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Abstract

Informetrics with its frameworks and methods has long been playing a prominent role in
the study of science—society communications. The aim of the present work is an explora-
tory study of this domain of research, via a scoping review based on enhanced bibliometric
methods. The leading research questions concern the cognitive structure of the subject, its
position in the broader context of science communication studies and social studies of sci-
ence, and the role and contributions of informetrics in advancing the field. To overcome the
difficulties stemming from the complex definition of the subject, we use an indirect, link-
based search strategy for database construction. Our methodological framework consists
of a combination of bibliographic coupling (identifying main research streams), various
representations of semantic networks (analyzing the cognitive organization of individual
research streams), and the systematic synthesis of the results we call quasi content analy-
sis. Beyond uncovering the role and context of informetrics in the study of science—soci-
ety communications, our results contribute to the conceptual clarifications on such timely
issues as the meaning of altmetrics or the notion of social impact in recent informetrics
paradigms.

Keywords Informetrics - Science communication - Science—society relationships -
Altmetrics - Social impact - Science mapping - Bibliometric mapping - Scoping review
Introduction

The relationship between science and society is an evergreen and heavily studied research

topic, that has been addressed from a wide variety of methodological perspectives. The
dawn of the era of computer-mediated global communication (basically, the internet) gave
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a vast momentum to research on this subject, for at least two interrelated reasons: firstly,
internet platforms provided radically new channels and modes for the interaction of the
research community and the public, and secondly, digital traces of these communica-
tions have become accessible in large amounts in the form of “Big data”. It seems natural
then, that informetrics, as a methodological framework, gained prominence in the analy-
sis of science—society communications, given that—among other things—it best suited the
study of on-line channels and large-scale data. Indeed, in recent decades a great volume of
papers has been published that employ an informetric toolkit or perspective in the study of
research communications. Yet, while various reviews have dealt with science communica-
tion as such, and several works have revisited the evolution of informetrics, no studies to
date, to our knowledge, have addressed the existing evidence on the use of informetrics in
the study of science—society communications. The aim of the present work is an explora-
tory study of this domain of research, via a scoping review based on enhanced bibliometric
methods.

An immediate difficulty with this ambitious objective comes with the concept of infor-
metric research. Given some classic approaches, we may define informetrics “intension-
ally” via the definition “Informetrics is the study of the quantitative aspects of informa-
tion in any form” (Tague-Sutcliffe 1992), or extensionally via enumerating its contents as
in “comprising all the—metrics studies related to information science, including biblio-
metrics (...), scientometrics (...), webometrics (...)” (Egghe 2005). Consulting the highly
influential, classic review of Bar-Ilan on this field reveals an elaborated version of this
view, by presenting a landscape of informetrics which covers bibliometric laws, sciento-
metric methods both in science studies (mapping, classification, network analysis) and
research assessment (indicators), citation analysis, webometric methods such as hyperlink-
analysis (Bar-Ilan 2008), to name just the most indicative issues. More recent accounts, as
many from Bar-Ilan add “Altmetrics” to this list, for which the analysis of science—society
interactions is an inherent component. Relying on these grounds, we operationalize infor-
metrics research for our purposes as publications belonging to Library and Information
Science (LIS).

Even more challenging is to find the eligibility criteria for what it means for a LIS pub-
lication to focus on science—society communications. We can pinpoint some prototypic
studies, that inspired, if not limited, our quest for such alliances between informetrics and
science communications research. Among those we find the study of Bar-Ilan analysing the
distribution of news items on “mad cow disease” on the internet newsgroups in relation to
bibliometric laws (Bar-Ilan 1997), as well as content analyses of research blogs for uncov-
ering the characteristics of the discussion of scholarly information, originating from the
research collaboration of the same author (Shema et al. 2012, 2015). A motivating series of
papers from Leydesdorff and Hellsten reported a research programme on automated con-
tent analysis of media frames and public understanding in the case of several high-profile
scientific issues, such as “stem cells” or “frankenfood” (Leydesdorff and Hellsten 2005,
2006). This list also spans a range, where informetrics contributes from distributional to
qualitative reconstructions of the dissemination of scientific knowledge.

Though science communication is typically understood in terms of disseminating scien-
tific research to the public for the sake of scientific literacy, awareness, public trust etc., a
quick look into e.g. Altmetrics instantly illuminates that the study on social dissemination
of science may have a radically different focus, such as impact or influence assessment.
Since the aim is to undertake a scoping review, we might be interested in as many facets of
the subject as could be revealed, without a priori constraining its scope. Consequently, we
expect our review to go beyond dissemination research or even internet-based research, as
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other channels can equally be targeted by informetric methods. To generalize, we identi-
fied three elements as “eligibility” criteria for a study to fit this perspective: (1) the study
reported should be concerned with the communication of scholarly research or some sci-
ence-related issue (2) it should be focusing on the knowledge exchange between a research
community and social groups (general public, decision makers etc.) in any form, and (3)
it should be applying an informetric framework in the analysis or methods. As a result,
instead of science communication, we rather term our subject science—society communica-
tions or research communications. Notably, our additional goal was to map how informet-
rics-based studies are being positioned and embedded in research communications studies,
which called for the inclusion of the context into the scope of this exploratory mapping.
To sum up these considerations, the following research questions were formulated:

(RQ1) How the domain of informetrics research on science—society communications is
being organized to date in terms of research subjects, research methods and their inter-
relations?

(RQ2) How this domain is being positioned in the broader context of the study on sci-
ence—society interactions?

(RQ3) A follow-up question, being subordinate to RQ1 is how informetrics is being
utilized within this domain, what frameworks and methods are being employed for what
research purposes, and how these applications relate to other methodological frame-
works of research communications.

Data and methods

The sampling procedure for representing the discourse on science—society communications
posed some serious challenges during our research. The basic problem was that our cho-
sen topic, although well-defined on conceptual grounds, was somewhat elusive in terms
of the corresponding literature. To be more precise, it would have been extremely hard to
construct a sufficient search strategy based on pre-selected search terms for retrieval of the
relevant set of publications, due to the huge variety of field-specific approaches, theoreti-
cal and conceptual frameworks, methods, communication channels, aspects, organizational
levels under study that would qualify a paper as an informetric approach for science com-
munication (in the broadest sense). Additionally, our main goal was to explore the scope of
such approaches, without pre-determining the boundaries of the discourse. Consequently,
most a priori selected term lists seemed to be either too broad or two restrictive to capture
this diversity. That is why we decided to construct an indirect search strategy that uses
other clues as search terms or textual descriptors, and is based on the citation relations
between documents. The general scheme of the procedure was to first identify a core sam-
ple, and extending it through citation relations up to a point where data saturation could be
considered sufficient. The actual search strategy can be described as follows.

Database construction

(1) In the first step, a collection of so-called “core” papers has been obtained from the Web
of Science Core Collection, by the following two consecutive queries: (a) all papers
citing the journal Science Communication were retrieved, and (b) this collection was
limited to those papers that belonged to the WoS Subject Category Information Science
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and Library Science. The main rationale behind this approach was to capture those
items that, at any rate, relate to science communication as a topic, without having to
name or label these topics, and apply a framework or methodology pertaining to infor-
mation science. This procedure resulted in a core sample of n =358 papers.

(2) In the second step, the initial core was screened for relevance concerning our research
questions, by manually checking the eligibility of individual papers using their title
and abstract. This step narrowed down the initial sample to n =62 papers.

(3) In the third step, all papers (i.e. bibliographic records) citing the core sample (i.e. at
least one core paper) were harvested from the WoS databases, providing us with an
additional set of n =429 papers.

(4) In the fourth step, references were extracted from papers constituting the core sample,
and were filtered on the basis of their occurrence frequency. All reference items cited
at least twice by the core sample were retrieved, as source items, from the WoS Core
Collection databases. This resulted in an extension of n =139 papers.

(5) In the final step, these three bibliographic records were joined in generating the final
sample, i.e., schematically: final sample =core sample (2)+ citing docs (3) +cited docs
(4). After the removal of duplicates (where virtually no duplicates were found), this
final step resulted in a bibliographic record with n =630 items.

The overall motivation of this indirect search strategy was to first provide a relatively high
precision sample, and to maximize recall and still maintain relevance by covering the citation
environment induced by this sample. The citation environment was cut at the first generation
of ancestors (cited items) and of descendants (citing items), as some experimentation showed
that by extending the sample with further generations at any direction introduced too much
noise or unrelated literature, while not bringing in substantially new aspects of research (as
could be seen by initial screenings). Therefore, data saturation was deemed to be sufficient for
our purposes, that is, for representing the structure of the discourse under study (The process
of database construction is depicted in Fig. 1.

Analytic strategy

To address our research questions, we enrolled a “layered”, two-level approach to iteratively
uncover the structure of the discourse on science—society communications. In particular,
a domain analysis was undertaken at two different levels of granularity. At first, to explore
its broad thematic organization and to identify the focal topics, (1) a cluster analysis of the
bibliographic sample was conducted, resulting in the main thematic clusters constructing the
domain. Secondly (2) we applied a series of analyses on each of the main thematic clusters
(document sets), to reveal their internal topical organization in detail. Expected from this strat-
egy was to explore the structure of the discourse at various, interdependent levels of organiza-
tion (RQ1), and—by increasing the level of granularity and varying the methods of analysis in
the second phase—to extract the role of informetric methods within science communications
research (RQ2). The selected procedures, models and their motivations are detailed below.
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Fig. 1 Flowchart of database construction

Cluster analysis of the bibliographic sample

The clustering of the bibliographic sample was based on bibliographic coupling (BC).
According to the basic principle of BC, the degree of thematic similarity between doc-
uments is proportional to the amount of their shared references. The similarity concept
employed here was particularly suited to our goal to first reveal the main research direc-
tions or, for that matter, traditions. It is the common intellectual basis for two documents
that is being considered as indicative of belonging to the same tradition, which, in turn, is
operationalized with the degree of sharing references (i.e., BC) in bibliometrics. The pro-
cedure consisted of the following steps:

(1) After processing the references of the 630 papers, we created a proximity network of
sample papers, based on their shared (full) references. The weights of edges conveyed
the degree of similarity between documents, where pairwise similarity was defined
on the basis of the number of shared references, and calculated via the cosine meas-
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ure. Technically speaking, we used the cosine similarity of documents represented as
(normalized) vectors of their references. References in these vectors entered with a
real value (instead of the boolean presence—absence values), as were weighted using a
tf—idf scheme known from information retrieval, so that items cited too broadly in the
sample do not distort the proximity results. In such a way, the measurement favoured
links between papers that are more similar to each other in their common background,
than to the rest of sample.

The actual clustering was achieved by running a community detection algorithm on
this proximity network constructed via bibliographic coupling, in order to delineate
coherent groups of papers. The algorithm used was the “Louvain method”, imple-
mented in the igraph R package (Csardi and Nepusz 2006) that aims to find a stable
cluster structure based on the topology of the network, taking into account the weight
of edges, where the (weighted) intra-cluster similarities are always higher than inter-
cluster ones. Technically speaking, the algorithm is designed to find the cluster solution
that maximizes network modularity in a computationally effective way, as proposed by
Blondel et al. (2008).

Analysis and interpretation of individual clusters

The most substantive step, after obtaining the broad research directions or themes of the
discourse, was to uncover their internal structure. Since we were interested in the concep-
tual—methodological aspects of research directions, we represented each cluster with their
key concepts, using the author keywords associated with sample papers in the Web of Sci-
ence databases. Keywords and their relations have been subjected to the following, interde-
pendent levels of analysis, repeated for each cluster:

ey

2

3

We created a semantic network representing the internal conceptual organization of the
cluster. It was constructed as a proximity network of keywords, using the normalized
co-occurrence of keyword terms within the documents of the cluster. This time, we
used the Jaccard similarity measure for assessing the proximity of terms (thereby for
weighting the links in the network).

The semantic network obtained for the cluster was then subjected to the community
detection procedure referred to in the previous section, i.e. the Louvain method. As a
result, the network of key concepts was partitioned into cohesive subtopics defined by
strongly and densely related concepts. Based on the semantic network, we also cal-
culated the normalized betweenness centrality scores for each concept to capture and
quantify their role in organizing the discourse (i.e. the extent to which they connect or
mediate between conceptual blocks, typically clusters of concepts). We then visual-
ized the conceptual structure of the cluster using the results of these analyses. We call
this visualization the “network view” of the cluster, as will be discussed in the Results
section below.

To gain a more clear representation of conceptual relations, we analysed the semantic
network along different lines as well. We subjected the proximity network (as a proxim-
ity matrix) to a hierarchical cluster analysis method (after converting similarities into
distances for that end, and using the “average” method). In this step, we constrained
the full keyword net by term centrality values, and limited the analysis to a subnetwork
containing only the highly central concepts in the cluster (the normalized betweenness
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“4)

centrality of which exceeded the value of B=0.05, which threshold was empirically
devised from the centrality distribution of nodes). The main aim of this additional
exercise was to obtain an overview of the domain, where the interrelations of the most
relevant concepts are analytically (not only visually) demonstrated by the concept tree
resulted from the hierarchical clustering. We call this the “tree view” of the cluster. To
assist a convenient comparison with the network view, we enriched the tree view with
a color-coded labelling, where terms belonging to the same cluster according to the
network view (and analysis) are indicated with the same color, as will be discussed in
the Results section.

In order to facilitate the systematic interpretation of conceptual structures obtained
via the previous methods, we applied a “quasi-content analysis” on top of these rep-
resentations. Instead of the traditional method of coding the full text of sample papers
and aggregating the results for thematic representations, we used the thematic rep-
resentations obtained from steps 1-3 to code the cluster via standardized categories.
We inductively set up a category system covering those dimensions of the study of
science—society communications research that best operationalized our research ques-
tions. Therefore, the cluster was described along the following dimensions: the com-
munication channels addressed in the domain (CHANNEL), such as the printed media or
the web; the aspects of the interactions under study (AspeCT), such as public perception,
public attitudes, dissemination, social impact etc.; the methodologies or methodo-
logical frameworks employed (METHOD); and the scientific, scholarly subjects being
communicated, such as nanotechnology (THEME), if applicable (we refer to dimensions
or categories in small capitals). The actual interpretation was based on the joint inter-
pretation of the network view and the tree view of the cluster (for the overview of the
entire methodology see Fig. 2.

Results

In what follows, we first report some basic statistics on the sample record and the results
of the clustering procedure based on bibliographic coupling. Then, we present the results
from the analysis of individual clusters in detail.

Basic statistics of the bibliographic record and of the clustering results

The search strategy applied in the compilation of our database did not constrain the basic
bibliographic characteristics of the sample (such as document type, publication venues
or publication year). The distribution of papers along the timeline is reported by Fig. 3.

Bibliographic coupling,
Community Detection

. . Analysis of
using the Louvain lysis of

individual clusters

Algorithm
Extended corpus Semantic network of
n=630 5 Clusters keywords
Quasi content
analysis of clusters

Hierarchical clusters
of keywords

Fig.2 Schematic representation of the analytical framework
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It can be seen that the growth of the volume of publications in this domain of research
has been accelerated from the 2000s, and followed an exponential-like growth dynamics
since the second Millennium. The distribution of sample papers among publication venues
signals the prevalence of some journals, which already forecasts the prevalence of certain
themes within the domain. Table 1 lists the ranking of journals found to be most frequently
contributing to the discourse, based on the number of papers (journals represented with
at least 5 papers are being shown). Clearly, the most dominant venues are concerned with
health communication, closely followed by prominent LIS journals and the most prestig-
ious outlets on general science communication. The list also reinforces the indirect strat-
egy employed for database construction, as its objective was to navigate the connections
between Library and Information Science and communication studies on science—society
relationships.

The clustering procedure built upon bibliographic coupling organized the database
into five clusters (after pruning the cluster structure to exclude some extremely small and

Table 1 Top journals in the

domain, based on the number of Journal # pubs
contributed publications Journal of Health Communication 41
Scientometrics 32
Health Communication 28
Science Communication 26
Journal of the American Society for Information Science and 22
Technology
Journal of the Association for Information Science and 12
Technology
Profesional de la Informacion 12
Journal of Communication 11
Journalism & Mass Communication Quarterly 11
Plos One 10
Public Understanding of Science 8
Research Evaluation 8
Journal of Informetrics 7
Public Relations Review 7
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incoherent satellite sets with less than 10 papers). The size distribution of clusters is set out
in Table 2. The distribution is reasonably balanced, with 120 papers per cluster on average.
The detailed analysis of clusters will be provided in the next sections.

The analysis of individual clusters

In what follows, each cluster will be subjected to a detailed analysis, applying a systematic
and comparative interpretation of the network view and the tree view of the conceptual
and thematic organization of the cluster. For the sake of commensurability, the results will
be framed using the domain-relevant categories of the quasi content analysis introduced
in the Methods section. For reading both structural views (network vs. tree), some fur-
ther explanation is in order, as we enhanced both visualizations to increase their expressive
potential. In case of the tree view, color-coded terminal nodes are being used to signal the
relative frequency of concepts/terms within the cluster. The four colors (red, orange, yel-
low, blue) indicate the quartile in the frequency distribution (Q1, Q2, Q3, Q4) to which the
term belongs. Hence, “red concepts™ are the dominant ones, in terms of frequency, within
the cluster, and so forth. As noted in the Methods section, labels of the same color on the
tree form a community or coherent term group within the semantic network, according to
the outcomes of the Louvain method. Within the network view, the size of nodes is pro-
portional to their betweenness centrality, so that the most central concepts stand out. To
facilitate interpretation, only the most central concepts are labelled (B> 0.1), while the tree
view uncovers a more granular picture, showing a detailed environment of the most central
concepts with still highly central terms (B > 0.05).

Cluster #1

The first recognized cluster exhibits a rather clear conceptual structure (Fig. 4). From the
two main branches of the tree, one includes risk perception, risk communication and health
communication, as the most frequent concepts, which, together with trust, form a coherent
subgroup within the cluster. On the other hand, cancer information overload is the domi-
nant concept of the other main branch (both in terms of frequency and centrality). It con-
nects many cancer-related issues to this discourse, including cancer worry, cancer fatal-
ism, loosely paired up with diet as a health factor. This pattern is recurring, as the other
subgroup of this branch also connects the topic of cancer and fatalism with another atti-
tude detected in the public, namely, nutritional backlash. It becomes salient in the semantic
network that it is through the notion of uncertainty where these two branches combine.
Regarding the dimensions of the study on science-society communication, the discourse
focuses on the aspECTs, namely public perception and public attitudes, and features a main

Table 2 The size distribution

of clusters obtained via Cluster ID # pubs
bibliographic coupling #1 138
#2 164
#3 183
#4 31
#5 98
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Fig.4 The network view and the tree view for cluster #1 (no. papers=138)

THEME, in that the uncertainties of cancer-related public knowledge is being addressed
(together with parallel, nutrition-related ones). Though METHODS are not salient, a central
role can be attributed to the concept of measurement.

Cluster #2

The second cluster we identified showed a much denser conceptual structure (Fig. 5). The
tree is built up of several main branches. Around the most frequent concepts we find (1)
a block focusing on twitter and media bias, loosely associated with framing; (2) world
wide web and internet is coupled with computer-mediated communication, on one hand,
and methodology, activism, and social network on the other. (3) A strong concept block
incorporates newspaper and blog together with nanotechnology and science communica-
tion. The closest branch is (4) information management, which is the most central term to
this discourse, and web data mining (or web mining). It is this aggregate, that channels in
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Fig.5 The network view and the tree view for cluster #2 (no. papers = 138)
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an extensive block of (5) information science and scientotmetric methods (see the seman-
tic network visualization). This latter one includes citation analysis, co-word analysis,
bibliometric approaches and network analysis. The network view reveals a certain circle,
as the area designated mainly by science communication is connected to the concept of
information science through scientometric terms in one direction, and the term information
management in the other. With somewhat lower frequencies, but an equally important con-
ceptual branch (6) is dominated by big data, that is linked to automated content analysis
and communication. In this block, the concept of framing also appears (implicit framing),
paired up with that of crisis communication. As to the dimensions of the study on science-
society communication, this subdiscourse is clearly characterized by the unifying METH-
opoLocy of informetrics and data science, as well as the communication CHANNEL under
study, being the world wide web and the internet-based platforms in general. The aspEcT of
interaction is the dissemination of societally recognized scientific issues (as indicated by
the role of bias and framing), with the recurring THEME of nanotechnology.

Cluster #3

The third cluster formed within the discourse also shows a rich structure (Fig. 6). The most
dominant blocks are formed around (1) health that is closely associated with news source
and agenda building, and also directly linked to science journalism and nanotechnology,
each representing a frequent concept in this cluster. The other dominant subgroup (both
in centralities and frequencies) includes (2) health journalism, content analysis and health
information, more loosely coupled with cancer. This subgroup shares its root with a fur-
ther salient subgroup, designated by (3) framing and renewable energy. The network view
reveals that it is the concept of content analysis that, with a high overall centrality, con-
nects the latter two subgroups, that constitute the two main poles of the semantic map.
In the “northern” pole, the group of renewable energy is extended by a further one with
(4) climate change and media coverage, belonging still to the first quartile of the keyword
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Fig.6 The network view and the tree view for cluster #3 (no. papers=183)

@ Springer



836 Scientometrics (2020) 124:825-842

frequency distribution. In the “southern” pole, the “health and science journalism cluster”
is also augmented with a group organized around (5) mass media, containing risk com-
munication and attitude as further central concepts (occurring still with relatively high fre-
quencies). The other wing of this branch is more moderate in quantities, featuring health
communication, healthy behavior, along with a specific health issue, namely fetal alcohol
spectrum disorder. The network view demonstrates two other subnetworks: (6) news media
is surrounded by media industry, television, public health and mental illness, with moder-
ately high frequencies, forming the “north western” part of the map. A relatively distinct
“south eastern” peninsula emerges around (7) qualitative research and media analysis and
print media (see the tree view) that are linked with such particular topics as alcohol policy
or harms to other or stigmatisation.

In sum, this subdiscourse can be described by quite coherent in most dimensions of sci-
ence-society communication. Regarding the communication CHANNEL, it is the printed and
mass media, and journalism being studied. The communication ASPECT is the public dis-
semination and public attitudes towards generally recognized science-related issues. Rather
overt is the dual thematic orientation of the cluster: the two main THEMES being health top-
ics and health communication, on one hand, and outstanding environmental issues, on the
other. The cluster is also specific on the METHODS, given the central role of content analysis
and the massive reference to qualitative research designs.

Cluster #4

The fourth cluster is a relatively small and straightforward one, both in terms of content
and of structure (Fig. 7). The dominant concept is research impact, as it is the most abun-
dant and the most central in the network, being in the closest connection with (1) a group
constituted of payback framework, health gain and monetization. Belonging broadly to this
group is the focal concept of policy impact through which societal impact is connected to
the conceptual net. Another focal wing of this very subgroup is designated with applied
research together with knowledge translation. The other main branch of the semantic
network is (2) dedicated mainly to the concept of knowledge exchange and managament
research (and impact in general). These focal concepts span a complete subnetwork (best
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Fig.7 The network view and the tree view for cluster #4 (no. papers=31)
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indicated via the network view), where knowledge exchange is coupled directly with stake-
holder engagement, and a further aggregate is formed out of knowledge intermediary,
evaluation and impact. The network view is highly telling inasmuch as it depicts research
impact brokering between the two major branches centered around (1) the social impacts
of scientific research and (2) managing the social dissemination and use of the output of
research. Regarding the dimensions of science—society communications, this cluster is not
specific in many respects (such as THEME, METHOD), but very much so regarding the ASPECT,
which is the social impact of scientific and scholarly activity with its various facets (soci-
etal, political, economic etc.). The communication cHANNEL tackled here can be formulated
as the various ways of mediation between science and society, aiming at the utilization of
research outputs (policies, knowledge intermediaries, stakeholder engagement etc.).

Cluster #5

The fifth cluster is again a dense network of concepts, organized into relatively coherent
subnetworks (Fig. 8). The most (globally) central term is science communication itself,
for which (1) the narrower context is set up by sentiment analysis, public engagement and
twitter. Surrounding this central theme, we can find several dominant groups: a massive
branch is formed by (2) wikipedia (coupled with encyclopedia) that shares its root in the
tree with (3) citation analysis and altmetric, and with a further subgroup being set up by
outreach and astronomy, on one hand, and Youtube and video on the other. This collective,
that broadly spans the “northern” area of the semantic map, is extended with a frequently
recurring and central term, (4) TED talk—just to cite the most frequent representatives
of all these subgroups. Next to these, a dominant block is designated by (5) social media.
The central “science communication” block has a sibling branch, where (6) open access
and scientific communication plays a central role, its sibling group made up of social net-
work, institutional communication, and, though somewhat insignificant in frequency, sci-
ence popularization, which, arguably, is the most characteristic concept of this cluster (see
below). Last but not least, (7) a salient block is organized around the term webometric,
being a focal concept according to the network view as well.
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Fig.8 The network view and the tree view for cluster #5 (no. papers =98)
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Regarding the dimensions of science—society communications, the content of the cluster
is quite well articulated in many ways. The cHANNELs under study are clearly those spe-
cific on-line platforms that has become most utilized in science communication (types
such as social media, or most popular instances such as Youtube and Wikipedia). These
are the very channels that, at the same time, are also being targeted by “post-bibliometrics”
attempts to detect broader research impact (altmetrics), which leads us to the aspects and
METHODS featured in this cluster. As to the ASPECTS, on one hand, it is science populariza-
tion, citizen science (indicated by such central terms as astronomy and public engagement)
and open science are being put into focus as mediators of knowledge between science and
society, while it is the detection of on-line research impact (“social impact”), on the other,
as clearly conveyed by altmetrics as an often-reoccurring term. The METHODs are best rep-
resented by the block focusing of webometric approaches, which picture is complemented
by such automated content analysis methods as sentiment analysis, applied in a web-based
context.

Discussion

In order to summarize the results described above, Table 3 provides an overview of the
clusters representing their content along the main dimensions of the study of science—soci-
ety communication.

Based on this summary, the discourse is constituted of two domains that is concerned
with the public dissemination of scientific knowledge with its framing and potential biases
included, and the study of public attitudes toward scientific issues (#2 and #3); One domain
that is specifically concerned with public perception (#1), one that focuses on science
popularization and participatory or citizen science (#5), and a seemingly outlier domain
addressing the social impact of research and managing the social utilization of research
outcomes (#4). Here, we roughly distinguish between dissemination and popularization,
whereby popularization would mean a targeted and supervised exercise to enlighten a sci-
entific issue to raise literacy (such as a Wikipedia entry or an academic Youtube video),
whereby dissemination would mean all modes of engaging the public with scientific issues
for various reasons (such as social media posts and related discussions about diseases,
newspaper items that rely on scientific information to contextualize or support their state-
ments etc.) It is striking, that the themes or topics exposed in almost all clusters cover med-
ical and health issues, typically such general threats as cancer or common risk factors such
as alcohol or nutritional habits, and outstanding environmental issues (climate change).
This concentration of themes suggests that the study of science communication is to some
extent sensationalist or, to put it more neutrally, driven by prevalent public discourses.

More importantly, also striking is the association between methodological frame-
works and communication channels. Domains of study that address on-line channels or
internet platforms typically employ informetric methods (web data mining, text mining,
webometrics, citation analysis and other bibliometric methods, see cluster #2 and cluster
#5), while domains addressing more classical channels such as mass media or printed
media rely on qualitative designs, classical document and content analysis (cluster #3).
At first glance, this may be a well-appreciated alliance, but given such broad defini-
tions of informetrics as the study of the quantitative aspects of information, the associa-
tion is not so obvious (in fact, classical content analysis, or at least some branches of
it, are often exposed as quantifying the textual information in documents). It is rather
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the capability of advanced informetric methods to process and analyse large-scale data,
with relative ease, in computer-mediated communications that most likely accounts for
this association. It is the algorithmic analysis of the distribution and patterns of science-
related information, including the generation of contexts and meaning beyond frequen-
cies, that is most often the goal in those clusters. This can also serve as the meaning for
the AspecT targeted in these clusters, that is usually dissemination, framing and bias. A
key example to demonstrate this alliance between channels, methods and aspects would
be a set of core documents in cluster #2, focusing on automated content analysis as a
semantic network-based method to map the meaning of controversial scientific issues
in public contexts (Leydesdorff and Hellsten 2006). It can be conceived as qualitative
research (concerned with reconstructing meanings), still based on the algorithmic analy-
sis of large-scale computer-mediated communications.

Regarding the configuration of domains reflected in Table 3, one would also expect a
more definite expression of a specific capability attributable to informetric studies focus-
ing on on-line platforms. Namely, the expected capability to capture both direction of sci-
ence—society communications at once. Since on most on-line platforms there is a direct
interaction or dialogue between the “sender” and the “receiver” (think of on-line newspa-
per items and their on-line reader comments, blogs or forums), it seems natural that such
ASPECTS as dissemination and framing, on one hand, and public attitudes and perceptions,
on the other, are coupled in the corresponding clusters. Still, interestingly, cluster #2 (on
line sources, informetric methods) is concerned only with dissemination, typically, while
cluster #3 (printed media, qualitative methods) shows public attitudes as one main aspect.
Perhaps this may be indicative of a gap to fill with informetric research directed towards
this interaction of dissemination and perception, or framings and the corresponding public
attitudes.

Arguably, the most important contribution of this mapping is that it reveals a broad con-
tinuum in the study of science—society communications (related to informetric approaches),
which, despite its thematic diversity, still organized along such interrelations that make this
landscape quite coherent. First of all, beyond core issues to science communication, such
as dissemination and public perception, a distinct domain emerges on the social impact of
science, as a specific AsPECT of the question under study. This cluster highlights a commu-
nication CHANNEL, namely, science management that mediates between science and society.
By tackling this channel, the cluster also re-conceptualizes the concept of science com-
munication, as societal impact (the kind of impact usually assigned to science dissemina-
tion, and thereby almost tantamount to science communication) is being subsumed under
the more general notion of social impact, covering also political, economic etc. mediated
spillovers of scientific knowledge production.

Going further along these lines, cluster #5 also broadens the scope of science—society
communications. Although the main cHANNEL involved is the on-line platforms of commu-
nication, with the concepts of participatory science and open science two further respective
channels are being imported to the discourse. In the case of participatory science (with the
typical case of astronomy, that is, crowd-sourcing astronomical micro-observations), it is a
joint collaborative action involving the public and academia that constitutes the (two-direc-
tional) channel with the goal of achieving scientific goals, so it is “society for science”, in
a way. In the special case of open science, it is the opportunity of the public to have direct
access to scientific discourses. Though the agenda of open science is usually portrayed as
improving the efficacy of research itself (i.e. the primary goal being scientific communica-
tion instead of science communication), this analysis shows that it is intimately linked to
the issues of science-society communications as well.
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On our view, the emerged structure of the discourse also clearly transfers a warning regard-
ing current uses of informetrics especially in evaluative or research assessment approaches (or,
rather, movements). A widely celebrated new paradigm of the detection (if not assessment)
of research impact is the altmetric movement, the central claim being that on-line commu-
nications on research outcomes can be a supreme indicator of the social (or societal) impact
of those outcomes or their authors. Several studies pointed out, though, that this otherwise
plausible presupposition relies on a relatively weak notion of impact, which encompasses dis-
semination only (Pulido et al. 2018). Our analysis tends to supports this distinction, as (1) the
notion of social impact induces its own cluster, and focuses on the actual utilization of research
in social contexts, while (2) altmetrics as a topic is being featured in a different cluster, where
its broader context is the popularization of science via on-line platforms. Consequently, this
mapping may increase awareness for how different angles of viewing science-society commu-
nications are being interlinked: it can be devised, then, that confounding impact, dissemina-
tion, popularization etc. is a risk of operationalizing informetric concepts especially designed
for evaluation purposes. A certain analogy with the evolution of bibliometrics is in order
here: a number of authors have depicted the history of modern bibliometrics as starting with
a research programme on the structure of science (embodied in the Journal Citation Index
by Eugene Garfield), and turned into an often controversial assessment tool by the frequent
misuse of the very same tool (the Impact Factor introduced for JCI), before its conceptual—
theoretical and practical aspects would have been sufficiently studied. There are various indi-
cations that this history seems to be repeating for altmetrics, and we conjecture that mappings
presented in this work may well support the clarification of conceptual issues that are in the
background of the firm and valid use of informetrics-based tools, measures and indicators.
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