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Introduction

Until recently, science communicated with the public primarily through press
releases or professional media. Nowadays, the Internet is the first place most peo-
ple turn to when searching for scientific (or any other) information (Purcell et
al., 2012). With the rise of the Internet, and social media in particular, individual
scientists and entire institutions can share the results of their work in a variety of
ways, from articles, videos, and podcasts to direct communication via Twitter or
Facebook. The new social media thus open up a wide range of possibilities for
scientific collaboration and increasing public interest in science (van Noorden,
2014). Whereas in the past, the media used to receive press releases from experts
and would communicate their content to the public, today anyone can modify
their form and content by sharing or editing them.

In contrast to the traditional (canonical) model of communicating scientific
information, in which the focus is on scientific representatives communicating
with policy makers and members of the media (Nisbet & Scheufele, 2009), sci-
entists are now called upon to actively communicate scientific knowledge and
engage in a dialogue with the public (Sis.net, n.d.). The emphasis is on mutual,
interactive, open, and less formal communication between scientists and the pub-
lic through all media platforms available (Lee & VanDyke, 2015). The difference
should be not just that scientists are involved, but that the public is involved as
well; as the public should not just be passive consumers of content but should
instead be encouraged to participate directly in emerging science (Sis.net, n.d.).
Despite this call for the greater engagement of the public, there are still debates
on how to lead this public dialogue in a meaningful way and many scientists pre-
sent their results in more of a one-way manner — for example, by communicating
with science journalists (Andrle, 2013; The Royal Society, 2006).

Although the issue of science journalism and the image of science in the
Czech media are subjects that have already been addressed by some authors in
the field of Czech science, their attention has mainly focused on a content analy-
sis of the Czech press (e.g. Cada et al., 2006; Hrabankovd, 2018). However, there is
still no quantitative study that has systematically or even partially mapped Czech
online communication on science since the rise of the participatory web. Against
the backdrop of the development of new online technologies, this exploratory
study focuses on Czech online science communication, which will allow us to ob-
serve a much wider spectrum of the possible forms this communication can take.
In the study, we observe not only one-sided science communication, whether
controlled or uncontrolled, that comes from the websites of research institutions
and is directed at the news media, available Czech media, scientific online sup-
plements, and special websites focused on the interpretation of scientific knowl-
edge, but also science communication that is directed at media that facilitate an
open discussion with the public — for example, in the form of scientific figures
who make appearances in the media, or links to blogs and social media.

The main research question we ask in this exploratory study is: How is sci-
ence currently communicated on the websites of Czech research institutions? A study
by Ke et al. (2017) suggests that the social sciences are more active in the online
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environment than the natural sciences, although much of the content shared is
not purely science-related. This finding led us to a secondary research question:
What is the difference between the communication of the natural/technical sciences on
these websites and that of the social sciences/humanities?

To explore the form of science communication that is found on the websites
of Czech research institutions, we can use big data. Big data analysis is highly
specific and requires a significant number of intermediate computational steps
and time-consuming data file preparation. On the other hand, it provides seem-
ingly simple answers to quite original (and sometimes quite complex) research
questions that we would not be able to analyse using standard questionnaire
surveys. A subsidiary (though not necessarily secondary) aim of this paper is
therefore to enlighten the reader about the preparatory and intermediate com-
putational steps that need to be taken when working with big data of this kind
and the difficulties that a researcher may encounter when conducting content
and structural analysis of data from websites. In this regard, we are also highly
self-critical of our own results (see the Discussion and the Summary). From this
point of view, we consider this study not only interesting in terms of its content,
but also methodologically beneficial.

Theoretical framework: forms of science communication

Nowadays, science is not only an important aspect of the well-being of individu-
als, organisations, and nations, it is also a key element of democracy and the
contemporary culture of the knowledge society, as it underpins many crucial de-
cisions and to some extent influences what individuals think about current so-
cial issues (Davies & Horst, 2006; Dijkstra et al., 2015). Science itself is constantly
evolving, and the volume of new findings is continually increasing — along with
the element of uncertainty that is inherent to science. This generates a need to be
able to navigate this wealth of information. Science communication thus fulfils
the essential task of making scientific knowledge understandable and accessible
to the general public.

Science communication can be defined as organised action for the purpose of
communicating scientific knowledge, methods, processes, and practices (Borg-
man & Furner, 2002) or as the use of appropriate skills, media, activities, and
dialogue to elicit an individual response to science (Burns et al., 2003). In more
concrete terms, it aims to produce a familiarity with new scientific knowledge,
an emotional response, such as enjoyment, interest, and opinion-sharing, and an
understanding of science itself and its content, processes, and social factors. Ac-
cording to the definition put forward by Burns et al., the actors in science com-
munication include not only scientists themselves, but also intermediaries, the
public, and members of close social groups (e.g. peers).

As such, science communication is often synonymously referred to or dis-
cussed in the context of ‘public awareness of science’, ‘the popularisation of sci-
ence’, ‘public understanding of science’, ‘scholarly communication’, ‘scientific
culture’, ‘scientific literacy’, or ‘science journalism’ (for more on their definitions,
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see Burns et al., 2003). In modern terms, information on science communication
can be found using the hashtags #scicomm, #Scicommunication, or #ScienceCom-
munication.

Science communication has two essential communication goals: (a) commu-
nicating information in order to increase scientific literacy and a general aware-
ness of science and (b) engaging the public in scientific debate in order to increase
public participation in science (Scheufele, 2014; for a general textbook on science
communication in practice, see Stocklmayer et al., 2002). It takes place on several
levels, from the more formal level of publishing scientific studies in academia and
the dissemination of findings at conferences, science fairs, and popularisation
events, to the less formal level of communicating science through press releases,
books aimed at the general public, and communication activities on television
and radio and in print and online (Bauer et al., 2007; Gu a Widén-Wulff 2011).

Nielsen et al. (2007) present two relevant models of science communication:
the canonical model and the interactive, reflexive model. Historically, the canoni-
cal model of science communication (sometimes also referred to as the information-
dissemination model; see Hilgartner, 1990) has been used to explain the rela-
tionship between scientists and the public, where scientists themselves produce
scientific knowledge and further disseminate their findings in order to educate
or even entertain the wider public, but also to socially legitimise their scientific
endeavours. This mostly relates to communication with government officials,
institutions, businesses, and scientific and professional conferences, the issuing
of press releases, and limited communication with the media, mostly without
any audience response. Despite all the constructive objections (see the interactive
communication model below; for a summary, see Broks, 2006), for many scien-
tists the canonical model of one-way science communication is still an example of
the best mode of science communication in the public space.

The dominance of the canonical model is also illustrated by the results of
a representative survey of British scientists and engineers, in which only 12%
considered communication with the general public to be truly relevant (The Roy-
al Society, 2006; for previous research see Treise & Weigold, 2002). On the other
hand, communication with public officials was rated as one of the most impor-
tant activities by almost 90% of scientists. Although respondents among scientists
cited ‘informing, explaining, and seeking a correct understanding of the facts” as
the main definition of how to interact with the public, no key words such as ‘pub-
lic discussion’ or ‘interaction with the public’ were mentioned in an open-ended
question about the meaning of the term ‘public understanding of science’. Simi-
lar results were produced by a short survey of Czech scientists and scientific edi-
tors from 2013 on the topic of the popularisation of science in the Czech Republic
(Andrle, 2013). Here, 16 respondents agreed that scientific knowledge at the time
was communicated mainly through printed and online newspapers, radio, and
television, and also noted the need to cultivate good relationships with journal-
ists and to popularise knowledge in a sufficiently simple but still professionally
correct way. Only three respondents explicitly mentioned social media or actual
public dialogue.
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Since 2000, the interactive, reflexive model has been presented as an alterna-
tive model to the canonical model of science communication. It emphasises the
role of two-way communication (Nisbet & Scheufele, 2009), encourages greater
public participation in science, and seeks to bring scientists into the arena of pub-
lic dialogue (Burns et al., 2003; Jiinger & Fahnrich, 2020; MacNaghten et al., 2005;
Trench & Miller, 2012). It asserts the idea of exchanging the knowledge and com-
petences of scientists with society and calls for the interactive participation of all
the components of science communication (Sis.net, n.d.). In contrast to the canon-
ical model, which calls for scientific representatives of universities to communi-
cate with policy makers and the media, the interactive model builds upon a more
complex understanding of universities and research institutions as knowledge
and cultural institutions and upon the creation of a relationship with the public
(Lee & VanDyke, 2015; Scheufele, 2014). Therefore, in today’s science communica-
tion, in addition to the two dominant actors — the scientists who create scientific
data and communicate them to the scientific community and the communicators
who transmit the facts — emphasis is placed foremost on the role of a third group,
the public; in this regard, the public is seen not as a passive recipient of science
communication but as an active agent engaging in dialogue across different me-
dia platforms (Sis.net, n.d.)".

In this context, the findings of an online survey of Danish natural scientists
published in the Journal of Science Communication in 2007 are certainly of interest.
When the scientists had to evaluate the importance of individual types of media
according to their distribution and the size of the target audience, they consid-
ered the mass media, interdisciplinary popular-science journals, and public de-
bates to be the most important. The scientists also felt a responsibility to dissemi-
nate knowledge, especially new findings and current research outcomes (Nielsen
et al., 2007). A subsequent Danish survey of science communicators confirmed
that scientists are not only interested in helping the public understand scientific
knowledge, they also want to actively contribute to the democratic debate and
seek to legitimise science and technology as such (Nielsen, 2010).

The rise of new social media associated with Web 2.0 has transformed the
possibilities of informal dialogue among scientists, opened up this space to the lay
public and interested parties, and made it possible to increase public engagement
in science (Su et al., 2017; Uren & Dadzie, 2015). With the recent development
of technology, especially online journalism, e-books, e-conferences, webinars,
e-workshops, videoconferences, audio-visual materials, blogs, discussion forumes,
and new social media, the possibilities for sharing information about science
have also expanded (Brossard & Scheufele, 2013; Noruzi, 2008). Science commu-
nication in the media is thus increasingly being confronted with the challenged
of brining scientists ‘face to face” with the public and its interest subgroups. It
does so not only through form and content, but also through the growing range
of available interactive media (Gu & Widén-Wulff, 2011).

! For more on this topic, we recommend reading the special annual issue of Public Under-
standing of Science — Special Issue: Public Engagement in Science (2014).
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Despite the unprecedented growth of media coverage of science news in
recent decades (Rodder et al., 2012), scientists agree that science communication
is still more of a one-way process of communicating information and has not yet
fully utilised the potential of new technologies and social media. Trench & Miller
(2012) point out that scientists, scientific institutions, and science journalists tend
to use the Internet more for professional communication than for mutual com-
munication between scientists or for opening a public dialogue with the support
of available multimedia tools (Rybalko & Seltzer, 2010; for a critique of science
communication in the online environment, see Davies & Hara, 2017). Collins et
al. (2016) confirm that, for example, Twitter is mainly used by scientists to ex-
change scientific information. On the other hand, Coté & Darling (2018) show
that the majority of ‘non-scientific’ followers of the Twitter microblogs of specific
scientists are the media, politicians, and the interested public. Thus, Twitter as
a social medium becomes a hybrid tool for science communication that alternates
between acting as an information exchange, promoting science, and engaging in
a dialogue with individuals or the public (Jinger & Fahnrich, 2020). Although
Twitter is used across academic disciplines, the social sciences are more active
than the natural sciences, with much of the content shared being not about sci-
ence but a response to relevant political or social issues (Ke et al., 2017).

This study loosely follows the efforts of several Czech authors to map sci-
ence communication in the Czech press (Cada et al., 2006) and the image of
Czech science in public opinion (gamanové et al., 2006; cf. an interesting study
on the attitudes of the British public towards science by the Office of Science and
Technology and the Wellcome Trust, O. O. S. A., 2001). According to the Czech
Statistical Office (2010), in 2006, when these studies were published, only 27% of
Czech households had access to the Internet; while in 2019, 81% of Czechs over
the age of 16 were already using the Internet and 70% were using a smartphone.

Over the past ten years, we have thus seen increasing pressure in the scien-
tific community being put on scientists to communicate with the public and to
move this communication into the online environment. For example, the Czech
Science Foundation and university grant agencies have allocated financial support
to several projects dedicated to the popularisation of science. The Czech Academy
of Sciences (CAS) publishes magazines (also online) about science for the public
(Véda a vyjzkum, Ziva), organises the largest popularisation events in the country,
such as the Science Fair and the Week of Science and Technology (including the
Olomouc-based Academia Film (AFO) festival and Researchers” Night), and or-
ganises internships for students and popularisation courses (Open Science). The
Centre of Administration and Operations of the CAS runs the popular YouTube
channel Zvéd. Most institutes and universities have websites and Facebook and
Twitter accounts that they actively use. The media itself also engages in extensive
popularisation activities, with individual outlets creating various data visualisa-
tions (iRozhlas or Novinky), publishing their own extensive surveys (Czech Radio
— the survey Czech Society 30 Years Later), or having their own scientific editorial
offices (e.g. the scientific editorial office of Czech Television that is integrated into
its entire news coverage). Czech Television’s newscast broadcasts the programme
Hyde Park Civilizace and the weekly programme Véda 24 (Science 24), while the
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publisher Seznam Zpravy broadcasts the programme Vijzva (Challenge), where,
among other things, scientists answer questions posed by the public; online de-
bates are also frequently organised that invite questions ‘from the audience’.

Given the current development of online technologies, this quantitative
study rather uniquely focuses mainly on science communication in the Czech
online environment. It must be emphasised at this point that the study is fully
exploratory and descriptive and seeks to answer the questions of how science is
currently communicated on the websites of Czech research institutions and what
the difference is between the communication of the natural/technical sciences
and the social sciences/humanities on these websites. Massoli (2007) similarly
analysed the websites of official European research institutions. However, in ad-
dition to the international overlap, her work focused more on the visual and ma-
terial content of the websites and assessed the possibilities for interaction with
the users of the websites, user-friendliness, and the presentation of institutional
identity, scientific credibility, available services, etc. In contrast, we focus mainly
on the content and structural analysis of the text appearing on the websites of
Czech research institutions and in this way observe the nature and form of Czech
science communication.

Data

To answer our research questions, it was necessary to identify the widest possible
range of institutional websites —i.e. the websites of research institutions, affiliated
scientific and research institutes, universities, grant agencies, specialised offices/
institutes, and scientific events. In total, we identified 105 Czech institutional sci-
entific websites on the Internet (see Table 1A in the Online Appendix?). Of these
original 105 websites, 6 failed to download and 10 could only be partially down-
loaded. The partially downloaded websites were large websites whose content
took more than a day to download and the download failed before the program’s
completion. Given the amount of data we extracted from these websites, we de-
cided to include them in our analyses anyway, as we believe that most (if not all)
of the relevant data were downloaded. In total, we obtained data from 99 websites.

The data were downloaded using Heritrix3,” a website archiving program
commonly used by web archives. The program crawled hyperlinks from the
homepage to a depth of 4 steps on each website. No content was downloaded
outside of the domains of the original target websites. We extracted the hyper-
links, information about the presence of videos, and the textual content of the
pages. The content was cleared of the boilerplate parts of the websites (e.g., men-
us, footers, advertisements) using the jusText package (viz Pomikalek, 2011).

In the following analyses, we often speak about the difference between the
natural and the social sciences. We classified the sciences into the natural /techni-
cal sciences and the social sciences/humanities, in accordance with the common

2 Online Appendix available at https://doi.org/10.13060/ csr.2023.004.
% https:// github.com/internetarchive /heritrix3
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standard (e.g. how they are divided at universities). The natural and technical sci-
ences thus include, for example, physics, mathematics, chemistry, biology, space
sciences, and technology and their related subfields, while the social sciences or
the humanities usually include history, cultural studies, sociology, philosophy;,
demography, economics, political science, psychology, linguistics, archaeology,
art, law, and ethics. We identified 47 websites in the natural sciences and 27 in the
social sciences, while 25 were marked as neutral, as it was not possible to clas-
sify them neatly into either category (e.g. the Charles University website, which
unites disciplines from both fields).

In this study, we answer the research questions in two ways, that is, with
respect to content (what is communicated) and structure (how or to whom it is
communicated).

Description of the methods and results of the analysis
Content analysis of the text

Much of the content on the Internet is recorded in text. This text can take many
forms, from digitised documents to news reports or blogs. The traditional method
of text analysis in the social sciences is content analysis. Typically, content analy-
sis is done manually by coders: they read the text and then code it. However, as
the number of texts to be coded increases, manual content analysis is no longer
feasible. For machine-readable texts, automatic processing options are available.
Like other types of quantitative analysis, quantitative text analysis consists of two
main steps: data pre-processing and then the analysis.

The file that is the basis for our content analysis always contains the do-
main name, the specific URL link, the keyword that appeared in that URL, and
10 words (context) around that keyword. The selection of keywords was preceded
by qualitative pre-research on the websites of Czech research and educational
institutions, the websites of the news media on which science is communicated,
and specific science-related websites and blogs (a list of which can be provided
upon request). The data (i.e. the textual content of the page, hyperlinks, and meta-
data) for quantitative processing were then downloaded using Heritrix3, which
searched the specified institutional websites for the presence of these keywords.
We searched the content of the institutional websites from the homepage up to
a depth of 4 steps of the hyperlinks appearing on the given website; for the other
websites, we focused on articles or content in any way related to science.

In the qualitative pre-research of the retrieved text, we focused on the most
frequently occurring terms associated with science communication to a wider au-
dience, including both neutral terms and ¢ wordings of them specific to the natu-
ral/technical sciences or the social sciences/humanities. Our selected keywords
included words related to the terms védec, véda and vijzkum (scientist, science, and
research) and their synonyms, such as odbornik or expert (specialist or expert), or
the official designation of a scientist’s position in a given institution (e.g., doktor,
docent, profesor [doctor, associate professor, professor], etc.), as well as the desig-
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nation of a given research institution or discipline, activity, or scientific result (see
Table 2A in the Online Appendix for a complete list of keywords). Finally, given
the topic of the article, we also included the word popularizace (popularisation).

In the pre-processing of the text data obtained with Heritrix3, we proceeded
as follows. First, we identified duplicate texts and excluded them from the analy-
ses. Next, we performed lemmatisation, which means we converted all the words
into their base form.* For example, the word védy (the declined form of the word
‘science’) was converted into its base form véda (science). If we had not done this,
the most frequent expressions in each text would have been the different declined
variants of the most frequent expressions — for example, véda, védy, védé (differ-
ent declensions of the word ‘science’), etc. We then removed the ‘stopwords’,
a common practice in quantitative natural language processing® (Silge & Robin-
son, 2017). Stopwords typically include the most common words in the language
(‘all’), numerals (‘ten”), prepositions (‘without’), and conjunctions (‘and’, ‘or’),
which do not add much information to the text. As in the case of words before
lemmatisation, stopwords would have again come up as the most frequent ex-
pressions had they not been removed. Since some texts were partly in English
(typically titles of academic publications), we also decided to exclude stopwords
in English. Finally, we removed all numbers, punctuation, words of fewer than 3
characters, words longer than 25 characters, and words containing special charac-
ters® or digits. This data cleaning procedure was used for the descriptive analysis
of text data and for the topic models outlined below.”

Results of the descriptive analysis of text data

As part of the content analysis of the institutional websites, we first focused on
the context in which the keywords véda (science) and popularizace (popularisa-
tion) occur, and the specifics of this context in the communication of the natural/
technical sciences and the social sciences/humanities. The term véda® appeared
in a total of 258,563 texts, while the term popularizace was significantly less fre-
quent (n = 2778). In the first place, it should be noted that many of the terms co-

* We performed lemmatisation using UDPipe (Straka & Strakovd, 2019), specifically the
udpipe package in R (Wijffels et al., 2021).

® For the sake of completeness, we should note that this is a common but not automatic
practice. For more complex computational algorithms that take into account, for example,
sentence structure, discarding these expressions may actually be inappropriate.

¢ Before this step, it was necessary to remove the diacritics from all the text, because letters
with diacritics are not considered letters in regular expressions, but special characters.

7 For the calculation scripts for the analysis see https://github.com/renatatopinkova/
popsci.

8 The set of related words contains all selected keywords from the list, see Table 2 in the
Online Appendix. Similarly, it also contains all their word forms (the related words of the
Czech word véda: védy, védé, védou, védci, védcii, apod.), since we use regular expressions
and lemmatisation. For easier interpretation and readability of the text, we refer collectively
to the keyword véda or Nvéd*.
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Figure 1. Co-occurrence of words with the keyword Avéd.* (sci.*— science, scientific,
scientist, etc. in all forms based on the root) — all websites of research
institutions
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occurring with the keywords véda and popularizace overlap in the natural sciences
and social sciences. In both cases, véda and popularizace are most often found in
the context of ¢eska véda (Czech science), akademie (academy), tstav (institute),
univerzita (university), and vyzkum (research) (see Figures 1 and 3).° It comes
as no surprise that the term véda also appears most often in the context of other
institutions such as fakulta (faculty), skola (school), and related activities and
personnel — program (programme), studie (study), student (student), obor (disci-
pline), program (programme), and projekt (project).

A more detailed overview is provided in Figure 2, which focuses specifi-
cally on the differences between the social sciences/humanities and the natural/
technical websites. Figure 2 shows that the terms sociologicky (sociological) and

? A colour version of the figures is available in the Online Appendix on the website of the
Czech Sociological Review.
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Figure 2. Co-occurrence of words with the keyword Avéd.* (Asci.*— science, scientific,
scientist, etc., in all forms based on the root) — differences between social and
natural science websites
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véda (science) often appear together in the online content of the social sciences
and humanities. While this may seem like an interesting finding, it is a data ar-
tefact. The website of the Institute of Sociology CAS is actually one of the largest
websites we downloaded, and 78% of the texts containing the word sociologicky
come from this very website. If we were to exclude the website of the Institute of
Sociology from the analysis, the term sociologickij would not even be in the top 100
most frequent words that occur in combination with the word véda. Conversely,
déjiny (history), spolecnost (society), socidlni (social), and historicky (historical) are
words found in the context of science across social science and humanities web-
sites. Other common terms include references to organising or attending events
(konference [conference], predndska [lecture]), as well as the words casopis [maga-
zine], literatura [literature], and uméni [art]).

In the case of the natural/technical science websites, the word ‘science’ is
often used in connection with the words tijm (team), ziskat (win), cena (prize), and
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Figure 3. Co-occurrence of words with the keyword Apopulari.* (popularisation,
popularise, popularising, etc.) — all websites of research institutions
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mlady (young), which seems to reflect the showcasing of scientific achievements.
We also find words relating to the work of scientific and technical research (re-
toda [method], laborato? [laboratory], technika [technique]). Unlike the social sci-
ences, which more often associate ‘science’” with spolechost (society), the natural
sciences more often speak of ¢lovék (human being).

For both scientific disciplines, we detected a strong co-occurrence of words
with institutional content, such as academy, institute, conference, research, pro-
ject, university, and study. Similarly, the words spoluprice (collaboration), mezi-
ndrodni (international), and evropskyy (European) appear on both social and natu-
ral science websites.

The co-occurrence of words with the term popularizace (popularisation) large-
ly coincides with words related to the term véda (student, science, lecture, research,
discipline, etc., see Figure 3). However, if we look at the differences between social
and natural science websites, the situation is much more diverse (see Figure 4). In
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Figure 4. Co-occurrence of words with the keyword Apopulari.* (popularisation,
popularise, popularising, etc.) — differences between social and natural
science websites
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the case of social science/humanities websites, the term popularizace is often as-
sociated with terms referring to specific outputs (journal, document, book, mate-
rial), communication with the media (radio, weekly), and more general concepts
such as century, history, philosophy, language, culture, and literature. Conversely,
in the case of natural and technical science websites, the term popularizace is often
associated with terms such as vénovat (donate), cena (prize), ocenéni (award), and
propagace (promotion), which usually refer to an award given to a specific scientist
for popularising and promoting science. Although these words are also found on
social science and humanities websites, this happens significantly less often. The
words soutéZ (competition), podpofit (support), video (video), and film (film) are
significantly more common. Words associated with organising public events, such
as akce (event), predndska (lecture), aktivita (activity), ndvstévnik (visitor), and veletrh
(fair), also appear more frequently. Another common word specific to the natural
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sciences is ‘Petr’, a common Czech male name. However, this is not an error in the
data. ‘Petr’ is the first name of a number of science popularisers, most notably the
volcanologist Petr Broz and the biologist Jaroslav Petr.

Topic models

In classical quantitative analysis, there are a number of tests and models that can
be used depending on the research question. This is also the case for text analysis —
from descriptive analyses using word counting through dictionary methods (e.g.,
sentiment analysis) and searching for hidden themes in the text (e.g., topic mod-
els) to more complex methods using machine learning (e.g. deep learning). Given
that we are interested in possible differences in the content of the communication
of the natural and social sciences, we chose topic models (specifically by com-
puting LDA — Latent Dirichlet Allocation). Topic models use the ‘bag of words’
approach. This approach does not take into account the order in which words
occur within a given text (Blei, 2012). The bag of words approach is most often il-
lustrated by imagining putting all the words from a given text — for example, this
paragraph — into a box and then shaking the box. Among the classical sociologi-
cal methods, topic models are closest to cluster analysis. However, as Bail (2014,
2015)" points out, in contrast to cluster analysis, each observation (document, text)
does not have to be assigned to just one topic (cluster); instead, it is assigned the
probability with which it belongs to each topic. Topic models also differ in the way
they are calculated, where each observation is at the beginning assigned a random
probability of belonging to each topic, with these probabilities being refined as the
amount of processed data increases. It is therefore an iterative Bayesian technique.
The results of the topic models then indicate two things: the words that are most
often associated with a given topic, and the likelihood with which each document
contains each topic (e.g., Blei, 2012; Silge & Robinson, 2017).

In our case, the contextual snippets around the keywords are the unit of
observation. Each text (document) contains a keyword and a context of up to
ten words before and after the keyword. At the same time, we set upper and
lower limits on the occurrence of the words in the corpus, where each word was
allowed to appear in no more than 60% of the documents and at the same time
had to appear in at least 500 different documents. The resulting corpus contains
a total of 1,676,629 documents and 4,813 words.

As in the case of some cluster analysis algorithms (e.g. k-means), the num-
ber of topics into which the algorithm should classify words and texts must be
determined in advance, which is a decision that has a major impact on the results
of the analyses. Ideally, the researcher should have specific theoretical expecta-
tions about the number of topics (a priori) that occur in the documents (Bail,
2014, 2015). However, since our work is exploratory, we do not have any suitable
theoretically based expectations about the number of topics. Therefore, in the
analyses we calculated models with different numbers of topics, namely 10, 20,

10 https:// cbail.github.io/ textasdata / topic-modeling /rmarkdown/Topic_Modeling.html
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30, 40 and 50. We selected a final model based on qualitative validation, i.e. look-
ing at the 10-15 words with the highest probability of being associated with each
topic and reading a sample of texts from each topic. We then compared the mod-
els in terms of semantic coherence and exclusivity, which are metrics that focus
on topic quality. Semantic coherence is maximised when the most likely words
in a given topic often occur together. This is a metric that correlates well with hu-
man judgement about the quality of a topic (Mimno et al., 2011). Exclusivity then
reaches higher values when more words are exclusive to the corresponding top-
ics (Roberts et al., 2014). These two metrics are negatively correlated, so choosing
a model based on them is a matter of compromise.

Results of the analysis of topic models

Figure 5 shows that a suitable number of topics would be around 20 to 30. For
further interpretation, we decided to use the model with 20 topics, which was
more interpretable than the model with 30 topics. Figure 6 shows the prevalence
of the twenty topics that the algorithm found in the texts, and which words are
most likely to be found in those topics.

The results show that the most frequent topic in our corpus is topic 6, repre-
sented by the terms oblast (area), zdkladni (basic), znalost (knowledge), obor (field),
teoreticky (theoretical), absolvent (graduate), and odborny (expert). Words such as
materidl (material), proces (process), technologie (technology), chemicky (chemical),
vyjvoj (development), metoda (method), and struktura (structure) appear in topic
13. This topic is most often found on technically or technologically oriented web-
sites — such as those of the Central European Institute of Technology, the Institute
of Physics, the Institute of Analytical Chemistry, the Institute of Mathematics,
and the Institute of Rock Structure and Mechanics, and also on the website devot-
ed to the Week of Science and Technology popularisation event and the website
of the online magazine iForum.

Topics 16, 3, and 17, which are related to studying at a university and can
be found on the websites of universities (Charles University, Masaryk Univer-
sity, Technical University of Liberec), are also well represented. In topic 5, the
cultural terms literatura (literature), déjiny (history), jazyk (language), umeéni (art),
desky (Czech), and historicky (historical) occur together. This topic can be found on
humanities websites devoted to the study of languages and literature, such as the
Institute of the Czech Language and the Institute of Czech Literature CAS, the
Janédcéek Academy of Music and Performing Arts, the Institute of Philosophy CAS,
and the Institute of History CAS. Similarly, topic 14 contains the terms véda (sci-
ence), cesky (Czech), akademie (academy), republika (republic), Praha (Prague), and
spolec¢nost (society), which are also more commonly found on humanities web-
sites. Terms associated with public opinion appear together in topic 19: vefejny
(public), otdzka (question), prostedi (environment), and Seteni (survey) and are
found, unsurprisingly, on the websites of the Public Opinion Research Centre, the
Institute of Sociology, and the Charles University Environment Centre.

Conversely, topic 15 (systém [system], analijza [analysis], model [model], me-
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toda [method], data [data]) is specific to institutions in the natural and technical
sciences, such as the Institute of Atmospheric Physics CAS, the Institute of Infor-
mation Theory and Automation, and the Institute of Mathematics CAS.

Topic 8 contains the terms projekt (project), vyzkum (research), centrum (cen-
tre), rdmec (framework), podpora (support), and vijvoj (development). It appears
across various disciplines, including institutions in the natural sciences (e.g. the
Institute of Physiology CAS) and institutions in the social sciences (e.g. CERGE-EI,
the Charles University Environment Centre), but it is also found on the websites
of grant agencies (the Czech Science Foundation and the Technology Agency of
the Czech Republic). Particularly interesting is topic 7, which refers to the organis-
ing of events for the public (predndska [lecture], semindr [seminar], védec [scientist],
and wverejnost [public]) and appears primarily on the websites of natural science
institutions (the Institute of Experimental Botany CAS, the College of Polytechnics
Jihlava) and the websites of popularisation events (Week of the Brain, Open Sci-
ence), but is not found on the websites of any social sciences institutions.

Figure 5. Comparison of the semantic coherence and semantic exclusivity models
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Analysis of multimedia content

We were also interested in the sharing of audio or video content. The presence of
audio or video content on websites is determined by the presence of the HTML
tags iframe, amp-iframe, video or audio, or the obsolete tags <object> and <em-
bed> on websites with older architecture."

By far the most audio and video content was shared by websites explicitly
aimed at the popularisation of science, such as the website of the Week of Science
and Technology and that of the Czech Academy of Sciences. A comparison of the
average proportion of shared video or audio content also shows that the websites
of institutions in the natural and technical sciences share slightly more multime-
dia content (4%) than websites in the social sciences and humanities (2%). How-
ever, we must state here that the method we used to detect audio or video content
is very crude and unreliable. Although an approach based on the HTML tags that
embed these media seemed intuitive to us, in practice it did not work very well. It
was prone to errors and made the error detection itself very difficult. To illustrate:
if a website has a video in the sidebar that is displayed every time a person clicks
on the website, our program will count this same video every time we access any
URL from the website. Similarly, older websites may be built using an iframe or
<object> tag regardless of whether they include any multimedia content.

Analysis of hyperlinks

A key characteristic of the Internet as a medium is its interconnectedness. This
manifests itself in many ways, including the fact that individual pages often con-
tain links to other pages. This interconnectedness is thus often depicted as a net-
work in which nodes represent specific websites (or users, discussion forums,
etc.) and edges represent the links between them (e.g. hyperlinks, interactions,
likes) (Ackland, 2013; Robins, 2015). Social network analysis is then a possible way
of describing and modelling the structure and topology of such networks.
Through a structural analysis of the hyperlinks of institutional websites, we
attempted to answer the question of whether contemporary Czech science is still
being popularised in a closed mode (i.e. whether the canonical model of online
communication prevails) or is now being popularised in an open mode, in a way
that is open to the public and open to discussion, and whether there is any differ-
ence between the natural sciences and the social sciences in terms of the openness
and interactivity of their communication. In a closed mode of communication,

1 Tt should be noted here that this is not a perfect approach for identifying video and audio
content. For example, the ‘object” tag turned out to be unusable on one of the websites,
which was built entirely on javascript ‘objects’ that have nothing to do with video or
audio content. The tags iframe and amp-iframe are also often used for other purposes for
example, inserting interactive links to maps.

404



Articles

we would expect institutional websites to link primarily to the websites of other
research institutions, or to the websites of state authorities or of the official da-
tabases of scientific journals, libraries, and publishers. On the other hand, in an
open, interactive mode, links to social networks, news media, popular science
websites, and blogs in the news media should predominate. Since our primary
interest was in the differences in the science communication of the natural scienc-
es and the social sciences, we are not focusing on specific institutional websites,
but rather on which websites or which types of websites are linked to most by
the majority of institutional websites within these groups. For this reason, we are
only working with the websites of social science/humanities institutions (n = 27)
and those of natural /technical science institutions (n = 47).

We performed a social network analysis in which nodes represented the
websites and edges represented the links (hyperlinks) between them. We detect-
ed the presence of a link to another website using an anchor tag, i.e. we captured
links from one website to another. For analysis purposes, we shortened all the
URLs to their domain. This means that if our program visited the URL ‘www.soc.
cas.cz/projekty’, we shortened the URL to ‘soc.cas.cz’, so that all clicks within
a single website are represented by a single node. However, analysing the en-
tire network would be very challenging, both in terms of interpretation and data
volume. Therefore, we focused on the websites of individual institutions and the
websites they directly link to by mapping their egocentric networks. At the centre
of each network lies the original institutional website (ego), then there are links
to other websites in the network at a distance = 1 (ego-alter ties), which are web-
sites to which the institutional website links directly. Each egocentric network
also contains alter-alter ties, i.e. if an institutional website links to website A and
to website B, and website A also links to website B, the tie between A and B is
included in the network.

The networks of social science and natural science institutions do not differ
much structurally. The smallest social science network only has two links to web-
sites other than itself, while the smallest natural science network has 38 links to
a total of 8 external websites. In contrast, the largest social science network links
to 452 unique domains (91,681 ties) and the largest natural science network links
to 451 unique domains (91,981 ties). On average, the social science networks had
fewer nodes and edges (171 versus 198 and 18,028 versus 20,374, respectively) and
a higher average degree (276 versus 220) than the natural science networks.

Table 1. Average statistics of egocentric networks by type of institution

Avg. number Avg. number

Website type Number of nodes of edges Avg. degree
Natural sciences 47 198 20 374 220
Social sciences 27 171 18 028 276
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Table 2. The 30 most frequent hyperlinks — excerpt from the full analysis (natural/

technical science websites n = 6087, social science/humanities websites

n = 3381)

Social science/humanities webs

Natural /technical science webs

Name n  prop Name n  prop
1  facebook.com 22 081 facebook.com 43 0,91
2 youtube.com 21 0,78 youtube.com 43 0,91
3  twitter.com 16 059 ceskatelevize.cz 39 0,83
4  avcr.cz 15 0,56 avcr.cz 37 0,79
5  ceskatelevize.cz 15 0,56 doi.org 35 0,74
6  instagram.com 13 048 sciencedirect.com 35 0,74
7 youtube 13 048 dx.doi.org 32 0,68
8 doi.org 12 044 nature.com 31 0,66
9 msmt.cz 12 044 link.springer.com 29 0,62
10 cs.wikipedia.org 11 041 onlinelibrary.wiley.com 29 0,62
11 docs.google.com 1 041 twitter.com 29 0,62
12 lib.cas.cz 1 041 youtu.be 26 0,55
13 novinky.cz 11 041 msmt.cz 25 0,53
14 rozhlas.cz 11 041 tydenvedy.cz 24 0,51
15 academia.cz 10 0,37 instagram.com 23 0,49
16 ec.europa.eu 10 0,37 scopus.com 23 0,49
17 vyzkum.cz 10 0,37 ncbi.nlm.nih.gov 22 0,47
18 gacr.cz 9 033 mdpi.com 21 0,45
19 mapy.cz 9 033 gacr.cz 20 043
20 mazv.cz 9 0,33 linkedin.com 20 0,43
21 scopus.com 9 033 pubs.acs.org 20 0,43
22 archiv.ihned.cz 8 03 google.com 19 04
23 bitly 8 0,3 rvvi.cz 19 0,4
24  cas.cz 8 0,3 vesmir.cz 19 04
25 cesnet.zoom.us 8 0,3 ec.europa.eu 18 0,38
26 jstor.org 8 03 lidovky.cz 18 0,38
27 rvvi.cz 8 0,3 natur.cuni.cz 18 0,38
28 search.ebscohost.com 8 0,3 novinky.cz 18 0,38
29 vltava.rozhlas.cz 8 0,3 ct24.ceskatelevize.cz 17 0,36
30 aleph22.lib.cas.cz 7 0,26 lib.cas.cz 17 0,36

Note: Prop = % of websites in the category that link to the given website. The first line
shows that 81% of social science/humanities websites and 91% of natural /technical
science websites link to facebook.com. The full table is available upon request.
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Results of the analysis of links

In total, we identified 3381 unique domains that were linked to by social science/
humanities websites and 6087 unique domains that were linked to by natural/
technical science websites. As part of our research questions, we were interested
in which websites were linked to by the most institutional websites, as shown in
Table 2. The first row in the table shows that 81% of the social science /humanities
websites (22 in absolute numbers) and 91% of the natural/technical science web-
sites link to the social media site facebook.com. Furthermore, 78% of the social
science/humanities websites and 91% of the natural/technical science websites
link to youtube.com. The third most linked website among the social science/hu-
manities websites is twitter.com (59%) and among the natural/technical science
websites it is ceskatelevize.cz (83%). The websites linked most by both the natural
and the social sciences are social media or community forums (e.g. Facebook,
LinkedIn), podcast/video platforms (e.g. YouTube, Spotify), and blogs/micro-
blogs (e.g. Twitter). Almost half of the social science/humanities websites and the
natural/technical science websites also contain links to instagram.com, a social
media site for sharing images, photos, and videos, and around 40% link to wiki-
pedia.org. There are also numerous hyperlinks to news media, such as ceskatel-
evize.cz, novinky.cz, rozhlas.cz, lidovky.cz, ihned.cz, etc., which are linked to by
around 40% to 80% of scientific websites. The fact that the majority of institutional
websites link to these websites signals the use of new technologies and media in
the presentation and popularisation of Czech science, which could indicate forms
of communication enabling interactive discussion, public input into the debate,
and more direct contact between scientists or research institutions and the public.

Next, we focused on the websites that are the most overrepresented in the
links of social science institutions compared to natural science institutions (see
Figure 7). Figure 7 shows that links to some of the news sites are unique to social
science institutions. While between 19% and 30% of all social science institutions
linked to Dentk Referendum, A2, and Ceskyj rozhlas Vitava, none or only a few of the
natural science institutions linked to them. Some publishers, namely Kosmas and
Karolinum Press, and databases such as EBSCO and JSTOR are specific to the
social sciences. In contrast, the majority of natural science institutions (62-74%)
shared links to the websites ScienceDirect, Nature, Wiley, and Springer (com-
pared to 15-22% of social science institutions). Almost unique to natural science
institutions were links to the websites of the University of Chemistry and Tech-
nology in Prague, the Faculty of Science of Charles University, the publishers
MDPI and the Royal Society of Chemistry, and the journals PNAS and PLoS. It is
also interesting to note that the website of, the Week of Science and Technology
popularisation event was linked to by half (51%) of the natural science websites
but by only a quarter (26%) of the social science websites.

In total, institutional websites linked to more than 10,000 unique websites
(or domains). Since it was not possible to visit each of the websites and encode
their type within the project, we focused on the websites that were linked to most
frequently. Specifically, we encoded websites that were linked to by at least 10%
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of institutional social science websites (n = 242) or at least 10% of institutional
natural science websites (n = 239). We distinguish the following 8 categories of
websites: (1) social media, (2) news websites, (3) bookstores, publishers and li-
braries, (4) government/ministerial websites, (5) popularisation websites/jour-
nals/events, (6) other scientific institutions/universities, (7) grant agencies, and
(8) others. Each of the authors independently visited each of the websites and
encoded their type. During the initial coding, 77% agreement was reached for
the websites linked to by social science institutions and a 71.3% agreement for
the websites linked to by natural science institutions. Subsequently, websites on
which the authors disagreed during the first coding were discussed and an agree-
ment was reached for them as well.

Figure 8. Structure of the 250 most frequent hyperlinks on social science/humanities
and natural/technical science websites

social media 3% oo 4%
news 14% @ ® 18%
publishing 26% @@ 27%
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2 government 8% @ e 11%
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Although it may seem at first glance that institutional websites in both the so-
cial and natural sciences do not link much to social media (3% of all links shared),
it is important to remember that there is a very limited number of major players
in the field of social media and they cannot thus represent a larger proportion.
The second most represented category consists of links to bookshops, publishers,
and libraries (25% and 26%, respectively), a category that also includes links to
academic publications. Social science websites link to more news (19% vs 14%)
and government websites (13% vs 9%) than do natural science websites, while
natural science websites link to more websites of other scientific institutions (20%
vs 17%), grant agencies (6% vs 3%), and popularisation websites (8% vs 6%). The
results are captured by Figure 8.

Discussion and summary

The main focus of this study was the topic of science communication on the web-
sites of Czech research institutions. We were interested in the nature and form
of Czech science communication online and in finding out to what extent Czech
science is shared with the public in the online environment and what differences
exist between social science/humanities and natural/technical science websites
in this regard. The results showed that the online content of research institutions
does not deviate from the usual standards, where the terms ‘science” and ‘popu-
larisation” are communicated mainly in the context of other educational institu-
tions, studies, and research. In contrast to the social sciences, in the natural sci-
ences popularisation is more often associated with rewarding scientists for the
promotion and popularisation of science, which on the one hand may indicate
greater incentives for popularisation in these fields. However, it could also be the
other way around: if popularisation is largely absent, it can hardly be rewarded.

A structural analysis of the websites then gave us an insight into Czech
science communication that uses the new social media. An analysis of the hy-
perlinks suggests that the vast majority of scientific websites share social media
content, as they contain hyperlinks to Facebook, Twitter, YouTube, Instagram, and
LinkedIn. Similarly, most websites of research institutions share links to news
media such as ceskatelevize.cz, novinky.cz, lidovky.cz, and rozhlas.cz - i.e. on-
line newspapers, television, and radio. This is also confirmed by the structure of
the hyperlinks that were shared by the largest number of institutional websites
in both the social sciences and the natural sciences — hyperlinks to news media
are the second most common after hyperlinks to academic publications. The re-
sults thus suggest that Czech science communication online is moving towards
an open and interactive mode of sharing science with the public.

Although the results summarised above have a certain informative value, it
is also necessary to point out some weaknesses. The first distortion can already
occur in the search for research institutional websites or in the insufficient cover-
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age of websites during the researcher’s selection. The same applies to the (subjec-
tive) choice of keywords, based on which a large amount of online content is then
downloaded for further analysis. It must be said that our original intention was to
conduct a content and structural analysis of all Internet resources where science
is communicated (we identified approximately 166 of them). We then intended
to analyse, on the basis of keywords, the number of posts devoted to the social
or natural sciences in these sources (i.e. press releases, news items, short reports,
popularising articles, coverage of science in the media, blogs on scientific topics,
interviews with scientists, and appearances of scientists on TV and radio). How-
ever, this was not possible within our project due to the size of the data, technical
complexity (the available technology or data processing), and time limitations.

Our study has a number of limitations. The first one is that we treat websites
as if they were static, which is not necessarily true for every website. A result of
this approach is that we may lose some of the information from dynamic web-
sites that generate content based on user behaviour — for example, they retrieve
additional information after a certain button is clicked, without the user leaving
the current URL.

The second limitation arises from the processing of text data. Although we
paid considerable attention to data cleaning, there are still partial duplications
in the data. Some texts contained more than one keyword; for example, there
are three keywords in the phrase ‘popularisation of science in the field of biol-
ogy’ (‘popularisation’, ‘science’, and ‘biology’), and we downloaded a context of
10 words around each keyword. This resulted in three texts that overlap to a large
extent but are not completely identical. However, eliminating these partial du-
plications would be complicated in terms of computation (as well as in terms
of time), as it would involve comparing all the texts with each other, calculating
the probability with which they are partial duplications, and then merging these
duplications. Given that our data file contains more than a million such texts, this
step alone would take several days or weeks. Another improvement would be
the inclusion of phrases (e.g. ‘Czech Republic’), which we miss out on by using
a model that only works with unigrams, i.e. one-word expressions. Furthermore,
specific complications have arisen in the processing of text data — for example,
the problems with the term sociologicky (sociological) described in the descriptive
analysis of the text data indicate that, for comparative purposes, it would be ap-
propriate to weight the numbers by the size of the individual websites.”?

The third limitation lies in the fact that we cannot determine the age of the
downloaded URLSs because most websites either do not include this information
or it is generated dynamically when the website is opened. If our goal were to
completely map the changes in the communication of Czech science on institu-
tional websites or on the Czech Internet in general over a longer time horizon, it
would require a longitudinal study of Internet content. For this purpose, in the

2. We would like to thank the reviewer for these helpful notes.
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future we could use a software tool of the web archive of the Czech National Li-
brary that is currently being developed, as it can be used to browse the content of
the licensed Czech Internet back to the year 2000.

Another barrier was the impossibility of following scientific communica-
tion directly on social media, as, for example, Twitter allows the collection of
texts on microblogs, but Facebook or Instagram do not. In this regard, it would
be interesting to analyse the size of the audience of individual scientific posts, the
number of likes, the size of the discussion, and the extent of further sharing. Some
authors thus argue that even though research institutions have already accepted
social media as a primary tool for communication with the public, they still use
it more as a one-way communication channel, reporting on scientific knowledge
and progress, but underestimating its potential for engaging in a dialogue and
discussion with the public (Dudo & Besley, 2016; Lovejoy & Saxton, 2012).

In conclusion, we would like to point out that in spite of the mentioned
shortcomings of the presented text, this is the first quantitative exploratory study
that uses big data analysis to map the nature of Czech online science communica-
tion. We hope that the detailed methodological section, the critical evaluation of
the study’s limitations, and the outline of further possibilities for analysing the
online content of s the websites of research institutions can serve other research-
ers as an introduction to working with big data in sociology and the pros and
cons of this task.
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