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Abstract: The growth of the Higher Education and Science (HES) sector is positively associated with
its research productivity and has a high potential in emerging countries. To explore such research
productivity, this study offers a comprehensive analysis of the scientific literature from Kazakhstan.
Our methods included descriptive analysis, network analysis, and author-based productivity analysis
(by Lotka’s law) of 23,371 articles from Scopus, published during 1991-2020, and across 25 subject
areas. The results of the descriptive analysis showed a substantial increase in the number of and
citations to the literature since 2011 in almost all subject areas. However, the network analysis
found that research in natural sciences was more developed in topical relationships and international
collaborations than research in arts and humanities, social, and medical sciences. The Lotka’s law
application revealed that the overall scientific literature in Kazakhstan did not reach its necessary
stage of maturity. Additionally, some subject areas demonstrated greater contribution to the overall
knowledge base, while others were less productive or lagging in their development. Our findings,
useful for researchers and policymakers in emerging countries, can be exemplary in understanding
the results of policy reforms aimed to improve the HES sector in emerging countries.

Keywords: citation analysis; emerging country; Kazakhstan; Lotka’s law; network analysis;
publication trend; research productivity; scientometrics

1. Introduction

The growth of educational and scientific performance is positively associated with
the research productivity of a country and contributes to its economic development [1].
One of the crucial reforms that post-Soviet countries undertook in the Higher Education
and Science (HES) sector was the financing of the local science and its integration into the
international scientific community [2,3]. Among these countries, Kazakhstan is one of the
few that has built a relatively robust research infrastructure, including support through
grants, access of researchers to research mobility programs, earlier application of the
Bologna processes, and other measures to increase its research performance indicators [3].
In turn, such measures have resulted in the improved scientific engagement of local
researchers in the international arena [4]. This has all led to increased research published
in international peer-reviewed outlets, improved productivity of the local researchers, and
raised the scientometric indexes of the country.

A few studies have analyzed the development and trends in research productivity in
the HES sector using scientometric approaches in Kazakhstan. To reveal issues related to
research productivity and science in selected post-Soviet countries, Suleymenov et al. [5],
using publication records in Scopus, performed several types of analysis. They analyzed
trends in seven selected research areas with most publications and identified develop-
ment trends for the Commonwealth of Independent States (CIS) member countries. The
CIS members are nine countries: Armenia, Azerbaijan, Belarus, Kazakhstan, Kyrgyzstan,
Moldova, Russia, Tajikistan, and Uzbekistan. They revealed the citation rate per paper,
average citation rate, publication rate per 10,000 people, and the potential growth for
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Kazakhstan and other CIS countries compared to the global level. Kuzhabekova and
Lee [1] assessed 361 publications to identify available contributions of international faculty
employed at the Kazakhstani universities and how they contribute to local research capac-
ity building. Using a combination of bibliometric, social network analysis, and content
analysis methods, they found the growing role of global research networks, knowledge
development, and research dissemination in the HES sector in the country. Focusing on
management literature, Narbaev [6] assessed the productivity of the project management
discipline in the country through the application of a co-word analysis on 826 articles
sourced from Scopus. The network analysis was applied to visualize the scientometric
trends in this field. He found that project management research in the country was in its
infancy stage and was correlated to the project orientation of the society.

Applications of scientometric methods to analyze growing literature and research
productivity have been gaining researchers’ interest on the global scale. For example,
to examine publication patterns of Brazil, Russia, India, and China (BRIC countries),
Guevara and Mendoza [7] used a network analysis technique and built maps of authors
collaboration and subject area interaction. They revealed that China and Russia are the
top publishers of scientific literature and more specialized in physics and astronomy.
Brazil was the most collaborative country with a developing economy, while India was
grouped with the developed countries and had a more diversified network of research
areas. Hinojo-Lucena et al. [8] used several bibliometric tools to evaluate the impact of
artificial intelligence (A.L) in higher education globally. They applied widely used scien-
tometric methods, such as the Price law and Lotka’s law, on the dataset of 132 articles
and revealed that A.L applications and the associated research were growing in the field.
Applying productivity analysis, collaboration analysis, and citation analysis methods,
Macchi Silva et al. [9] examined more than 700 papers on the competence-based manage-
ment literature sourced from the Web of Science and Scopus databases. Their findings
showed that collaborations between researchers did not necessarily lead to strong co-
authorships and that the most cited papers were in diverse areas of the literature, implying
the interdisciplinary landscape of the competence-based management literature.

The major findings of the above studies stress the importance of using scientomet-
ric approaches to investigate research trends and productivity in a country’s HES sector.
Country-wide scientometric studies contribute to understanding a growing body of knowl-
edge and decision-making for its effective research policy [10-12]. On the one hand, the
studies show that various methods to analyze research productivity exist and that some
countries lack applications of advanced scientometric tools. On the other hand, a wide vari-
ety of scientometric methods are available that could be used to study research productivity
and development trends.

The current state of the scientometric literature shows a lack of studies dedicated to
analyzing scholarly literature and research productivity in Kazakhstan, including appli-
cations of methods and techniques available for such scientometric studies. To fill this
research gap, in this study, we aim to reveal scientific trends and analyze the research
productivity of Kazakhstan and provide implications for science management in emerging
countries. Using data from 23,371 articles sourced from Scopus and published during
1991-2020, we conduct descriptive analysis, network analysis, and author-based research
productivity analysis of the country’s scientific potential. These analyses are performed
both at the country level and across numerous subject areas of the collected articles.

The remainder of our paper is structured as follows. Next, we introduce the dataset
collected and three types of analytical methods applied. Then, we report and discuss our
detailed results. Lastly, we summarize our study with a discussion of significant findings,
research limitations, and contributions to the body of knowledge.

2. Materials and Methods

Table 1 presents an outline of our research methodology. We followed a general
approach of a review study, applicable also for scientometric research, established by
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the PRISMA declaration [13]. The scientometric methods used for descriptive analysis,
network analysis, and author-based research productivity analysis in this study are similar
to those used in previous research [8,14,15].

Table 1. Outline of the research methodology.

Steps Actions and Outputs
Action: Search for papers with authors’ country affiliation “Kazakhstan” in
Scopus. Select articles and reviews in English published in journals during
1. Materials collection and their screening 1991-2020. Disregard irrelevant subject areas

Output: Returned 23,371 articles by 150,708 authors and representing
25 subject areas

2. Descriptive analysis

Action: Present the distribution of articles by year of publication. Analyze

their distribution by the number of articles, number of authors, number of

authors per article, number of citations, and number of citations per article

for all subject areas. Analyze their distribution by publishers, collaborating
countries, and funding sponsors for all subject areas

Output: The distribution of 23,371 articles published during 1991-2020
(Figure 1); the distribution of the articles, authors, and citations across all
subject areas (Table 2); the top 5 publishers, collaborating countries, and
funding sponsors of the top 5 subject areas (Table 3); the top 5 publishers,

collaborating countries, and funding sponsors of the remaining 20 subject
areas (see Table S1 in Supplementary Materials)

3. Network analysis

Action: Create a keyword co-occurrence network for all subject areas. Define
their critical attributes, including the number of keywords, links, clusters,
and most representative keywords

Output: A keyword co-occurrence network for all 25 subject areas (see
Figures S1-525 in Supplementary Materials); a keyword co-occurrence
network for the subject area Physics and Astronomy as an example
(Figure 2); the summary results of the network analysis for all subject areas
including the number of keywords, links, clusters, and most representative
keywords (Table 4)

Action: Apply Lotka’s law to evaluate the author-based research
productivity. Find the values for Lotka’s equation to evaluate the relative
development of 25 subject areas.

4. Author-based research productivity analysis Output: The detailed results of the Lotka’s law application for the subject

area Art and Humanities as an example (Table 5); the summary results of the
Lotka’s law applications with their n-parameter and k-constant values for all
25 subject areas (Table 6)

2.1. Materials Collection and Their Screening

In Step 1 of our methodology (Table 1), we limited our search to articles in English
and published in peer-reviewed journals indexed in Scopus. We looked for articles where
at least one of the co-author’s affiliation was Kazakhstan. Our search covered the period
from 1991 (which marks the independence of Kazakhstan) to 2020.

In Scopus, we used its advanced search function using a field code “AFFILCOUN-
TRY(KAZAKHSTAN)”. Further, we applied the following filters: year of publication (1991-
2020), document type (article and review), source type (journal), and language (English).
This search resulted in an initial set of 24,284 articles by 156,405 authors with titles, ab-
stracts, keywords, and bibliographic details. Using the subject area category function of
Scopus, we grouped all the articles into 27 subject areas. Then, we excluded 2 subject
areas: Dentistry as all authors had published only one article, and Multidisciplinary as
it was unrelated to a specific research field. This screening resulted in 23,371 articles by
150,708 authors and representing 25 subject areas. Lastly, we exported our dataset from
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Scopus in a tab-delimited CSV format and utilized it to conduct the analyses in Steps 2
through 4 (Table 1).

2.2. Methods
2.2.1. Descriptive Analysis

In Step 2 of our methodology, we conducted a descriptive analysis of the articles to
identify the overall research trends and productivity in Kazakhstan. This involved the
analysis of the distribution of the articles by year of publication, the number of articles,
etc., which are presented in Table 1 [16,17]. In the literature, similar studies used such
a descriptive analysis on Brazilian scientific output [18], understanding the impact of
sustainability performance indicators [19], and introduced a framework to assess the
productivity of a research area [20]. In addition to this analysis, based on the bibliographic
details of the articles, we performed an analysis of publishers, collaborating countries, and
funding sponsors of science.

2.2.2. Network Analysis

The scientometrics research is linked to data visualization [21]. One of the methods
to visualize trends in a given research area is a network analysis [22]. This analysis
refers to using a network of closely related attributes, such as keywords co-occurrence
analysis. A keyword is a critical attribute of a publication that may represent a research
topic, and it provides essential information about research trends in a field [23,24]. In
our study, a keyword co-occurrence network was built to represent topics, identify the
relationships between these topics, and define clusters of closely related topics within a
subject area (Step 3 in Table 1). This type of analysis demonstrates the interaction within
and between clusters based on keywords in each subject area. A cluster represents a
collection of closely related elements (topics) that are homogeneous [25]. In this study, each
constructed network represented a subject area (defined by Scopus classification). Each
network had several clusters to represent closely related topics. In order to build such
networks, we used the VOSViewer package. To perform this technical task, we downloaded
the articles from Scopus for each subject area separately and constructed the networks with
clusters using the co-word analysis function of VOSViewer. This function is performed
using keywords extracted from the Scopus database and applies a counting method in the
VOSViewer. The counting method is “full counting” where each keyword has the same
weight, without any influence on the number of keywords for each article. Given that
some subject areas had a scarcity of articles (with only a few keywords) affiliated with
Kazakhstan, we kept the minimum number of co-occurrences for a keyword as 1.

2.2.3. Author-Based Research Productivity Analysis

An analysis of a country’s research productivity is as critical as an assessment of
publication and topical trends for a given research field. It is reflected by the number
of publications scholars contribute to an overall knowledge base within a specific time
frame [26]. Several methods are available to evaluate author-based research productivity,
including Lotka’s law [27,28].

In Step 4 (Table 1), we used this law to assess the scholarly productivity of the re-
searchers from Kazakhstan and to evaluate the relative productivity (development) of
25 subject areas. Lotka’s law uses the number of articles and the number of authors in a
given subject area and presents the frequency of publication by authors for this area [29]. It
is defined as per Equation (1).

f(x) = k/x", @

where f(x) calculates the number of authors contributing x articles each, x is the number of
articles by an author, k is a given constant which represents the number of authors who
published only one article, and n is the parameter which represents the distribution of the
research productivity (articles) by all authors.
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In this equation, theoretically, the n-parameter is equal to about 2. If so, according to
this law, about 60% of all authors in a given subject area make a single contribution (repre-
sented by the k-constant as 0.60), about 25% (1/2°2), 2 contributions, about 11% (1/3"2),
3 contributions, etc. [30,31]. The relationship between the n-parameter and k-constant
implies that the number of scholars publishing a given number of articles is fixed to the
number of scholars publishing only one article. In the literature, Voos [32] applied Lotka’s
law in the information science literature and found that the n-parameter was 3.5. Pao [33]
empirically tested this law on the number of research fields and determined that the param-
eter value ranged from 1.8 to 3.8. Therefore, the case with the n-parameter equal to about 2
is considered a generalization [30,34]. It is regarded that those subject areas with higher
n-parameter values are less developed (less maturely represented by fewer researchers),
while subject areas with lower n-parameter values are more established (more maturely
represented by more researchers).

In this study, we applied Lotka’s law to evaluate the country’s research productivity
and calculated the values for the n-parameter and k-constant for all 25 subject areas.

We should note that deciding on which subject areas to analyze has been a long
process of learning and trying. The main concern was that Lotka’s law has been primarily
applied in engineering and I.T. fields or has rarely been used for several subject areas at
once. Initially, we took only a few of the most representative subject areas by the highest
number of published articles. However, selecting such subject areas does not mean that the
remaining areas are not essential or productive. Moreover, we aimed to reveal the overall
trend in the country, which would serve as exemplary for other emerging economies. This
was not limited to a few subject areas. Therefore, after a thorough review of the reported
literature on using Lotka’s law in different fields and countries, we kept all 25 subject areas
defined by Scopus. For this, we downloaded the articles from Scopus in a tab-delimited
CSV format into VosViewer. Then, we calculated the number of authors and the number of
articles they published by simple counting for each subject area. Lastly, we applied Lotka’s
law on Excel to analyze the author-based research productivity.

3. Results and Discussion
3.1. Descriptive Analysis

In this section, we report and discuss the results of our descriptive analysis (Step 2
in Table 1). Figure 1 shows the pattern of published articles from Kazakhstan during
1991-2020. Overall, the trend in the publications was unnoticeable in the first half of the
1990s. During 1996-2010, the research output was about 237.5 articles per year with no
apparent changes in the number of publications. However, we can see a stable increase
since 2011, with a rate of about 32.0 percent per year. Such an increase is the result of the
implementation of a number of essential policies and laws in the HES sector. These include
the State Program of Educational Development (2011-2020), the Law on Science (2011),
the Law on Commercialization (2015), and the State Program for Education and Science
Development (2016-2019). For example, the Law on Science was enacted to reevaluate new
scientific directions, improve publication quality, and set standards for awarding academic
degrees and titles [35,36]. Additionally, the State Programs (2011-2020, 2016-2019) set key
targets relevant to the country’s research performance and contributed to its productivity.
Some critical targets are the increase in the number of the local HES institutions in the
global Quacquarelli Symonds (Q.S.) World University ranking (2 institutions were in the
2015 ranking, 10 in the 2020 ranking); the percentage of academic staff who publish in
non-zero impact factor journals (the target of 3.25% for 2015 was achieved in advance in
2013); and the percent of academic staff who engage in research (8% was in 2011, 27% in
2014) [37]. Other requirements established in 2012 include publishing at least one paper in
a journal with the two-year journal impact factor being above zero or indexed in Scopus
(to award a Ph.D. degree) and publishing at least two and three articles in journals with
a journal impact factor of above zero (to award associate professor and professor titles,
respectively) [35]. Additionally, the grant funding scheme by the Ministry of Education
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and Science started considering the quantity and quality of the applicant’s publications in
international journals indexed in the Web of Science or Scopus databases. Based on such
policies that promote an increase in the quantity and quality of publications from the local
researchers, we can expect that the growth of articles in international journals will continue
in the near future.
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Figure 1. Research publication trend of Kazakhstan during 1991-2020.

Table 2 represents a summary of the descriptive analysis for all subject areas. About
11% of all articles were published in Physics and Astronomy, while about 9% were in
Social Sciences. A few areas have more than 5% of the articles published—Engineering,
Chemistry, Biochemistry, Genetics and Molecular biology, Material Sciences, and Mathe-
matics. This finding demonstrates the high productivity rate of these seven subject areas
compared to the others and shows the solid contribution of their authors. Additionally,
the overall contribution of authors in natural and engineering sciences is much higher
compared to the ones in the subject area of Social Sciences, Economics, Econometrics and
Finance, and Business, Management, and Accounting. The most significant number of
articles was published in Physics and Astronomy (4522 articles), while the lowest was in
Nursing (96 articles).

In terms of the author analysis, the top subject area is Medicine (19,612 authors).
Overall, the average number of authors per article across all subject areas is 4.21. The
maximum number of authors per article is in Medicine (10.19), while the lowest is in
Mathematics (1.36). This demonstrates the collaboration intensity of co-authors in a given
subject area.

The citation analysis helps to reveal the most influential subject areas in Kazakhstan.
Additionally, it demonstrates the recognition of authors affiliated with Kazakhstan in the
research community [38]. The analysis reveals few subject areas where the local scholars
are influential in their global research community. The number of citations per article (the
citation rate) is a long-term indicator of the quality of research in a published article [4].
Given the importance of this indicator, it could be changed over time and some of the
subject areas may see a positive trend in the future [39]. Additionally, to understand the
pattern of the distribution of citations by articles in the subject areas, the citation distribution
for the top five subject areas with the largest number of articles was constructed, given in
Figure A1l in Appendix Al. To evaluate the citation impact and distribution, Bornmann and
Williams [40] used the percentage of papers that received the largest number of citations.
In addition to this, the mean and median numbers of citations per article are given where
the former is used to show the average of the citations in the subject area and the latter
demonstrates the middle point in the distribution. They can be used to assess the relative
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dispersion/skewness of the distribution. Overall, we note that the top 10% of the articles
in these subject areas received between 57.1% and 66.7% of all citations.

Table 2. Distribution of the number of articles, authors, and citations by subject area.

Number of Number of
. mber of mber of mber of D
No Subject Area NXrtilz ‘feso NKutﬁzr: Authors l\ICuitatbiS)n(S) Citations per
per Article Article
1 Physics and astronomy 4522 16,775 3.70 44,964 9.94
2 Social sciences 3856 9014 2.33 14,648 431
3 Engineering 3786 11,617 3.06 21,083 5.56
4 Chemistry 2924 7864 2.68 18,867 6.45
5 Materials science 2753 6012 2.18 17,752 6.44
6 Biochemistry, genetics, and 2602 13,592 5.22 16,899 6.49
molecular biology
7 Mathematics 2320 3166 1.36 8873 3.82
8 Environmental science 2060 7868 3.81 14,605 7.08
9 Agricultural and biological sciences 1951 7095 3.60 14,521 7.44
10 Earth and planetary sciences 1799 9667 5.37 15,878 8.82
11 Chemical engineering 1793 5126 2.85 10,178 5.67
12 Medicine 1924 19,612 10.19 52,926 27.5
Economics, econometrics,
13 and finance 1663 4220 2.53 3441 2.06
14 Art and humanities 1539 4520 2.93 3099 2.01
15 Computer science 1206 3962 3.28 6100 5.05
16 Business, management, 1190 3968 3.33 4375 3.67
and accounting
17 Energy 1149 3727 3.24 6809 5.92
18 Pharmacology, toxicology, 927 4030 434 3784 4.08
and pharmaceutics
19 Immunology and microbiology 448 3475 7.75 5319 11.87
20 Decision sciences 372 1356 3.64 1267 3.40
21 Veterinary 176 916 5.20 980 5.56
22 Psychology 162 1001 6.17 1349 8.32
23 Neuroscience 153 792 5.17 1108 7.24
24 Health professions 153 667 4.35 434 2.83
25 Nursing 96 666 6.93 846 8.81
Total 41,5241 150,708 4.21 290,105 6.81

1 The total number of articles in this table (41,524) is different from the total number of articles in the study (23,371). This is because a single
article in Scopus may be indexed in more than one subject area, e.g., in Chemistry and Materials science, simultaneously.

The international rankings of the HES sector, such as by Q.S., look at the citation rate as
an indicator of an institution’s performance. Therefore, the growth in the number of articles
and citations to the studies of the researchers affiliated with Kazakhstan has a considerable
contribution to such rankings. Additionally, collaborations and co-authorship with more
countries allow researchers from Kazakhstan to become integrated into the global research
community where funding comes from various international sources. The current trends
in local research productivity reveal that the areas related to agriculture, engineering, and
medicine may experience tremendous growth in the coming years. Moreover, publications
in reputed international journals indexed in Scopus and Web of Science and the increase in
citation rates are some of the most essential criteria in the evaluation and funding of research
proposals, awarding of Ph.D. degrees, and the promotion of faculty and researchers, not
only in Kazakhstan [41], but also in other emerging countries [7,42,43]. These are the
measures and policies regulated by the Ministry of Education and Science of the Republic
of Kazakhstan.

Table 3 provides the details of the top five publishers, collaborating countries, and
funding sponsors of the top five subject areas of science in Kazakhstan. The results of this
analysis for the remaining subject areas are given in Table S1 in Supplementary Materials.
Among the major publishers of research from Kazakhstan are Elsevier, Springer, and
al-Farabi Kazakh State National University. It is noted that the choice of a publisher
also depends on the specificity of a subject area. The analysis of collaborating countries
shows the variety of partnerships, although most papers are published in collaboration
with the Russian Federation, United States of America, United Kingdom, and Germany.
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Based on the analysis of the number of the collaborating countries for each subject area,
we observe that international collaboration is higher in the subject areas representing
natural sciences than in the subject areas representing arts and humanities, social, and
medical sciences. In part, this can be due to the fact that the researchers in natural sciences
participate in more projects funded by international donor organizations or foreign partner
universities [44]. The most recognized sources of science funding in Kazakhstan are the
Ministry of Education and Science of the Republic of Kazakhstan, the Russian Foundation
for Basic Research, and Nazarbayev University. Overall, along with the increase in the
funding of science, an increased interest in research globalization contributed to the growth

in the number of researchers who publish in international journals.

Table 3. Top 5 publishers, collaborating countries, and funding sponsors of the top 5 subject areas.

Top 5 Collaborating Top 5 Funding Sponsors (Number
No Subject Number of Top 5 Publishers Countries (Number of 01; Articles Ig’erlgenta e of Total
Area Articles (Percentage of Total) Articles,_l[;etl;clintage of Funding for a Subj%,ct Area)
Elsevier (12.70%) Ministry of Education and Science
Springer (10.90%) The Russian Federation of the Republic of Kazakhstan (710,
aﬁiggﬁ;ﬁéﬁig&gﬁte (1, 404, 31%), The United 15.70%), Russian Foundati(gn for
. y - Basic research (153, 3.38%),
1 Physics and 4522 (5.46%) States of America (623, Nazarbayev University (126
astronomy SOOI 13.70%), Germany (490, lyev University ,
American Physical o o 2.78%), United Kingdom Research
: o 10%), Italy (351, 7.76%), .
Society (4.15%) Japan (325, 7.18%) and Innovation (110, 2.43%),
Pleiades Publishing P 1O Science and Technologies Facilities
(4.09%) Council (103, 2.27%),
ASERS P ublisliing House  Tpo Ryssian Federation Ministry of Education and Science
. Qgﬁg é’) | Zuli (391, 10.10%), The United  of the Republic of Kazakhstan (130,
Social Uruvers(19 260/ )e ulia States of America (190, 15.70%), Nazarbayev University
2 sciences 3856 I]ESE 6 i)9%) 4.92%), The Urutez)d (26, 0.93%), Kazan Federal
Serials Publications Kingdom (112, 2.9%), University (30, 0.77%), European
(4.90%) Turkey (62, 1.60%), China  Commission (19, 0.49%), Chinese
Routledge (4.09%) (47,1.21%) Academy of Sciences (10, 0.25%)
Springer (8.90%) Ministry of Education and Science
EITSGV%GI' (9 bgo/o) The Russian Federation of the Republic of Kazakhstan (403,
TJESE (6.4 4%)" (633, 16.70%), The United ~ 10.60%), Nazarbayev University
Institute of Electrical and States of America (253, (159, 4.19%), National Natural
3 Engineering 3786 Electronics Engineers Inc 6.68%), Poland (238, Science Foundation of China (48,
G 490;:0 ) ’ 6.28%), Ukraine .(217, 1.26%), Ministry of Education and
Wydawnictwo 5.73%), The United Science of the Russian Federation
SIGM}z]A-N OT (2.53%) Kingdom (153, 4.04%) (44, 1.16%), European Commission
’ (40, 1.05%)
. Ministry of Education and Science
Elsevier (10.94%) .
al-Farabi Kazakh State The Russian Federation of the lo?ep ublic Og Kazakhstan (397,
National University 597 20.40%). The United 13.50%), Nazarbayev University
(597, ),
o ; (68, 2.32%), Russian Foundation
(8.44%) States of America (229, K o
4 Chemistry 2924 Maik Nauka Publishing ~ 7.83%), Germany (123, for Basic Research (63, 2.15%),
0 0 : Natural National Science
(8.07%) 4.20%), China (119, Foundati f China (61 2.08%
Pleiades Publishing 4.06%), The United M'ant a l?r]lgg tl.na ( 4Sai ),
(5.19%) Kingdom (110, 3.76%) inistry of Education and Science
Springer (4.68%) of the Russian Federation
pringer (% (40, 1.36%)
. o Ministry of Education and Science
al-}%iggeﬁgilﬁ é)t)ate The Russian Federation of the Republic of Kazakhstan (412,
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3.2. Network Analysis

This section presents the results and findings of our network analysis (Step 3 in Table 1).
As noted in Section 2.2.2, the network analysis included construction and visualization
of the keyword co-occurrence networks for all subject areas. Each network comprised
several clusters with closely related keywords that represented some topics. Figure 2
presents a sample network for the subject area Physics and Astronomy. This network has
eight clusters that represent independent streams of research in this subject area. Close
links in the network demonstrate interconnections that exist between clusters. Some of
the keywords belong to several clusters. Based on the network visualization, the most
representative keywords are ions, irradiation, temperature, scanning electron microscopy,
silicon, hydrogen, carbon, mathematical models, crystal structure, and electrons. Similar
networks for all 25 subject areas are provided in Figures S1-525 in Supplementary Materials.
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Figure 2. A keyword co-occurrence network for the subject area Physics and Astronomy.

Table 4 summarizes the key attributes of the keyword co-occurrence networks in our
study. We note that Physics and Astronomy, Biochemistry, Genetics and Molecular biology,
and Medicine are characterized by a large number of keywords in comparison to other
subject areas and those with stronger links.

Table 4. Summary of the network analysis of science in Kazakhstan, by subject areas.

The Most Representative Keywords

No Subject Area Keywords Links Clusters (Top 10 Occurrences)
Phvsics and Ions, irradiation, temperature, scanning electron
1 aszronom 1327 49,998 8 microscopy, silicon, hydrogen, carbon,
y mathematical models, crystal structure, electrons
Questionnaire, human experiment, cross-sectional
5 Social Sciences 169 1875 6 study, cross-sectional studies, major clinical study,

Russian Federation, climate change, psychology,
surveys and questionnaires, Asia, China

Microstructure, scanning electron microscopy,
3 Engineering 1128 28,850 7 silicon, slags, carbon, optimization, mechanical
properties, numerical methods, silica, temperature

Unclassified drug, chemistry, synthesis (chemical),
4 Chemistry 1035 43,107 9 adsorption, catalysts, carbon, thermodynamics,
crystal structure, electrodes, ions
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Table 4. Cont.

The Most Representative Keywords

No Subject Area Keywords Links Clusters (Top 10 Occurrences)
Scanning electron microscopy, x-ray diffraction,
5 Materials Science 1181 49,143 10 synthesis (chemical), microstructure, irradiation,
carbon, silicon, ions, temperature, slags
Biochemistry, Genetics, unclassified drug, metabolism, chemistry,
6 genetics, and 1362 76,536 7 major clinical study, human cell, genotype, animal
molecular biology experiment, pathology, genetic variability
Differential equations, boundary value problems,
inverse problems, algorithms, problem-solving,
7 Mathematics 148 1890 7 partial differential equations, mathematical
models, computer simulation, mathematical
operators, boundary conditions
Central Asia, concentration (composition), risk
8 Env1r(?nmental 840 40,485 6 assessrr}en’c', Asia, cllrpate (.:hange, ‘enV1ronn'1enta1
science monitoring, Eurasia, soil pollution, Russian
Federation, chemistry
Agricultural and Non-human, genetics, Asia, triticum aestivum,
9 bioglo ical sciences 653 20,947 8 Central Asia, physiology, Eurasia, Chemistry,
& Wheat, Metabolism
Earth and Eurasia, Asia, Tien Shan, Central Asia, West Asian,
10 . 391 6414 7 climate change, rocks, ore deposit, deposits,
planetary sciences :
ionosphere
Chemical Unclassified drug, scanning electron microscopy,
11 . . 554 17,312 6 catalyst, coal, carbon, catalyst activity, synthesis,
engineering . oy .
adsorption, oxidation, combustion
Risk factor, genetics, unclassified drug,
12 Medicine 1907 153,993 8 metabol.lsm, mortality, .1nc1dence, pa.thology,
pathophysiology, human immunodeficiency virus
infection, genotype
. Developing world, European Union, cathodes,
Economics, India, economic growth, Eurasia, United States
13 econometrics, and 716 7086 21 L growth, - ’
. chemistry, scanning electron microscopy,
finance i
stochastic systems
Archaeology, pastoralism, Central Asia, bronze
14 Art aggl 338 2615 15 age,. Eurgsm, iron age,ARussm.m Federation,
humanities prehistoric, archaeological evidence, carbon
isotope
Algorithms, optimization, internet of things,
15 Computer science 197 2084 6 robots, net.work security, num.encal methods,
mathematical methods, genetics, procedures,
energy efficiency
Business, Sustainable development, silica, environmental
16 management, and 579 5001 21 protection, costs, economics, regression analysis,
accounting sales, water absorption, lime, remote sensing
Coal, hydrogen, sustainable development, energy
17 Energy 389 6520 8 efficiency, neutron irradiation, catalyst activity,
catalysts, combustion, carbon, deposits
Unclassified drug, metabolism, chemical
Pharmacology, composition, drug structure, plant extract
18 toxicology, and 632 21,783 5 mp s ATUg St P 4
. chemical structure, physical chemistry, drug effect,
pharmaceutics

drug synthesis, human cell
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Table 4. Cont.

Subject Area

The Most Representative Keywords

Keywords Links Clusters (Top 10 Occurrences)

19

Immunology and
microbiology

Genetics, unclassified drug, immunology,
nucleotide sequence, isolation and purification,
phylogeny, metabolism, virology, microbiology,

genotype

404 16,629 6

20

Decision sciences

Risk assessment, decision support systems,
assessment approaches, decision theory,
optimization, risk perception, biomass, vegetation
cover, fault-trees, safety engineering

245 1717 15

21

Veterinary

Vaccination, cattle, brucellosis, unclassified drug,
79 1569 4 animal tissue, immunology, animal model,
veterinary, brucella abortus, bovine

22

Psychology

Human experiment, adolescent, major clinical
study, hiv infections, human immunodeficiency
virus infection, psychology, education, learning,

cross-sectional study, longitudinal study

11 28 1

23

Neuroscience

Physiology, unclassified drug, drug effect,
47 328 2 metabolism, animal behavior, in vitro study,
antelopes, gazelle, rat, animal tissue

24

Health professions 567 10,590 14

Radiation dose, chemistry, radiation monitoring,
radioactive waste, ionizing radiation, radiation
dosage, sensitivity and specificity, radiation
response, radioisotopes, electronic spin resonance

25

Nursing

Human experiment, Saudi Arabia, psychology,
1221 25,844 23 metabolism, physiology, randomized controlled
trial, blood, vegetable, body mass, physical activity

Medicine has the largest number of collaboration links (153,993), which implies strong
collaboration in this subject area. The areas close in research scope to Medicine, such as
Immunology and Microbiology and Pharmacology, Toxicology, and Pharmaceutics, have
comparatively fewer links.

Business, Management, and Accounting is characterized by uneven sporadic intercon-
nections between words, which means that this area is comparatively less productive and
collaborative in Kazakhstan. A related subject area Economics, Econometrics, and Finance
demonstrates a low level of interconnectivity among its keywords, and therefore a low
level of interconnections and links. The subject areas Arts and Humanities, Energy, and
Decision Sciences demonstrate a similar number of keywords, although Energy has more
links and fewer clusters compared to the other mentioned subject areas. There are more
links in Energy, which means keywords are more interconnected; therefore, the number of
clusters is lower.

Materials science demonstrates a high level of interconnections among its keywords
and their relation to each other. The size of the clusters in Chemistry is quite large with
close connections inside the clusters and among its keywords. We report the same pattern
also for Chemical Engineering. Some major topics in these subject areas are similar or
occur concurrently. Biochemistry, Genetics, and Molecular Biology shows more developed
collaboration and interconnection between its keywords, similar to Environmental Science
and Agriculture and Biological Sciences.

Overall, our network analysis in this step reveals the overall development and cur-
rent trends in these subject areas. Overall, such subject areas as Physics and Astronomy,
Biochemistry, Genetics, and Molecular biology, Medicine, and Chemistry are more de-
veloped, while such areas as Social Sciences, Business, Management, and Accounting,
Arts and Humanities, Neuroscience, and Psychology are less developed. Overall, the
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subject areas representing natural sciences are well developed, with dense clusters and
topical relationships. This can be noted from the number of keywords and links in Table 4
where each keyword may represent a topic or line of research and each link represents a
relationship between such two keywords. Overall, such a finding can be corroborated by
the contributions of the Soviet school of science in natural sciences, which had a profound
impact on the global scientific community which continue in present Kazakhstan.

3.3. Author-Based Research Productivity Analysis

This section provides the results and findings of our author-based research productiv-
ity analysis (Step 4 in Table 1). Lotka’s law (Equation (1)) was used to assess the research
productivity of the scholars from Kazakhstan. As introduced in Section 2.2.3, it was as-
sessed using the frequency distribution of the number of articles published by unique
author names. We demonstrate the subject area Art and Humanities as an example. For
this subject area, overall, 1539 articles were published by 4520 unique authors (Table 5).
This altogether gives 5716 co-author occurrences in 1539 articles since one author may
publish more than one article or multiple authors (co-authorship) may represent one article.
Such distribution represents the overall authorship pattern for this subject area. The range
for the frequency distribution is such that 3711 authors published one article each, 584
authors published two articles each, and so on. In the limit of this range, there is only one
unique author who published 15 articles. The aim from building this distribution table
is to find the value for the n-parameter, which ideally should fit the predicted number of
authors to the actual number of authors. For this, the difference between the total number
of authors (actual) and the total number of authors (predicted) must be equal or close to 0.
For the subject area Art and Humanities, the n-parameter is equal to 2.89. The other results
in Table 5 when the n-parameter is equal to 2 are given for demonstration purposes only
since this is the theoretical (benchmark) value of the n-parameter reported in the literature.

Table 5. Results of the author-based research productivity analysis by the Lotka’s law. A sample calculation for the subject

area Art and Humanities.

Number of

Number of Number of Total Authors Difference of Number of Difference of
A . Actual and Authors Actual and
Publications by Authors Co-Author (Predicted), . . .
an Author (x) (Actual) Occurrences When n =2.00 Predicted, (Predicted) Predicted,
. When n = 2.00 When n = 2.89 When n = 2.89
(Theoretical)
1 3711 3711 3711 0.00 3711 0.00
2 584 1168 927.75 —343.75 498.89 85.10
3 141 423 412.33 —271.33 154.24 —13.24
4 48 192 231.93 —183.93 67.06 —19.06
5 22 110 148.44 —126.44 35.15 —13.15
6 5 30 103.08 —98.08 20.73 —-15.73
7 4 28 75.73 -71.73 13.27 —-9.27
8 1 8 57.98 —56.98 9.01 —-8.01
9 2 18 45.81 —43.81 6.41 —4.41
13 1 13 21.95 —-20.95 2.21 —-1.21
15 1 15 16.49 —15.49 1.46 —0.46
Total 4520 5716 5752.53 —1232.53 4519.48 0.52

Table 6 presents the summary results of the application of Lotka’s law for all 25 subject
areas. We can observe that the values for the n-parameter range from 2.05 in Medicine
to 3.85 in Neuroscience. Overall, the subject areas are categorized into four groups, with
an increment of 0.50 for the parameter value. Along with the results of the n-parameter,
we report the results for the k-constant, which represents the associated percentage of
the authors who published only one article for each subject area. We note the relative
correlation between these two measures: the higher the n-parameter value, the higher the
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k-constant value, which implies a given subject area is less mature, represented by the
smaller number of researchers (check in Table 2).

Table 6. Summary of the author-based research productivity analysis by Lotka’s law.

Value of the k-Constant

Number Subject Area Value of the n-Parameter (Percent of Authors
Publishing Only 1 Article)
Group 1. Range for the value of the n-parameter
(2.00-2.50) 2.33 71.03
1 Medicine 2.05 63.73
2 Immunology and microbiology 2.24 69.78
3 Physics and astronomy 2.27 69.2
4 Engineering 2.37 71.79
5 Chemistry 2.38 72.15
6 Materials science 2.41 72.78
7 Mathematics 248 74.44
8 Chemical engineering 2.48 74.40
Group 2. Range for the value of the n-parameter
(2.51-3.00) 2.84 82.34
1 Energy 2.69 90.79
2 Nursing 2.70 80.78
3 Social sciences 2.74 79.67
4 Agricultural and biological sciences 2.78 80.03
5 Economics, econometrics, and finance 2.81 80.66
6 Biochemistry, genetics, and molecular biology 2.87 81.46
7 Art and humanities 2.89 82.10
8 Environmental science 291 82.02
9 Business, management, and accounting 2.92 82.40
10 Computer science 2.95 82.76
11 Pharmacology, toxicology, and pharmaceutics 2.98 83.12
Group 3. Range for the value of the n-parameter
(3.01-3.50) 3.11 84.86
1 Veterinary 3.05 84.17
2 Earth and planetary sciences 3.09 84.42
3 Psychology 3.20 86.01
Group 4. Range for the value of the n-parameter
(3.51-4.00) 3.77 91.24
1 Decision sciences 3.68 90.48
2 Health professions 3.80 91.60
3 Neuroscience 3.85 91.66
Average of all subject areas 3.01 82.36

The subject area Medicine with the low n-parameter = 2.05 has the lowest percentage
of authors (63.73%) who published one article, which suggests it is the most established
subject area with the largest number of researchers (19,612 authors in Table 2) in Kazakhstan.
The average percentage for the subject areas in Group 1 is 71.03%, which is higher than the
average percentage for overall Kazakhstan, 82.36%.

There are more subject areas in Group 2 whose n-parameter range is 2.51-3.00. Com-
pared to the previous group, related more to natural and pure sciences, this group is
represented by the subject areas related to social sciences, arts, humanities, and computer
science. This group is less mature than the previous one, with the n-parameter = 2.84 and
the percentage of the authors who published only one article being 82.34%. An exception
is the subject area Energy, with a percentage of 90.79%.

Groups 3 and 4 have only three subject areas each. Group 3 has the percentage of
authors publishing only one article close to Group 2. The percentage for Group 4 is much
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higher, suggesting 91.24% of all the researchers in the subject areas Decision sciences,
Health professions, and Neuroscience published only one article.

Overall, we can observe the following findings from the application of Lotka’s law.
First, the results of its application to evaluate the research productivity of the scholars
across the subject areas in Kazakhstan confirm that the n-parameter = 2.00 is a benchmark.
The closer the subject area’s n-parameter value to 2.00 (Table 6), the more developed the
subject area is. Second, the finding from this law’s application can be corroborated by
the finding from the other two analyses in our study (reported in Sections 3.1 and 3.2).
For example, we can observe that the subject areas in Group 1 are more developed as
per the results of the Lotka’s law application (Table 6) than the other subject areas in our
study. Apparently, these subject areas are also more productive (in the number of articles),
impactful (by the number of citations), and collaborative/networked (see Tables 2 and 4,
Table S1 in Supplementary Materials, Figures S1-525 in Supplementary Materials). Similar
analysis of the subject areas in the other groups reaffirms this finding. Third, Lotka’s law
application also suggests that the number of authors who published only one article in a
given subject area is not enough to ensure the overall productivity of this area. Overall, we
observe that the overall science sector in Kazakhstan did not reach its necessary stage of
maturity, as shown by the average value of the n-parameter of 3.01 for all the subject areas
in Table 6. Recalling from Section 2.2.3 of the current paper, the higher n-parameter value
implies less developed areas (less maturely represented by fewer researchers), while the
lower n-parameter value implies the more established area (more maturely represented by
more researchers). On the other hand, this also implies an opportunity for research growth
in the near future that may fill the current gap in the development of the listed subject
areas in Kazakhstan.

4. Conclusions

The development of a country’s scientific potential is based on its research productivity
and quality. Recent trends in the HES sector of Kazakhstan, such as an increase in science
funding, access of researchers to research mobility programs, and globalization of the
local research, have resulted in the country’s improved research performance. To reveal
associated trends and characteristics of the research productivity of the country, in this
study, we offered a comprehensive analysis of scientific literature from Kazakhstan. Our
research scope included the descriptive analysis, network analysis, and author-based
research productivity analysis of 23,371 articles sourced from Scopus, published during
1991-2020, and across 25 subject areas.

The results of the descriptive analysis revealed substantial growth in research pub-
lications in Scopus since 2011. The average annual growth rate of 32 percent in the past
10 years indicates a stable and robust contribution of researchers affiliated with Kazakhstan.
In terms of research quality, the results of the citation analysis showed the subject areas
that contribute more to the research body of knowledge. These are Physics and Astronomy,
Engineering, Medicine, and Immunology and Microbiology subject areas, which are recog-
nized by the research community on the global scale. Moreover, the collaboration patterns
as co-authorship with counterparts from other countries showed that local researchers
in the subject areas related to agriculture, engineering, and medicine may experience
tremendous growth in the coming years. The increase in the number of such publications
in English and since 2011 results from the implementation of some crucial policies and
requirements of the government in the HES sector. In particular, this includes the State
Program of Educational Development (2011-2020), the Law on Science (2011), the Law on
Commercialization (2015), and the State Program for Education and Science Development
(2016-2019). For example, the Law on Science was enacted to reevaluate new scientific
directions, improve publication quality, and set standards for awarding academic degrees
and titles. The State Programs (2011-2020, 2016-2019) set key targets which were relevant
to the country’s research performance and contributed to its productivity. Other policies
include publishing at least one paper in a journal with a two-year journal impact factor
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above zero or indexed in Scopus (to award a Ph.D. degree) and publishing at least two
and three articles in journals with a journal impact factor above zero (to award associate
professor and professor titles, respectively). Publications in international journals indexed
in Scopus and Web of Science and the increase in citation rates are essential criteria for fund-
ing research proposals, awarding Ph.D. degrees, and promoting faculty and researchers
in HES institutions in Kazakhstan. In addition, implementing a set of requirements for
research grant holders and rigid rules in competitions (e.g., the country’s best university
or faculty member) continues to both push and motivate the HES institutions and local
researchers to increase their research output.

The findings from the network analysis showed that the topical relationships and
research collaborations in some subject areas are stronger and denser (e.g., Physics and As-
tronomy, Biochemistry, Genetics, and Molecular Biology, Medicine, Chemistry), while other
areas (e.g., Social Sciences, Business, Management, and Accounting, Arts and Humanities,
Neuroscience, and Psychology) are less established. We found that, on average, the subject
areas representing natural sciences are more developed than the subject areas representing
social and medical sciences. We corroborate this finding with the development of the
Soviet school of science that had a crucial impact in the former areas than the latter, which
continues in present Kazakhstan. The findings from this analysis can help understand the
scientometric characteristics of the science sector and identify the areas for prospect growth
through a more profound analysis of the factors that enable their development.

Lastly, we assessed the research productivity of local scholars and evaluated the rela-
tive research maturity of all subject areas. Applying Lotka’s model with its n-parameter
(with the value of 2.00 as a theoretical benchmark) and k-constant (representing an asso-
ciated percentage of the authors who published only one article in a given subject area),
we found that the overall science sector in Kazakhstan did not reach its necessary stage
of productivity. On the other hand, this suggests that the country has potential in its
publication output which would lead to its scientific maturity. Additionally, based on the
associated values of their n-parameter, we grouped the 25 subject areas into four distinct
groups. Some subject areas demonstrated greater productivity and contribution to the HES
sector in Kazakhstan, while the others were less productive. This all implies an opportunity
for research growth in the near future which may fill the current gap in the development of
lagging subject areas in the country.

We acknowledge some limitations that can be considered in future research. A single
article in our study may have represented more than one subject area. This is because
articles in Scopus may be indexed in more than one subject area, which is especially true
for allied areas, e.g., Chemistry and Materials science. Additionally, in this study, we used
quantitative methods and our findings are based on statistical analysis. In future research,
the scope of this study can be extended, or findings can be confirmed by using qualitative
approaches (e.g., interviews) or by analyzing non-academic policy materials or reports.

The findings and implications from our study can be helpful for the international
research community, policymakers in the HES sector, and serve as exemplary for other
emerging countries. They can be used to understand the results of structural and policy
reforms aimed to improve the country’s HES sector. Additionally, understanding the
current state of the research productivity and scientific maturity is crucial in building a
more sustainable research environment for a country.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10.3
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20 subject areas.
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