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Abstract

Transformations in HEIs (Higher Education Institutions) in recent years have positioned
education alongside research, development, and innovation, creating the necessary frame-
work for achieving a positive impact on society and economies. A Principal Factor Analysis
was employed using 19 variables from eight Eastern European countries over a three-year
period (2022-2024). The six main factors are noted with F1 (innovation and collaboration in
R&D), F2 (performance and investment in academic research), F3 (advanced technological
production and talent influx), F4 (evolution over time/systemic progress), F5 (cluster de-
velopment), and F6 (investment in education). These explain over 83% of the total variance,
ensuring a robust representation of the original data. The results of the analysis show, in
some countries, strengths in specific areas (e.g., EE in innovation, CZ in academic research,
and SK in high-tech manufacturing). Meanwhile, a general trend of decreasing scores at
the systemic progress level can be observed in most nations, suggesting a slowdown in the
overall development momentum. At the same time, significant volatility was observed
in cluster development (F5) and investment in education (F6) across the sample. These
findings provide a condensed, multidimensional framework for comparative analysis
and policy formulation, highlighting specific strengths and vulnerabilities in the regional
innovation landscape.

Keywords: innovation; economic development; factor analysis; higher education

1. Introduction

In recent years, there have been many changes in HEIs due to globalization which,
on the one hand, has reduced public investment, and on the other hand, has stimulated
the research, development, and innovation activities that are necessary for increased per-
formance in the economy [1,2]. Investments in education have become a necessity for the
performance and transformation of universities, with studies claiming that they lead to
innovation, entrepreneurial activities, and the adaptation of technology [3,4]. At the same
time, investments and digitalization in HEIs are observed through the positive effect on
teaching staff and graduates (there are improvements in their cognitive and entrepreneurial
skills, adaptability to progress and, ultimately, productivity [5-7]. The need for transfor-
mation thus arises as a result of global societal and technological transformations, which
present new demands on the graduate market, which expects a workforce that is not
only highly qualified but which is also capable of “new productivity”, attainable through
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innovation, advanced technology, high efficiency, and superior quality [1,6,8]. In order
to identify common trends and possible differences in the formation of innovation-based
economic systems, studies that have analyzed the global innovation index were conducted.
These have shown that the innovative development of the economy contributes to ensuring
competitiveness and becomes a tool for ensuring sustainable development and economic
growth [9,10]. The proven positive impact of RDI on economic growth is also discussed by
other studies, which support the need to stimulate educational and research activities in
addition to the development of entrepreneurship [11], but also the assessment of the key
innovative principles of economic systems [12].

Given the role of HEIs in the development of economies and the conceptual, empiri-
cal, and contextual developments captured, this research complements existing studies,
highlighting the differences between economies (under the imprint of the transformations
generated by the steps towards sustainable economies). In contrast, variables influencing
the performance of HEIs among Eastern European countries (emerging countries) are
addressed here, which seem to not be researched in this context in the specialized literature.

The research questions that constituted the starting point in the empirical investigation
are as follows:

Q1: What are the latent dimensions (main factors) that explain most of the variation in
the analyzed indicators at the level of the studied European countries?

Q2: What common patterns of performance can be identified among Eastern European
countries based on the scores obtained on the main factors?

Q3: What groups (clusters) of countries are formed based on the factor profile?

(Q4: What policy models/directions can be inferred for each type of factor profile
identified, and what interventions could improve countries’ performance?

The contribution to the literature is made by developing a conceptual framework
supported by a wealth of empirical evidence, which illustrates the close relationship
between the indicators. Thus, the contribution of HEIs to the economy is captured in the
context of existing transformations at both the national and international levels.

Analyzing the issues mentioned above, in order to capitalize on the effect of HEIs in
the economy, the study conducts an analysis of the main factors having an explanatory
character, aiming to develop theoretical constructions that underline the observed covari-
ance between variables. The analysis reveals the conceptual dimensions that support the
performances at the country level, according to the values obtained (innovation, digitaliza-
tion, partnership, etc.). Section 2 consists of a literature review, through existing studies on
Higher Education Institutions, and highlights their role in societal transformation and the
need and implications for collaboration and innovation. Section 3 builds the theoretical
framework for the analysis of the main factors through multivariate methods that allow for
dimensionality reduction and the identification of latent structures in a set of intercorrelated
variables. Section 4 includes the results obtained from the processing of the material and
confirms a fit of the factor model that explains the common variant of the extracted factors.
Section 5 presents the conclusions regarding the results obtained, and Section 6 presents
the theoretical and practical implications of the research. Section 7 describes the limitations
of the research and proposes possible future research.

2. Theoretical Analysis and Research Hypothesis

The challenges generated by climate change and a lack of resources and technological
progress determine a new perspective of action for Higher Education Institutions (HEIs),
directing their attention (through teaching and research staff) towards identifying solu-
tions for the future. Industry 5.0 comes with the need to integrate ethical and societal
considerations into the activities carried out within the innovative processes. Thus, in
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the future, a symbiosis must be created between humans and machines, by developing
technologies that allow adaptability and collaboration, in order to achieve resilient and
sustainable economies [13]. On the other hand, the Sustainable Development Goals (SDG
9—Industry, Innovation, and Infrastructure; SDG 8—Decent Work and Economic Growth;
SDG 13—Climate Action; SDG 17—Cooperation and Leadership) are among the key el-
ements pursued by HEIs, and are attainable through national and international research
partnership projects which can facilitate the creation of hubs or incubators to support
RDI [14,15].

From this perspective, HEIs play an essential role in the development of countries,
through future-oriented skills and values, which can contribute to economic development
and growth.

2.1. The Role of Higher Education Institutions in the Context of Transformation

HEIs must provide technical and economic expertise in addition to the skills for
developing effective solutions for the involvement of stakeholders in sustainability and
responsibility. Therefore, recent studies show that universities around the world are
adapting their curricula to transmit the latest skills related to Industry 5.0 [16], becoming
promoters of the development of local-global innovation ecosystems [17], developing new
skills to balance economic efficiency [18], and/or including concepts for the integration of
ethics [17,19].

The need to respond, through assumption and integration, to rapidly evolving tech-
nologies, changing consumer behaviors and market dynamics, has led companies and
universities to transform [20-22]. Due to sustainability challenges, society urgently needs
innovations and new knowledge, and universities can contribute through social, envi-
ronmental, and cultural involvement in the regions in which they operate [23,24]. The
benefits of integrating technologies, as a result of the RDI effect in line with the princi-
ples of sustainability, are already evident and can be observed in various fields, such as
health [25,26], education (digital tools such as AR/ VR, enabling experiential learning) [26],
and environmental policies (machine learning algorithms implemented for water pollution
detection and infrastructure management) [27,28].

Accordingly, the tertiary sector is recognized as a contributor to positive changes
in the economy, by including RDI-based activities, through knowledge and digital trans-
formation [4,29], becoming a driving force with long-term beneficial effects at both the
country and company levels [30]. In addition to changes related to the need to attract
investment for R&D, the transformation of universities has also taken into account the
improvement of academic quality in line with global performance standards, which has led
to numerous academic, financial, and quality assurance challenges [31,32]. Therefore, the
need for competitiveness among universities has become increasingly strong in the context
of inclusion in global rankings, with every university striving to achieve global recognition
and to secure a top position in international rankings [31,33].

2.2. The Role of Higher Education Institutions in the Context of Collaboration and Innovation

In Europe, as in other regions of the world, HEIs are called upon to identify ways of
collaborating through inter-university or extra-university networks (enterprises, public
organizations, and non-profit societies), intended for organizational success [1,34]. The
scientific literature shows the growing tendency of academic management and higher
education professionals engaging in educational research to promote teaching and learn-
ing [35,36]. Collaboration between university and industry to diversify teaching has gained
increasing attention in higher education [37]. Hence, Higher Education Institutions are
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called upon to become “SDG incubators” [38], being responsible not only for education but
also for shaping sustainable and ethical civic behavior.

Collaboration is considered a key source of new knowledge, as it can provide students
with the opportunity to connect to real-world challenges and possible ethical issues, con-
tributing to the relevance and adaptation of curricula and creating conditions for better
understanding [39,40].

However, government-supported funding in some countries has become insufficient,
and RDI activities allow for the replenishment of funds and the facilitation of new in-
vestments [41]; therefore, the actions of HEIs in attracting funds are increasingly impor-
tant [1,5,42]. At the same time, the need for funding has led universities to a new approach
to forming, facilitating, and supporting partnerships in accordance with industry needs [43].
Thus, changes in HEIs due to funding have stimulated progress in education and RDI,
and the positive effect on the economy occurs through the qualitative increase in human
capital, through new skills and competencies that lead to higher returns with an effect
on productivity [44,45]. In parallel, technological progress leads to the optimization of
operational efficiency, the creation of new economic sectors, and transformative changes
in industries [46,47], in addition to intensively productive areas enabling modernization,
structural optimization, and knowledge creation [48].

The involvement of HEIs in RDI is also recognized as positive due to the possibility
of bringing together teams of researchers who can address large and complex problems
together, and the decentralized structure of universities is conducive to providing the neces-
sary autonomy [49], being able to initiate both private and public research projects [50-52].
Sometimes, advantaged by their geographical distribution and the diversity of funding
sources, HEIs can contribute to regional networks [53,54], as well as to policy development
and knowledge exchange [55,56]. The involvement of HEIs in the community thus extends
collaboration with stakeholders, bringing mutual benefits through cooperative educational
approaches and public access to knowledge [57,58]; by knowing the needs and priorities
of the region, HEIs can increase the prominence of their role in contributing to economic
development [59,60]. At the same time, HEIs are promoters of change by contributing to the
integration of innovation [61,62], to inclusive approaches to teaching and learning [63,64],
and then to entrepreneurship and co-creation [1,65,66].

Since Higher Education Institutions are regulated differently from one country to
another from an economic, political, and social perspective, and their development and
domestic and international involvement depend on quantitative and qualitative factors, we
consider it to be important to conduct research in Eastern European countries, namely coun-
tries with emerging economies and similar historical and political pasts. The hypotheses
underlying the present research are given here:

H1. There are a small number of main factors that can explain the major variation in factor
performance at the national level.

H2. Eastern European countries can be grouped into structurally meaningful clusters depending
on the scores obtained for the main factors.

H3. There is a correlation between the factor profile of a country and the policy directions needed to
support its sustainable partnerships in research and education.

The main aim of the study is to identify and classify distinct national typologies in
terms of knowledge system performance—as defined by the interaction between educa-
tion, research and development, information and communication technologies, innovation
linkages, knowledge creation, and knowledge impact. For this, an analysis based on
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the Principal Factor Analysis (PFA) was performed [67,68]. The analysis aimed to iden-
tify latent (unseen) factors that explain the correlations between the observed variables
(19 variables) to enable the following steps: (1) highlighting the main latent dimensions
governing the research, innovation, and digitalization ecosystems at the national level;
(2) identifying groups (clusters) of countries with convergent or divergent profiles in these
areas; (3) formulating differentiated public policy recommendations, in accordance with
the specific potential and structural constraints of each group. The study thus contributes
to an integrated understanding of scientific and digital performance in a European context,
supporting the formulation of evidence-based policies.

The research topic is part of the need to understand and manage the complexity of
national knowledge ecosystems in Eastern Europe, at a time when the interdependence
between science, digitalization, and public education is becoming decisive for sustainable
development. Given that regional disparities and challenges related to innovation, aca-
demic internationalization, and digital cohesion persist, a structural analysis is needed, as
it can highlight the functional typologies of countries in relation to these dimensions.

By applying Principal Factor Analysis (PFA) and cluster analysis, the research pro-
poses an integrative model for interpreting factorial performance, contributing both to the
theoretical advance in the study of knowledge governance and to the substantiation of
differentiated policies.

3. Materials and Methods

The study used a panel dataset, collected over a three-year period (2022-2024) and
covering eight Eastern European Union member states: Bulgaria, the Czech Republic,
Estonia, Hungary, Lithuania, Poland, Romania, and Slovakia (shown in Table 1). The
selection of these countries was motivated by their historical and economic similarities, as
well as common convergence efforts within the EU [69].

Table 1. The country list.

No. Abrev. Countries Name of Countries

1 BG Bulgaria

2 Ccz Czech Republic

3 EE Estonia

4 LT Lithuania

5 HU Hungary

6 PL Poland

7 RO Romania

8 SK Slovakia

The dataset included 19 variables relevant to the assessment of innovation, R&D,
education and economic performance, considered essential in characterizing innovation
ecosystems. These variables were selected based on their theoretical relevance and interna-
tional data availability, ensuring comprehensive coverage of key dimensions of innovation
(see Table 2).
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Table 2. The situation of the initial indicators.

No. Indicators UM Abw.
1 Expenditure on education % GDP EE
2 Tertiary enrolment % gross TE
3 Graduates in science and engineering % GSE
4 Tertiary inbound mobility % TIM
5 Gross expenditure on R&D % GDP GERD
6 Global corporate R&D investors, top 3 mn USD GCRDI
7 QS University Ranking, top 3 * % QSUR
8 ICT access % ICTA
9 ICT use % ICTU
10 University-industry R&D collaboration % UIRDC
11 State of cluster development % SCD
12 Joint venture/strategic alliance deals bn PPPS$ GDP JVSAD
13 Patent families bn PPP$ GDP PF
14 Patent by origin bn PPP$ GDP PO
15 Scientific and technical article bn PPP$ GDP STA
16 Citable documents H-index Yo CD
17 Labor productivity growth % LPG
18 Software spending % GDP SS
19 High-tech manufacturing Yo HTM

Source: https://www.wipo.int/gii-ranking (accessed 17 June 2025). * Index obtained from the average score of
the first three universities listed in the QS ranking.

In order to identify latent structures and reduce the dimensionality of the dataset,
Principal Factor Analysis (PFA) was applied. PFA is a multivariate statistical technique
which allowed the transformation of the set of intercorrelated variables into a smaller
set of uncorrelated variables (principal factors), maintaining as much as possible of the
total variance in the original data. Thus, by reducing dimensionality, a simplification was
achieved through smaller sets, which will be easier to explore and visualize, and will make
data analysis easier and faster for machine learning algorithms, without external variables
to process.

The main steps of the PFA are presented in Figure 1, which can be explained as follows:

e Data normalization: the step in which the variables were standardized (scaled to
zero mean and one standard deviation) to prevent variables with higher variance from
dominating the analysis.

e  Calculation of the correlation matrix to analyze data with different units of measurement.

e  Factor extraction using the standard PFA algorithm for extracting principal factors.

e  Factor retention criteria: The optimal number of principal factors was determined
based on the Kaiser criterion (Eigenvalue > 1), and the examinations of the scree
plot graph and the percentage of total variance were explained. In this study, it was
decided to retain six principal factors, which together explained over 83% of the total
variance in the data.

e  Factor rotation was required to improve the interpretability of the factors and obtain a
simpler and clearer structure (i.e., high loadings for a few variables on one factor, and
low loadings for the others), with a Varimax orthogonal rotation being applied.

e Calculation of factor scores, showing the positions of each observation on each
of the identified latent dimensions, facilitating comparisons and the analysis of
temporal evolution.
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PFA Analyses Process

'

Data Normalization
Standardization to mean=0,SD =1

'

Correlation Matrix Calculation
To compare variables with different unis

'

Component Extraction
Using standard PFA algorithm

|

Factor Retention Criteria
Kaiser Criterion (Eigenvalue > 1) Scree Plot, % Variance

'

Factor Rotation (Varimax)
To improve interpretability

|

Factor Scores Calculation)
To assess observation positions on latent

dimensions

Figure 1. Stages covered in PFA.

The analytical flow underlying the use of Principal Factor Analysis (PFA) in the present
study can be observed in Figure 2. The PFA functions as an intermediate methodological
step, linking complex and multidimensional datasets to interpretive results and necessary
policy directions.

Input: Synthesized variables
Education, Digitalization, Science, etc.

'

Principal Factor Analysis (PFA)
Identifies latent variables

Reduces dimensionality
Avoids a priori causal assumptions

'

Output: Principal Components
Basis for clustering

Visualization of dispersion/proximity

!

Interpreation & policy formulation
Comparative insights (EU contries)
Differentiated strategies in education, digitalization, science

Figure 2. Logical scheme for applying Principal Factor Analysis (PFA).

The PFA was performed using Statistica software (“STATISTICA 8.0”, StatSoft Inc.,
Tulsa, OK, USA). The PFA results allowed the identification of latent factors reflecting
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dimensions such as investment in education and research, digital infrastructure, cross-
sector collaboration, and innovative performance. This provided a solid explanatory
framework for interpreting the correlations between variables and supporting conclusions
on development policies.

Following the PFA, a classification of the analyzed countries into homogeneous clus-
ters was performed for the data related to the year 2024, based on the main factors obtained.
Subsequently, the characteristics of each cluster were interpreted in terms of strengths, struc-
tural deficiencies, and potential synergies. Then, differentiated policy recommendations
were formulated for each group of countries, with a focus on strengthening educational,
scientific, and digital partnerships.

4. Results and Discussion

Following the factor analysis (PFA), using the data presented in Appendix A, Table A1,
and the correlations between the original variables and the initial main factors, before any
rotation (see Appendix A, Table A2), led to us obtaining the scores of each observation
(country-year) (see Appendix A, Table A3).

Thus, the following were obtained: the eigenvalues of the correlation matrix (which
provide numerical criteria to justify the number of factors retained—see Table 3), the eigen-
vectors of the correlation matrix (to maximize the loadings on some factors and minimize
them on others—see Appendix A, Table A4), and the contributions of the variables, based
on correlations (additional validation of the interpretation of the factors, see Appendix A,
Table A5).

Table 3. Eigenvalues of correlation matrix and related statistics.

No. Eigenvalue % Total Cumulative Cumulative % Comment
1 5.006457 26.34977 5.00646 26.3498
2 4.059762 21.36717 9.06622 47.7169
3 2.538392 13.35996 11.60461 61.0769
4 1.601324 8.42802 13.20594 69.5049
5 1.483036 7.80545 14.68897 77.3104
6 1.113711 5.86163 15.80268 83.1720 Cumulative variance exceeds 80%
7 0.990572 5.21354 16.79326 88.3856
8 0.766478 4.03409 17.55973 92.4197 Cumulative variance exceeds 90%
9 0.456094 2.40049 18.01583 94.8201
10 0.349610 1.84005 18.36544 96.6602 Cumulative variance exceeds 95%
11 0.173676 0.91408 18.53911 97.5743
12 0.145146 0.76393 18.68426 98.3382
13 0.113560 0.59768 18.79782 98.9359
14 0.093885 0.49413 18.89170 99.4300 Cumulative variance approaches 99%
15 0.060044 0.31602 18.95175 99.7460
16 0.021093 0.11102 18.97284 99.8571
17 0.015861 0.08348 18.98870 99.9405
18 0.008578 0.04515 18.99728 99.9857
19 0.002720 0.01432 19.00000 100.0000

Six main factors (F1-F6) were retained, which, according to the previous analysis,
explain a significant proportion of the total variance in the data. These six factors were
named and interpreted as follows:

e F1: Collaboration in innovation and R&D (associated with patent families, ICT use,
university—industry collaboration, software spending, joint venture agreements, and
tertiary education enrollment).
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F2: Academic research performance and investment (associated with H-index of
citable papers, QS university rankings, gross R&D expenditure, global corporate
R&D investors, patents of origin, science and engineering graduates, and inward
tertiary mobility).

F3: Advanced technology production and talent flow (associated with high-tech
production, patents of origin, inward tertiary mobility, tertiary education enrolment,
and labor productivity growth).

F4: Time evolution/systemic progress (predominantly associated with the variable
“Year”, indicating a general trend of progress or regression).

F5: Cluster development (mainly associated with cluster development stage, ICT use,
and variable “Year”).

F6: Education investment (principally associated with education expenditure as %
of GDP).

Table A3 (Appendix A) contains the factor scores of each observation (country in

a given year) for these six main factors, together with the scores for F7-F19, which, in the

context of the decision to keep only six, will not be directly interpreted. The formal analysis

of the factor scores (2022-2024) (see Appendix A, Table A3) provides the positioning of

each observation (country per year) in the reduced space of the main factors. From the

comparative analysis of the countries, the following observations can be deduced:

BG presents a mixed profile, with pronounced strengths and weaknesses, and a dy-
namic evolution over the period. On F5 (cluster development), it has a strong point
in 2022 (score of 2.65), indicating exceptional cluster development. However, there
is also a significant decrease in this score in 2023 (1.05) and 2024 (0.87), although it
remains above average, suggesting either a maturation of the process, a slowdown in
the growth rate, or a reorientation of priorities. On F1 (innovation and collaboration in
research and development) and F3 (advanced technology production), it demonstrates
a positive trend of improvement, moving from negative scores in 2022 (—0.60 at F1
and —1.26 at F3) to positive scores at F1 (0.54) and less negative scores at F3 (—0.21) in
2024. This result indicates the country’s efforts to modernize and integrate into the
knowledge-based economy. The result from F2 (academic research) shows that the
performance for F2 is constantly deteriorating, from —0.95 in 2022 to —1.92 in 2024,
demonstrating persistent or increasing challenges in the field of academic research.
Similarly, F4 (temporal evolution) reflects systemic progress, which decreases from
—0.41 to —1.86, signifying a significant slowdown in the overall pace of development.
CZ is distinguished by a solid performance in research and a positive dynamic in
technology adoption, with some volatility in the development of clusters. F2 (academic
research) maintains a good and constant score throughout the period (2022: 2.34, 2023:
2.58, and 2024: 2.57), establishing itself as a regional leader in academic performance
and R&D investments. F1 (innovation and collaboration in research and development)
and F3 (advanced technological production) show an increase (F1 increases from 0.70
to 2.28, and F3 increases from —0.44 to 1.87), showcasing a consolidation of innovation
capacity and accelerated expansion in high-tech production sectors. F4 (temporal
evolution) decreased from a positive score (1.83 in 2022) to a negative one (—0.41 in
2024), suggesting a slowdown in the overall pace of progress. F5 (cluster development)
shows volatility, falling sharply from 0.66 in 2022 to —1.05 in 2023, with a slight
recovery to 0.13 in 2024.

EE positions itself as an agile innovator, with an exceptional increase in innovation
capacity, but with challenges in maintaining systemic progress and support for educa-
tion. In F1 (innovation and collaboration in research and development), an upward
trajectory is observed, with scores of 2.18 (2022), 3.72 (2023) and 5.17 (2024). EE is
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thus the undisputed leader when it comes to innovation. On F3 (advanced technology
production), a constant improvement is observed, from —0.89 to 0.78, indicating a
transition to a more advanced technology-based economy. F4 (temporal evolution)
shows a decrease from 1.99 to —0.10; F6 (investments in education) shows a decrease
from 0.82 to —0.50, which reveals that there is a slowdown in the overall pace of de-
velopment and a decrease in efforts to support education. This could pose long-term
risks to the sustainability of innovation. F5 (cluster development) shows a significant
deterioration, namely a decrease from 0.94 to —0.44.

HU combines academic research and cluster development (with a strong emphasis) but
highlights regression in systemic progress and volatility in investments in education.
F2 (academic research) has a good and relatively consistent performance (2.94 in 2022
and 2.90 in 2023); despite a notable decrease in 2024 (1.43), it remains above average.
In F5 (cluster development), the initial very high (1.35) in 2022 and consistent in 2023
(1.28). Scores drastically reduced in 2024 (0.02), indicating a potential slowdown in
development or a change in focus. In F4 (temporal evolution), there is a constant and
pronounced deterioration, from —0.31 to —1.95, signaling a regression in the overall
progress of the system. F6 (investments in education) fluctuates significantly, with
a strong increase in 2023 (1.56), followed by a steep decrease in 2024 (0.20).

LT asserts itself as a growing player in innovation, but encounters structural challenges
in academic research, technological production, and particularly with a regression in
systemic progress. F1 (innovation and collaboration in research and development)
has an impressive upward trajectory (an increase from 0.70 to 3.10), indicating rapid
consolidation of innovation capacity. F4 (temporal evolution) drops dramatically from
0.58 to —1.47, suggesting that, although there are advances in innovation, the overall
pace of development has slowed down considerably, or even regressed. F2 (academic
research) and F3 (advanced technological production) shown below-average values
throughout the period, indicating structural deficiencies. In F6 (investment in educa-
tion), there is a deteriorating trend, from —0.33 to —0.78, representing a problematic
aspect for the sustainability of innovation in the long term.

PL presents a contrasting profile, with a solid performance in academic research,
but persistent deficiencies in advanced technological production, and an alarming
deterioration in systemic progress. F2 (academic research) maintains a high score (2.88
in 2022, with a temporary decrease in 2023 to 1.43, and a recovery to 2.12 in 2024),
confirming the country’s role as a significant contributor to academic research. In
F3 (advanced technological production), a major vulnerability was recorded, with
extremely low and negative scores (—3.61 in 2022, —2.93 in 2023, —1.85 in 2024).
Although a slight improvement is observed, it remains an area that requires substantial
interventions. In F4 (temporal evolution), the situation deteriorated (from —0.04 to
—2.33), indicating a reversal of systemic progress, and stagnation or regression at the
macroeconomic level. In F5 (cluster development), a decrease from —0.16 to —1.84 can
be seen, signaling difficulties in developing or maintaining cluster ecosystems.

RO faces fundamental challenges in innovation and research, despite certain positive
initial investments in education and cluster development. In F1 (innovation and
collaboration in research and development) and F2 (academic research), extremely
low scores are recorded over the period (—3.16 in F1 and —2.56 in F2 in 2022), re-
vealing a weak basis for innovation and academic research. Subsequently, a slight
improvement trend is observed in F1, but F2 remains at a problematic level. In F3
(advanced technology production), an improvement is recorded, moving from —0.70
to 0.38, which indicates an orientation towards more technological sectors. F5 (cluster
development), after an initial score above average (0.77 in 2022), sees a drastic and
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continuous deterioration (up to —2.02 in 2024). This warrants an in-depth analysis of
the policies or factors influencing the formation of clusters. F6 (investment in educa-
tion) starts with an incredibly positive score (1.39 in 2022), which drops significantly
to —0.18 in 2024, signaling a decrease in investment efforts in human capital.

e SK stands out for its excellence in technological production, but faces significant
gaps in innovation and academic research, as well as a deterioration in systemic
progress. In F3 (advanced technological production), it maintains a high and constant
score (2.52 in 2022, 2.14 in 2023, and 2.14 in 2024), consolidating its leading position
in this area. In F6 (investment in education), from an extremely low initial score
(—3.73 in 2022), a spectacular recovery is observed in 2023 (0.30), with maintenance
of the positive score in 2024 (0.53), indicating a reorientation of political priorities.
In F1 (innovation and collaboration in research and development) and F2 (academic
research), we observe values that remain at problematic levels throughout the period,
with predominantly negative and very low scores (3.24 in F1 in 2022, —0.95 in F2 in
2024). In F4 (temporal evolution), the values decrease from a very positive level (1.68)
to a negative level (—0.58), signifying a general slowdown in progress.

By analyzing the countries comparatively, it can be said that there is a divergence in
innovation profiles, with clear differences between countries on the different dimensions
of innovation and development. Thus, the lack of convergence (divergence) shows that
countries are not evolving in the same direction or with the same intensity in the field
of innovation and development (both in terms of performance and innovation structure).
Some countries (e.g., EE) are leaders in innovation and collaboration in R&D, while others
(e.g., CZ, HU, PL) excel in academic research, and SK dominates in production of advanced
technologies. This suggests that national innovation strategies differ substantially. A com-
mon trend, albeit with different magnitudes, is the deterioration of the F4 score (temporal
evolution) for most countries (e.g., CZ, HU, PL, RO, SK). This could indicate a slowdown
in the overall growth rate or systemic progress in the region, possibly due to economic
shocks (the war in Ukraine) or ineffective policies. The F5 dimension shows considerable
volatility and, in most cases, a downward trend after 2022 (e.g., BG, CZ, HU, PL, RO), with
the notable exception of LT in 2024. This may signal difficulties in sustaining cluster-based
innovation ecosystems. Investment in education (F6) varies significantly, with noteworthy
positive developments in SK and CZ in 2023, but negative trends in EE, LT, and RO. This
highlights the lack of a uniform approach in prioritizing spending on education, which is
critical for human capital and innovation. Each country seems to have one or two “pillars”
of performance in which they score consistently high (e.g., F1 for EE; F2 for CZ/HU/PL;
F3 for SK), which showcases that there are some comparative advantages or results of
long-term strategic investments. Retaining six principal components (F1-F6) was justified
by their ability to explain over 83% of the total variance in the data, providing a substantial
and interpretable representation of the original information (see Table 3).

As shown in Table 3, the first six factors account for over 80% of the total variance,
denoting a strong explanatory power. For eight factors, the cumulative variance exceeds
90%, while for the fourteenth, it reaches about 99%, suggesting a marginally decreasing
contribution of the later factors.

Upon the analysis of Table 3, there are 19 factors (corresponding to the 19 active
variables). In the second column, “Eigenvalue”, the amount of variation explained by
each main factor can be found. In column 3, “Total”, there is the percentage of the total
variation explained by each factor. Column 4, “Cumulative”, contains the sum of the
eigenvalues up to that factor (cumulative). In column 5, the “Cumulative percentage
of variation” is explained up to that factor. By selecting the relevant factors (Kaiser’s
criterion and cumulative thresholds), one can observe that only the first six factors have
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an eigenvalue > 1, and together they explain ~83.17% of the total variation. This indicates
that the most relevant information is captured in just a few factors [70]. Using both the
rotated factor loadings matrix (see Appendix A, Table A4) and the information in the
“Variable contributions, based on correlations” table (see Appendix A, Table A5) (specific
to STATISTICA 8.0 software), it was possible to define and understand more in depth what
each of these factors measures.

The correlation matrix is presented in Table 4.

The correlation matrix gives direct, simple linear associations.

From the analysis in Table 4, we can see strong links between education, research,
and innovation. Thus, the indicators GERD (R&D expenditure) vs. PF (patent families)
have a high correlation value (0.78), which reveals that investments in R&D have led to the
existence of more patents.

Between the indicators GERD and QSUR (university ranking), a moderate correlation
(approx. 0.25) can be seen, which shows that countries with better-ranked universities
invest more in R&D.

The correlation of GERD vs. GSE (science and engineering graduates) is also high
(0.68), expressing that more graduates are associated with more research.

The correlations TE (tertiary enrolments) and PF (patents) have a high value (0.51),
which conveys that a developed tertiary system generates more patents.

The role of collaboration and the innovative ecosystem is observed through the UIRDC,
SCD, and JVSAD indicators. One can notice that UIRDC (university—industry collaboration)
is positively correlated with GERD (0.52) and TE (0.49), which indicates that technology
transfer and collaboration stimulate research and education. SCD (cluster status) is pos-
itively correlated with PF (0.71) and PO (0.72), which shows that cluster development is
essential to produce patents and scientific documents. JVSAD (joint ventures and alliances)
is positively correlated with PF (0.77), resulting in strategic agreements producing changes,
ultimately resulting in an active innovation environment.

The impact of ICT can be identified through the ICTA, ICSTU, and SS indicators. From
the analysis of the correlation matrix, one can see that ICTA (access to ICT) and ICTU (use
of ICT) are positively correlated with TE (0.38 and 0.43), showing that a high-performing
educational environment facilitates access and use of technology. At the same time, ICTU
and PF are also correlated (0.55), indicating that the use of technology favors the production
of patents. SS (software spending) has negative correlations with TE (—0.49) and ICTU
(—0.55), which may imply that countries stronger in ICT use and tertiary education spend
proportionally less on software.

From the analysis of the correlation matrix, one can also observe significant negative
correlations given by LPG with GERD and TIM, and HTM with TE. Thus, LPG (productivity
growth) is negatively correlated with GERD (—0.48) and TIM (—0.59). It may indicate a
time lag between investments in R&D and the increase in effective productivity. HTM
(high-tech production indicator) has a strong negative correlation with TE (—0.77), showing
a structural difference between an education-based economy and one based on high-
tech production.

In the correlation matrix, weak or absent correlations can also be identified between
EE (educational expenditure) and TIM (student mobility), GERD, or GCRD], revealing that
the amount spent does not automatically guarantee mobility or investment in R&D.
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Table 4. Correlation matrix.
EE TE TIM GSE GERD GCRDI QSUR ICTA ICTU UIRDC SCD JVSAD PF PO CD LPG SS HTM

EE 1

TE —0.3675 1

TIM —0.0048 —0.1513 1

GSE —0.0646 0.0390 —0.0408 1

GERD —-0.1279 0.3507 0.6806  —0.0797 1

GCRDI  —0.0997 —0.1653 0.1090 —0.6366 0.2498 1

QSUR  —0.0009 0.3017 0.3007 —0.2125 0.7798  0.3061 1

ICTA  —0.0543 0.3872 —0.1322 0.296208 0.0097 —0.0064 0.0034 1

ICTU —-0.2685 0.4321 0.0599 0.3182 0.2197 —-0.1717 0.1173  0.3489 1

UIRDC —0.1615 04876 04620 0.2928 0.5204 —0.1154 0.3107 0.2750  0.3585 1

SCD —0.0445 0.2942 0.353153 —0.3411 0.3002 0.2878 0.0198 02504 —0.0748 0.4538 1

JVSAD —0.0748 0.3125 0.262745 0.3955  0.4141 —0.1581 —0.0269 0.3409  0.5202 0.2085 0.1042 1

PF —0.2006 0.5133 0.496043 0.1937 0.7756  —0.0627 0.4023 02356  0.5569 0.5606 0.2560 0.7711 1

PO —0.0190 0.2492  —0.27996 —0.3290 0.3336  0.4203 0.5848 —0.1616 —0.2728 —0.2100 —0.05468 —0.0903 0.0578 1

CD —0.1350 0.0209 0.188954 —0.4016 0.5334 0.6210 0.7181 —0.1814 —-0.1751 —-0.05262  0.03045 —0.2100 0.0536  0.7228 1

LPG —0.2305 —0.0262 —0.59886 0.0865 —0.4826 —0.0048 —0.4377 —-0.2116 —0.3199 —0.3891 —0.1831 —0.1377 —-0.4134 0.1691 —0.0832 1

SS 0.1582 —0.4865 0.081021 —0.2790 —0.0132 0.2946  0.1950 —0.4490 —-0.5572 —0.4238 —0.1550 —0.4964 —0.4900 0.3649 0.6360 0.1340 1

HTM 03012 —0.7767 0.500947 —0.2344 0.0318 0.3109 0.0212 —-0.4010 -0.3129 —-0.1923 —0.0689 —0.2603 —0.2890 —0.1902 0.2517 —0.2623 0.5751 1
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The robust correlations between research and development expenditure (GERD) and
innovation performance indicators, such as patenting (PF) and scientific production (CD),
confirm the central role of R&D financing in stimulating innovative activities and gener-
ating intellectual capital. The results also denote that university—industry collaboration
(UIRDC) constitutes an essential vector in the process of technology transfer and economic
valorization of research results. This synergy is supported by student and researcher mo-
bility (TIM), as well as by the development of regional clusters (SCD), which facilitate
innovative agglomerations and intensify knowledge flows.

Linear associations with/without multiplicative effects can be sought in groups of
two factors (e.g., W = ax + by + cxy).

The importance of digital infrastructure and skills is highlighted by the positive
correlations between access to and use of ICT (ICTA, ICTU) and educational and research
indicators. This emphasizes the need to strengthen digital capacities in educational and
research systems to support competitiveness in the knowledge economy:.

The analysis also highlights the complexity of the relationships between variables, as
well as potential time lags between investments and effects on labor productivity growth
(LPG). These observations recommend a long-term perspective in the formulation and
implementation of public strategies.

To observe the distribution of countries (using a scatterplot), a factor map was created
in the two-dimensional space defined by the first two main factors (F1 and F2) extracted
following a factor analysis (PFA, see Table A3, Appendix A), for the year 2024, applied
to a set of indicators related to education, research, innovation, digitalization, and the
economic impact of knowledge. Using a scatterplot, a comparison can be made between
at least two sets of values or pairs of data, drawing attention to the relationship between
them (see Figure 3).
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Figure 3. Distribution of countries by F1 and F2, in 2024.

Quadrant I (top right), according to Figure 3, presents consolidated innovation and
digitalization profiles, with countries located in this quadrant showing positive scores
on both Factor 1 and Factor 2, indicating a high level of performance in the areas of
research innovation and digitalization (CZ, PL and HU). CZ (F1: 2.28, F2: 2.57) shows a
balance between investments in education and research, innovation capacity (measured
by indicators such as patents and university—industry collaboration), and international
openness (student mobility and international research connections). PL (F1: 0.57 and F2:
2.12) displays an average performance in innovation (F1), but a good score in collaboration
and innovation system (F2), having a functional institutional network, with potential
for increasing research investments. HU (F1: 0.24 and F2: 1.43) is also in this quadrant,
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suggesting a convergence towards a knowledge-based development model, with a growing
institutional network, but a modest level of direct investment in knowledge. Countries in
this quadrant demonstrate the capacity to support an innovative ecosystem that benefits
from solid investments in research and development, effective collaboration between
universities and industry, openness to academic mobility and internationalization, and the
integration of information technologies into institutional systems. These characteristics
give them a competitive advantage in the transition to a knowledge-based and technology-
based economy.

Quadrant II, according to Figure 1, does not contain the countries included in the study.

Quadrant III, according to Figure 1, shows countries with a weak scientific and inter-
national profile (RO and SK). These countries are in a vulnerable position, with low scores
on both factors, signaling major risks of academic isolation and inefficiency in research
and innovation. In RO (F1: —1.59 and F2: —2.57), the lowest score of all countries can be
observed, indicating an overall low performance in terms of both research infrastructure
and digital and collaborative integration. The causes are chronic underfunding of research
(R&D spending below 0.5% of GDP), low participation in international networks and
collaborative projects, universities performing below expectations in global rankings, weak
industrial partnerships and governance issues, and a lack of coherent internationalization
strategies. In SK (F1 = —1.42, F2 = —0.95), there is a poorly developed and poorly connected
innovation system, aggravated by modest scientific performance and low outputs (articles,
patents, citations), low participation in European research programs and networks, and lack
of incentives for public-private cooperation and academic mobility. These two countries
urgently need structural reforms to exit the stagnation zone and rebuild their position in
the European Research Area.

Quadrant 1V, according to Figure 3, shows an emerging scientific base, but a weak
international openness (EE, LT and BG). These countries demonstrate a relevant domestic
potential in education and research, but face limitations in international integration, which
prevent them from capitalizing on technical progress. The very high score on F1 positions
EE as a regional leader in innovation, research and digitalization, while there is a slightly
negative score on F2 (F1 = 5.17, F2 = —0.65). The value obtained on F2 suggests that,
although technologically advanced, EE is pulled far below F2. The potential for growth
in institutional cooperation (strong digital infrastructure and STEM education) could
contribute to relaunching the internationalization strategy to re-enter Quadrant I. In LT
(F1 =3.10, F2 = —1.94), one can observe progress in the quality of research and doctoral
training, a low degree of connection to European projects and problems in attracting
and retaining international talent (requiring strategic investments in connectivity and
partnerships). In BG (F1 = 0.54, F2 = —1.92), there are modest investments in research, but
progress in university education, research institutions that often operate in isolation, which
require active policies to connect to international networks. These states are at a turning
point: scientific performance is present, but without internationalization, it risks stagnation.

Following simplified clustering for the data for 2024, we produced Table 5, which
includes the standardized scores of the factors, grouped according to the similarity of
performance in innovation, education, and digitalization.
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Table 5. Distribution of countries by clusters.

Clusters/Factors Countries
Cluster 1—"Lagging systems” BG RO SK
Fl—Innovation and digitalization ecosystem 0.54 —1.59 —1.42
F2—Scientific capacity and academic excellence -1.92 —2.57 —0.95
F3—Applied knowledge and international education —0.21 0.38 2.14
F4—Public education and institutional collaboration —1.86 —0.71 —0.58
F5—Efficiency in science and applied innovation 0.87 —2.02 —0.65
F6—Applied digitalization and productivity 0.19 —0.18 0.53
Cluster 2—“Scientific leaders” (oV4 HU PL
Fl—Innovation and digitalization ecosystem 2.28 0.24 0.57
F2—Scientific capacity and academic excellence 2.57 1.43 212
F3—Applied knowledge and international education 1.87 1.50 —1.85
F4—Public education and institutional collaboration —0.41 —1.95 —2.33
F5—Efficiency in science and applied innovation 0.13 0.02 —1.83
F6—Applied digitalization and productivity —0.24 0.20 -1.12
Cluster 3—"Digital innovators” EE LT
Fl—Innovation and digitalization ecosystem 517 3.10
F2—Scientific capacity and academic excellence —0.65 —1.94
F3—Applied knowledge and international education 0.78 0.05
F4—Public education and institutional collaboration —0.10 —1.47
F5—Efficiency in science and applied innovation —0.44 0.46
F6—Applied digitalization and productivity —0.50 —0.78

From the analysis of F1-F6, according to Table 5 and through simplified clustering

(indicative, K = 3), three clusters are identified:

Cluster 1—"Lagging systems”. This cluster includes countries with negative or close
to zero values for most factors: BG, RO, and SK. They are countries with isolated
potential, but which suffer from a lack of coherence between the pillars of research,
education, and applicability. These require integrated interventions: university part-
nerships, governance reforms, and incentives for applied innovation. BG is a mixed
case: a relatively good ecosystem (F1) and good efficiency in applied innovation (F5)
but lacking academic excellence (F2). RO is the country with the most unbalanced
system, with very low scores on almost all factors. SK has good value on F3 (inter-
national education and applied knowledge), but has structural deficiencies in the
scientific system and the innovation ecosystem. Cluster 1 is characterized by frag-
mented innovation ecosystems, modest scientific capacity and academic excellence,
and weak collaboration between public education and state institutions (F4 is consis-
tently negative). Although some factors (e.g., applied digitalization and productivity
in SK or efficiency in science and applied innovation in BG) indicate potential, the lack
of cohesion between the pillars of education, science, and digitalization hinders the
transition to an integrated knowledge-based development model.

Cluster 2—"Scientific leaders”. This cluster includes countries CZ, HU, and PL with
positive or moderate values for F1, F3, and F5, and variable values for F2, F6. These
are emerging countries in research and higher education systems, but with challenges
in transforming knowledge into economic value (especially PL). CZ is a clear leader
on all pillars of research, innovation, and education. HU has a relatively balanced and
progressive but modest profile. PL has a strong contrast for high scientific capacity (F2)
but lacks applied innovation and digitalization (F5, F6). To perform, these countries
need technology transfer policies, incentives for innovative SMEs, and the integration
of digitalization into industry. Cluster 2 is distinguished by scientific capacity, aca-
demic excellence (F2), and a reasonable degree of internationalization of knowledge
(F3). However, low performances in the field of applied innovation (F5) and economic
digitalization (F6) indicate a disconnect between research and applicability. In addi-
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tion, negative scores on F4 suggest a rigid educational governance, unable to support
the modernization and connection of scientific ecosystems with the labor market.

e  Cluster 3—"Digital innovators”. This cluster includes countries with extremely posi-
tive or negative values, namely EE and LT. These countries have functional innovative
ecosystems but are poorly supported by the scientific publication system. EE has a very
advanced innovative ecosystem (F1), but without a consolidated scientific capacity
(F2). It seems to perform well in the private sector, yet weakly in the academic sector.
LT is similar, but with weaker values, with a slight advantage in applied innovation
(F5). Increasing academic excellence could be achieved through international part-
nerships and integrating research into public policies. EE and LT (located in cluster
3) have robust innovation ecosystems (F1), especially in the digital domain, but an
insufficiently consolidated scientific base (negative F2). There are also significant
differences in institutional governance (F4)—EE has a more coherent and functional
system than LT. As a result, this cluster reflects a development model based on acceler-
ated digitalization and service-oriented innovation but risks long-term fragility in the
absence of a solid scientific foundation.

This study, like others, shows that countries with high levels of human capital create
more fertile environments for the implementation of investments in education, and the effec-
tiveness of investments has significant implications for the development of economies [44].
The result generated by F1 (innovation and digitalization ecosystem) is in agreement
with other studies which claim that innovation performance depends on the institutional
context [71,72]. Kustec and Zalokar support the existence of a link between the political—-
geographical distribution of countries in terms of innovation performance and the develop-
ment of democracies in the countries they are part of [71]; meanwhile, other studies show
the uneven progress of curricular reforms and highlight the importance of institutional
capacity and external partnerships in innovation, starting from curricular innovation [72].
In the present study, higher values are recorded for F1 in certain countries (EE, LT and CZ),
which reveal greater possibilities for innovation and digitalization that produce benefits in
the economy, but also lower values (RO and SK), where possibilities are limited or low. The
result of this study is also in agreement with the study conducted by Blikhar et al., who
claim that the geopolitical context (the war in Ukraine) influenced the level of innovative
economic development in Eastern European countries after 2022, leading to a decrease [9],
a fact also signaled by the study conducted here through F1 (by reducing collaboration
in innovation and R&D). The results generated by the analysis of countries through F2
(scientific capacity and academic excellence) and F3 (applied knowledge and international
education) indicates that, with the creation of knowledge-based value, international con-
nections appear among high-tech and industrial corporations, supporting the development
of economies [73,74]. Consequently, this study observes that there are countries which
have consolidated their positions (CZ, PL and HU), but also countries that still need to
make efforts (RO, BG) for development. This result complements previous research and
explains how networking, training, applied research, and productive interactions between
the university and the local economic environment can be favorable and can contribute
to the development of economies [73,74]. According to the results of this study, combined
with those of previous studies, it can be seen that research and development collabora-
tions (the partnership between the university and the economic environment) become
viable where there is a higher technological maturity and also a well-developed capacity
to generate and consolidate knowledge. This is explained by the present study by low
values recorded in the F1, F2, or F3 by certain countries, which explains the stagnation or
slowdown in the economic development process. According to Audretsch et al., once there
is an adequate internal knowledge base, companies can integrate their know-how with
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external knowledge by developing collaborations with scientific and technological devel-
opment organizations, they can hire and improve human resources, or they can contribute
to the financing of R&D investments [75]. From the study conducted here, this is observed
through the close negative values obtained by most of the countries studied through F4
(public education and institutional collaboration between economies), which explains the
lack of connectivity between organizations. Furthermore, for F5 (efficiency in science and
applied innovation) and F6 (applied digitalization and productivity), the results are not
close for Eastern European countries, but they are in agreement with the results of previous
studies, which confirms the need to support academic entrepreneurship and strengthen
network links with industry and investors [76,77].

The study justifies itself and makes additional contributions to the European Score-
board, which shows that Europe’s innovative performance “remains strong, but growth has
slowed” [78]. It ranks countries by innovation performance through a series of contextual
indicators at the level of all actors involved in the economy, with the indicators being
grouped into distinct groups (performance and structure of the economy, business and
entrepreneurship, innovation profiles, governance and policy framework, environment
and demography); meanwhile, the current study ranks countries by the performance of
contextual indicators only at the level of HEIs. Both studies show a slowdown at the level
of European countries; thus, the European Scoreboard shows EE in the category of strong
innovators (above the EU average), followed by LT and CZ as moderate innovators (below
the EU average), and with HU, PL, SK, BG, and RO as emerging innovators (performing
below 70% of the EU average [78]). This study completes the previous study with the
latent elements of HEIs, which can explain the slowdown and presents different values of
several contributing factors, leaving their mark on the results obtained for each country.
In this study, for the year 2024, the values obtained for the first factor (innovation and
digitalization ecosystem) place the countries in similar positions: EE and LT can be seen in
the first places, and SK, BG, and RO are in the last places. In addition, other latent factors
have been included, namely F2-F5 (scientific capacity and academic excellence, applied
knowledge and international education, public education and institutional collaboration,
efficiency in science and applied innovation, and applied digitalization and productivity).

The three hypotheses formulated in this study were confirmed based on the empirical
results of the PFA and the subsequent clustering. The analysis supported a descriptive
understanding of national performance, in addition to the formulation of differentiated
policies on a scientific basis, providing a valid framework for supporting functional part-
nerships in the region.

The PFA demonstrated that innovation and economic development are multidimen-
sional phenomena, effectively captured by the six extracted factors. These factors provide
an essential analytical framework for making cross-national comparisons and longitudi-
nal monitoring of progress, identifying the specific strengths and vulnerabilities of each
national innovation system, and informing public policy strategies; thus, more targeted
interventions can be facilitated, stimulating growth on deficit dimensions and consolidating
existing advantages.

5. Conclusions

The present study highlights the latent factors and causal relationships between vari-
ables representative of education, research and development, innovation, and technology,
which underline the importance of an integrative approach in the development of economic
and scientific development policies. Hypothesis (H1), “There are a small number of main
factors that can explain the major variance in factor performance at the national level,” was
confirmed by analyzing the eigenvalues and the percentage of variance explained by the



World 2025, 6, 161

19 of 27

first main factors. The first six main factors (PF1-PF6) explained a significant percentage
of the total variance (83.17%), which indicates that the multidimensional structure of the
19 factors can be reduced to a coherent two-dimensional space. Hypothesis (H2), “Eastern
European countries can be grouped into structurally meaningful clusters depending on
the scores obtained for the main factors,” was also confirmed. The grouping of coun-
tries into clusters has analytical and interpretative significance: there are three coherent
clusters, each including countries with similar scores, suggesting distinct factor profiles
and national structural typologies. Systemic differences result from different models of
knowledge integration (e.g., a cluster with high values at F1 (innovation and digitalization
ecosystem) and F6 (applied digitalization and productivity) has low values at F2 (scientific
capacity and academic excellence)), which shows a technological approach, but one which
is insufficiently scientifically substantiated. Another cluster with good values at F2 and
F3 (applied knowledge and international education), but weak values at F5 (efficiency in
science and applied innovation) suggests disconnection between science and applicability.
Thus, systemic differences between countries pertain to both the level and the internal
structure of knowledge ecosystems. Hypothesis (H3), “There is a correlation between
the factor profile of a country and the policy directions needed to support its sustainable
partnerships in research and education,” was also validated. Each cluster generated a set of
differentiated policy recommendations, in accordance with the deficiencies and strengths
identified in the factor profile (for example, for cluster 1 “lagging systems”, there is a focus
on institutional reform and educational collaboration; for cluster 2, “scientific leaders”,
there is a policy to capitalize on applied science; for cluster 3 “digital innovators”, there is
scientific consolidation and digital expansion). This correspondence between factor diagno-
sis and policy intervention confirms that factor analysis can contribute to the definition of
adaptive and targeted policies.

6. Practical Implications

The study, based on correlations, highlights several directions of intervention in the
countries studied, both for governments and universities: investments should be focused
on R&D to increase innovation, promote university-industry collaborations, continue or
increase the development of regional clusters, improve access to digital technologies and
the use of ICT, support student mobility to increase knowledge exchange, and optimize
educational spending from a qualitative, not just quantitative, perspective.

Decision-makers in countries such as: BG, RO and SK, due to low scores on factors F2,
F4, F5, F6 (institutional fragmentation, partial digitalization, weak applicability), should
focus on institutional coherence and systemic modernization by: initiating National Plans
for Science and Education, rethinking doctoral and master’s programs and creating joint
BG-RO-SK centers for rural and educational digital transformation.

Decision-makers in countries such as CZ, HU and PL should take into account the low
scores on F4, F5, F6 (scientific excellence without systemic applicability) and find solutions
for the economic exploitation of knowledge. For these countries, recommendations would
be to institutionalize university-industry technology transfer networks, create a frame-
work legislation for applied innovation (tax incentives for patents, academic spin-offs and
researcher-entrepreneurs; proof-of-concept funds and PPP partnerships).
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In countries like EE and LT, policymakers and stakeholders should focus on the deficit
in F2 and partly in F4 (in LT). These factors show us the existence of strong digital innova-
tion, but on a fragile scientific basis. In order to strengthen scientific capital and expand
digital governance, recommendations can be: creating a Baltic Fund for Scientific Excel-
lence, exporting Estonian e-government infrastructure through institutional partnerships
and expanding the internationalization of education and research (strengthening Baltic
university alliances for mobilities, double degrees, collaborative research and integrating
Erasmus+ and Horizon Europe programs).

7. Limitations of the Study and Future Research

To optimize the innovation and education ecosystem, it is imperative to allocate
resources efficiently and strategically, as well as to develop integrated policies that stimulate
intersectoral collaboration, academic mobility, and the adoption of digital technologies. It
is well known that governmental abilities to allocate resources differ, as do their policies.

Another limitation of the study is that the investigation was conducted only in Eastern
European countries; however, the study can be extended to other countries. Future research
should use econometric methods and longitudinal analyses to identify causal mechanisms
and the dynamics of interactions between variables, thus facilitating the development of
better-informed and context-adapted interventions.
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Appendix A
Table Al. Initial data.

Year  Country EE TE TIM GSE GERD GCRDI QSUR ICTA ICTU UIRDC SCD JVSAD PF PO CD LPG SS HTM
2022 BG 41 73.4 7.2 19.5 0.9 0 6.8 91.7 71 50.3 54 0 0.2 1.8 15.4 1.9 0.2 23.6
2022 cz 43 65.6 144 25.9 2 0 31.5 89.7 73.8 59.1 48.2 0 0.5 2 30.4 1.4 0.3 23.6
2022 EE 53 74.2 11.1 27.5 1.8 0 16.9 93 82.1 50 48.7 0.1 0.6 1.6 17.9 34 0.2 30.6
2022 HU 4.6 52.4 12.6 15.5 1.6 51.7 20.1 88.4 71.2 45.6 489 0 04 1.7 29.6 2.1 0.3 59.8
2022 LT 3.9 72 6 26 1.2 0 19.4 94.3 80.4 53.7 44 0 0.3 1.3 13 34 0.1 17
2022 PL 4.6 69.2 39 194 14 48.2 30.5 90.3 73 37.1 45.9 0 0.3 3.5 36.8 29 0.3 34.1
2022 RO 3.3 514 5.7 29.1 0.5 0 0 90 72.3 39.5 46.5 0 0.1 1.5 18.9 55 0.3 435
2022 SK 77 46.4 9 222 0.9 0 16.8 90 71.5 37.5 44.6 0 0.1 1.5 17 1 0.3 61.5
2023 BG 42 75.4 7.8 19.5 0.8 0 7.4 89.5 82 48 47.6 0 0.3 1.2 16.2 29 0.2 253
2023 cz 45 68.1 15 259 2 0 325 84.9 85.5 72.4 414 0 0.5 1.6 30.7 0.9 0.3 59.7
2023 EE 5.3 69 12.3 27.5 1.8 0 17.6 90 94.8 54.1 419 0.1 0.9 1.7 185 1.9 0.1 29.9
2023 HU 42 55.2 13.5 15.5 1.6 51.6 19.7 83.5 83 49 55.7 0 0.3 1.5 29.7 24 0.3 58.8
2023 LT 4 70.8 6.2 26 1.1 0 20.3 92.8 20 63.9 41.1 0 04 1.3 13.6 2 0.1 245
2023 PL 4.7 70.5 45 194 14 0 322 86 80.4 29.3 37.9 0 0.3 2.7 37 3.3 0.3 27.5
2023 RO 3.6 53.2 6 29.1 0.5 0 0 86 83.5 38.2 38.1 0 0 1.2 19.8 33 0.3 43.8
2023 SK 43 47.6 10.3 222 0.9 0 16.8 87.9 83.7 28.2 38.6 0 0.2 1 17.3 1.1 0.3 61.4
2024 BG 43 74 8 204 0.8 0 53 94.3 84.2 47.3 51.7 0.01 0.3 1 15.9 2.9 0.2 29.5
2024 cz 5.1 69.1 15.6 25.5 2 0 31.3 95.2 81.6 72 544 0.01 0.5 14 30.7 04 0.3 56.4
2024 EE 5.9 71.4 11.4 28.1 1.8 0 16.5 99.5 96.3 57.4 50 0.09 0.9 1.2 17.8 0.2 0.1 25.1
2024 HU 5 56.5 13.2 21.6 1.4 50.8 18.1 96.8 78.2 55.1 48.1 0.02 0.3 1.3 29.3 1.6 0.2 56.5
2024 LT 4.8 71.9 7.3 25.8 1 0 17.6 96.4 93.7 68.8 52.1 0.02 0.4 1.1 13.3 1.3 0.06 23.4
2024 PL 49 74 6.7 19.6 1.5 449 314 98.8 92.2 39.1 46.1 0.01 0.3 2.3 36.7 1.7 0.3 30.5
2024 RO 33 55.3 6 29.3 0.5 0 9.2 96.9 79.8 37 375 0.007 0.05 1.2 19.7 2.8 0.3 41.7
2024 SK 4.3 52.5 11.9 21.4 1 0 9.3 88.1 78 27.2 43 0.007 0.2 1.1 16.3 14 0.2 57.3
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Table A2. Factor coordinates of the variables, based on correlations (factor loadings).
Factor F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19
Year 0.3806 —0.1027 0.3278 —0.6416  —0.4949 0.0066 —0.0496  —0.0052 —0.1829 0.0829 —0.0162 0.1712 —0.069209 —0.045300 —0.004785 —0.000407 —0.017105 —0.030825 —0.005521
EE —0.2789 0.0014 0.3399 0.2833 0.1713 —0.7586 0.2017 0.0252 0.0090 0.2577 —0.0792 0.0390 —0.013400 —0.073957 —0.002906 —0.015670 0.001362  —0.003218 0.001287
TE 0.6751 0.0196 —0.6082  —0.0920 0.1118 —0.0626  —0.2071 0.1209 —0.1905 0.0811 —0.1035 0.0472 0.173055  0.028974  —0.050927 —0.044577 0.009158  —0.003991 0.015723
TIM 0.3516 0.5190 0.6739 0.1497 0.1543 0.2475 —0.0362 —0.0368 —0.0950 —0.0902  —0.0851 0.0017 —0.005610 —0.096517 —0.056244 —0.039519 —0.053109 0.036193 0.000893
GSE 0.3578 —0.5272 0.1001 0.4520 —0.2970 0.0483 —0.1590  —-0.4821 0.0886 0.0462 0.1158 0.0035 —0.048364 —0.005558 —0.058087 —0.042560 0.009971  —0.014748 0.015553
GERD  0.5656 0.7639 0.0223 0.2632 0.0104 0.0726 0.0237 —-0.0198  —0.0106  —0.0437 —0.0874 —0.0238  —0.045838 0.005083  —0.044469 —0.025812 0.063175  —0.025525 —0.027527
GCRDI —0.2190 0.6390 —-0.1119  —0.4753 0.0820 0.1096 0.3565 —0.0907 0.3706 0.0199 0.0138 —0.0365  0.064602  —0.063061 —0.047253 —0.024000 —0.011259 —0.028084 0.009537
QSUR 0.2644 0.7994 —0.1874 0.1324 —0.2559  —0.2582  —0.2099 0.0442 0.1025 —0.0549 —0.1188 —0.0403 —0.116307 0.116733  —0.025078 0.032723  —0.042073 —0.011628 0.014359
ICTA 0.5360 —02302 —0.1007 —0.4325 —0.0394 —0.3844 0.1241 —0.4957 0.0080 —0.1841  —0.0950 —0.0609  0.032848  0.032702  0.049722  —0.010268 —0.000916 0.023734  —0.009261
ICTU 0.7360 —0.1783 0.0418 —0.1711  —0.4437 0.0513 0.0819 0.2408 0.1097 0.2905 0.0438 —0.1734  —0.016431 0.033220 —0.005989 —0.022036 —0.003074 0.029685 —0.007451
UIRDC  0.7192 0.1624 0.1318 0.0492 0.2892 0.0226 —0.4638  —0.1458 0.2608 0.1656 0.0364 0.0778 0.091106  —0.026196 0.035450  0.050448 —0.017053 —0.000830 —0.013067
SCD 0.3142 0.2783 0.0560 —0.3722 0.7504 0.0301 0.0166 —0.1431  —0.1885 0.1551 0.1169 —0.0457  —0.129065 0.071932  —0.015008 —0.003241 0.005871  —0.001270 0.006959
JVSAD  0.6912 —0.0950 0.0259 0.2849 —0.0478 0.1189 0.6060 —0.1130  —0.1245 0.0473 0.0028 0.0378 0.066855  0.037880  —0.065256 0.074546  —0.012410 —0.002028 0.001016
PF 0.8589 0.2813 —0.0105 0.2708 0.0208 0.1056 0.2303 0.0830 —0.0211  —0.0296 0.0211 0.0086 —0.014964 —0.032414 0.183743  —0.027465 —0.007843 —0.018355 0.012068
PO —0.1937 0.5852 —0.6916 0.1588 —0.1169  —0.1651 0.1201 —0.0368  —0.0364 0.0015 0.1953 0.1256 —0.002567 0.030002  —0.006621 —0.036907 —0.040198 0.017191  —0.017410
CD —-0.1717 0.8647 —0.2440 —0.0900 —0.2971 0.0577 —0.0446  —0.1737  —0.0607 0.0964 0.0052 0.0444 —0.023694 —0.096512 0.022003  0.036835 0.054683  0.038953 0.015397
LPG —0.4502 —-0.3771  —0.5535 0.0985 0.1108 0.4042 0.1026 —0.2007 0.0612 0.2182 —0.2210 0.0581 —0.085677 0.013719  0.030230  —0.013662 —0.018789 0.005227  —0.006269
SS —0.7034 0.4768 0.0858 0.0794 —0.1952 0.0656 —0.1244 —-0.2566 —0.2766 0.1377 0.0099 —0.1763  0.103804 —0.009032 0.037259  0.007712  —0.027771 —0.026951 —0.006529
HTM  —0.4624 0.3661 0.7406 -0.0179  —0.1089 0.1064 0.0780 —0.0643 0.0676 0.0734 -0.0177 0.1137 0.082374  0.193765  0.034676  —0.027409 0.019816  0.012006 0.003731
Table A3. Factor coordinates of cases, based on correlations (factor scores matrix). Labelling variable: country.
Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19 Country
1 —0.59974 —0.95375 —1.25885 —0.41417 2.64515 —0.40799 —0.55090 0.38033  —0.78847 —0.70739 0.721947 0.044630 0.502727 0.072091 —0.165069 0.118802 0.069891 0.117656 —0.084347 BG
2 0.70479  2.34200 —0.43639 1.83162 0.65744  —0.01658 —1.44150 —0.65334 —0.44650 —0.81168 0.159046 —0.510387 —0.499197 —0.753353 —0.135320 —0.013764 —0.157255 —0.007444 0.013752 cz
3 218368  —0.39670 —0.88654 1.98781  0.93581  0.81749 151699 —0.88778 —0.56885 0.18717  —0.607573 —0.135087 0.296060 0.467653 —0.481523 0.139188 —0.026286 —0.060614 0.007968 EE
4 —1.97529 294080 0.71243  —0.30715 1.35322 0.86502  0.87269  0.15052  0.74910 —0.67019 —0.214125 —0.197131 0.267896 —0.063807 0.487823 0.134120 0.095619 —0.044062 —0.041414 HU
5 0.69795  —2.03394 —1.72291 0.58201  0.91220 —0.33375 —0.72683 0.06938  1.11812  —0.64404 —0.794480 —0.213989 —0.305833 0.151337 —0.175195 —0.158593 0.179395 —0.019220 0.024548 LT
6 —2.06343 2.88378  —3.61011 —0.03623 —0.16250 —0.63149 0.70720  —0.29904 0.41080 —0.19100 0.773989 0.427582 0.145505 0.322652 0.006958 —0.174960 —0.103093 —0.125116 0.073103 PL
7 —3.15577 —2.56473 —0.69942 0.84155 0.77125 1.39231 0.08745 —1.78785 0.12535  0.57859  0.119898 0.053933 —0.456112 0.190618 0.414826 —0.139317 —0.003495 0.148783 —0.007215 RO
8 —3.23531 —0.16274 2.52255 1.67996  0.98892  —3.72600 0.86287  0.09125  0.04893  0.71609  —0.155163 0.063148 —0.022688 —0.111838 —0.004089 —0.013374 —0.002922 —0.003160 —0.001355 SK
9 —0.15734 —1.60603 —0.82286 —0.71450 1.05271  0.35286  —0.48748 1.17022  —0.56972 0.29821  —0.379304 —0.016442 0.445701 —0.352050 0.160895 —0.058576 —0.096487 0.000985 0.128627 BG
10 1.07752 257922  1.44798 1.65506  —1.05340 0.62168  —2.02524 0.39561  0.35628  0.54993  —0.070119 0.289387 0.600631 0.120768 0.004654 —0.113050 0.035125 0.024730 0.004484 cz
11 3.72473  —0.35100 0.02353  1.98265 —0.79295 0.76693  1.76679  0.76149  0.26029  0.21620  0.186297 0.328860 0.047060 —0.249190 0.123392 —0.059438 —0.194513 0.127508 —0.049704 EE
12 —1.32017 2.89765 1.16604  —1.22366 1.28482  1.56457 051172  0.89367 0.33562  1.10944  0.108972 —0.351294 —0.475781 0.001511 —0.250276 0.037043 —0.050361 —0.120033 —0.031704 HU
13 1.64259  —1.80602 —0.69786 0.08218  —0.35496 —0.51381 —1.07827 0.81249 1.40866  —0.07244 —0.051397 —0.001013 0.093820 0.066112 0.149553 —0.016476 —0.049996 —0.088613 —0.091919 LT
14 —1.71699 143211  —2.92933 0.73585  —1.98848 —0.23183 —0.21635 1.12353  —0.84616 0.17751  —0.416930 0.430533 —0.461518 —0.041309 0.156635 0.314202 0.155291 0.032002 —0.010770 PL
15 —2.63283 —2.66717 0.41314  0.48491  —1.32822 1.08508  —0.33990 —0.20377 0.22740  0.69822  0.640551 —0.187129 0.288048 —0.402285 —0.339613 0.030422 0.243367 —0.026689 0.017302 RO
16 —2.06739 —0.62031 2.13898  0.24242  —1.46195 0.30338  0.15949  1.00690  —0.09928 —0.83253 0.104249 —0.809640 0.052722 0.572005 0.120433 0.082803 —0.104809 0.091229 0.069129 SK
17 0.53894  —1.92350 —0.21085 —1.85914 0.87145 0.19149 —0.13969 0.32517 —1.04647 051693  —0.465719 0.116435 0.087469 —0.127841 0.245363 —0.111658 —0.073016 —0.067906 —0.024094 BG
18 227628 257317 1.86678  —0.41462 0.12980  —0.24097 —1.67257 —1.31926 —0.88706 0.21352  —0.017922 0.213994 —0.099287 0.457378 0.133451 —0.019725 0.061859 —0.006826 —0.004490 CZ
19 517440  —0.65291 0.77880  —0.09605 —0.44173 —0.50413 1.40357 —0.28828 —0.40690 —0.22155 0.529696 —0.284089 —0.120848 —0.153497 0.338959 —0.037777 0.264094 —0.109922 0.039312 EE
20 024486  1.43452 149553  —1.94632 0.02235 0.19751 0.70983  —1.14936 0.95483  —0.49770 —0.362986 0.679389 0.130426 —0.382177 —0.192373 0.131974 0.028811 0.125769  0.057556 HU
21 3.09945 194312 0.04916  —1.47416 0.46363 —0.77641 —0.76668 0.32462  0.67075  0.45426  0.521090 0.130713 —0.480531 0.267254 —0.125262 0.241719 —0.110440 0.058531  0.045639 LT
22 057257  2.11624  —1.85249 —2.32972 —1.83514 —1.12283 0.57898  —0.41444 —0.13557 0.38875  —0.238273 —0.743364 0.163667 —0.045598 —0.185764 —0.195185 0.010927 0.153321 —0.054239 PL
23 —1.59430 —2.56757 0.37618  —0.71156 —2.02253 —0.18280 —0.20921 —1.55717 —0.16489 —0.42402 —0.113904 0.022918 0.220116 —0.111827 0.029770 0.158760 —0.204132 —0.173743 —0.047098 RO
24 —1.41920 —0.95000 2.13651  —0.57874 —0.64690 0.53028  0.47704 1.05509 —0.70625 —1.03228 0.022160 0.648044 —0.420053 0.105392 —0.318228 —0.277140 0.032426 —0.027166 —0.033071  SK
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Table A4. Eigenvectors of correlation matrix.

Factor F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19
Year 0.170096  —0.050949 0.205748  —0.507043 —0.406352 0.006231  —0.049819 —0.005923 —0.270883 0.140211  —0.038839 0.449413  —0.205375 —0.147843 —0.019529 —0.002804 —0.135819 —0.332825 —0.105861
EE —0.124649 0.000715 0.213367  0.223853  0.140625 —0.718854 0.202704 0.028774 0.013398  0.435920 —0.190131 0.102336  —0.039765 —0.241369 —0.011860 —0.107896 0.010812  —0.034741 0.024686

TE 0.301741  0.009721  —0.381713 —0.072673 0.091844 —0.059334 —0.208088 0.138097  —0.282143 0.137115 —0.248381 0.123893  0.513538  0.094562  —0.207834 —0.306930 0.072715  —0.043091 0.301478
TIM 0.157153  0.257606  0.422995 0.118328  0.126742 0.234483  —0.036418 —0.042036 —0.140720 —0.152519 —0.204273 0.004530 —0.016647 —0.314995 —0.229532 —0.272106 —0.421707 0.390779  0.017131
GSE 0.159912  —0.261648 0.062823  0.357153  —0.243901 0.045787  —0.159775 —0.550640 0.131214 0.078168  0.277825 0.009144 —0.143520 —0.018139 —0.237051 —0.293039 0.079176  —0.159237 0.298214
GERD  0.252790 0379145 0.013968  0.207977  0.008528  0.068769  0.023799  —0.022668 —0.015713 —0.073871 —0.209660 —0.062413 —0.136024 0.016589  —0.181478 —0.177725 0.501636  —0.275600 —0.527794
GCRDI —0.097874 0.317153  —0.070203 —0.375627 0.067297  0.103809  0.358180  —0.103572 0.548718 0.033676  0.033151  —0.095831 0.191704 —0.205809 —0.192840 —0.165246 —0.089398 —0.303231 0.182852
QSUR  0.118173  0.396758  —0.117599 0.104631 —0.210160 —0.244622 —0.210854 0.050497  0.151795 —0.092923 —0.285071 —0.105881 —0.345140 0.380973  —0.102341 0.225310 —0.334077 —0.125552 0.275318
ICTA  0.239533  —0.114272 —0.063226 —0.341800 —0.032350 —0.364283 0.124680  —0.566185 0.011912  —0.311367 —0.227954 —0.159730 0.097475 0.106726  0.202915 —0.070697 —0.007273 0.256259  —0.177561
ICTU 0328941 —0.088495 0.026243  —0.135250 —0.364318 0.048649  0.082316 0.275099  0.162459  0.491368  0.105005 —0.455071 —0.048758 0.108417  —0.024442 —0.151726 —0.024407 0.320510 —0.142873
UIRDC 0.321424 0.080614 0.082752  0.038882  0.237466  0.021422  —0.466009 —0.166551 0.386121  0.280106  0.087435 0.204239  0.270355 —0.085494 0.144670 0.347354 —0.135405 —0.008957 —0.250536
SCD  0.140430  0.138119  0.035127  —0.294101 0.616159  0.028516  0.016632  —0.163428 —0.279120 0.262255 0.280572  —0.120018 —0.382998 0.234761  —0.061246 —0.022314 0.046615 —0.013710 0.133424
JVSAD 0.308893  —0.047160 0.016252  0.225177  —0.039257 0.112680 0.608838  —0.129041 —0.184288 0.079913  0.006628  0.099200  0.198391  0.123625 —0.266307 0.513279  —0.098541 —0.021898 0.019474
PF 0.383866  0.139597  —0.006598 0.214034  0.017090 0.100084  0.231426  0.094788  —0.031177 —0.050076 0.050681  0.022447  —0.044406 —0.105788 0.749852  —0.189107 —0.062273 —0.198184 0.231397

PO —0.086554 0.290438  —0.434105 0.125509  —0.095964 —0.156436 0.120630  —0.042089 —0.053958 0.002601  0.468588  0.329746  —0.007617 0.097916  —0.027020 —0.254120 —0.319190 0.185616  —0.333821
CD —0.076737 0.429147 —0.153136 —0.071124 —0.243980 0.054710  —0.044802 —0.198427 —0.089894 0.162981 0.012571 0.116645 —0.070310 —0.314979 0.089794  0.253623 0.434206 0.420584  0.295225
LPG —0.201204 —0.187143 —0.347379 0.077869  0.090982  0.383030  0.103096  —0.229240 0.090563  0.369041  —0.530409 0.152508  —0.254244 0.044773  0.123368  —0.094069 —0.149192 0.056433  —0.120202
SS —0.314363 0.236656  0.053825  0.062776 ~ —0.160291 0.062182  —0.125013 —0.293061 —0.409601 0.232862  0.023792  —0.462627 0.308036  —0.029478 0.152055 0.053099  —0.220511 —0.290995 —0.125191

HTM  —0.206639 0.181684 0.464835 —0.014138 —0.089397 0.100833  0.078330  —0.073440 0.100032  0.124130  —0.042578 0.298541  0.244443 0.632379  0.141512 —0.188720 0.157350  0.129632  0.071541

Table A5. Variable contributions, based on correlations.

Factor F1 F2 F3 F4 F5 Fé F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 F19

Year 0.028933  0.002596  0.042332  0.257093  0.165122  0.000039  0.002482  0.000035  0.073377  0.019659  0.001508  0.201972  0.042179  0.021858  0.000381  0.000008  0.018447  0.110773  0.011207
EE 0.015537  0.000001  0.045525 0.050110 0.019775 0.516751  0.041089  0.000828  0.000180  0.190026  0.036150  0.010473  0.001581  0.058259  0.000141 0.011642 0.000117  0.001207  0.000609
TE 0.091048  0.000095  0.145704  0.005281  0.008435 0.003521  0.043301  0.019071  0.079604  0.018800 0.061693  0.015349  0.263721  0.008942  0.043195 0.094206  0.005288  0.001857  0.090889
TIM 0.024697 0.066361  0.178924  0.014002 0.016064  0.054982  0.001326  0.001767  0.019802  0.023262  0.041727  0.000021  0.000277  0.099222  0.052685 0.074042  0.177837  0.152708  0.000293
GSE 0.025572  0.068460  0.003947  0.127558  0.059488  0.002096  0.025528  0.303205 0.017217  0.006110  0.077187  0.000084  0.020598  0.000329  0.056193  0.085872  0.006269  0.025356  0.088932
GERD 0.063903  0.143751  0.000195  0.043254  0.000073  0.004729  0.000566  0.000514  0.000247  0.005457  0.043957  0.003895 0.018503  0.000275 0.032934 0.031586  0.251638  0.075955  0.278567
GCRDI  0.009579  0.100586  0.004929  0.141096  0.004529 0.010776  0.128293  0.010727 0.301091 0.001134  0.001099  0.009184  0.036750  0.042357  0.037187  0.027306  0.007992  0.091949  0.033435
QSUR 0.013965  0.157417  0.013830  0.010948  0.044167  0.059840  0.044460  0.002550  0.023042  0.008635 0.081265 0.011211  0.119122  0.145141 0.010474  0.050765 0.111608  0.015763  0.075800
ICTA 0.057376  0.013058  0.003998  0.116827  0.001047  0.132702  0.015545  0.320565  0.000142  0.096950  0.051963  0.025514  0.009501 0.011391  0.041175 0.004998  0.000053  0.065669  0.031528
ICTU 0.108202  0.007831  0.000689  0.018292  0.132728  0.002367  0.006776  0.075680  0.026393  0.241442 0.011026  0.207089  0.002377  0.011754  0.000597  0.023021  0.000596  0.102727  0.020413
UIRDC  0.103313  0.006499  0.006848 0.001512  0.056390  0.000459  0.217165 0.027739  0.149090  0.078459  0.007645 0.041713  0.073092  0.007309  0.020929  0.120655 0.018335  0.000080  0.062768
SCD 0.019721  0.019077  0.001234  0.086496  0.379651  0.000813  0.000277  0.026709  0.077908  0.068778  0.078721  0.014404 0.146688 0.055113  0.003751  0.000498  0.002173  0.000188  0.017802
JVSAD  0.095415 0.002224 0.000264 0.050705 0.001541  0.012697 0.370683  0.016652  0.033962  0.006386  0.000044  0.009841 0.039359  0.015283  0.070920  0.263455 0.009710  0.000480  0.000379
PF 0.147353  0.019487  0.000044  0.045811  0.000292  0.010017  0.053558  0.008985  0.000972  0.002508  0.002569  0.000504  0.001972  0.011191  0.562278  0.035761  0.003878  0.039277  0.053545
PO 0.007492  0.084354 0.188447  0.015753  0.009209  0.024472  0.014552  0.001771  0.002911  0.000007  0.219575  0.108732  0.000058  0.009587  0.000730  0.064577  0.101882  0.034453  0.111436
CD 0.005889  0.184167  0.023450  0.005059  0.059526  0.002993  0.002007  0.039373  0.008081  0.026563  0.000158  0.013606  0.004944 0.099212 0.008063  0.064325 0.188535 0.176891  0.087158
LPG 0.040483  0.035022  0.120672  0.006064  0.008278  0.146712  0.010629  0.052551  0.008202  0.136191  0.281334  0.023259  0.064640  0.002005 0.015220  0.008849  0.022258  0.003185  0.014448
SS 0.098824  0.056006  0.002897  0.003941  0.025693  0.003867  0.015628  0.085885  0.167773  0.054225 0.000566  0.214024 0.094886  0.000869  0.023121  0.002820  0.048625 0.084678  0.015673
HTM 0.042700  0.033009  0.216071  0.000200  0.007992  0.010167  0.006136  0.005393  0.010006 ~ 0.015408  0.001813  0.089127  0.059752  0.399903  0.020026  0.035615 0.024759  0.016804  0.005118
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