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Abstract

The aim of this study was to assess the evolution of biomedical scientific activities of Wroctaw scientists in the post-war time
when this field of academics was rebuilt by the works of Ludwik Hirszfeld and colleagues. Using the NewQIS platform and
the Web of Science database, novel procedures such as density-equalizing mapping were combined to bibliometric tools to
visualize scientific progression. In total, 10,366 biomedical research articles originating from Wroctaw were identified. Since
1972, there is a steady increase in research activity with the year 2015 holding the largest number of published items (895).
A total of 2934 published research cooperations with 104 different countries is present. This is a percentage of 28.3% of all
publications. In total, 101 research areas are present in Wroctaw biomedical research with the highest number of articles
being published in the area of biochemistry/molecular biology (2140). Research in this field was cited 27,360 times. The
field of immunology has 1186 articles with 9247 citations. Density-equalizing mapping and network techniques revealed a
distinct global pattern of research collaborations with German, US and UK affiliations as the primary cooperating partners
of Wroctaw. In summary, the present study supplies the first density-equalizing mapping approach that visualizes research

activity in Wroctaw over the past decades.
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Introduction

Representing one of Central Europeans’ oldest universi-
ties, the University of Wroctaw was originally founded in
1702. Since over three centuries, it constitutes the centre of
academic research in Wroctaw and Silesia. Being a multi-
national university in the nineteenth century with German,
Polish and Jewish students forming different student organi-
zations such as the Polish Concordia and Polonia fraterni-
ties, the German Teutonia or the Jewish Viadrina or the
Student Union, the university later faced a dark period of
time during the Nazi period. In this time, more than 250
doctorate degrees were stripped from Jewish and other
scholars, Polish students were discriminated, and German
scholars from Wroctaw university even participated in the
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fascist historical justification for a “plan of mass deportation
in Eastern territories”.

After this dark period and the deleterious destructions of
the Second World War, the old university deceased. Directly
after the war, a new Polish University of Wroctaw was
funded with the help of scientists of the University of Lwow
(Ogorzalek 2008). The first dean of the medical faculty was
the renowned scientist Professor Ludwik Hirszfeld (Balinska
2002; Kierzek et al. 2013; Lonc and Gosciniak 2012; Mil-
grom 1998). Together with a number of sister universities
such as the Wroctaw University of Science and Technol-
ogy, the Wroctaw Medical University or the Wroctaw Uni-
versity of Environmental and Life Sciences, the University
of Wroctaw and other scientific institutions including the
Ludwik Hirszfeld Institute of Immunology and Experimen-
tal Therapy, Polish Academy of Sciences, today symbolize
the great success of Polish scientists in biomedical and life
sciences in the past 70 years. There are numerous excellent
reviews and historical articles that address the achievements
made by Polish scientists in different disciplines of the bio-
medical and life science areas in Wroctaw (Dobryszycka
et al. 2003; Ostrowski 2003). The aim of the present study
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was to illustrate scientific success by the use of novel visu-
alization techniques and advanced scientometric tools using
the established NewQIS (New Quantity and Quality indices
in Science) study protocols (Groneberg-Kloft et al. 2009a,
b). This is important because citations in the literature can
be found that claim that “Bright light of learning snuffed
out in Breslau” after the Second World War (Wong 2001).

Materials and Methods
NewQIS Protocol

As previously described, the presently used NewQIS meth-
odology is a well-established project that has so far been
used to study more than 50 different biomedical and life
science areas (Al-Mutawakel et al. 2010; Glynn et al. 2010;
Groneberg et al. 2011; Groneberg-Kloft et al. 2009¢; Kusma
et al. 2009; Schoffel et al. 2009; Vitzthum et al. 2009). The
NewQIS platform approach consists of modern visualiza-
tion algorithms such as the density equalizing calculations
published by Gastner and Newman (2004), country-specific
indices using the Hirsch-index (H-index) (Hirsch 2005) and
other scientometric tools.

Data Source and Time Span

Data were retrieved from the database Web of Science Core
Collection database from Thomson Reuters as carried out
in former studies (Bruggmann et al. 2016c; Groneberg et al.
20164, b; Koster et al. 2016; Schoffel et al. 2016). The search
term Wroctaw was entered in the address field. Next, the
search was restricted to articles so that it comprises only the
bibliometric information of the original research articles.
Afterwards, the data set was scanned for the WoS catego-
ries that are linked only to biomedical research fields. These
items were filtered. Due to the exclusion of other topics,
the database can be referred solely to the subject area of
Biomedicine in Wroctaw. Since the address field search in
the Web of Science data base is only established for arti-
cles from the years 1972 onwards, the current analysis is
restricted to the period 1972 to the end of 2016.

Density-Equalizing Mapping

Density-equalizing mapping was used as described previ-
ously (Bruggmann et al. 2016a, b; Groneberg et al. 2016a,
b). In brief, the territories were re-distributed according
to the chosen variable, i.e. the number of published items
or citations, respectively (Bruggmann et al. 2015a, b;
Groneberg et al. 2015). The calculations are based on Gast-
ner and Newman’s algorithm (Gastner and Newman 2004).
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Analysis of Research of International Collaborations

To analyze international Wroctaw biomedical research col-
laborations from the viewpoint of a global research network,
all affiliations that published research publications together
with scientists from Wroctaw were analyzed as previously
described for other medical entities (Carl et al. 2014). A
bilateral cooperation between two countries was defined
when at least one author originated from Wroctaw and at
least one other author from a non-Polish affiliation. A matrix
with all networking countries was constructed using vector
techniques. The thickness of the vector quantified the num-
ber of cooperation articles (Scutaru et al. 2010).

Results
Total Research Activity in Biomedical Sciences

In total, a number of 10,366 articles were identified in the
Web of Science database being published by Wroctaw sci-
entists in the period from 1972 to the end of 2016. As illus-
trated in Fig. 1, there is a steady number of articles per year
until 1994 with a maximum of 148 articles from Wroctaw.
From 1995 onwards, there is a steady increase in research
activity with the year 2016 holding the largest number of
published items (895) (Fig. 1B).

Density-equalizing mapping was used to illustrate the
research output by Wroctaw scientists and their collaborating
partner scientists all over the world by territorial resizing.
In a first step with the inclusion of the Wroctaw institutions,
the resulting density equalizing map is dominated by Poland
(Fig. 1a).

Country Research Network Analysis of Wroctaw
Research

A total of 2934 published research cooperations with 104
different countries is present. This is a percentage of 28.3%
of all publications. 1814 collaborations were bilateral
between when density-equalizing mapping was calculated
to illustrate the global proportions of Wroctaw research part-
ner countries, the resulting world map was distorted to Ger-
many (908), the US (784), the UK (558). Also, Italy (449)
and France (361) were dominant research partners (Fig. 2a).
From 1995 onwards, there was a steady increase in interna-
tional collaborations (Fig. 2b). Chart techniques were used
(Fig. 3a) to illustrate the collaborations between Wroctaw
and its foreign partners and the collaborations between the
foreign partners, indicating that there are numerous arti-
cles between EU partners of Wroctaw scientists. Sixty-two
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Fig. 1 Publication performance.
a Density equalizing map of
the number of publications per
country. b Number of publica-
tions per year, %= correlation
coefficient
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percent of all collaborations were established between
Wroctaw scientists and scientists from a single other coun-
try. There were 506 tripartite collaborations (17%). The
maximum number of countries was 25 in a single coopera-
tion. Over the time, there an overall increase in international
research collaborations by Wroctaw scientists since 1972
with the year 2015 exhibiting a record number of 298 col-
laborations (Fig. 3b).

Semi-Qualitative Indicators: Citations and H-Index

Analysis of research quality is difficult. Here, semi-qualita-
tive citation indicators such as total citations and H-index
were calculated and visualized by density-equalizing map-
ping. In total, Wroctaw articles received citations. Maxima
were present for articles from 2006 with 7575 citations and
for articles from 2001 with 5191 citations.
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Density-equalizing mapping for the H-index illustrated
a world map distorted to Poland, followed by Germany, the
US and the UK (Fig. 4a). Figure 4b depicts the modified
H-index for the partner countries.

Research Areas

In total, 102 research areas are present in Wroctaw bio-
medical research from 1972 onwards. In total, the highest
number of articles was published in the area of biochem-
istry/molecular biology (2140). This research was cited
¢=27,360 times. The second most proliferative field was
immunology (1186 articles/9247 citations), followed by
pharmacology/pharmaceutics (1040/8944), chemistry
(829/9952). The highest citation rate was found for the
area of cardiovascular research (22.51 citations per arti-
cle) (Fig. 5a). The time evolution analysis demonstrates
that the research focuses were relatively dynamic from
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Fig. 2 International collabora-
tions. a Density-equalizing map
of the number of publication per
collaboration country. b Num-
ber of collaboration articles per
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1972 to 2007. Since one decade, the proportions are rela-
tively stable with the fields of experimental medicine,
biochemistry and molecular biology, pharmacology and
cardiovascular research playing major roles. While the
total dominance of immunology in the 1970s—1980s
has decreased—there are still numerous immunologic
research publications present today days but other bio-
medical fields have also increased scientific activities
(Fig. 5b).

When the cooperations with scientists from other
countries were analyzed on a country-specific level, it
becomes apparent that cardiovascular research is often
in the focus of international research collaborations with
various countries. Also, biochemistry and molecular biol-
ogy play a prominent part (Fig. 6).
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Discussion

The development of medicine in Wroctaw from the four-
teenth century onwards has been elegantly summarized
recently by Zajaczkowski (2014) and there are numerous
excellent publications that focus on specific aspects and
scientists who drove the scientific progress in Wroctaw
in the past centuries (Kacala et al. 2015; Kustrzycki et al.
2013; Zarsky 2012; Undas and Wiesner-Spyrczynska
2016). The present study puts its focus on the quantita-
tive development of the biomedical field after 1945 when
the academic research was restored primarily by scien-
tists from the Jan Kazimierz University of Lvov (Kacala
et al. 2015; Wojtkiewicz-Rok 2002). It uses scientometric
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Fig. 3 International network.

a Network diagram of the
international collaboration
partners, numbers in brackets
(publications/collaboration
articles). b Number of articles
and their associated collaborat-
ing countries
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approaches which have so far been employed and dis-
cussed in various areas of science: defined as the use of
mathematical techniques to investigate scientific publish-
ing and communication patterns in the distribution of
information—scientometrics have been an established
approach for decades (Sawada et al. 2007; Scutaru et al.
2010; Smith et al. 2008) and indeed, the Archivum has
published numerous articles focusing on scientometric
aspects (Glanzel et al. 2008; Moed 2009; Pilc 2008).
Presently, density-equalizing mapping calculations were
used to extend simple scientometrics to advanced visualiza-
tion techniques to depict a sketch of the global research net-
work that has been established by Wroctaw scientists. The
density-equalizing maps visualize the capacity that has been
build within a total of 2934 international Wroctaw research
cooperations with a total of 104 different countries. Since
the international collaborations constitute nearly a third of

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 25

No. of collaborating countries

all Wroctaw biomedical publications, it can be stated that
Wroctaw scientists exhibit a high degree of international-
ity and serve as active ambassadors of Polish sciences in
this field since many decades. The present findings clearly
contradict the previous statement that the “Bright light of
learning snuffed out in Breslau™ after the Second World War
(Wong 2001). It is noteworthy that a clarifying comment on
this statement that pointed to the achievements of Hirszfeld
and colleagues was unfortunately rejected by Nature (Gorski
2017).

Undoubtedly, the openness towards external, foreign sci-
entific collaborations had been started after the war by Lud-
wik Hirszfeld and colleagues who had many foreign coop-
erations. Within a few years after 1989, Wroctaw scientists
were again able to fully carry out scientific collaborations
with all regions of the world. The high number of joint arti-
cles, i.e. with US scientists as illustrated here—serves as
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Fig.4 Modified H-index per
country. a All publishing
countries. b The collaboration
countries
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an example that Wroctaw scientists are again involved in
global high-impact research activities. It can be anticipated
that these collaborative activities will stay on a high level in
future years. As demonstrated by the evolution analysis of
international cooperations, it took about 68 years to publish
the first results of the fruitful collaborations of Wroctaw
scientists with leading Western countries such as the US or
the UK that were initiated after 1989.

Interesting results were also obtained from the analysis of
research areas: a wide spectrum of more than 100 different
research areas are covered by biomedical researchers from
Wroctaw. Due to the pioneering works of Ludwik Hirszfeld
and his fellow scientists, the majority of research publica-
tions focused on aspects of immunology and biochemis-
try/molecular biology in the 1970s. These fields drove the
scientific evolution in Wroctaw as discussed previously
(Kierzek et al. 2013; Lonc and Gosciniak 2012). With the
development of further research fields and faculties, the pro-
portions of Wroctaw biomedical sciences developed from
a bipolar structure—with immunology and biochemistry
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as dominating fields—into a colorful architecture with the
fields of experimental medicine, biochemistry and molecular
biology, pharmacology and cardiovascular research playing
major roles, today. This is the organic picture of life sciences
present in large academic university backgrounds and com-
parable to large US American, British or Germany universi-
ties. The core is resembled by the two fields of immunology,
originating from the works of Ludwik Hirszfeld, and bio-
chemistry/molecular biology, originating by the pioneering
works, e.g. of Wanda Mejbaum-Katzenellenbogen.

It is important to note that not all Wroctaw biomedical
research originates from its universities: Professor Hirszfeld
is also the founding director of the Institute of Immunology
and Experimental Therapy which was founded in 1952 by
the Polish Academy of Sciences (PAN). This PAN institu-
tion, now named after Ludwik Hirszfeld, is the origin of
more than 2200 original research articles. It constitutes—
with more than ten different departments and laboratories—
one of the primary cooperation partners of the Wroctaw uni-
versities in the biomedical field and is a strong bond to the
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international community of immunology and related fields
(Kisielow 2011).

Limitations

The present bibliometric approach should not be used to
assess the input of single scientists from Wroctaw over the
observed time period. This assessment would lead to artifi-
cial numbers that do not reflect the real scientific activities
of individual scientists. This is based on the fact that the
present analysis is strictly be limited to articles which are
clearly affiliated to Wroctaw by the Web of Science data
base. That means that all those publications in which the
scientists worked abroad—as scientists in other countries

@ Biochemistry & Molecular
Biology

Time intervals

or in other Polish universities or institutions—would be
excluded from the analysis. Therefore, the present met-
rics—restricted to 10,366 biomedical research articles—
should not be used for overall assessments of research
performance or excellence.

It should also be mentioned that comparisons within
periods of five decades are biased by changes in the sci-
entific community due to cultural, economic and political
issues, i.e. (1) the culture of scientific publishing changed
over the past half century towards articles with longer lists
of authors and today’s scientists usually publish higher
quantities; (2) increasing economic strength enabled
increasing research activities leading to more scientific
publications; (3) political changes facilitated research
activities.

@ Springer
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In summary, the present study is the first scientomet-
ric analysis to assess the scientific progress of biomedical
research in Wroctaw using the combination of visualizing
tools such as density-equalizing mapping and classic sci-
entometric tools such as publication activity and citation
indicators. The data demonstrates that Wroctaw biomedical
sciences have developed into a strong regional and interna-
tional player with a large international cooperation network.
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