Research Topic in Cluster#1 in Figure 1.
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Introduction

Interdisciplinary research has long played a central role in research evaluation. By definition,
it focuses on solving complex scientific problems by combining methods and concepts from
different disciplines and is said to be greater than the sum of its disciplinary parts. Many
bibliometric studies have tried to prove the perceived success of interdisciplinary research
through higher citation impact, leading to contradicting results depending on the definition of
both interdisciplinarity and citation impact (see Wagner et al., 2010 for a review). This study
focuses on the identification of the success of interdisciplinary relationships—defined as co-
cited subdisciplines—with a particular focus on the distance between the two subdisciplines
involved. Specifically, it aims to answer three questions: (1) Which (sub)disciplines benefit
most from interdisciplinary research? (2) Which combination of subdisciplines leads to the
highest citation impact? (3) How does the distance between two co-cited subdisciplines
influence the impact of the citing paper?

Methods

The dataset used in this paper is drawn from Thomson Reuters’ Web of Science (WoS)
database, including the Science Citation Index Expanded, the Social Sciences Citation Index
and the Arts and Humanities Citation Index. It comprises all 11.1 million articles and reviews
published between 2000 and 2012 including cited references published during the same
period and covered in the same databases as source items. Disciplines and subdisciplines were
assigned to paper references using the UCSD classification system and map of science, which
comprises 13 disciplines and 554 subdisciplines computed using bibliographic coupling and
keywords at the journal level (Borner et al., 2012). The 40 journals that are assigned to more
than one subject category were omitted to ensure that a reference is assigned to exactly one

! This work was supported by the Canada Research Chairs program, the Social Science and Humanities
Research Council of Canada and the Fonds Recherche Québec — Société et Culture and the U.S. National
Institutes of Health under Grant No. U01 GM098959.
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(sub)discipline. A paper is defined as interdisciplinary if it contains references from more than
one subdiscipline. Although not without limitations, this binary definition of
interdisciplinarity was chosen to avoid a more arbitrary threshold. While 1.9 million papers
(17.2%) were strictly disciplinary, 9.2 million (82.8%) were interdisciplinary. 80,997 pairs
were co-cited at least 30 times and are used in this study. To determine the citation impact of
interdisciplinary relationships, each co-cited subdiscipline pair was assigned the citing paper’s
citations as the observed citation. Lariviere and Gingras (2010) found that the impact of
interdisciplinary papers depends strongly on the citation potential, i.e. expected citations of
involved disciplines. Thus, two relative citation rates for each subdiscipline pair s;-s, were
computed. The expected citation rate of s, in year y represents the average citation rate of all
papers citing s; in y. The relative citation rate of s;-s, for all years relative to s; and s;
respectively represents the average of all observed vs. expected ratios for each co-citing paper.
That is, each co-cited interdisciplinary pair s;-s; obtained two relative citation rates—one
relative to s; and another relative to s, resulting in a total of 161,994 relative citation rates.
When the observed citations exceeded the expected, i.e., world average citation rate, then the
relative citation rate is greater than 1. The success of a subdiscipline pair (i.e.,
interdisciplinary collaboration) was classified into four categories: win-win (both citation rates
above 1), win-lose & lose-win (one rate above, one equal or below 1), and lose-lose citation
outcomes (both equal or below 1).

The distance between two subdisciplines seems to affect success. Distance was calculated
using the x-y positions of the 554 subdisciplines on the UCSD map, which represents a
widely used reference system of the research landscape. Since the position of each of the 554
subdisciplines in the map of science is determined by bibliographic coupling and keyword
similarity to each other, the distance between two nodes in the map can be considered as an
indicator of topical distance, where close nodes represent closely related subdisciplines and
distant nodes are less related. Note that this map wraps around a cylinder with a
circumference of 624, i.e., the left most nodes are connected to the nodes on the far right. The
distances for the 80,997 subdiscipline pairs ranged from 0.64 to 281.10. Subdiscipline pairs
were grouped into 10 categories of distances (A-J, see Table 1) with a comparable number of
pairs in each category.

Results

Overall, 69.9% of the subdiscipline pairs were win-win, 26.8% were win-lose or lose-win and
only 3.3% were lose-lose. The mean relative citation rate of all subdiscipline pairs is 1.54,
I.e., papers co-citing publications from two different subdisciplines were on average cited
54% above world average level. As relative citation rates represent a zero-sum game, this
shows that co-citing literature from different subdisciplines pays off in terms of citation
impact. In fact, the relative citation rate of papers increased with the number of subdisciplines
cited and remained 60% below expectations for the 1.9 million papers citing only one
subdiscipline.

Aggregated on the level of the 13 UCSD disciplines, all disciplines benefit from
interdisciplinarity (Figure 1), especially Biology, Chemistry and Chemical, Mechanical, &
Civil Engineering and Electrical Engineering, where more than 86% of co-cited subdiscipline
pairs were cited above the average of the particular subdisciplines (win-win and win-lose
combined). Chemistry (85.0%), Brain Research (78.8%) and Biology (76.9%) are the
disciplines where both subdiscipline sides benefit the most from being co-cited (win-win).
While being co-cited with subdisciplines from Biotechnology, Chemistry and Brain Research
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is most beneficial to the co-cited subdiscipline, as more than 96% of all co-cited
subdisciplines are cited above average (win-win and lose-win), combinations with
subdisciplines from the Humanities (55.7%), Electrical Engineering & Computer Science
(37.1%) and Social Science (35.0%) are more disadvantageous because over one third of co-
cited subdisciplines do not exceed their world average citation rates (lose-lose and win-lose).
Interdisciplinary combinations with the Humanities and Social Sciences are least beneficial to
either side, as 11.2% and 6.0% of all subdiscipline pairs do not meet expected citation in
either of the co-cited subdisciplines (lose-lose).

Figure 1: Percentage of win-win, win-lose, lose-win and lose-lose relationships of co-cited

subdiscipline pairs based on relative citation impact per discipline.
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As shown in Table 1, the mean relative citation rate of co-cited pairs increases with the
distance between the two subdisciplines. Except for category A which contains co-cited pairs
closest to each other in the UCSD map, i.e., the most similar subdisciplines—71.4% of the
subdiscipline pairs in this category were assigned to the same discipline—the percentages of
win-win relationships is around 71% for all distance categories. This suggests that the
increase in citation impact is not due to the increase in the number of win-win pairs but rather
by an actual growth of relative citation impact with increasing distance. The highest relative
citation impact was obtained by papers co-citing Child Abuse (Social Sciences) and
Leukemia (Brain Research) with a relative citation rate of 27.5 (relative to all papers citing
Child Abuse; distance category E), Thoracic Surgery (Brain Research) and Air Quality (Earth
Sciences) cited 27.2 (1) and Child Abuse (Social Sciences) and Clinical Chemistry (Brain
Research) cited 26.3 (E) on average.
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Table 1. Mean relative citation rates and percentage of win-win, win-lose & lose-win, and
lose-lose relationships of subdiscipline pairs per distance category.

_ Number Relative citation rate Percentage_of win vs. lose

Distance of relationships
category subdisc. std. . L win-lose &

. mean median win-win . lose-lose

pairs dev. lose/-win

A: 0<28 15,790 1.26  0.45 1.20 62.4% 31.5% 15.8%
B: 28<48 16,584 1.38 0.52 1.30 70.3% 25.9% 13.0%
C: 48<67 16,404 145 0.64 1.34 70.5% 25.9% 13.0%
D: 67<86 15,854 149  0.79 1.36 69.0% 28.0% 14.0%
E: 86<107 15882 151 0.80 1.38 69.7% 27.7% 13.9%
F: 107<130 16,284 1.58 0.75 1.44 71.4% 26.0% 13.0%
G: 130<152 16,160 1.64  0.79 1.48 71.2% 26.4% 13.2%
H: 152<172 16,308 1.66 0.82 1.49 70.2% 27.1% 13.6%
I: 172<181 16,358 1.71  0.96 1.50 71.0% 26.1% 13.1%
J: 181<282 16,370 1.72  0.97 1.50 73.0% 23.0% 11.5%
All distance 161,994 154  0.78 1.38 69.9% 26.8% 13.4%

The findings support the assumption that interdisciplinary research is more successful and
leads to results greater than the sum of its disciplinary parts. Papers citing references which
are positioned far away from each other in the conceptual space of the UCSD map of science
manage to attract the highest relative citation counts on average. From a research policy
perspective this suggests that interdisciplinary connections should be especially supported
where it is most challenging: between distant areas of research. Future research will involve
visualizing the most beneficial win-win relationships on the map of science and analyzing the
relationship between citation impact and distances in depth.
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Introduction

The continuing globalisation of the R&D activities of firms is a subject of considerable
interest to policymakers, as innovation is recognised as a main driver of productivity and
growth for countries, as well as a vital resource in addressing societal challenges. We are
witnessing a surge in knowledge-intensive activities by firms in catch-up economies, altering
the geography of ideas and their commercialisation across the globe. The expansion of the
knowledge base is reflected in an increasing diversity of locations, applications and fields in
knowledge productions. New ideas, methods and tools are continuously introduced in
research practices, the landscape of knowledge production is continuously in flux and new
applications are being developed at any given moment (Heimeriks, 2012). This clearly has
implications in terms of international competition and growth strategies.

As there is a strong link between corporate R&D and innovation, policy concerns focus on the
potential loss of jobs and economic benefits as well as on the potential impoverishment of the
local knowledge base due to the internationalisation of R&D. Especially the increasing
attraction of Asian countries as R&D location (Heimeriks & Boschma, 2014) leads to a
growing concern among policy makers for hollowing out the national innovation system
(Narula & Zanfei, 2005).

Yet, patterns of global corporate invention remain poorly understood. Whether we look at it
from the point of view of geography, economic activities and technological invention in
different fields, we observe that advances in technological invention are unevenly distributed.
In this paper, we explore these patterns of corporate invention among countries, sectors and
technological fields. What is the nature of the process and how can it be managed? The
central research question of this paper is thus:

Can we specify the national, sectoral and technological characteristics of the globalisation of
corporate knowledge production over time? Furthermore, how do these different dynamics
interact?

Clearly, there are three analytical dimension relevant for understanding patterns of corporate
knowledge production (Leydesdorff, 2010). Geographically positioned units of analysis (e.qg.,
firms), economic exchange relations, and (technological) novelty production cannot be
reduced to one another. However, these independent dimensions can be expected to interact
to varying extents.
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First, from a geographical perspective, we witness globalisation processes that involve
geographically disparate firms and their subsidiaries, whose technologies are disseminated
over vast distances. Yet, corporate knowledge production is extremely unevenly distributed
across space (Florida, 2005). Studies in economic geography attribute this to the fact that
regions (and their aggregates in countries) tend to expand into activities that are closely
related to their existing capabilities. Corporate knowledge production results from locally
available skills, tacit knowledge, institutions and infrastructures that both enable and constrain
the evolution of knowledge (Boschma, 2005).

Second, from an economic perspective, different firms (and their aggregates in sectors) rely
on knowledge to a different extent and are able to produce and apply knowledge to different
degrees. Innovation scholars have argued that organisational routines of knowledge producing
organisations respond to satisfying the knowledge needs of those entities outside the
organisation (governments, customers, users and investors) that provide the resources for
organisations to survive. As a consequence, organisations will be successful if they produce
knowledge that translates into solutions, goods, services and profits that those external entities
require. The availability of resources thus enables and constrains the production of knowledge
(Pfeffer & Salancik, 2003).

Third, from a cognitive perspective, codified knowledge developments are unevenly
distributed among topics (and their aggregates in fields). Researchers in Science and
Technology Studies (STS) and information science argue that the evolution of codified
knowledge is characterised by a path-dependent process of branching; new knowledge is
developed from recombinations of existing knowledge. The existing body of codified
knowledge thus enables and constrains the production of new knowledge (Arthur, 2007).

Data and Methods

In order to address the need for more systematic analysis of patterns of corporate invention,
we use a unique database, the Corporate Invention Board (CIB). The CIB includes 2289
multinational corporations (MNC) that have at least one transnational patent application
between 1993 and 2005 and for which information on both inventor and applicant location is
available. Of the 2289 MNC’s, 730 have their corporate headquarters in Asia, 1002 in Europe
and 538 in the Northern America (1 in Africa, 7 in Latin America and the Caribean and 11 in
Oceania). The CIB complements the industrial R&D Investment Scoreboard® which analyses
the performances of companies with the highest annual R&D investments.

The CIB combines this scoreboard data with data on the patents of these companies taken
from the PATSTAT? patent database published by the European Patent Office. CIB covers a
very significant share of private R&D investments: the industrial corporations account for
80% of world total private R&D. Through patents’ statistics, we focus on the outputs of these
R&D investments providing information on sectors (through the Industry Classification
Benchmark), technologies and on geographical location of these investments.

While patent classification systems provide a starting point for identifying patents that belong
to a specific technological domain, they do not constitute a classification of technological

! http://iri.jrc.ec.europa.eu/scoreboard.html
? http://www.epo.org/
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fields (OECD 2009). In order to overcome this problem, we developed an original
classification of technology that distributes all inventions in 389 non-overlapping classes.
This classification is based on the well-established WIPO hierarchical classification that
distinguishes, at its finest aggregation level, 35 technological fields, these 35 fields, being
grouped in 5 technological domains (WIPO 2008). The global technology map depicts how
these technological fields are connected.

Over the 20 year period 1986-2005, the corporation included in the CIB have applied for
5.667.253 priority patents, of which 1.019.989 are transnational priority patents, i.e. the
protection for the invention has been asked for in more than one country.
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Figure 1. The growth of corporate invention between 1986 and 2005.

Using patent occurrences along the dimensions of countries, technologies and sectors, entropy
analysis can be used to quantify the relationship among these dimensions (Theil, 1972). We
focus on pairs of distributions; countries and technologies, countries and sectors and sectors
and technologies. The entropy value of each two-dimensional matrix is given by;

H (A) =- Z (pa- log: pa)

The entropy is zero when all distributions are equal since then there is no uncertainty, and is
positive otherwise. The larger the entropy value, the larger the variety within a distribution of
technologies.

The expected mutual information is a measure of dependence between two dimensions, i.e., to
what extent events tend to co-occur in particular combinations. Mutual information is given

by:

J(X’Y):ZZ Pij |0g2 il

i1 1 Pi. - P;
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The mutual information value equals zero when there exists no coupling/dependence between
two dimensions, and the higher the mutual information value the higher the degree of
coupling.

Results

From a geographical point of view, a multi-polar world is emerging with an increasing
number of public and private research hubs spreading across North and South. In general,
corporate knowledge production in seems to shift away in relative terms from the US towards
Asian regions. Especially, Korea and China have established themselves at the top of the
corporate invention rankings. The sectoral distribution of the growth in patenting activity
seems even more unevenly distributed. Almost all sectors show an increase in patenting
activities in the period under study. However, the largest growth takes place in a limited
number of sectors, most notably related to Electronics, Automotive, Chemicals and ICT.
Likewise, the growth of technological knowledge production is unevenly distributed over
technological fields and can be attributed to a limited number of fields, mostly related to ICT.

Most countries expanded their technological capabilities, as indicated by the number of
technological fields. The largest increase in number of technologies occurs in the EU
countries, Japan and the US as well as in emerging economies such as Korea, China, Taiwan,
India and Russia. The emergence of a multi-polar world, is not only associated by an increase
in the number of patents outside the traditional Triadic countries, but also with more diverse
technological capabilities in different locations around the world (Figure 2).
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Figure 2. The number of technological fields per country in 1986 and 2005.
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Reversely, the distribution of countries over technological fields informs us about the
globalisation of technologies (Figure 3).
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Figure 3. The number of countries per technological field in 1986 and 2005.

A relatively flat distribution is visible the number of countries contributing to technological
fields. Only two ICT related fields (“Digital Computing” and “Transmission of Digital Info”)
occur in more than 40 countries in 2005. However, virtually all technologies are truly
globalised. Knowledge production in the large majority of technological fields occur in more
than 20 countries.

The question arising is whether the pattern of increased knowledge intensity and
technological diversification is associated with more diversified economic activities, as
indicated by the diversity of sectors. Again, we observe an increase in in the diversity.
However, the diversification of sectoral activities is much less pronounced than the
diversification in technologies (Figure 4).
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Figure 4. The number of sectors per country in 1986 and 2005.

The increase in sectoral activities is much more concentrated than the increase in
technological activities discussed above. The largest increase in number of sectors can be
found in France (+69), UK (+67), China (+56), The Netherlands (+54) and Germany (+47).
Moreover, only a small number of countries (e.g. China) manage to move towards the core of
the map, where the diversified countries are located. Most countries are very stable in their
sectoral composition. Countries diversify into related sectoral activities that are gradual in
comparison to the more diverse technological development.

To study the globalisation on sectoral activities in more detail, we turn to the number of
countries involved in different sectoral activities (Figure 5).
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Figure 5. The number of sectors per country in 1986 and 2005.
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The most globalised sectors are all related to the broader ICT industry. The sectors
“Electronic components”, “Communication equipment” and “Computer programming and
data processing” are most globalised sectors and showed the largest increase (in number of
countries) between 1986 and 2005. Also the automotive industry (“Motor vehicles”) is among
the most globalised. However, the knowledge intensity as indicated by the number of
technological fields shows only a modest increase in most sectors (Figure 6).
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Figure 6. The number of technological fields per sector in 1986 and 2005.

The most knowledge intensive sectors, as indicated by the variety of technological fields
involved are “Motor vehicles and motor vehicle equipment “, “Miscellaneous chemical
products” and “Electrical industrial apparatus”. The largest increase in number of
technological fields can be found in the sectors of “Oil and gas field services” (+209),
“Electric services” (+113).

While the technological variety increases rapidly, only a limited number of sectors draw
knowledge from a wider variety of technological fields. Thus, technological diversification is
greater than sectoral diversification. Sectors rely on wide range of technologies in order to
develop and produce products and services. Thus, most sectors could be labelled multi-
technology, even if they are specialised in just one line of business (Granstrand, 1998).

The number of sectors associated with technological fields shows a relatively flat distribution
(Figure 7).
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Figure 7. The number of sectors per technological field in 1986 and 2005.

On average, there is a modest increase visible in the number of sectors associated with each
technological field between 1986 and 2005. In general, many ICT related fields have become
more general purpose with respect to the number of sectors involved in knowledge production
activities.

Mutual information between different dimensions

The previous section highlighted the uneven and ‘spiky’ distribution of technological
knowledge production among countries, technologies and sectors. The entropy value of the
distribution of patents can be calculated from the distribution of occurrences along each
dimension, and any combination of dimensions. Figure 8 shows the Entropy values (H) of
distributions over countries, sectors and technologies between 1986 and 2005.
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Figure 8. Entropy values (H) of distributions over countries, sectors and technologies
between 1986 and 2005.

The entropy analyses show that corporate invention is increasingly diverse from a
geographical dimension. However, diversity in the technological dimension is decreasing. In
line with the results discussed above, this suggests that corporate invention is relatively
increasingly concentrated The sectoral distributions show a stable pattern in the period under
study.

In the next step, we quantify the mutual information between the dimensions through
calculation of the Transmission values.
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Figure 9. Transmission between technologies and countries between 1986 and 2005.
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The mutual information content between technologies and countries slows a slight increase in
the period under study. However, the overall values remain low, indicating a low degree of
coupling between geography and field of technological invention.

However, individual countries exhibit different patterns of technological specialisation (figure
10). The USA shows a stable pattern of a high level of specialisation, while Germany shows a
slow decline. Korea joins the USA as most technologically specialised in later years.
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Figure 10. Transmission between technologies and selected countries between 1986 and
2005.

The mutual information between sectors and countries is considerably higher than between
countries and technologies, and is slowly rising. This rise suggests that countries increasingly
specialise along socio-economic dimensions rather than technological dimensions.
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Figure 11. Transmission between sectors and countries between 1986 and 2005.
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Again, individual countries show different patterns of sectoral specialisation. Germany
exhibits a very high level of sectoral specialisation, which slowly declines between 1986 and
2005 (Figure 12). China shows a strong increase in sectoral specificity. France shows a strong
increase in sectoral specialisation between 1994 and 996, in line with the observed increase in
technological specialisation in the same period.
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Figure 12. Transmission between sectors and selected countries between 1986 and 2005.

The mutual information between sectors and technologies (Figure 13) is considerably higher
than between countries and technologies, but lower than between countries and sectors. The
stable pattern suggests that the growth of corporate knowledge production remains equally
distributed over (growing) sectors. As shown before, the profile of technological
diversification of sectors is rather stable. It changes slowly over time as a consequence of the
inertia of specialisation, incremental changes in knowledge production and modifications in
firms’ competencies (Cantwell, 1999).
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Figure 13. Transmission between technologies and sectors between 1986 and 2005.
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Conclusion

Geographically, the past decades have seen a remaking of the global map of world corporate
invention. Especially, Korea and China have established themselves at the top of the corporate
invention rankings. Almost all sectors show an increase in patenting activities in the period
under study. However, the largest growth takes place in a limited number of sectors, most
notably in ICT related sectors. Likewise, the growth of technological knowledge production is
unevenly distributed over technological fields and can be attributed to a limited number of
fields, mostly related to ICT.

Most countries expanded their technological capabilities, as indicated by the number of
technological fields. The largest increase in number of technologies occurs in the EU
countries, Japan and the US as well as in emerging economies such as Korea, China, Taiwan,
India and Russia. Technologies are truly globalised. A relatively flat distribution is visible the
number of countries contributing to technological fields. Knowledge production in the large
majority of technological fields occur in more than 20 countries. The increase in sectoral
activities is much more concentrated in the traditional Triadic countries than the increase in
technological activities, with the exception of China. The most globalised sectors are all
related to the broader ICT industry, and the automotive industry.

On average, there is a modest increase visible in the number of sectors associated with each
technological field between 1986 and 2005. In general, many ICT related fields have become
more general purpose with respect to the number of sectors involved in knowledge production
activities. The increasingly many-to-many correspondence between products and technologies
results in the emergence of multi-product (generic, general purpose) technologies and multi-
technology products that require closer association among sectors and technological fields.
These development are largely limited to ICT.

The increase in sectoral activities was shown to be much more concentrated than the increase
in technological activities. The mutual information between sectors and countries is
considerably higher than between countries and technologies, and is slowly rising. This rise
suggests that countries increasingly specialise along socio-economic (‘sectoral’) dimensions
rather than technological dimensions.

The mutual information between sectors and technologies is considerably higher than between
countries and technologies, but lower than between countries and sectors. The stable pattern
suggests that the growth of corporate knowledge production remains equally distributed over
(growing) sectors.
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Introduction

The aim of this study is to investigate what are the effects of the national Danish publication
indicator on the Danish researchers’ publication behavior? Research evaluations have become
a regular phenomenon at universities and research institutions and governments are
increasingly using bibliometric indicators to allocate funds and increase research performance
(Hicks, 2012), while ignoring the possibility of unintended effects on the research community
and the scientific communication system (Weingart, 2005). Studies have shown that
indicators can have a negative steering effect on the publication behavior of researchers
(Butler, 2003). The Danish government introduced in 2009 the national Danish publication
indicator (NDPI). The goal of the indicator is to measure and assess the Danish research
productivity, besides motivate the researchers to only published in prestige and acknowledge
publication channels (FIVU, 2013). The indicator assign points according to an authority list
of journals, publishers and conference series and 25% of the universities basic funding
(approx. 2.05B DKR) is allocated via the indicator. The further allocation of funds to the
departments is decided by the university.

This poster presents a preliminary analysis of the effects of the NDPI on the Danish
researchers’ publication behavior. The purpose of the study is to illuminate the nuances of the
process of producing a publication, the different choices made in the process, and how
external factors, such as bibliometric indicators, may influence the publication of research
results. The study is part of an ongoing Danish research project Governance, Funding and
Performance of Universities™.

Method

In the period October 2013-february 2014 we conducted 43 interviews with Danish
researchers from six universities in Denmark; Aalborg University (AAU), Aarhus University
(AU), University of Copenhagen (KU), University of Southern Denmark (SDU), Technical
University of Denmark (DTU) and Copenhagen Business School (CBS). We interviewed 8-12
researchers from each of the four main academic research areas; Humanities (HUM), Social
Sciences (SOC), Health & Life sciences (HL) and the Science & Technologies (ST). All the
researchers who participated in the interviews had completed a questionnaire about the NDPI
in 2011 and had published a point-receiving publication in the period 2009-2011. The
participants consisted of 1 PhD student, 9 post docs, 24 associate professors and 9 professors.

1
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The interviews were semi-structured and lasted an hour on average. The interviews had one
publication of the researchers as a point of departure. These specific publications were chosen
using the following criteria: the publication had to be recent, it had to be published in a
journal or a publisher on the NDPI publishing authority list, and if possible the researcher had
to be first or last author.

The interviews were semi-structured and lasted an hour on average. The interviews had one
publication of the researchers as a point of departure. These specific publications were chosen
using the following criteria: the publication had to be recent, it had to be published in a
journal or at a publisher on the NDPI publishing authority list, and if possible the researcher
had to be first or last author.

The interviews were structured in four parts with questions about:
1. Publishing Process
a. Their own publication
b. General questions about collaboration, authorship and publishing
2. Publication practice and culture
3. Publication pressure
4. NDPI

The researchers were not directly ask about the NDPI during the interviews, the hypothesis
were that if researchers do not mention the indicator, they are probably not affected by the
indicator.

Results

The Danish institutions in the study have very different approaches to the NDPI. AU & KU
do not officially use the NDPI and it’s up to the departments if they chose to pay attention to
the indicator. CBS have created awareness of the NDPI, but prefer international publication
ranking lists. The boards of directors at AAU & SDU have decided that some of the allocation
of the basic funding to the faculties and departments depend on the points obtain in the NDPI.
A summary of the researchers’ knowledge of NPDI can be found in table 1.

Table 1. Researchers’ knowledge of NPDI.

University | Research |Participants | Awareness | Checked the |Could recall the NDPI
Area of NDPI authority list |after introduction
AU HL 4 0 0 4
AU HUM 4 4 1 *
AU SOC 4 1 1 3
CBS SOC 4 4 4 *
DTU ST 4 1 0 1
KU HL 4 0 0 2
KU HUM 4 4 3 *
SDU SOC 4 2 2 2
SDU ST 4 4 4 *
AAU HUM 3 3 3 *
AAU ST 4 4 4 *
Total 43 27 22 13
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All the researchers at the humanity faculties (AAU, AU, KU) were aware of the indicator and
the majority had at least once checked the authority list before choosing publication channel
and describe an increasing focus on publishing articles. Some of the researchers thought that
the value of books and book chapters in the indicator were too low, and it were suggested that
the number of pages should influence the number of points. The researchers from AAU were
extremely aware of the indicator, because they could lose research time by not obtaining
enough points and therefore adjusted their publication behavior to the indicator.

9 out of 12 researchers from the science and technology faculties knew the indicator. The
eight researchers from SDU and AAU had checked the authority list of journals, before
publishing because it was important for the allocation of funds to their department. 2 of the
researchers from DTU had never heard of the indicator, while one of the other researchers
could recall some mention of it a couple of years ago.

The 4 social science researchers at CBS knew the indicator and checked the authority list
before choosing a publication channel. Only 3 of the other 8 social science researchers (AU,
SDU) mention the indicator before asked about the indicator. The 3 researchers had all
selected publication channels based on the authority list.

The 8 researchers in the health and life sciences (KU, AU) did not mention the indicator
during the interviews, though half of them had heard about it. The indicator did not affect
their choice of publication channel and they did not perceive it as being of any importance.
Some considered it to be another administrative hassle.

Conclusion

The impact of the indicator on the researchers’ publication behavior depends on the research
area and how the universities managed the indicator. The researchers at universities, that use
the indicator to allocate funds, where more focused on publishing accordingly to the lists and
obtaining points.
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Introduction

As a key actor in the Triple Helix of University-Industry-Government interactions in an
economy (Etzkowitz and Leydesdorff, 1999), Public Research Institutes (PRIs) play an
important role in the national innovation system (NIS). As discovered by Mazzoleni and
Nelson (2007), PRIs have contributed significantly in the S&T catch up process, especially in
the East Asian NIEs. The importance of PRIs lies in the basic rationale for their existence:
PRIs perform essential R&D functions in the NIS that cannot be efficiently performed by
enterprises and universities, whether due to resource constraints or strategic reasons. In this
regard, an important role of PRIs is to bridge academia and industry through applied and
translational research. Examples of other functions of PRIs include industry or technology-
specific research, contract research aligned to national industrial development strategies,
public-interest research and hosting critical large scale infrastructures.

The functions that a PRI is expected to perform is dictated by the policy emphasis of decision-
makers responsible for governance of the public research agenda. The work of Sanz-
Menendez and colleagues documents how policy changes and government intervention has
shaped the strategies and management practices of PRIs, and evolved new forms of PRIs
(Cruz-Castro and Sanz-Menendez, 2007; Cruz-Castro, Sanz-Menendez and Martinez, 2011;
Sanz-Menendez and Cruz-Castro, 2003). The OECD (2011) identified four "ideal types™" of
public research organizations, each with a different main focus.

To fulfil the expected roles premised on its main focus, each PRI develops organizational
strategies aligned to its resources and missions. The literature has documented several
proposed approaches for priority-setting in public research at the national or innovation
system level (Stewart, 1995; Klerkx and Leeuwis, 2009). There is no equivalent focus on the
strategy-formulation process of PRIs at the organizational level, or the tools for PRIs to
benchmark their adopted strategic positions. This is in part due to the lack of easily-available
information and consistently-measured data on PRI strategies. In this paper, we propose a
framework which uses patent indicators to evaluate the strategic priorities of PRIs, allowing
for comparisons across different organizations and time periods.

Patents as Indicator of Strategy

A patent represents a significant advancement made by inventors — and by extension, their
affiliated organizations — in a technology field. As such, patents data provide a window to
understanding patterns of technology development and accumulation. Scientometrics
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indicators based on patent data have been extensively used to measure innovation in
organizations in many different contexts.

An organization's patent portfolio is a treasure trove of information about its research and
innovation activities. Porter and Newman (2004) demonstrate that patent analysis plays an
important role in Competitive Technological Intelligence, in which firms attempt to discern
the technological trajectory and future strategic moves of competitors. While corporate-style
competition is less of a salient consideration in the context of PRIs, the indicators that can be
developed from analysing patent portfolios are useful to all types of organizations, whether
private or public sector, or profit or non-profit oriented. Ernst (2003) presents a wide range of
patents-based indicators that inform an organization's strategic management of technology.
Adopting a different approach, Debackere and Luwel (2004) show that an organization's stock
of patents can be used to benchmark Science and Technology (S&T) portfolios, following the
portfolio management models developed in the wake of studies proposing the concept of
technological S-curves (Martino, 1983).

Despite the wealth of information to be mined from patent portfolio analysis, research on
PRIs has not fully exploited this data source. In studies on PRIs, patents and publication
statistics typically form the basis of performance evaluation, used as output indicators to
assess the efficiency or productivity of PRIs (Coccia, 2004; Matsumoto et al, 2010). In this
paper, we posit that beyond benchmarking performance, a PRI's patent portfolio reflects its
R&D and innovation strategies. We develop a framework comprising a suite of indicators to
analyse the patent portfolios of four PRIs. The analysis aims to evaluate PRI strategic
priorities and how they differ among the PRIs, and to detect changes or shifts in R&D focus
over time. This framework is useful for researchers and PRI stakeholders to understand
whether stated strategies are aligned to R&D outcomes as reflected in patent portfolios.

Method
Framework for dimensions of PRI strategic priorities
We develop a framework which incorporates six dimensions of PRI strategic priorities, as
listed below. These dimensions represent key decisions made by PRIs when fulfilling their
function in the NIS. Due to the unique role played by PRIs, these decisions often require
resolution of tensions arising from their position in the Triple Helix of University-Industry-
Government. While each dimension is framed as a choice between two contrasting strategic
orientations, it is noted that organizations may adopt middle-ground positions that straddle
both ends of the strategy spectrum.

) Industry-pull vs Technology-push

i) High vs Low Science-based intensity

i) Quantitative growth vs Quality improvement

iv) Specialization vs Diversification

V) Indigenous capabilities vs International collaboration

vi) Autonomous control vs Joint ownership

Scorecard of Patents-based Indicators

We identify relevant patents-based indicators, as summarized in Figure 1, to form an
institutional patent scorecard. Figure 2 illustrates how the patent indicators are mapped onto
the dimensions of strategic priorities in our framework.
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The selected indicators are largely drawn from established measures in the literature,
including several reported in The Patent Scorecard ™ published by the Patent Board, formerly
published in MIT's Technology Review. Indicators drawn from The Patent Scorecard ™ are
flagged with an asterisk below.

a) Number of patents is a simple measure of patent counts

b) Growth of portfolio is measured as average annual growth rate in a PRI's patent stock

c) Average number of forward citations measures the quality of a patent by the number of
times it is cited as prior art by subsequent patents. To account for the issue of truncation,
this indicator is computed within 5 years of the referenced patent's date of grant.

d) Technology Impact Index (TII) is the share of a PRI's patents in the pool of highly cited
patents relative to its share in total patents. This draws conceptually on King's (2004)
measure of publication quality. A highly cited patent is one which is among the top 5%
most frequently cited in its cohort. A cohort is defined by year of grant and technology
class.

e) Technology Cycle Time * is an indicator of a PRI's speed in turning leading edge
technology into IP. It is defined as the median age of patents cited as prior art by the
reference patent.

f) Current Impact Index (CIl) * is measured by examining how often a PRI's patents from
the previous five years are cited as prior art in the current year's global batch of patents.
Cll is a relative measure with 1 representing the global average.

g) Bibliographic Citations Ratio (BCR) is the ratio of Non-Patent References to total
backward citations reflecting a patent's prior art. This is a proxy measure for scientific
content in a patent and is further discussed below.

h) Share of Science-based Patents is another measure of scientific content and is the share of
patents with BCR value higher than 50%.

i) Technology Specialization is measured using the Herfindahl Index which quantifies the
degree to which a portfolio is specialized or concentrated in a small number of technology
areas versus being distributed across a range of technologies.

J) Share of Complex Multi-Technology Patents is an original indicator which we developed
to assess the extent of technological complexity in a patents portfolio. A "complex™ patent
is one which is classified in multiple technological areas in its technology classification
field. The derivation of this indicator is described more fully below.

k) Co-patenting quantifies the degree to which a PRI engages in external collaborations
resulting in joint creation and ownership of IP.

I) International Co-invention quantifies the degree to which a PRI's inventors engage in
collaborative R&D with inventors outside the home economy.

The Bibliographic Citations Ratio (BCR), and by extension the Share of Science-based
Patents, use non-patent references (NPRs) in patents to represent scientific content. Narin,
Hamilton & Olivastro (1997) proposed that NPRs directly signal the influence of science on
technology and can therefore be used to measure the scientific intensity in patents. However,
subsequent research shows that the relationship between NPR's and the patented technology is
not as straightforward. Meyer (2001) and Tjissen (2001) conclude that NPRs should not be
seen as an indicator of the direct link between science and technology. From a sample of
approximately 5000 NPRs extracted from the USPTO and EPO, Callaert et al (2006) found
that NPRs comprise a mix of both scientific knowledge and technological information. As
such, we view the two NPR-based measures as indicators of science-relatedness or science-
related content of patents, rather than direct indicators of scientific intensity.
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The indicator Share of Complex Multi-Technology Patents is based on the notion of
technological complexity (von Graevenitz et al., 2008). The complexity of technologies is
often framed in terms of to the industry or product in which technologies are applied. Cohen
et al (2001) suggested a breakdown between discrete and complex industries/products which
has been adopted in studies of patenting behaviour by firms (Hall, 2005; von Graevenitz et al.,
2007). The concept of “complexity” is founded on the idea that technologies can be multi-
faceted in nature, whether it is in their application or content. There is however no measure of
technological complexity that directly encapsulates this idea of multiple facets. These existing
approaches in the literature address technological complexity at the level of the firm or
industry. We propose a measure of the technological complexity of patents based on the
technological nature of patents themselves, rather than the technologies applied in patent-
owning firms or industries.

In a patent document, the technologies germane to the invention are summarized in the
technology class field. We propose that a complex patent is one which is classified in
multiple (more than one) technological areas. In this paper, a technological area is defined at
the one-digit level of the NBER patent classification, which aggregates the detailed US Patent
Classification (USPC) schematic (Hall et al, 2001). At the one-digit level, the NBER
classification identifies six technological areas: (i) Chemical, (ii) Computers &
Communications, (iii) Drugs & Medical, (iv) Electrical & Electronics, (v) Mechanical, and
(vi) Others. A complex patent is identified if it has technology classes spanning at least two
of these 6 areas. The Share of Complex Multi-Technology Patents indicates the proportion of
the PRI's portfolio which comprises complex patents. Higher share of complex patents
indicates that the PRI is producing inventions with greater opportunities for generating cross-
sector economic activity. As found by Cohen et al (2001) and Ziedonis and Hall (2001),
patents in complex industries are important for cross-licensing and trading purposes.

Figure 1: Indicators in Institutional Patent Scorecard
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Figure 2: Mapping Patent Indicators to Dimensions of Strategic Priorities
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