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Selecting tools to enhance scholarly communication
through the life cycle of scientific research
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Abstract. Education and science digitalization belongs to the priority areas of information society
development. However, we can observe that while Ukraine enters the European educational and scientific
space, Ukrainian scientists cannot yet efficiently compete in the international labor market. One of the
reasons behind this is that Ukrainian scientists and researchers are not fully integrated into the world
system of digital scholarly communication. To help researchers use digital tools supporting scholarly
communication, many companies carry out various educational events to support open science and
initiate international research and projects. Under modern conditions the digitalization of scientific
communication went to the front-burner due to the COVID-19 pandemic. At the same time, the forced
transition to digital scholarly communications through the COVID-19 pandemic can help integrate young
scientists into the international scientific space. This article provides an analysis of tools to support
scholarly communication developed within the “101 Innovations in Scholarly Communication” project.
The international survey demonstrates the tools that scientists prefer to use at each stage of the research.
This paper characterizes the advantages of particular tools on different stages of scientific research
process induced by the current tendency for scholarly communication digitalization. During the work,
we outlined the scope for future research and found it necessary to conduct an additional survey for the
scholarly community.

Keywords: scholarly communication, digital tools for scholarly communication, scientific research,
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1. Introduction

Overall digital transformation affects the scientific community and actualizes the demand for
tools applicable to conduct research and facilitate both scientific and educational activities and
communication.

The supply of software tools for searching, collecting, and processing data, writing scien-
tific papers, selecting journals and publishing is growing following innovations of scientific
communication [15]. The traditional scientific communication model aimed to develop the
knowledge transforms into the model of digital scientific communication (Bringer-Weilandt [5])
that concentrates on information availability and open access to data and results of scientific
research.

The problems of open science and scientific communication are a subject of research for
Bielikov [3], Bronnikova [4], Canet [6], Davis, Coppock and Vowell [9], Higgs [12], Horbenko
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[13], Hurd [14], Manca [20], Mayer [21], Yaroshenko [26]. Analysis of the achievements of these
scientists is presented in [17].

Though the emergence of new tools for scientific communication doesn’t increase their
popularity, the digitalization of scientific communication went to the front-burner due to the
COVID-19 pandemic [11].

At the same time, the forced transition to digital scientific communications has the potential
to integrate early career researchers into the international scientific space.

The authors’ experience [18] allows assuming the integrating Ukrainian scientists into the
international community (European and American researchers more actively use the means
of scientific communication) requires special preparation [25]. Against the background of
a small amount of research related to students’ perception and understanding of scholarly
communication [23] and behaviour of early career researchers [22] such research tasks are
actualized:

1. Review the tools of supporting scholarly communication;

2. Provide recommendations to early career researchers on the selection of tools to support
scientific communication at different stages of their own research.

2. Results and discussion

There are different approaches to define the scientific research life cycle that serves as a basis
for creating collections of resources to support their implementation and recommendations
for selection [16]. However, the most popular is the model of the research workflow (figure 1)
developed by Kramer and Bosman [15] within the “101 Innovations in Scholarly Communication”
project. According to each stage (preparation, discovery, analysis, writing, publication, outreach,
assessment) recommendations have been developed to ensure openness in accordance with the
model of the life cycle of scientific research [2, p. 10].
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Figure 1: A model of the research workflow (Kramer and Bosman [15]).

During this project, in 2015-2016 conducted a global survey joined by more than 20,2000
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scientists to determine the demand for scientific communication. The survey results, provided
in open access, prove that we can study the changes to scientific communication both on the
global and on the local levels [24]. We will use the results of the “101 Innovations in Scholarly
Communication” project to inform early career researchers on digital tools applicable to support
scientific communication (figure 2) through 6 stages of scientific research: review (search),
analysis, creation (writing), publication, dissemination, and evaluation.
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Figure 2: Digital tools used scientific communication (source: https://101innovations.wordpress.com/).

We will showcase a comparative characteristic of the most popular tools among scientists
(as of 2016) (figure 2) per certain stages of the scientific research life cycle, and make several
assumptions about the benefits of using specific tools (as of 2021) occasioned by the digitalization
of scholarly communication [8]. Though, we should mention that the formats for the tasks
and results submission are regulated by the requirements of the grantees (stage Preparation,
figure 1) or by the provision on the preparation of of specific research.

The discovery stage involves the search and investigation of scientific content, in particular
relevant scientific publications. We can divide the tools applicable on this stage into tools for
searching for relevant data (Search), getting accesses (Get access), getting recommendations
(Get alerts), and reviewing and leaving comments on the material (Read/view/annotate). By
the results of an international survey (https://101linnovations.wordpress.com/survey-results/
research-activities/), the most popular sources to browse for publications are Google Scholar
and Web of Science (figure 3).

Over the past five years, the availability of the materials in the Scopus database significantly
increased. In particular, starting from 2019 Ukrainian higher educational institutions can access
Scopus and Web of Science [10] provided at the expense of the state budget.

Since foreign universities” experience shows that the use of these analytical platforms allows
benchmarking both at the level of the educational institution and individual scientific commu-
nities and researchers, we provide a comparative analysis of several scientometric databases
(table 1).
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Figure 3: Fragment from the survey results demonstrating the usage of digital tools for data search
(source: https://10linnovations.wordpress.com/survey-results/research-activities/search/).

Table 1
Comparative analysis of several scientometric databases (source: https://instr.iastate.libguides.com/c.
php?g=901522&p=6492159).

Characteristic Web of Science Google Scholar Scopus
The number of journals 13,100 Unknown 21,950
Physical sciences,
Science, technology, health sciences,
Focus social sciences, All subject areas life sciences,
arts and humanities social sciences

and humanities

Yes, if there is an Yes, if there is an

Publications not in English

abstract in English abstract in English
Citation analysis Yes No Yes
Export reports Yes Yes Yes

In addition to the institutional resources mentioned by the majority of global survey partici-
pants (18,016 out of 20,663 respondents), to access the scientific content the researchers mostly
use the institutional access and ResearchGate social network (https://101linnovations.wordpress.
com/survey-results/research-activities/get-access/). The most used tool for receiving notifi-
cations (Get alerts) is Google Scholar (figure 4), although approximately half of the scientists
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surveyed use it (10,051 out of 20,663).
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Figure 4: Fragment from the survey results demonstrating digital tools used to Get alerts (https:
//101linnovations.wordpress.com/survey-results/research-activities/get-alerts/).

To work with texts (view and comment on them), users mostly leverage Acrobat Reader
(18,319 out of 20,663 survey participants chose this tool).

Managing Big Data and code is a regular task for many researchers today, for these skills
are required to get the grant or implement international research projects. Among the data
management tools we can mention GitHub (https://github.com/), registry of research data
repositories Re3data (https://www.re3data.org/), etc. Also, Google launched the Dataset Search
(https://datasetsearch.research.google.com/) that allows for browsing the data in open access.
This service complements Google Scholar and can be used for academic research [7].

Here, we should mention that only 1/5 of the global survey participants support the Share
notebooks/protocols initiative: 6,021 of 20,663 responses answered this question, and 1,084
researchers use the most common tool for Share protocols — Dropbox; GitHub — only 177 users.

The researchers prefer MS Excel (figure 5) at the Analysis stage, and less use SPSS [19].

As of 2016, less than 20% of researchers use MATLAB (https://www.mathworks.com) and R
(https://www.r-project.org/). However, since the R statistical programming language rose in
2021 to 8th place in the TIOBE (http://web.archive.org/web/20210805060025/https://www.tiobe.
com/tiobe-index/) popularity index. Table 2 provides a comparative characterization of data
analysis tools that, according to the survey (figure 5), had approximately the same popularity.

Analysis often requires harmonization of methods, discussion of models, or description of
data for reuse. For these purposes, researchers use services for collective data processing for
scientific purposes such as Open Science Framework (https://osf.io/), and general-purpose cloud
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Figure 5: Fragment from the survey results demonstrating digital tools used for Analysis (source:
https://101innovations.wordpress.com/survey-results/research-activities/analyze/).

gzzg:iative analysis of MATLAB and R (source: https://www.educba.com/matlab-vs-r/).
Characteristic MATLAB R
Open source No, only for the paid version Yes
Speed MATLAB is faster than R
—

A lot of packages with

Availability of libraries ~ Most features are available as a toolboxes . 1
different functionality

Language type High-level language Interpreted language

The licensed package

Community support provides for technical support

Community support

services: Dropbox that Google Drive.

Though very likely, the early career researchers of Ukrainian higher educational institutions,
supervised by representatives of traditional scientific schools, will give preference to Dropbox
and Google Drive for some time.

Tools of the writing stage are divided into tools used for writing (preparing a manuscript) and
tools used as bibliographic managers. To prepare manuscripts, researchers mostly use (figure 6)
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MS Word (selected by 18,571 of 20,663 survey participants). Significantly fewer researchers
(6,636 people) use Google Docs and Google Drive services to collaborate on the documents.
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Figure 6: Fragment from the survey results demonstrating the tools for the Writing stage (source:
https://101innovations.wordpress.com/survey-results/research-activities/write/).

Free software such as LibreOffice (https://www.libreoffice.org/discover/libreoffice/) and
OpenOffice (https://www.openoffice.org/) has significantly fewer users (267 and 215 users
respectively).

We should emphasize the BTgX document preparation system for high-quality layout (https:
//www.latex-project.org/about/) which is popular among scientists (figure 6): de facto this is a
standard for scientific documents exchange and publication. That is why we would recommend
young scientists to gain experience with this software.

At this stage, researchers also use bibliographic managers software to save bibliographic data,
complete texts, create personal and collective bibliographic collections, create links and lists
of used sources. The most popular tools on this stage include EndNote, Zotero, and Mendeley
(figure 7). Though the popularity itself is doubtful: only 15,956 out of 20,663 respondents
answered this question, and the majority of users who voted (for EndNote) does not exceed 50%
(7,540 users).

Due to the importance of bibliographic managers in the study process, table 3 presents the
comparative characteristics of free bibliographic managers. The free EndNote package is only
available in the online version of the EndNote program. At the same time, these services are
expanding their functionality, thus increasing the number of users. For example, today the
Mendeley social network is integrated with the Scopus scientometric database, therefore, it is
difficult to predict the growth of the popularity for these tools [1].
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Figure 7: Fragment from the survey results demonstrating the tools for Reference management (source:
https://101innovations.wordpress.com/survey-results/research-activities/reference-management/).

Table 3
Comparative analysis of bibliographic managers (source: https://www.library.yorku.ca/web/
research-learn/citing-your-work-academic-integrity/citations/zotero-vs-mendeley-comparison/).

Characteristic Zotero https://www.zotero.org/ Mendeley https://www.mendeley.com/
Work as a Firefox extension or as a Includes a desktop version and web
Key offers standalone version with a connector to version compatible with all major web
Chrome, Safari, Firefox and Opera browsers
Cost Basic software is free. Charges for adding additional storage space

The free version provides 300 MB of The free version provides 2 GB of cloud

Storage
& cloud storage storage

Mac OS, Windows, Linux, and any oth- Mac OS, Windows, Linux

O ti t .
peratng system erss where Firefox runs

Both Mendeley and Zotero use Citation Style Language,

Citation styles which offers over 7,000 free CSL citation styles.

The publication stage includes tools for archiving and hosting publications, data, and code,
selecting a journal, and publishing. Although scientists still prefer traditional scientific publica-
tions (13,542 respondents out of 15,253), open-access platforms offer an alternative publication
model that allows everyone to distribute their scientific works for free. Thus, most scientists post
their publications in institutional repositories and the ResearchGate social scientific network.
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To share their code and data, researchers use GitHub, Figshare, though there are still many
users who prefer to archive their scientific works and data and upload them on Dropbox and
Google Drive under restricted access. Among the publication tools, researchers use journals
indexed in scientometric databases, catalogs of open electronic journals, archives of scientific
publications, and scientific social networks (table 4).

Table 4
Comparing the tools for publishing scientific articles.
Scopus DOAJ ResearchGate arXiv
Characteristic (abs'tra<':t (list of (social nf:twork (open—ailccess
and citation open access service repository
database) journals) for scientists) of e-prints)
Commercial Yes No No No
Publishing individual articles No No Yes Yes
Citation tracking Yes No Yes Yes
Advanced article search Yes No No Yes
. Defined Defined

Access to the article by publisher Free by author Free
Articles control Yes Yes No Yes

Though we should mention that it is quite difficult for early career researchers to publish
their work in publications indexed in scientometric databases, even in collaboration with their
research supervisors. Electronic journals present new challenges for the Ukrainian educa-
tional institutions, since they are not ready to set and maintain the platforms for internal
communication, and also some research supervisors deny the idea of digital communication
itself.

The scientific work results outreach and research popularization stage includes services
for archiving and sharing posters, presentations, research popularization, and creating the
researchers’ profiles. The posters and presentations archiving services are the least in demand
(by a survey conducted in 2016: according to opinions of 6,576 out of 20,663 users). Among
those 6,576 respondents: 3,295 researchers use SlideShare, 969 researchers use Vimeo, and 864
users prefer Figshare. Here we should note that the survey did not suggest YouTube, which will
probably be more popular among young Ukrainian researchers.

Approximately 50% of researchers (10,744 of 20,663 respondents) consider it necessary to
popularize their research works. These respondents mostly use Twitter (5,601 users), Wikipedia
(3,516 users), WordPress (3,024 users), Research Blogging (798 users).

For early career researchers, Facebook is a potentially attractive network to support scientific
communication: it allows young researchers to popularize their work, for instance at open events
like scientific conferences, webinars, presenting results, etc. Scientific profiles will be useful
for masters during their research and while looking for an expert or a consultant in their field.
Though, for that, young scientists should create and manage their profiles. According to a survey,
the researchers are interested in building their brand, all 20,663 respondents replied positively to
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this question. The opinions on the preferred tooling (figure 8) differ: about 50% of respondents
have personal profiles in ResearchGate and Google Scholar; 25% use Academia.edu and ORCID;
4,974 claims they use institutional resources and tools. Also, the number of user profiles in
Scopus and Web of Science should grow according to the growing number of publications in
these databases.
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Figure 8: Fragment from the survey results for Researcher profiles (source: https://101linnovations.
wordpress.com/survey-results/research-activities/profiles/).

As for the expert assessment of scientific research (assessment), it is difficult for early career
researchers to compete with experienced scientists. Though, the scientists do not support that
activity either. Only 3,312 of 20,663 respondents answered this question positively, which is the
lowest activity for the life cycle stages.

A completely different situation is with assessing the influence of their scientific achievements:
12,750 out of 20,663 respondents answered this question positively. Most researchers use the
scientometric databases of Web of Science (6,797 users) and Scopus (5,673 users), much less
prefer Google scholar (611 users) and ResearchGate (175 users).

At the same time, we cannot play down the importance of creating profiles by early career
researchers and managing their research results in Google Scholar and ResearchGate.

3. Conclusion

The following conclusions are based on an analysis of the results of a global survey conducted in
accordance with the tasks of implementing the “101 Innovations in Scholarly Communication”
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project, modern trends in the digitalization of scientific communication, and features of the
implementation of the life cycle of scientific research:

« Despite the large number of digital tools available to promote scientific communication,

utilization of these technologies at various stages of the scientific research life cycle is
uneven as of 2016. Given the lack of integration of Ukrainian scientists into the global
scientific community, it is reasonable to expect a similar trajectory in Ukrainian science
in 2021.

The majority of researchers use digital technologies to find and access scientific literature,
analyze research data, produce articles, and create their own image. At the same time, it
should be noted that scientists prefer publication in printed professional journals, that MS
Word is used for manuscript preparation, that MS Excel is used for data analysis, research
materials, and data search, and that Google Scholar and ResearchGate services are also
used to build the researcher’s image.

Scientists are least interested in tools that aid in the distribution, popularization, and
evaluation of their own research. The latter demonstrates not only a “break” in the life
cycle of scientific research, but also a certain closeness of scientific activity and isolation
from the global scientific area, which is undergoing digital transformation.
Understanding the irreversibility of scientific and scientific communication digitalization,
as well as assisting young scientists in integrating into the global scientific space, it is
recommended to conduct specialized training and educational activities to popularize
open access initiatives and open science. One of the responsibilities for providing scientific
support for the scientific activity of young scientists, particularly masters of Ukrainian
institutions of higher education, is the formulation of suggestions for the use of digital
instruments at various stages of conducting scientific research.

The research is still ongoing as evidenced by the repeated surveying of members of the
scientific community with the goal of confirming the hypotheses advanced and elucidating the
current usage of scientific communication tools by researchers. It will be possible to determine
the directions of their collaboration and the integration of Ukrainian scientists into the larger
scientific community by conducting a comparative analysis of the landscape of digital scientific
communications of researchers from various career levels, particularly postgraduate students
and their scientific supervisors.
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