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Abstract: Analysis of publication intensity is an important tool for following research
trends. Recent studies have recorded a decrease in the number of Polish publications on
the topics of “economy” and “energy”, while global trends showed an increase in the
number of publications. The present study undertakes a review of research on the topic of
“education” (Sustainable Development Goal 4, SDG 4) based on the number of scientific
publications in the Scopus database from 2017 to 2024. The objective of the review was to
examine whether a discernible decline in the number of publications by Polish researchers
in the field of education research has indeed occurred since 2021. Eight research hypotheses
were proposed and tested. The following methods were used: graphical interpretation of
1,116,101 search results from scientific sources, scientometric and correlation analyses, and
an analysis of the top 10 most cited publications on this topic, both in Poland and globally.
The scientific contribution of this study is in testing and evaluating the hypotheses: the first,
the third, the fourth, the fifth, the sixth, and the eighth hypotheses were rejected; the second
and the seventh hypotheses were accepted. For the first time, the data obtained confirmed
a serious problem in Polish science: since 2021, Poland’s position in the global scientific
research market has been declining. The review showed the most popular branches of
research in Poland and in the world. These are studies on the use of artificial intelligence,
which corresponds to the sixth technological paradigm. The review also showed some
differences in Polish specifics and global trends. The practical value lies in managerial
recommendations for the Polish Government aimed at improving research on SDG 4. The
knowledge gained advances modern knowledge about the management of education
research in the context of SDG 4. This review is an important contribution to further
research on the sustainability of education worldwide.

Keywords: Sustainable Development Goal 4 (SDG 4); sustainability; education; education
research; trend line; Scopus; global scientific research market; artificial intelligence; sixth
technological paradigm; Polish government; managerial recommendations

1. Introduction

To achieve sustainable development, it is necessary to combine the efforts of three
sectors [1]: economic, socio-political, and environmental sectors in the broadest sense.
The economic sector aims to promote sustainable economic growth, full and productive
employment, and decent work for all. This sector also addresses the issues of creating a
strong infrastructure, inclusive and sustainable industrialization, and the implementation
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of innovations [2-6]. The socio-political sector of the Sustainable Development Goals
(SDGs) includes the tasks of ensuring gender equality, quality education, empowering all
women and girls, ensuring and rational use of water resources and sanitation for all, as
well as reducing inequality within and between countries [5,7-12]. The environmental
sector of the SDGs is aimed at ensuring rational consumption and production patterns,
taking urgent measures to combat climate change and its consequences, conservation, and
rational use of oceans, seas, and marine resources [5,12-14].

The full name of Sustainable Development Goal 4 (SDG 4) is “Ensure inclusive and eg-
uitable quality education and promote lifelong learning opportunities for all” [15]. Achiev-
ing the SDGs in each of the sectors is impossible without quality education [1], as a source
of qualified personnel. Thus, sustainability cannot be achieved without effective education.
Education not only determines the main guidelines for the sustainable functioning of global
and local communities, but also plays a key role in the formation of strategy and policy in
various sectors of the economy and social life [16-18]. One of the main ways to measure the
dynamics of the development of education is the analysis of scientific publications, which
allows us to identify current trends and preferences of research communities [4,6,19-22].

Scientists consider patents and scientific publications as indicators of innovation [4,6,22-25].
Regular publications in scientific journals are the most important element of innovative
development. They contribute to the creation and promotion of innovative ideas in the
global scientific research market. The Scopus and Web of Science databases are the largest
scientific electronic resources in the world. They contain abstracts and links to scientific
publications in all fields of knowledge [26,27]. The authors of the work [25] showed that the
Scopus and Web of Science databases differ only slightly in search relevance. Papers [4,28]
showed a problem in the growth of the number of Polish publications in 2021. This result
was obtained based on the analysis of the number of publications in the Scopus database.
The Scopus database is used in the “Perspektywy” Polish University rating system [29].
This was the final argument in favour of choosing the Scopus database for detailed analysis.

The analysis of trend lines of publication intensity is an important tool for under-
standing how scientific interests are changing [4,6,19-22,28]. Modern challenges such
as the digital economy [30,31], social inequality [1,11,12], globalization [32,33], the sixth
technological paradigm [4,28] and the transformation of educational systems [6,21,33,34]
require complex and interdisciplinary approaches, which, in turn, contributes to the growth
of interest in these areas of knowledge. The impact of artificial intelligence (AlI) on ed-
ucation is becoming increasingly evident [35-40]. The use of machine learning and big
data analysis [6] allows us to more accurately predict the consequences of various human
impacts on the education and develop the most effective strategies to minimize negative
effects. Thus, the review of sources from one to 40 showed the important influence of
education and SDG 4 on the economic, socio-political, and environmental aspects of our
civilization. Researchers have shown the importance of education, starting from early child-
hood education [15,39] to the system of higher and postgraduate education [6,15,30,34].
Thus, in the Introduction Section, scientific sources and official documents confirming the
importance of the scientific topic were studied.

The primary objective of this review was to examine whether a discernible decline
in the number of publications by Polish researchers in the field of education research
has indeed occurred since 2021. This topic is scientifically and practically important for
identifying a hidden systemic issue and developing managerial recommendations for the
Polish government to advance SDG 4. Additionally, it was crucial to contextualize these
findings by comparing the publication dynamics in Poland with broader global trends in
the global scientific research market.
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The importance of the objective of this review is confirmed by two recent events in
Poland. First, on 1 January 2025, Poland assumed the presidency of the Council of the
European Union, which will last for the next six months (https://www.gov.pl/web/nauka/
polska-prezydencja-w-ue-jakie-sa-priorytety-resortu-nauki, accessed on 3 February 2025).
Poland’s presidency of the Council is a unique opportunity to strengthen European cooper-
ation in higher education, research, and innovation. One of the priorities is to accelerate the
development of research in the field of artificial intelligence and its practical application
in science. As the review showed, this priority has a problem against the background
of global trends. Second, at the end of February, the Minister of Science and Higher Ed-
ucation, Marcin Kulasek, met with the rectors to discuss the future of higher education
and science (https:/ /www.gov.pl/web/nauka/minister-nauki-i-szkolnictwa-wyzszego-
marcin-kulasek-rozmawia-z-rektorami-o-przyszlosci-szkolnictwa-wyzszego, accessed on
3 February 2025). The Minister stressed that science and higher education were recognized
by the Prime Minister of Poland as one of the six areas of the program “Poland—Year
of Breakthrough”.

The author has tested eight research hypotheses for the above topic:

(1) Considering the importance of education for sustainable development, Polish scien-
tists are increasing the number of publications in the field of education.

(2) Since 2021 Poland’s position has been declining in the global scientific research market
on education research.

This hypothesis 2 is formulated by analogy with the results published in papers [4,28].
The results of these papers showed that Poland’s positions are declining in the global
scientific research market in the fields of the economy [4] and energy [28] after 2021.

So, according to hypothesis 2, the trend lines show Poland’s declining place in the
global scientific research market on education research.

(3) Poland is in the top 10 countries by the number of publications on the topic of
education in the Scopus database.

(4) Polish universities are in the list of the top 10 world universities that are leaders in the
number of publications on the topic of education in the Scopus database.

(5) Polish scientists are in the list of the top 10 leading scholars by number of publications
on the topic of education in the Scopus database.

(6) The shares of documents in education research on branches of knowledge in Poland
and in the world are the same.

Hypotheses 3, 4, 5, and 6 help to analyse various aspects of education research.
Hypotheses 3, 4, 5, and 6 were tested based on data from 2023. The year 2023 is the
last completed year in the time frame of our review. Therefore, the year 2023 can be
taken as a starting point for planning and making managerial decisions at the level of the
Polish Government.

(7) There is no difference regarding the Sustainable Development Goals among the top
10 most cited Polish and world publications.

(8) There is no difference regarding artificial intelligence among the top 10 most cited
Polish and world publications.

According to hypotheses 7 and 8, the top 10 most cited publications in Poland and in
the world coincide with each other in the share of publications on SDGs and artificial intel-
ligence. In this case, Poland strictly follows global trends in the field of education research.

The principal conclusions of the review are: the first, the third, the fourth, the fifth,
the sixth, and the eighth hypotheses were rejected; the second and the seventh hypotheses
were accepted.
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While the number of publications on the selected topic is growing worldwide, there is
growth in the number of publications in Poland before 2021 (the first research hypothesis).
At the same time, there is a decline in Poland’s position in the global scientific research
market since 2021 (the second research hypothesis). Taken together, these facts may indicate
the presence of a hidden systemic issue in education science in Poland. This hidden systemic
issue is very important not only for Polish educational science, but also for the sustainable
development of Poland. Papers [4,28] have proven the decline of Poland’s position in the
global scientific research market in the fields of the economy [4] and energy [28] since 2021.
The analysis of education research complements the previously obtained data. As a result,
this review helps to show the hidden systemic issue. This issue requires a solution at the
level of the Polish Government.

The novelty of the review lies in testing eight research hypotheses. The review helped
to identify a turning point (extreme point) in the graph of the growth of the number of
Polish publications. This point is in 2021. Since 2021, Poland’s position in the global
scientific research market has been decreasing compared to 2020 in the field of education.

The practical value lies in recognizing the existence of the hidden systemic issue in
Polish education science (SDG 4). The review closed an important knowledge gap in
Polish education research. The author made several managerial recommendations to the
Polish Government with the aim of advancing SDG 4. These recommendations can lead to
significant improvements in Polish research, including education research in the context of
SDG 4.

The most popular research branches of knowledge in such important science as
education were also identified. Comparison of the top 10 most cited publications for
Poland and on a global scale for 2023 showed: an imbalance in the number of citations; a
difference between Polish specifics and the global trends in the number of papers on Al the
possibility of linking all papers to SDG 4; and the practical absence of documents directly
related to any other SDG.

2. Materials and Methods

The review was prepared in four steps.

Previously, in the Introduction, scientific sources and official documents confirming
the importance of the scientific topic were studied. The analysis was based on the scientific
publications in the Scopus database [4,23,27,28]. As the authors of [25] had shown, the
Scopus and Web of Science databases differ only slightly in search relevance. The last
argument in favour of choosing the Scopus database was the “Perspektywy” university
rating system in Poland [29]. Six indicators of the “Perspektywy” out of 31 indicators [29]
are related to the number of publications in the Scopus database. There are no indicators
related to indexing in other databases. The study identified key changes in scientific
intensity. It also showed the existence of a problem that requires further attention from
researchers and practitioners. It is important to note that the analysis of publication trends
allowed us to identify the current interests of the research community. This, in turn, can
become the basis for developing recommendations for improving educational systems
and sustainable development practices at all levels. If education research shows the same
results as research in the economy [4] and energy [28], then we can talk about the hidden
systemic issue in the management of Polish science in general, and education research
in particular.

First, a scientometric analysis was performed using the keyword “education” in
the Scopus database (https:/ /www.scopus.com/search/form.uri?display=basic#basic, ac-
cessed on 28 November 2024) [23,25-29]. The author searched for the word “education”
within paper titles, abstracts, and keywords. Scientometrics studies the evolution of science
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through multiple measurements and statistical processing of scientific information, such
as the number of scientific papers published in a given time period, citations, etc. The
scientometric analysis was performed in two versions: for publications in Poland and
for publications worldwide. The affiliation of publications to Poland was determined
according to the rules of the Scopus database. The period from 2017 to 2024 was chosen for
the analysis. A total of 1,116,101 search results were processed.

The beginning of the period was chosen for the following reason. Previously published
papers [4,28] revealed a decline in Poland’s position in the global scientific research market
in the fields of the economy and energy since 2021. The author took data for analysis for
the five years before this fact, i.e., data for 2017, 2018, 2019, 2020, 2021.

After that, 1,116,101 search results were interpreted graphically. Graphical interpre-
tation of the data allowed to evaluate the correctness and accuracy of the data, and to
comprehend the research results. Graphical methods also helped to identify patterns,
exceptions, or anomalies that are difficult to quantify. Graphical interpretation also allowed
correlation analysis [41] to be performed using standard Microsoft Office statistical tools.
Examples of using correlation analysis to test hypotheses were previously described in
sources [4,28].

Poland’s position in the global scientific research market was determined for each
year (2017-2024) using the methodology available in the Scopus database. The author
entered the keyword “education” in the Scopus database (https://www.scopus.com/
search /form.uri?display=basic#basic, accessed on 29 November 2024). Then, the author
entered the years from 2017 to 2024 one by one. Next, the author opened the “Documents
by Countries and Territories” window. All countries were listed in order of their position
in the global scientific research market. The window automatically displayed the top
10 leading countries by the number of publications according to the keyword. Poland was
recorded in the corresponding position below.

In the next step, the author assessed the top 10 countries, top 10 universities, top
10 authors, and top 10 branches of knowledge by the number of publications in the Scopus
database. The top 10 countries, universities, authors, and branches were selected for
analysis on the methodological basis of the Scopus database. Ten also is a number that
allows drawing the most general picture. Moreover, being in the top 10 list declares a strong
leading position. For example, the authors of the paper [23] processed articles only in the
top 10 journals indexed in the Scopus database. Thus, the authors of the paper [23] did
not waste readers’ time studying the results published in mid- and low-level journals. The
authors showed where scientific leaders are leading science [23]. This review also shows
who the leaders are in education research and where they are leading educational science.

Finally, the author analysed the content of the top 10 publications by the number of
citations in the topic of education. Such publications as books, reports, abstracts at scientific
conferences, feedback were not taken into account. This is a limitation of this review. The
author analysed the top 10 publications by the number of citations both for Poland and
globally. Considering that ChatGPT 3.5 entered the global market at the end of 2022, the
author compared the top 10 most cited publications (research hypotheses 7 and 8) for 2023.
The year 2024 was not considered due to its incompleteness.

The citation rate (CR) has traditionally been used as an important indicator of the
impact of papers [42]. Citations are a powerful evidence of knowledge accumulation
and an interactive tool for academic communication [43]. Citations exist to give credit to
earlier research, to acknowledge intellectual debt to other researchers, and to demonstrate
one’s familiarity with a field of knowledge [44]. The authors of [43] found that in the
natural sciences, more recent citations are used than in the humanities and social sciences.
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This is due to differences in the pattern of knowledge growth, publication speed, and
discipline-specific expectations.

The number of citations of scientific publications reflects current trends and research
directions in a particular field. Publications that receive a large number of citations are
most often innovative, original, and relevant. They most likely reflect the interest of the
scientific community in certain problems or areas of research. Publishing results as a review
article or in journals with an impact factor does not contribute to an increase in the number
of citations [45].

Citation counting is a mechanism for assessing scientific impact [46]. The number
of citations also reflects the level of attention that a certain work arouses among other
researchers in a certain field. The more citations a publication has, the higher its significance
and influence on research directions. This allows us to evaluate both the contribution of the
authors to the development of science and to identify current trends and research topics.

After completing the above four steps, the Section 4 was written.

3. Results
3.1. Testing of the First Research Hypothesis

This review covers the processing of publication search results from around the world
in the Scopus database for the keyword “education” in 2017-2024. Figure 1 shows the
results of the scientometric analysis of this important topic both in Poland and globally.

For Poland, the trend line is directed from bottom in 2017 to top in 2023 (Figure 1a).
However, starting from 2021, the growth rate of the number of publications slowed down,
and from 2022, the number of publications began to decline. The year 2024 is an incomplete
year on the date of analysis, so these data were not taken into account in the correlation
analysis. The correlation coefficient R? = 0.9153 (Figure 1a) indicates a fairly high degree
of polynomial dependence between the variables under consideration. A high value of
R? means that about 91.53% of the variation in the number of publications is explained
by changes in time within the framework of this model. This indicates that the model
describes the observed data well and the identified relationship is significant. However,
despite the high level of correlation, there remains about 8.47% of the variation that the
model cannot explain. This may be due to the influence of factors not included in the
analysis, as well as to the presence of random errors. So, Figure 1a does not allow us to
accept the first research hypothesis.

Figure 1b demonstrates a growth in the number of publications for the keyword
“education” for the world in 2017-2023. The year 2024 is an incomplete year on the date
of analysis, so these data were not taken into account in the correlation analysis. The
correlation coefficient R?, close to one (Figure 1b), indicates a strong degree of linear
dependence between the analysed variables. This indicates that the variation of the number
of publications is almost completely explained by the change in time. Checking other forms
of graphical dependence (exponential, logarithmic, and polynomial) did not lead to an
increase in the correlation coefficient R?.

Thus, the result of the review confirms the presence of a significant relationship
(Figure 1b). This means that scientists around the world are increasing the number of
publications in the field of education from 2017 until 2023.

So, the first hypothesis is rejected. This means that Polish scientists are not increasing
the number of publications in the field of education from 2017 until 2023.
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Figure 1. Number of publications and trend lines in Poland (a) and the world (b); keyword “educa-
tion” in the Scopus database, 28 November 2024.

3.2. Testing of the Second and the Third Research Hypotheses

Figure 2 shows the results of scientometric analysis of the keyword “education” in the
context of the position of Polish publications in the global scientific research market.

Figure 2 demonstrates the growth of Poland’s position in the global scientific research mar-
ket from 2017 to 2020. From 2020 to 2021, the growth of Poland’s position stopped. Since 2021,
Poland’s position in the world market of scientific products began to dramatically decline.

As noted above, a violation of the stability of the growth in the number of publi-
cations was recorded in 2021 [4,28]. Therefore, from 2021 to 2024, a correlation analysis
was performed and a trend line was built (Figure 2). Visually, Figure 2 shows a sharply
downward trend line with R? = 0.9602. A high value of the correlation coefficient indicates
a very high degree of exponential dependence between variables. An R? value of 0.9602
means that about 96.02% of the variation in the position in the global scientific research



Sustainability 2025, 17, 2747

8 of 21

market is explained by changes in time within the framework of this model. This indicates
a significant and strong relationship between variables.
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Figure 2. Position and trend line of Polish publications in the global scientific research market (the
Scopus database): education, 28 November 2024.

The high correlation coefficient also indicates that the model is sufficiently stable and
has high predictive power.

The sharply falling trend line, visualized in Figure 2, confirms the presence of a strong
negative correlation on the topic of education. This means that an increase in the values
of the independent variable is accompanied by a significant decrease in the values of
the dependent variable. This result allows us to confidently accept the second research
hypothesis. This means that Poland’s position is declining in the global scientific research
market in the field of education.

The review continues with an analysis of published documents by country (territory).
Figure 3 shows the top 10 countries by the number of publications on the topic of education
in the Scopus database for 2023.
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Figure 3. Modified screenshot: number of documents in education sciences by top 10 countries and
Poland, 2023.
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Figure 3 shows the clear leadership of scientists from the United States in the number
of publications in the Scopus database. China and the United Kingdom have second and
third positions with a significant gap. Then, there was a gradual decline in the position
in the global scientific research market. Poland is in 27th position in the global scientific
research market in 2023 (Figures 2 and 3). This result allows us to confidently reject the
third research hypothesis.

Figure 3 also demonstrates the wide geographic diversity of the top 10 countries-leaders
in the number of publications on the topic of education in the Scopus database for 2023.

3.3. Testing of the Fourth Research Hypothesis

Figure 4 shows the list of the top 10 world universities that are leaders in the number
of publications on the topic of education in the Scopus database for 2023. A total of 166,225
document search results in the world were processed.
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Figure 4. Modified screenshot: top 10 countries by the number of documents in education sciences in
the Scopus database, 2023.

Figure 4 shows the clear leadership of the University of Toronto (1435 documents)
and Harvard Medical School (1274 documents). Despite the fact that Canada is in sixth
place in the ranking (Figure 3), the University of Toronto is the undisputed leader among
universities (Figure 4). Polish universities are not in the list of the top 10 world universities
that are leaders in the number of publications on the topic of education in the Scopus
database for 2023.

In general, the leadership of universities (Figure 4) does not coincide with the ranking
of leading countries (Figure 3).

Then there is a gradual decrease in the number of publications from university to
university. In 100th place is Baylor College of Medicine with 363 publications. Polish uni-
versities are not in the list of the top 100 leading universities by the number of publications
on the topic of education in the Scopus database.

This result allows us to confidently reject the fourth research hypothesis.

3.4. Testing of the Fifth Research Hypothesis

Figure 5 shows the list of the top 10 world scientists by the number of publications on
the topic of education in the Scopus database for 2023. A total of 166,225 document search
results were processed in the world.
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Figure 5. Modified screenshot: top 10 authors by the number of documents in education sciences in
the Scopus database, 2023.

Figure 5 shows the wide geographic diversity among the top-10 leading scholars by
number of publications on the topic of education in the Scopus database for 2023. Accord-
ing to the ranking, these top 10 authors represent the following universities and countries:
1—National Taichung University of Education, Taichung, Taiwan; 2—Uniformed Services
University of the Health Sciences, Bethesda, United States; 3—Imperial College London,
London, United Kingdom; 4—Saveetha Institute of Medical and Technical Sciences, Chen-
nai, India; 5—Nelson Mandela University, Ggeberha, South Africa; 6—Faculty of Health
and Medical Sciences, Adelaide, Australia; 7—Tecnol6gico de Monterrey, Monterrey, Mex-
ico; 8—Det Sundhedsvidenskabelige Fakultet, Copenhagen, Denmark; 9—Beijing Normal
University, Beijing, China; 10—the University of Auckland, Auckland, New Zealand. In
general, the leadership of academics does not coincide with the rankings of countries and
universities (Figures 3 and 4).

Polish scientists are absent from the list of the top 100 leading scientists by the number
of publications on the topic of education in the Scopus database. This result allows us to
confidently reject the fifth research hypothesis.

3.5. Testing of the Sixth Research Hypothesis

Figure 6 shows the top 10 branches of sciences related to education in Poland and
globally in 2023. A total of 166,225 document search results were processed in the world.

Figure 6a shows a share of documents in education sciences on branches of knowledge
in Poland. These are the top 10 branches of sciences related to education. The maximum
number of publications is in such branches as Social Sciences (20.5%) and Medicine (19.3%).
The difference with the world result appears in the third position (Figure 6b). Here are the
Arts and Humanities (8.4%). Computer Science makes up 7.4% and occupies the fourth
position. Another difference is publications with undefined branches. They occupy a
slightly larger share (20.3%). The unspecified branches include 17 branches. Among the
Polish publications, there are no branches related to SDG 4 or other SDGs.

Figure 6b shows the share of documents in education sciences on branches of knowl-
edge in the world. These are the top 10 branches of sciences related to education. The
maximum number of publications on the topic of education are in such branches as Social
Sciences (26.1%) and Medicine (19.4%). In third place is Computer Science (8.8%). A large
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number of publications are in unspecified branches (18.4%). There are 17 unspecified
branches. There are also no branches related to SDG 4 or other SDGs.

Other (20.3%) Social Sciences  (20.5%)

‘\.\“- il
Medicine (19.3%)

%

Arts and Humanities (8.4%)

Economics,
Econometrics
and Finance (3.0%) ~——

Agricultural and
Biological Sciences (3.0%)

Psychology (3.4%)

Business, Management
and Accounting (3.9%)

Engineering (4.4%)

Environmental Science (6.6%)

Computer Science (7.4%)

(a) In Poland.

‘ocu Sciences (26.1%)

Medicine (19.4%)

Other (18.4%) \

Environmental
Science (2.6%)

Health Professions (2.8%) ~—
Business, Management
and Accounting (2.9%)

Nursing (3.8%)
Psychology (4.3%)

Arts and Humanities (5.0%)

Engineering (5.9%)
Computer Science (8.8%)

(b) In the world.

Figure 6. Modified screenshot: the share of documents in education sciences by branches of knowl-
edge in Poland (a) and in the world (b), the Scopus database, 2023.
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This result allows us to confidently reject the sixth research hypothesis.

3.6. Testing of the Seventh and Eighth Research Hypotheses: Analysis of the Top 10 Publications in
the World and in Poland by the Number of Citations

The author had started by analysing the contents of the top 10 publications by the
number of citations on the topic of education in the world. The author then analysed the
top 10 publications of Polish scientists. The analysis of 166,196 documents was performed
for the last full year (2023).

Paper [47] took the first place in citations. The paper scored 1703 citations in the
Scopus database. The authors found that large language models (Al) “can potentially help
in medical education and possibly in making clinical decisions”.

Paper [48] took the next place in citations. The paper scored 1631 citations in the
Scopus database. The authors identify issues requiring further research on Al in three topic
areas: knowledge, transparency, and ethics; digital transformation of organizations and
societies; teaching, learning, and research.

The authors of paper [49] evaluated the performance of ChatGPT on the US Medical
Licensing Examination (USMLE). The authors found that ChatGPT performed at or near the
60% accuracy threshold. Impressively, ChatGPT was able to achieve this result without any
formal training from academics. The paper scored 1607 citations in the Scopus database.

Paper [50] scored 1189 citations in the Scopus database. The author has studied the
usefulness of Al in education, scientific research, and healthcare practice. The author also
identified the potential limitations of AL

The next place in citation was taken by paper [51]. The paper scored 1018 citations in
the Scopus database. The author writes that artificial intelligence (Al) is transforming the
landscape of scientific research. The author offers valuable insights for researchers, develop-
ers, and stakeholders interested in the ever-changing landscape of Al-driven conversational
agents. This study examines the various ways in which ChatGPT is revolutionizing sci-
entific research, spanning data processing and hypothesis generation, collaboration, and
public outreach.

The authors of study [52] aimed to evaluate the performance of ChatGPT in answering
questions included in the United States Medical Licensing Examination (USMLE). The
paper scored 929 citations in the Scopus database. The authors showed that ChatGPT marks
a significant improvement over natural language processing models in medical question
answering tasks. Performing at a threshold of over 60% on the NBME-Free-Step-1 dataset,
the model achieved the equivalent of a passing grade for a third-year medical student.

In an editorial paper (762 citations), H. Holden Thorp (Editor-in-Chief, Science journal)
expressed concern about how ChatGPT could change education and scientific writing [53].

The authors of paper [54] explored new Al chatbot technology, specifically GPT-4, to
assess the opportunities—and risks—in health care delivery and medical research. The
paper scored 732 citations in the Scopus database.

A follow-up paper [55] received 711 citations. The authors reviewed the literature on
ChatGPT and its implications for higher education. The authors discussed the future of
learning, teaching, and assessment in higher education in the context of ChatGPT.

Finally, paper [56] received 699 citations. The authors’ results showed that ChatGPT
is a powerful tool in education. However, it should be used with more caution. This
study [56] identified several research directions and issues that should be explored for
better and safer use of chatbots, including ChatGPT.

Thus, 10 publications out of 10 are related to the use of Al in education. One of them
mentions large language models [47]. This was the most cited paper (1703 citations).

Two papers evaluated the performance of ChatGPT on the US Medical Licensing
Examination (USMLE) [49,52]. The number of citations is 1607 and 929.
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The authors write about the use of Al for research [48,50,51,53,54]. The number of
citations ranges from 732 to 1631.

Papers [55,56] do not go beyond the educational topic. The numbers of citations are
711 and 699.

Thus, all the papers cover various areas of education research. They can be linked to
SDG 4. However, there are no papers directly related to any SDG.

Polish scientists are absent from both the top 10 and top 100 leading authors by the
number of citations in the Scopus database.

Recall that on the topic of education, all 10 world publications are associated with
Al The number of citations of all 10 papers on the use of Artificial Intelligence lies in
the range from 699 [56] to 1703 [47]. This result corresponds to the sixth technological
paradigm [57,58]. The sixth technological paradigm requires new scientific knowledge that
can be found in scientific publications [4,28,57,58].

So, this was the analysis of the top 10 education research in the world.

Below, the author conducted an analysis of the top 10 publications in Poland by the
number of citations. This was based on 1815 publication search results in the Scopus
database in 2023. The most cited paper [59] scored 249 citations. The authors examined the
potential benefits and threats of ChatGPT in academic writing and research publications.
The authors also examined a number of ethical considerations associated with the use
of these tools and considered their possible impact on the authenticity and credibility
of academic work. The authors analysed the content of research articles published in
peer-reviewed journals indexed in Scopus as quartile 1 [59].

The next most cited paper has 177 citations [60]. Its authors studied the problems and
opportunities associated with the use of generative artificial intelligence in business. This
study also collected the negative aspects of Al development (ChatGPT) in management
and economics.

In third place is the paper [61], which has 68 citations. To achieve the SDGs, the
authors recommend that the Ukrainian government focus on ensuring adequate access to
education, creating new jobs, and stimulating intellectual migration to the country.

The authors of the following paper identified educational and communication barriers
as the main obstacles to developing a sustainable financial market in Poland [62]. This
paper is related to sustainability (SDG 9), although it is not written directly in the text. The
paper received 62 citations.

Paper [63] received 56 citations. The authors describe the potential benefits of using
ChatGPT to improve medicine and public health, ranging from health literacy, medical
training, and education.

In paper [64], the authors wrote that health literacy plays an important role in sec-
ondary prevention of cardiovascular diseases. This paper received 55 citations.

The authors of paper [65] studied the labour market and education. These are two
factors that largely determine the success of the integration process of foreigners into the
host society. The paper has collected 45 citations.

The next paper is devoted to the prevention and treatment of cardiovascular
diseases [66]. This paper includes a section “Education and training” in which the authors
discuss the training of operators of percutaneous coronary interventions. The paper has
been cited 44 times.

The main goal of paper [67] is to indicate the key areas of required knowledge and
skills of employees necessary for the implementation of the Industry 4.0 concept. According
to the authors, the results of this study are important for adapting the employee training
system and the student learning process. The paper has been cited 44 times.
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The paper that concludes the list of the top 10 publications received 43 citations. The
authors aimed to evaluate the performance of two large language models (LLMs): ChatGPT
based on GPT-3.5 and GPT-4 [68]. The obtained results indicate the growing potential of
using LLM in terms of medical education.

Thus, four publications out of 10 are related to the use of Al in education [59,60,63,68].
In the first publication, the authors write about the use of Al for research [59]. In the next
paper [60], the authors write about the use of generative Al in business. The third paper [63]
is related to the use of Al to improve medical literacy, medical training, and education. The
last of them mentions large language models [68]. This was the least cited paper out of the
top 10 publications of Polish scientists (43 citations).

The remaining six publications describe various aspects of education research without
touching upon the topic of Artificial Intelligence. Two of them relate to cardiology education
and training. The rest cover various areas of education research.

Thus, the top 10 papers by the number of citations cover various areas of education
research. They can be associated with SDG 4. Papers [61,62] are the only papers directly
associated with SDGs.

Recall that in the field of education, only four publications are associated with Al
The number of citations of four papers on the use of Artificial Intelligence ranges from
43 [68] to 249 [59]. The remaining papers received from 44 [67] to 68 [61] citations. That is,
Polish publications on Al received more citations than papers on other topics. It seems that
this result corresponds to the sixth technological paradigm [57,58]. Overall, the number
of citations of Polish publications corresponds to Poland’s position in the global scientific
research market (Figures 2 and 3).

So, this was an analysis of the top 10 educational research in Poland.

Thus, the results allow us to confidently accept the seventh research hypothesis and
reject the eighth research hypothesis.

4. Discussion

The main results of the review are as follows:

4.1. The First Research Hypothesis Was Rejected

The review showed no stable growth in the number of publications on the topic of
education in Poland from 2017 to 2023 (Figure 1a). The correlation coefficient R?=0.9153
(Figure 1a) indicates a fairly high degree of polynomial dependence between the variables
under consideration. The review helped to identify a turning point (extreme point) in the
graph of the growth of the number of Polish publications on this topic. This point is in
2021. After 2022, the number of Polish publications on this topic decreased (Figure 1a).
This means that despite the importance of education for sustainable development, Polish
scientists are not increasing the number of publications in the field of education since 2021.
Thus, a hidden systemic issue was identified in the publication of research results by Polish
scientists starting in 2021 (Figure 1a).

At the same time, the review showed the global growth in the number of publications
on the topic of education (Figure 1b). A straight trend line has the correlation coefficient
R? = 0.9768. In other words, scientists around the world are increasing the number of
publications on the topic of education taking into account the importance of education for
sustainable development. So, Polish publication results are not constantly growing against
the background of the growing global trend.
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4.2. The Second Research Hypothesis Was Accepted

Poland’s position in the global scientific research market began to decline in 2021
(Figure 2). A high value of the correlation coefficient (R? = 0.9602) indicates a very high
degree of exponential dependence between variables. This means Poland’s position is
declining in the global scientific research market on education research.

The result obtained in this review is adequate to the conclusions published in the
papers [4,28]. Thus, it was proved the hidden systemic issue in the publication of research
results by Polish scientists starting in 2021 (Figure 2). In order to increase Poland’s position
in the global scientific research market, the author gives the Polish Government managerial
recommendations to adopt the best practices of the top 10 leading countries (Figure 3)
and implement the recommendations published in papers [4,28]. These recommendations
include: changing the national system for assessing the weight of scientific journals [4];
eliminating frequent changes in the weight of scientific journals within the existing national
system; eliminating the differentiation of weight for scientific papers written independently
and in collaboration; allowing the use of all publications (not one per year) when assessing
the results of scientific work; and others [28]. The author performed an analysis of a
very important government document [69] using artificial intelligence. Unfortunately, the
analysis data showed that the Polish Government used the experience of weak countries
(ranked 30—42 in the global scientific research market) to regulate Polish science both in
education research and in other fields of sciences [70].

4.3. The Third Research Hypothesis Was Rejected

Figure 3 shows the wide geographic diversity of the top 10 leading countries by the
number of publications on the topic of education in the Scopus database for 2023. Figure 3
also shows the leadership of scientists from the USA, China, and the United Kingdom in the
global scientific research market. Poland is in 27th position in this market. That is, Poland
is not among the top 10 leading countries that shape global trends in education research.

So, to improve the situation shown in Figure 2, the author recommends that the Polish
government adopts the best practices of the top 10 leading countries. The experience
of these countries, starting with the United States and ending with Brazil, is useful for
improving Poland’s place in the global scientific research market. We are talking about
education research of SDG 4.

4.4. The Fourth and Fifth Research Hypotheses Were Rejected

Polish universities and Polish scientists are absent from the lists of both the top 10 and
the top 100 leaders by the number of publications in education research (Figures 4 and 5).
These are the differences between Polish specifics and the global trends.

The leaders among universities are the University of Toronto and Harvard Medical
School (Figure 4), despite the fact that Canada is in 6th place in the global scientific research
market (Figure 3). This example of Canada suggests a chance for at least one Polish
university or at least one Polish scientist to be included in the list of the top 10. However,
neither Polish universities nor Polish scientists are among the top 10 most influential leaders
in educational research.

The author recommends that the Polish Government not only change the general
system of stimulating research in the country, but also organize the selection and support
of talented scientists.
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4.5. The Sixth Research Hypothesis Was Rejected

Among the top 10 branches of sciences related to education research (Figure 6b), the
leadership globally belongs to such branches as Social Sciences (26.1%) and Medicine
(19.4%), Computer Science (8.8%).

In Poland, among the top 10 branches of sciences related to education research
(Figure 6a), the leadership belongs to such branches as Social Sciences (20.6%), Medicine
(19.3%), and Arts and Humanities (8.4%). In contrast to the global distribution of branches
(Figure 6a), Computer Science occupies the fourth position (7.4%).

Table 1 compares the share of documents in education sciences by branches of knowl-
edge in Poland and in the world (Figure 6).

Table 1. Top 10 branches of education research in the world and Poland, Scopus database, 2023.

No Branches, the World Share, % Branches, Poland Share, %
1 Social Sciences 26.1 Social Sciences 20.6
2 Medicine 194 Medicine 19.3
3 Computer Science 8.8 Computer Science 74
4 Engineering 59 Engineering 4.3
5 Arts and Humanities 5.0 Arts and Humanities 8.4
6 Psychology 43 Psychology 3.4
7 Nursing 3.8 - -
8 Business, Management, and Accounting 29 Business, Management, and Accounting 3.9
9 Health Professions 2.8 - -
10 Environmental Science 2.6 Environmental Science 6.6
- - - Economics, Econometrics, and Finance 3.0
- - - Agricultural and Biological Sciences 3.0
11 Other 18.4 Other 20.3

Table 1 shows the difference in the distribution of publications by top 10 branches in
2023. Let us consider only those branches where the differences are more than 1.0%.

Table 1 shows that Poland was lagging behind in such branches as Social Sciences by
5.5%, Computer Science by 1.4%, and Engineering by 1.6%. Branches such as Nursing and
Health Professions did not make it into the top 10 branches in Poland.

The imbalance in favour of Poland is in such branches as Arts and Humanities (the
difference was 3.4%), Environmental Science (the difference was 4.0%), and Business, Man-
agement, and Accounting (the difference was 1.0%). There were two branches (Agricultural
and Biological Sciences; Economics, Econometrics, and Finance), which were not in the top
10 branches in the world (Table 1).

Thus, Figure 6 and Table 1 show the imbalance in the number of publications in
various branches of education research. This is the next difference between Polish specifics
and the global trends.

In the world there are no branches related to SDG 4 or other SDGs. There are no
branches related to SDG 4 or other SDGs in Poland.

To eliminate the imbalance in the branches of knowledge, the Polish Government
needs to adopt the best practices of the top 10 leading countries (Figure 3).
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4.6. The Seventh Research Hypothesis Was Accepted and the Eighth Research Hypothesis
Was Rejected

The number of citations of the top 10 papers ranges from 699 [56] to 1703 [47] globally.
In Poland, the number of citations of the top 10 papers ranges from 43 [68] to 249 [59]. In
general, the number of citations of Polish publications corresponds to Poland’s position in
the global scientific research market (Figures 2 and 3). This is one more difference between
Polish specifics and the global trends.

The top 10 papers cover various areas of education research both globally and in
Poland. All of these papers can be linked to SDG 4. However, there are papers [61,62]
directly linked to other SDGs. Here, Poland appears as a country that is slightly more
focused on sustainable development.

As noted in point 4.5, there are no branches related to SDG 4 or other SDGs in either
Polish studies or global trends in 2023 (Figure 6, Table 1).

Globally, all top 10 publications are associated with AL The number of citations of all
10 papers on the use of Artificial Intelligence ranges from 699 [56] to 1703 [47]. This result
corresponds to the sixth technological paradigm [57,58].

In Poland, only four publications from the top 10 are associated with Al. The number
of citations of four papers on the use of Artificial Intelligence ranges from 43 [68] to 249 [59].
According to the number of papers on Al and the number of their citations, the topics of
Polish publications are less consistent with the sixth technological paradigm. This is the
last difference between Polish specifics and the global trends.

To eliminate the differences, the Polish Government needs to adopt the best practices
of the top 10 leading countries (Figure 3).

4.7. This Study Has Several Limitations

The first limitation was the use of only the top 10 countries, universities, authors,
branches of knowledge, and papers with the maximum number of citations. Analysing a
larger number of countries does not make sense, because Poland was in the 27th position
in 2023. The experience of countries that are lower in the global scientific research market
is unlikely to be useful for the Polish Government. The experience of the leading countries
will be most useful. A detailed study of the experience of the first 10 countries will be
sufficient to obtain a positive result in the near future. An analysis of the top 100 universities
and top 100 scientists showed that there are no Polish universities or scientists among them.
A detailed analysis of a large number of branches of knowledge is also not of interest, since
each branch after the 11th accounts for, on average, about 1% of publications. A detailed
analysis of more of the most cited publications may be the next goal for research.

The second limitation of the review was the exclusion of publications such as books,
abstracts at scientific conferences, reports, and feedback from the analysis.

The third limitation of the study was the use of the Scopus database without the Web
of Science database. The review also does not mention studies published in journals that
are not indexed.

5. Directions for Future Research

1.  Given the importance of education research for sustainable development, it is neces-
sary to conduct research directly related to sustainability on a global and Polish scale,
including SDG 4.

An analysis of the top 10 branches of knowledge and the top 10 publications by
number of citations showed that there are neither branches nor papers directly related to
SDG 4 among them. One Polish paper was related to SDG 9. Despite the fact that research
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on the topic of sustainability is poorly reflected in the top 10 papers by number of citations,
this direction is important;

2. Based on the importance of the sixth technological paradigm, it is necessary to conduct
research directly related to the use of artificial intelligence in education on a global
and Polish scale.

Analysis of the global top 10 publications by the number of citations showed that all
10 publications are related to the use of Al. Analysis of the Polish top 10 publications by
the number of citations showed that four of them are related to the use of Al

3. The verification of two new hypotheses is the direction of subsequent research on the
Polish scale.

The sharp decline in Poland’s position in the global scientific research market on the
topic leads to the first new hypothesis about problems in the public management of science
in Poland. The sharp lag in education research in the global scientific research market
should lead to a sharp lag in Poland in other fields of science. This is the second new
hypothesis. It is possible that in the medium term, this sharp lag in education research will
lead to the degradation of the economy based on knowledge and innovations;

4. One of the next directions of the study may be a detailed analysis of a larger number
of the most cited publications;

5. Research directions such as sustainability, education, artificial intelligence, and public
management may be interesting for future research on a national scale in each country.
It would be interesting to know the opinions of scientists on what interconnections and
interdependencies help Poland and other countries to strengthen or lose its influence
on the global scientific research market.
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