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Abstract: Studies on the state and structure of  digital knowledge concerning science generally relate to macro 
and meso scales. Supported by visualizations, these studies can deliver knowledge about emerging scientific fields 
or collaboration between countries, scientific centers, or groups of  researchers. Analyses of  individual activities 
or single scientific career paths are rarely presented and discussed. The authors decided to fill this gap and de-
veloped a web application for visualizing the scientific output of  particular researchers. This free software based 
on bibliographic data from local databases, provides six layouts for analysis. Researchers can see the dynamic 
characteristics of  their own writing activity, the time and place of  publication, and the thematic scope of  research 
problems. They can also identify cooperation networks, and consequently, study the dependencies and regulari-
ties in their own scientific activity. The current article presents the results of  a study of  the application’s usability 
and functionality as well as attempts to define different user groups. A survey about the interface was sent to 
select researchers employed at Nicolaus Copernicus University. The results were used to answer the question as 
to whether such a specialized visualization tool can significantly augment the individual information space of  
the contemporary researcher. 
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1.0 Introduction 
 
The visualization of  information, which has been rapidly 
developing in recent years, provides increasingly functional 
and attractive forms of  knowledge presentation. Profes-
sionals mention the reduction of  information (brevity) and 
as a consequence, better adaptation to the level of  user 
perception, as well as better comprehension of  a large 
amount of  data, among other advantages. The well-known 
saying that “one picture is worth more than a thousand 
words” is often used as a confirmation of  this thesis 
(“Meaning and Origin” 2017). However, the role of  infor-
mation visualization is much more extensive and is not lim-
ited to compressing textual content. Its use, even in the 
business environment, clearly indicates usefulness both in 
accelerating decision-making processes and in implement-
ing specific solutions. 

Visualizations, made in a deliberate way, play an im-
portant role in science as well; they create an opportunity 
to discover mutual connections between authors and iden-
tify inter- and multidisciplinary research groups, flows of  
theory and scientific trends, paradigm shifts, or the devel-
opment of  new research fields. Such images can inform 
researchers about emerging scientific fields and show 
where and how they overlap or disappear, giving rise to 
new areas of  knowledge and revealing unpopular research 
disciplines. Regarding knowledge organization, visualiza-
tion maps provide valuable information about research 
theme composition and the delivery methodology to ana-
lyse knowledge domains (Smiraglia 2015a; Hjørland 2017). 
Visualizations represent conceptual relationships between 
domains that are important for revealing inter- and trans-
disciplinary areas (López-Huertas 2015). Critical changes 
in visual patterns on one hand lead to the discovery of  sci-
entific frontiers (Chen 2017; Raghavan et al. 2015) and 
prove the imperfections of  knowledge organization; and 
on the other hand, systems (Osinska and Bala 2010; Buchel 
and Sedig 2011). 

The demand for multithreaded data analyses and their 
visualizations in science is largely due to the expanded 
framework of  open access to scientific databases. In the 
last decade, we can note the methodological shift in 
knowledge organisation into domain analysis (Smiraglia 
2015b). This is closely connected with bibliometrics and 
scientometrics as well as information visualization. By vis-
ualizing metadata from bibliographic databases at an ap-
propriate level, we can obtain maps of  scientific coopera-
tion on a global, national, institutional, or individual scale 
(Börner 2015). If  the assessment of  the scientific condi-
tion concerns countries, continents, or more broadly, the 
whole globe, according to terminology derived from the 
Social Network Analysis (Newman 2010), it is referred to 
as “macro” scale research. When such research is con- 

ducted at the level of  institutions or local communities, it 
is referred to as a “meso” scale study, and when it measures 
the activity of  individuals, a “micro” scale study (Börner 
2015). 

Generally, knowledge domain mapping is limited to 
macro and meso levels. We can notice the long tradition of  
mapping science that has developed since the 1960s (Gar-
field 1994; Börner 2010). The micro level is, however, very 
rarely presented and discussed. The management staff  of  
scientific institutions is unlikely to be interested in analyz-
ing the paths of  individual researchers due to the high 
costs of  generating and aggregating data relating to each 
individual. In addition, the analysis of  individual careers is 
very time-consuming and biased because of  possible sub-
jective assessment. Another limitation is the low represent-
ativeness of  the research material in terms of  statistics: the 
publication output of  a single scientist rarely exceeds 1,000 
items (Börner, 2010), which means that statistical signifi-
cance or reliability decreases dramatically. 

Despite the described limitations of  a uniform range of  
knowledge, scientific research conducted in the micro di-
mension has deep meaning. This article is, on one hand, an 
attempt to prove this claim and on the other, fill the liter-
ature gap in this context. For the purposes of  the current 
study, the authors developed a web application for visual-
izing the bibliographic data generated for a single re-
searcher. The results were to answer the question whether 
such a specialized visualization tool can significantly aug-
ment the individual information space of  the contempo-
rary researcher, and if  so, in which scientific disciplines, in 
what function and scope, and if  not, for what reasons. 
 
2.0 Individual information space (IIS) 
 
The origin for the concept of  an “individual information 
space” (IIS) defines the information space. In the science 
of  information, the term is used in parallel to other seman-
tically similar terms, e.g. “information environment” or “in-
fosphere.” One of  the most comprehensive definitions of  
what other researchers have called “information space” was 
developed by Davenport (1997), who, when writing about 
the information environment in an organization, listed six 
of  its components: information strategy, information pol-
icy, information behavior, information workers, infor-
mation processes, and information architecture. Boisot 
(1995), in turn, used the concept of  information space to 
allow the study of  the evolution and spread of  knowledge 
and information in society and the social process of  learn-
ing and sharing information within and between social 
groups. A completely different, very narrow definition of  
information space was proposed by Dillon (2000), claiming 
that it is primarily “available content.” Similarly, this phe-
nomenon was interpreted by McKnight (2000), perceiving 
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the information space as objects (real or virtual), which a 
given person uses to obtain information. Polish researchers 
also undertook the analysis of  IIS both in terms of  termi-
nology and scope of  usefulness in a modern academic en-
vironment (Kisilowska 2011; Skórka 2011). 

“Individual information space” is sometimes defined in 
opposition to the public information space considered as a 
repository of  all information resources and channels 
(Gwizdka 2006). For the realities of  science, the term IIS is 
proposed by Sauermann, van Elst and Dengel (2007), who 
define “personal information space” as a set of  all data 
needed by the unit to conduct research work, regardless of  
how they were obtained by the user, and from the source, 
format, and author. It is recognized that all standard infor-
mation processes are implemented in IIS. Many tasks re-
lated to the performance of  professional work, including 
group tasks, are carried out in this individual information 
space (Kljun and Dix 2012). Shemberko and Borovik 
(2012) mention the individual information space in the con-
text of  information retrieval. They argue that the activities 
inherent in the search (verbalization of  the information 
need, division of  the problem into smaller topics, selection 
of  sources, and use of  search tools) build individual IISs. It 
should be mentioned that information retrieval through 
visualization, which plays a role in the interface, belongs to 
the scope of  KO problematics (Raghavan et al. 2015; Ba-
torowska and Kaminska-Czubala 2014).  

The most comprehensive descriptions of  IIS include 
the definitions proposed by Jones and Detlor. The Jones 
IIS concept refers to both the practice and the study of  
the individuals’ activities undertaken to acquire or create, 
store, organize, conduct, search, use, and disseminate in-
formation needed to perform tasks and fulfill different 
roles. IIS is, in particular, organizing and maintaining indi-
vidual information collections in which pieces of  infor-
mation, such as paper, electronic documents, e-mails, web 
pages, and handwritten notes are stored for reuse at a later 
time. Detlor draws attention to the fact that the individual 
perspective in information space refers to information 
needed in everyday life or work. IIS, according to him, is a 
practice and theory related to the activities undertaken to 
acquire, organize, archive, and search for information. 

The richest (for the state of  knowledge in 2017) seman-
tic IIS description brings the latest work by Gorny, 
Glowacka, Kisilowska and Osinski. They develop an ex-
tended concept of  IIS, the main assumption being the be-
lief  that every person undertaking information activities 
functions always and exclusively within their IIS. The 
shape of  any individual IIS is not constant. It can change 
under the influence of  many factors. Particular elements 
of  IIS are characterized by a different degree of  vulnera- 
bility. According to these researchers, IIS is a space of  both 
a physical and mental nature, associated with the acquisi- 

tion of  a specific type of  information and its dissemina-
tion: information assigned to a given user. In the mental 
sphere, IIS is a collection of  knowledge, experience, and 
skills in the field of  information activities, ways of  perceiv-
ing the surrounding information infrastructure, along with 
attitudes, prejudices, and beliefs related to information ac-
tivities that reveal themselves during the implementation 
of  the information task. In the physical sphere, it is a col-
lection of  information resources in various forms, sys-
tems, and tools used to present the information available 
to the user. IIS is a methodological construct that includes 
information needs, information infrastructure, character-
istics, and user information features. However, it does not 
include information activities of  the information the user 
undertakes. But, because they are the result of  a specific 
shape of  an IIS, on their basis one can, to a certain extent, 
make conclusions about the properties of  the IIS, as well 
as about the mechanisms of  processes occurring within 
the IIS. In terms of  methodology, IIS is included in the 
scheme, which consists of  three parts: 
 
a)  the actual availability of  the information infrastructure 

for a particular user; 
b)  the set of  skills and information experiences of  that 

user; and, 
c)  its information awareness team (Gorny et al. 2017). 
 
3.0 Research outline 
 
Accepting from Jones the assumption that IIS refers to 
both the practice and the study of  the individual’s activity, 
the authors designed an application called Scientific Visu-
alizer (http://visualizeme.umk.pl/), which allows the map-
ping of  activity as well as the user’s ability to manage in-
formation from a long-term perspective. The visualizer, 
oriented toward individual researchers, gives them an in-
sight into their own scientific productivity and thus creates 
the opportunity to move forward based on the acquired 
knowledge from the analysis and their own information 
needs. 

In order to estimate the usability frontiers and potential 
of  the presented tool, it was decided to define potential 
users and make applicability tests on them. Authors’ ICT 
experience and information literacy indicated that the best 
results would be gained from the selection of  two main 
groups: 1) researchers interested in the visualization of  
their own scientific output, and 2) evaluators who, due to 
Visualizer, can appraise its functionality and effectiviness 
to evaluate the scientific achievements of  others.  

With regard to the main goal of  the research, and thus 
the attempt to determine the role of  the visualizer in IIS, 
the two stages of  the research procedure are marked out: 
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Stage 1 (subject of  this article): 
1.  Selecting a group of  researchers to test the appli-

cation on the basis of  their publication records; 
2.  Preparing a questionnaire to find the degree of  

interest in the designed application; 
3.  The researchers (respondents) formulating opin-

ions on the usability and functionality of  the ap-
plication; and, 

4.  The authors classifying opinions and formulating 
conclusions regarding the necessary changes to 
be implemented in the application. 

Stage 2 (subject of  the planned second part of  the text): 
1.  Making the modifications in the application; 
2.  Selecting (based on the researchers’ answers) a 

group of  evaluators who test the applicability of  
the Visualizer and assess its action; 

3.  Referring to a group of  evaluators, aimed at iden-
tifying groups of  researchers for whom the Visu-
alizer would be most useful, defining potential ar-
eas of  its application and irregularities in func-
tioning; and, 

4.  Delimiting directions for future work to improve 
the application. 

 
4.0 Data 
 
Research data derive from the Expertus bibliographic da-
tabase (http://bg.cm.umk.pl/splendor/umk/), which rec-
ords the scientific output of  employees of  the Nicolaus 
Copernicus University in Toruń (NCU). The database col-
lection covers the bibliography of  scientific publications in 
various disciplines. The database platform Splendor pro-
vides preparation for detailed bibliometric analyses: the en-
tire institution, individual organizational units, and any au-
thor (“Expertus” n.d.).  

The Expertus system allows one to register biblio-
graphic descriptions of  any type of  publication (e.g., arti-
cle, paper, message, chapter-fragment, monograph, script, 
patent, report, leaflet, CD-ROM, electronic document, 
etc.). The basic elements of  the bibliographic description 
are: author, title of  publication, title of  source, date of  
publication, page numbers, language, formal type of  pub-
lication (magazine, journal article, book, folder, electronic 
document, calendar, PhD/habilitation, map, patent, frag-
ment from a collective position), substantive type of  pub-
lication (including scientific article, popular science article, 
scientific book, popular book, volume edition, source text, 
translation, communication, academic textbook, computer 
program, report, interview, review, expert opinion, etc.), 
affiliation of  publications, Polish keywords, English key-
words, information on the availability of  online, assess-
ment measures (like impact factor, ISI Master Journal List, 
Ministry of  Science, and Higher Education score). Search- 

ing is carried out in several ways, including the use of  sim-
ple queries, formulation of  queries with Boolean opera-
tors, and advanced search. The system allows the display 
of  results in several formats (including “print version”) 
and export of  data to Word, OpenOffice editors, etc. 
(Glębocki and Pietruszewski 2010).  

The choice of  the Expertus system for testing was not 
accidental. In addition to the versatility in terms of  the 
hardware platform and operating system, it was also cho-
sen because its implementation in several Polish universi-
ties and research centers.1 In addition to local scientific da-
tabases created according to the Expertus system, in Po-
land there is also a national database of  publishing output, 
the Polish Scientific Bibliography (Polska Biblbiografia 
Naukowa 2017). Data can be introduced both by the au-
thors (personal scientific bibliography) and by scientific 
units, thus creating a scientific bibliography of  an individ-
ual (institutional bibliography). Data added by the authors 
collected in the open part of  the system called the “repos-
itory module” allow the researcher to create his or her own 
research portfolio. Because entering data into the reposi-
tory module is voluntary, not all scientists use this type of  
self-presentation. Some scientists who are already present 
in the database complement their achievements in a selec-
tive manner (e.g., they only add books and recent publica-
tions, bypassing those from many years ago, or add only 
their current affiliation) and non-systematic (e.g., once in a 
year, once every few years). Including this database in re-
search on the visualization of  the output, despite the fact 
that according to the assumption of  its owner, The Minis-
try of  Science and Higher Education, that it plays the role 
of  a central database, it would, therefore, be burdened with 
high risk of  including incomplete data in surveys. 

As data are cyclically indexed by Expertus (the obliga-
tion to provide publications is imposed on the academic 
staff  by the university’s authorities), they seem to represent 
achievements accurately in terms of  completeness. Be-
cause the creators of  the PBN system undertake numerous 
attempts to cooperate with local centers in sharing biblio-
graphic data, and, therefore, are also based on the Exper-
tus system, conducting the current study seems to be not 
only reasonable but necessary.  
 
5.0 Research arrangement 
 
In the first stage of  research with the Expertus system, 
sample bibliographic data for a randomly selected re-
searcher were collected. Then, these data were primarily 
visualized in the prepared application. Depending on type 
(numeric, textual, or geographical location) the data were 
presented using the appropriate type of  chart or map. 
Prior to surveying, the interface’s errors and glitches were 
corrected. 
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The sampling of  the respondents was based on the 
electronic database of  employees of  Nicolaus Copernicus 
University in Toruń (https://spis-pracownikow.umk.pl/). 
Since it was assumed that the most representative results 
would be obtained by covering the representatives of  all 
fields of  science, i.e., social sciences, humanities, and nat-
ural and technical sciences, the organisational units of  the 
university that conduct research in the fields of  library and 
information science, sociology, pedagogics, foreign lan-
guages, history and archival science, philosophy, physics, 
mathematics, and computer science were selected from the 
aforementioned database. Then, on the basis of  data pub-
lished on the websites of  particular institutes and chairs 
(names of  employees and lists of  their achievements), em-
ployees were selected for the research. The sampling of  
the aforementioned disciplines and their representatives 
was purposive. The research covered representatives of  
those disciplines whose research interests focus around 
various areas of  information: its presentation, conceptual-
ization of  concepts, reception, quality, structure, and visu-
alization. Therefore, it was assumed that the researchers 
representing these disciplines would be the most frequent 
potential future users of  the tested application. One as-
sumption of  using a nonprobability sample was that their 
opinions might constitute the most valuable source of  in-
formation about the studied application (for more infor-
mation on nonprobability sampling, see Babbie 2007, 205). 

In the end, twenty-five researchers—research workers 
of  various disciplines and specialities employed at the 
NCU—were included in the research. Due to the fact that 
the present research was to primarily feature an explora-
tory dimension (collecting qualitative material sufficient to 
design further extended studies addressed to profession-
als), it was not necessary to follow the opinions of  the en-
tire academic community of  the University. On the other 
hand, due to the pilot nature of  the research (the research 
will be continued on a larger number of  people and with a 
larger data set), at this stage it was not possible—for for-
mal, organizational, and timeframe reasons—to cover the 
research staff  of  over 2,500 (as of  2017).  

In order to gather the most diverse group of  respond-
ents possible, the sample also included people holding the 
degrees of  master, doctor, doctor Habilitatus (doktor habil-
itowany in Polish—the highest academic degree in Poland, 
confirming the scientific independence of  a researcher, af-
ter which one can apply for the title of  professor), as well 
as professors. The sampling of  the respondents was not 
based on the biological age of  the researchers, but on their 
productivity in science. It is worth stressing that it was not 
the aim of  the research to determine the behaviours and 
opinions related to the tested visualizer by age groups. It 
became much more important to capture the differences 
in the assessment of  the usability of  this tool for persons 

who can demonstrate significant scientific achievements 
and those just starting their scientific careers: persons rep-
resenting soft sciences and those representing hard sci-
ences. It was assumed that the approach to the application 
of  people with higher scientific achievements would be 
different from that of  those with lower number of  publi-
cations. Other application evaluations were also expected 
from the representatives of  the humanities and technical 
sciences. Since age of  the researcher was not a study crite-
rion, in the future, after collecting a larger amount of  em-
pirical material, it seems justified to undertake research 
aimed at learning the opinions and behaviours of  the re-
searchers also with this criterion applied. 

For the people selected in the Expertus database, ASCII 
files covering publication records were generated (scholar’s 
portfolio). The files together with a questionnaire (see Ap-
pendix) were sent to respondents by e-mail with a request 
to upload them to the interface and to evaluate the various 
forms of  visualization. Due to the low response, after a 
month the request to test the Visualizer and fill the ques-
tionnaire was repeated. 

The questionnaire was composed of  seven closed and 
two open questions. The first question concerned the as-
sessment of  the completeness of  the records downloaded 
from the Expertus database compared with the current 
lists of  publications owned by the authors. As it turned 
out, the statement of  completeness of  records or its lack 
determined the researchers’ attitudes (bigger or smaller in-
volvement) for further data analysis. 

Because the most important goal was to determine the 
functions that the application could perform in an aca-
demic environment, the second question asked respond-
ents to identify possible application areas. To help re-
searchers formulate their opinions, a few suggestions are 
included, but it also leaves the possibility of  giving one’s 
own answer. It is not a coincidence that the question about 
the functionality of  the application was placed at the be-
ginning of  the questionnaire. In the authors’ assumption, 
it was intended to show the researchers the scale of  possi-
ble applications and to encourage them to look for new, 
non-trivial ones. Another question, the knowledge that can 
be gained from publishing activity visualization, was to en-
courage researchers to discover irregularities in the Visual-
izer’s operation, and thus contribute to identifying new, po-
tential areas of  its application. 

Two more questions opened the door to direct reflec-
tion on respondents’ own scientific achievements. The 
fourth question concerned possible inspirations for intro-
ducing changes in publishing activity. The authors of  the 
questionnaire wanted the respondents to consider whether 
the visualization of  the output could be an impetus to un-
dertake publishing activity in new or different sources of  
publishing than hitherto. Again, to help respondents for- 
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mulate opinions, the question was accompanied by exam-
ples of  manifestations of  such activities, and respondents 
were asked to choose those most appropriate. In answer-
ing this question, a helpful tool was a map of  the geo-
graphical distribution of  publishing places. The fifth ques-
tion was the same, but this time it was interested in 
whether the visualized output could become an inspiration 
for expanding research interests. Once again, the answer 
to the question was indicated: the dimensions of  inspira-
tion, taking up related subjects in the area of  research al-
ready being carried out, looking for new research topics, 
establishing a cooperation network, acquiring foreign con-
tacts, and acquiring new sources of  financing. The set of  
expected answers to this question was to provide an idea 
of  how NCU scientists approach individual knowledge 
management of  their scientific achievements: whether 
they have developed systematics or a strategy in this area 
and whether they intend to change them under the influ-
ence of  visualized information. 

The sixth and seventh questions were to verify whether 
the researchers are interested in the achievements of  other 
scientists, whether they conduct comparisons of  their own 
scientific achievements with others, and who the object of  
their interests is and for what reasons. In this case, the idea 
was to encourage researchers in some way to reflect on 
possible directions of  changes in the application’s opera-
tion, and more strictly on the sense of  making it available 
to a wider audience and creating a universal opportunity to 
visualize not only personal achievements but also other 
people’s achievements. 

The last two questions (questions 8 and 9) concerned 
the usability of  the application interface. The first one 

asked which chart, according to the respondents, was the 
most useful, while the second one asked to help complete 
the list of  comments to improve the operation of  the Vis-
ualizer (detection of  errors and gaps, indicating comple-
mentary elements and modifications). 

The responses and opinions collected based on the 
questionnaire were to indicate not only the directions of  
changes necessary to implement the application but also to 
help to select an appropriate group of  evaluators that is 
necessary for the second stage of  research. After collecting 
the survey data from the researchers, a list of  future mod-
ifications of  the application was prepared by submitting it 
for testing and assesment by the evaluators. 
 
6.0 Interface 
 
At the foundation of  the Scientific Visualizer was an as-
sumption that research visualization helps scientists in 
seeking answers to questions about the cooperation of  ac-
ademic groups, the development of  a chosen research dis-
cipline, and its place in relation to other similar disciplines. 
Finally, it encourages, especially for those interested in the 
broadly understood history of  science and technology, the 
analyzed research fields to be placed on the global science 
map (Borner 2015; Osinska 2016). 

For these reasons, the Visualizer’s interface (Figure 1) 
was built primarily from six visualization layouts. Addition-
ally, it is equipped with the main menu and the “Upload” 
button used to load the RTF text file with bibliographic 
data.2 

To visualize data that are loaded into memory from the 
MongoDB database system, the application uses an exten- 

 

Figure 1. Screenshot of  Visualizer’s interface 
Source: Scientific Output Visualizer (online), accessed December 12, 2017. http://visualizeme.umk.pl/en/. 
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sive library of  D3.js scripts,3 and to indicate the geographical 
location it uses the Google Maps API application interface. 
Displaying the total number of  works published by a given 
author is possible using a bar chart (layout 1). All documents 
(articles, reviews, books) are ordered on a timeline according 
to the year of  publication. Such a solution allows a holistic 
view of  the dynamics of  a scientist’s own productivity and 
captures the changes taking place within it. 

Comprehensive knowledge about cooperation is pro-
vided by graphs and maps, which are included in layouts 2 
and 3. While the graph shows cooperation networks, or 
more precisely co-authors of  the publications and co-edi-
tors of  collective monographs and periodicals, the map in-
dicates the geographical location of  publications. The dis-
play area is automatically scaled to the geographical scope 
of  recorded locations. The national and international co-
operation was revealed through the network visualizations, 
which reflected the prevailing tendencies in science toward 
group scholarly activity and a greater appreciation of  both 
global and local evaluation systems by authors from vari-
ous scientific centers (internationalization). 

The next ring chart presents a map of  domains (layout 
4). It shows in which disciplines the particular researcher 
publishes. To perform this task, it is necessary to verify 
(e.g., on the basis of  Web of  Science indexes) the lists of  
scientific journals assigned to particular disciplines, and in 
the case of  monographs, to determine their main subject 
and subsequently assign them to the areas of  knowledge. 
However, the difficulty in categorizing the scientific activ-
ity of  a single researcher lies in the fact that increasingly, 
publications can be attributed to not one but a few equiv-
alent disciplines. The problem in this context is, therefore, 
the proper geometry of  arranging objects (articles) on the 
domain map (for more on the geometry of  placement of  
objects, see Osinska 2016). 

Because in Polish bibliometric systems, the number of  
characters (rather than the number of  words) has an evalu-
ation value, it is converted directly into publishing sheets, 
and those convert to Ministerial points. The next chart, the 
bubble chart (layout 5), illustrates the total number of  pages 
of  all papers published in a given calendar year. Below the 
bubble chart, a line chart shows the cumulative number of  
Ministerial points awarded in a given year. Such a combina-
tion is not accidental. In the face of  the “disease” that af-
fects Polish academics known as “point disease” (Kulczycki 
2017), these two charts clearly show that neither the number 
of  pages, nor even more predetermined points, can be a 
measure of  the quality of  a scientific achievement. 

The last graph proposed in the Visualizer is a word 
cloud (layout 6). This type of  visualization allows a sepa-
rate combination of  Polish and English keywords, and 
thus a comparison of  the subjects taken by a single re-
searcher in the pages of  local and international journals. 

In addition to visualizing, the interface allows users to 
generate a PDF file for each graph separately. In addition, 
it also gives users the opportunity to display statistics next 
to the charts, which relate to the numerical values of  the 
aggregated data (e.g., summary number of  papers, number 
of  co-authors, average number of  publications, number of  
monographs, etc.). These statistics may be more compre-
hendable for some users than graphical representations. 

In addition to the built-in layouts and visualization, the 
Scientific Visualizer is armed with a main menu. Individual 
tabs inform users of  the purpose of  the application, team 
characteristics, and accepted types of  data being pro-
cessed. To make the interface user friendly, a sample file is 
also included for visual analysis and a description of  the 
data structure, along with some tips on how to prepare the 
input data. The users’ tutorial was attached to the applica-
tion; it includes the steps to prepare a bibliographic file 
from the Expertus system and application functions fo-
cused on data analysis (http://visualizeme.umk.pl/exam-
ples/tutorial.pdf). 
 
7.0 Results 
 
As already mentioned, this research was based on a 
nonprobability sample. Despite previous declarations or 
expressions of  willingness to participate in research, ulti-
mately, of  the twenty-five people selected, twenty-two sent 
their opinions. Ten women and twelve men were surveyed. 
Five persons held the title of  professor, five held postdoc-
toral degrees, eight doctoral degrees, and four master’s de-
grees. The final group comprised representatives of  library 
and information science, archival science, history, German 
philology, philosophy, pedagogics, physics, mathematics, 
and computer science. 

The e-mailed responses were aggregated for each ques-
tion. As the questions were multiple-choice, in many cases 
the number of  responses did not add up to twenty-two 
(100% of  the respondents who replied to the question-
naires). The statistical data were supplemented with verbal 
descriptions and additional observations and statements of  
the respondents. Due to the small sample, the results were 
interpreted collectively, without referring to partial results 
for each of  the groups (differentiated by gender, academic 
rank, and discipline). As the age of  the researcher was not a 
study criterion, it was not subject to analysis in the evalua-
tion of  the results. Due to the small amount of  empirical 
material, the following discussion of  the study results is not 
illustrated by tables or diagrams. In this case there is no need 
to calculate statistical significance. 

Answers provided allowed the authors to formulate the 
following observations (according to the order in which 
the questions were asked in the survey: see Appendix): 
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1.  Most people (sixteen) confirmed completeness of  data 
downloaded from the Expertus database. Six people re-
ported shortcomings, pointing out that the list con-
tained few recent works and contained errors in the bib-
liographic descriptions. This may indicate that either the 
Expertus system correctly included all scientific publi-
cations for majority of  authors (which seems unlikely 
after random verification), or that these people did not 
make any effort to verify the original data source. 

2.  Opinions formulated by researchers prove that a visu-
alizer can be used in several functions: serve as a tool 
for assessing one’s own publication activity (ten indica-
tions), analyzing its directions (seven indications), dis-
covering some regularities in it (three indications), and 
discovering delays in records reporting as well as bug 
detection in the Expertus system (three indications). 
These results are shown in Figure 2. Only two persons 
proposed items other than what was suggested in the 
answers. The physics representative said that the appli-
cation of  this kind of  tool can be compared with the 
ways researchers in various disciplines operate in sci-
ence. In turn, the representative of  archival science 
raised the psychological dimension of  data visualiza-
tion, i.e., its impact on raising or lowering self-esteem. 

3.  The collected answers indicate that the most useful for-
mat was the map of  areas (layout 4); nine people 
pointed it out (Figure 2). The others rank accordingly: 
a word cloud (layout 6), a graph of  publication activity 
(layout 1) and a bubble chart (layout 5). Such results 
prove that the Visualizer allowed the respondents to 
first and foremost determine the place of  their own 
achievements on the predefined science map and out-
line the periods of  highest and lowest scientific produc-
tivity. 

4.  Three of  the respondents, thanks to the visualization 
of  data, have discovered some regularities of  which 
they had not previously been aware. The representative 
of  archival science noticed that as a result of  visualiza-
tion, the publications showed the dominance of  prob-
lems different from what he expected. A physicist real-
ized that he publishes within the common area for both 
natural sciences and humanities, and a computer scien-
tist found that he publishes little in traditional printed 
format. 

5.  The potential of  the Visualizer in forecasting the direc-
tions of  research interests was noticed only by research-
ers positioned at the interface between different sci-
ences (interdisciplinary fields). These researchers most 
often indicated that the results of  data visualization in-
spire them to initiate new research topics (seven indica-
tions, Figure 2), apply for research grants for current 
research (six indications), and make decisions on the 
need to extend research cooperation on a national or 

international scale (four indications). Three people 
mentioned taking up topics related to those in the area 
of  research they have already conducted. Researchers 
focused on narrow specializations (for example, bibliol-
ogy and informatics) were not interested in changing or 
broadening their interests towards other fields. For one 
person, visualization has become an inspiration to un-
dertake research on communicativeness of  keywords 
for publications in Polish and English. Two other peo-
ple, however, stated that the application could not play 
any role in the analysis or planning of  scientific devel-
opment. 

6.  Regarding the impact of  data visualization on increas-
ing publication activity, the most frequent answers were 
the attempts to publish articles in national journals 
(seven indications) and international (six indications), 
the desire to increase conference activity (four indica-
tions), the attempt to publish Open Access (OA jour-
nals, digital repositories, first online, etc.) (four indica-
tions), and increase in the number of  monographs 
(three indications). None of  the people indicated that 
they would try to develop collective publishing. 

7.  Studies have shown that if  the application offered the 
possibility of  comparing one’s own scientific achieve-
ments with other researchers, the majority of  respond-
ents would be interested in such a possibility towards 
verification of  colleagues from other academic centers 
and other countries (nine indications), e.g., in terms of  
the total number, types and places of  publishing. Only 
two people would be interested in the possibility of  
compiling their own publication activity with colleagues 
from their alma mater. One person would like to have 
the chance to compare their achievements with repre-
sentatives of  other completely different fields of  sci-
ence, particularly, the time spent in the development of  
a monograph. Surprisingly, none of  the researchers 
would be interested in the visual compilation of  their 
own achievements to compare with the achievements 
of  direct superiors or university authorities. This proves 
that scientists prefer to make comparisons with peers in 
the hierarchy, that is, colleagues, which may be caused 
by the willingness to assess opportunities in the field of  
gaining new career levels or simple curiosity and rivalry.  

8.  Most researchers (fourteen people) agreed that in the 
future a Visualizer could be a helpful tool in supporting 
the process of  selecting reviewers in promotion pro-
ceedings, applying for subsequent academic degrees, 
and selecting experts for evaluating grants, as well as 
supporting superiors in their periodic evaluations of  
employees. 

 
In addition to assessing the usefulness of  the application 
to visualize one’s own achievements, the respondents 
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should also evaluate its functionality. In terms of  improv-
ing user interface, respondents suggested the following im-
provements: to display the publication titles on a bar chart, 
to implement a function to upload a file within a perma-
nent link with the university database instead of  with a but-
ton. Other ideas concerned the magnification of  the Min-
isterial score chart as an important element in assessement, 
better readability of  the domain maps and word cloud, 
changing the counting algorithm to the total number of  
pages, and separation of  document types. It was also pro-
posed to supplement the visualization with data on con-
ference activity and to present participation in research 
projects. 
 
8.0 Discussion and conclusions 
 
The proposed approach demonstrates that the visualiza-
tion of  scientific achievements can have a significant im-
pact on the formation of  IIS of  individual researchers and 
thus on the performance of  various tasks and fulfilment 
of  different roles. Visualization of  writing activity dynam- 

ics, the time and place of  publication, the thematic scope 
of  research problems and their importance in the whole 
of  scientific output, and, finally, the establishment of  co-
operation networks can undoubtedly influence the percep-
tion of  various relationships, dependencies, and regulari-
ties in one’s own scientific activity, and consequently, a bet-
ter reflection in the researcher’s mind about his or her 
scholarly achievements. Only proper consideration of  the 
scientific reality, and more broadly, building information 
awareness, can be the bases for making rational decisions 
in various areas of  professional activity, especially those 
parts of  it that directly relate to the area of  information 
(acquiring, collecting, processing, verifying, publishing, 
presenting, and sharing). It can also lead to broadening 
one’s own information competencies, to use a wider part 
of  the science information infrastructure and to create 
new information needs. Confronting one’s own scientific 
achievements with the achievements of  other researchers, 
thanks to the visualizations, may lead to extensive study, 
not only on the problem of  the quality of  output, but also 
on the structure, size, and properties of  one’s own IIS in 

 

Figure 2. Infographic presenting some surveys results. 
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comparison with IIS of  other researchers to help spot de-
ficiencies within it. 

According to the specialists on problematics in infor-
mation visualization (Chen 2017; Tufte 2001; Ware 2004), 
visualization, thanks to the synthesis, integration, and con-
centration of  information, serves the condensed transmis-
sion of  knowledge, multiplying its interpretation potential 
in comparison with the textual message.  

Visualizations in certain cases more effectively than text 
affect our brain, make complex data sets easier to under-
stand, and allow for their effective interpretation. The re-
sults of  the research confirm that presenting information 
in a striking and innovative form attracts the user’s atten-
tion, sustains the engagement of  the recipient, allows him 
to notice something that he would not otherwise notice, 
and facilitates memorization of  information. 

Designed by the authors, the Visualizer can certainly 
significantly enrich the individual information space of  the 
contemporary researcher. It can facilitate the evaluation of  
the publication activity and raise awareness of  the need to 
monitor the indexation of  bibliographic data in selected 
databases. The proposed application can also help discover 
the relationship between research issues, inspire research-
ers to broaden horizons and cooperation networks, and 
also be a tool supporting administrative activities (em-
ployee evaluation, promotion proceedings, accreditation, 
appointment of  experts, and separation of  funds). 

According to the respondents’ suggestions, the applica-
tion requires some functional improvements, such as a 
counting algorithm of  total number of  pages or improving 
the readability of  the domain map. From the designers’ 
perspectives, it will also be necessary to prepare tutorials 
for users who have little or no knowledge about visual lan-
guage. The development of  tips and samples of  data will 
certainly facilitate the reading of  complicated and non-tra-
ditional graphs. 

The users suggested changing the “Upload” button into 
a permanent link to the university database. They consider 
the function of  loading bibliographic records to be a psy-
chological barrier in initiating extended analysis. But in the 
authors’ opinions, it is worth keeping unchanged as an in-
teraction mechanism. It seems that it compels the user to 
take the trouble to filter Expertus data and quickly review 
them, and thus stimulates curiosity through a series of  
questions that naturally arise in the space of  the mind. Alt-
hough the automation of  this process would certainly fa-
cilitate access to data, on the other hand, as research con-
ducted on software usability shows (Tufte 1977), it would 
definitely reduce cognitive curiosity. 

It is worth noting that some of  the scholars have reluc-
tantly proceeded with the visual analysis of  their own out-
put. One can only presume that it was related either to the 
general reluctance to participate in this type of  research or 

the unrepresentative nature of  scientific achievements. 
Unsatisfied responses to this research may suggest that this 
type of  research should be carried out in direct contact 
with scientists (e.g., in a laboratory group). It seems, how-
ever, that in this case the effect would not be satisfactory. 
The general comparison of  scientific achievements of  var-
ious researchers could be too controversial for some, if  not 
painful, and risks making their effects too public. 

Because the database created in the Expertus system is 
not devoid of  errors and gaps in the bibliographic descrip-
tions (which was discovered thanks to the prepared Visu-
alizer), and due to the fact that it does not give the possi-
bility of  graphical presentation of  the output taking into 
account criteria other than the basic formal criteria (total 
number of  works, types of  publications), the prepared ap-
plication is a good way to supplement or extend the solu-
tions proposed there. In addition to its cognitive and utili-
tarian values, it can perform integrative functions in the 
scientific community, i.e., initiate discussions and encour-
age the exchange of  views or encourage closer and further 
cooperation. Is this not the core of  visualization? 
 
Endnotes 
 
1.  Unfortunately, Expertus’s interface has been designed 

for Polish researchers, although it allows manipulating 
by English keywords and terms from publication titles. 
Expertus is implemented by Splendor (Expertus n.d.). 
There is also the possiblility to test a demo database and 
see how the filters function (http://www.splendor.net. 
pl/demo/). 

2.  By clicking on the “data” option in the main menu 
(http://visualizeme.umk.pl/info/data), we are able to 
find a link to sample files packed into on archive file and 
test them through uploading the current application. 
We also improved information systems about the appli-
cation; we published a detailed tutorial in Polish and 
added more options to manipulate the data as well as 
provided a detailed description of  each layout. 

3.  D3.js (Data-Driven Documents) is a library in JavaS-
cript designed for creating advanced data visualizations 
in various internet applications. It allows not only gen-
eration of  charts, but also allows users to create maps, 
interactive diagrams, and control panels for data, re-
ports, etc. 
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